
Hearing Well in the Real World
The HiResolution™ Bionic Ear System from Advanced Bionics 
(AB) is designed to provide cochlear implant recipients with 
natural and effortless hearing. Through a combination of high-
fidelity, front-end signal processing (T-Mic™, AutoSound™) 
and innovations in stimulus delivery (current steering, high 
stimulation rates), HiRes Fidelity 120™* sound processing 
provides high-resolution temporal and spectral information 
to AB users. Clinical studies show that the ability to hear 
speech in noisy real-world settings and to enjoy music with  
HiRes Fidelity 120 surpasses previous-generation sound 
processing strategies (e.g., Advanced Bionics 2011, Brendel et 
al. 2008, Firszt et al. 2009, Oleson et al. 2008). 

ClearVoice Speech 
Enhancement Technology
Even with the enhanced hearing and industry-leading 
technology provided by HiRes Fidelity 120, the ability to hear 
well in many real-world listening situations can be challenging 
at times for cochlear implant recipients. Current steering 
and the advanced digital-signal analysis algorithm used in  
HiRes Fidelity 120 offer the unique opportunity to explore 
innovative ways in which to effectively enhance the signal 
of interest in difficult listening environments. To achieve 
these important outcomes, AB has developed ClearVoice*, a 
software algorithm that can be implemented only with HiRes 
Fidelity 120 for exclusive use with Harmony™ and Neptune™ 
sound processors. ClearVoice is designed to improve listening 
in complex acoustic environments without compromising 
performance in quiet settings. Another performance-
driven innovation, ClearVoice builds on other distinctive AB 
technologies that help cochlear implant recipients to hear 
better in challenging environments (Gifford and Revit 2010, 
Haumann et al. 2008, Spahr et al. 2007). 

How ClearVoice Works
ClearVoice identifies frequency bands in which unwanted 
sound is present and reduces the transmission of information 
in those bands, thereby enhancing the desired speech signal. 

Figure 1 on the following page is a schematic diagram of how 
ClearVoice works with HiRes Fidelity 120 to separate speech 
from non-speech energy.
•	Sound input to the AB processor is sampled through an 

A/D converter.
•	The resulting digital audio stream is then analyzed using a 

256-point Fast Fourier Transform (FFT).
•	Across all channels, the fine temporal detail is extracted 

using a Hilbert transform while a navigator determines the 
spectral steering for each electrode pair.
•	At the same time, a signal-to-noise estimator (using a 

proprietary technology of AB) assesses the last several 
seconds of the incoming sound in order to maintain an 
estimate of the background noise level for each analysis 
channel. It identifies and classifies auditory scenes and 
dynamically estimates the relevant information (such 
as speech) and irrelevant information (such as noise). 
The channel-specific noise estimate is combined with 
the overall energy level within the channel at any given 
moment to determine whether the channel should be 
attenuated. 
•	If the overall energy level within a channel is relatively 

close to the estimate of background noise for that channel, 
then it is determined that no new relevant information 
has been presented and the channel is attenuated. 
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•	In contrast, if the overall energy level within a channel is 
relatively high compared to the estimate of background 
noise for that channel, then it is determined that new 
relevant information is present in the channel and relatively 
little attenuation is applied.
•	The result overall is that stimulation within each channel 

is attenuated when noise is dominant, and stimulation is 
not attenuated when desired signals are dominant. The 
amount of attenuation falls on a continuum that depends 
on the instantaneous energy and longer-term noise 
estimate within the channel.

•	ClearVoice does not alter the stimulus-delivery pattern (e.g., 
pulse rate, number of spectral bands) in HiRes Fidelity 120.

The ClearVoice selection within SoundWave determines the 
maximum attenuation that is applied in a given program. 
ClearVoice has three programming options: Low (up to 6 dB 
of attenuation), Medium (up to 12 dB of attenuation), and 
High (up to 18 dB of attenuation) (see Figure 2). This selection 
can be programmed to meet the individual requirements and 
personal preference of each Harmony or Neptune user.
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Figure 1. Block diagram of HiRes Fidelity 120 and ClearVoice signal analysis.
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Figure 2. Each panel shows two identical speech waveforms (blue) in steady-state noise (gray). Panel A: Left and right waveforms show speech 
in noise without ClearVoice. Panels B-D: Left waveform shows speech in noise where ClearVoice activates (green line), right waveform shows 
signal after ClearVoice reaches maximum signal enhancement for (B) ClearVoice-Low,(C) ClearVoice-Medium, and (D) ClearVoice-High

Speech noise



Everyday Listening with ClearVoice
Throughout the day, individuals typically encounter two 
general categories of noise that challenge listening—steady-
state (stationary) noise and modulated (time-varying) noise 
(Brungart et al. 2001). Stationary noise is, for example, that 
which emanates from a ventilating system or vehicle (such as 
a car, airplane, or train). This type of noise makes it difficult 
to hear because its energy occurs at the same time as the 
speech signal (energetic masking). Noise-dosage studies show 
that stationary noise is a substantial component of everyday 
listening. ClearVoice is designed specifically to improve listening 
in real-world situations where the competing noise is relatively 
steady state (unmodulated). Figure 2 shows acoustic speech 
waveforms with and without ClearVoice enabled.

Although ClearVoice is designed to function best in steady-
state noise, ClearVoice can also be effective for helping 
individuals hear in noise that is more modulated. In realistic 
everyday listening environments, modulated noise like multi-
talker babble becomes more like steady-state noise because 
the modulations are smeared through the effects of the sound 
diffusion in closed environments (e.g., reverberation) (Figure 3). 
Accordingly, ClearVoice can be highly effective in enhancing 
hearing in the real world, such as in a classroom, restaurant, 
or shopping mall.

Figure 3. A modulated acoustic waveform before (left) and after being  
subject to room reverberation and reflections (right) (adapted from Unoki and 
Hiramatsu 2008).

Performance outcomes with ClearVoice
The superiority of ClearVoice in steady-state noise was 
evaluated initially in Europe. Speech perception improved 
immediately after ClearVoice was turned on and did not exhibit 
a learning effect (Figure 4) (Büchner et al. 2010). Pivotal clinical 
trial results in the United States extended the initial findings 
in Europe. There was significant improvement in sentence 
understanding in both speech-spectrum noise and multi-talker 
babble (Figure 5), with no decrement in speech understanding 

in quiet. Remarkably, all but one study participant showed 
improvement in noise with at least one ClearVoice selection. 
All subjects indicated that they liked and would use ClearVoice 
(see 2012 package insert for study details).

Figure 4. Relative percent improvement in HSM sentence scores in steady-state 
speech-spectrum noise for HiRes Fidelity 120 with ClearVoice (best condition 
for each subject) compared to HiRes Fidelity 120 without ClearVoice (n = 13). 
ClearVoice-Medium and ClearVoice-High were significantly better than HiRes 
Fidelity 120 without ClearVoice (p < 0.01), but were not statistically different 
from each other (p > 0.05) (adapted from Büchner et al. 2010).

Figure 5. Relative mean percent improvement in AzBio sentence scores 
in speech-spectrum noise and multi-talker babble for three ClearVoice  
selections (Low, Medium, High) (n = 46). ClearVoice-Medium provided 
statistically significant improvement in both noise types (p < .0001).  
ClearVoice-High demonstrated statistically significant improvement in  
speech-spectrum noise (p < .02).

Innovative Technology from 
Advanced Bionics
ClearVoice represents just one of the many pioneering 
HiResolution sound processing innovations that have been 
developed in the last ten years to provide AB recipients 
with significant hearing performance improvements. As 
the industry’s innovation leader, AB’s unsurpassed hearing 
technology provides recipients with the ability to hear their best 
all day, every day, and everywhere.
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ClearVoice Optimization Tips

Recipient feedback: Clinician may consider the following:

Recipient reports speech is softer or too soft
•	Increase M levels globally*

•	Allow the recipient to manipulate the volume control 

Recipient  reports  “missing”  ambient sounds 
or that quiet environments are “too quiet”
(e.g., report feeling like they are in an empty room)

•	Increase T levels globally until recipient reports ambient 
sounds are audible again in a quiet environment. Note that 
the amount of T level adjustment will vary depending on  
the ClearVoice setting (Low, Medium, High) and the T level 
setting (10% of M, Manual, Ts set to zero). For some patients, 
a significant increase in T levels might be required.

Recipient requests more ClearVoice effect •	Adjust the ClearVoice selection to Medium or High

Recipient requests less ClearVoice effect •	Adjust the ClearVoice selection to Low or Medium

* Evaluation of the ClearVoice Strategy in Children
 Nathalie Noël-Petroff, Cécile Ulmann, Thierry Van Den Abbeele, Nathalie Mathias, Laure Arnold, ASPCI 2011 
  Evaluation of ClearVoice Strategy in Children Using HiResolution Fidelity 120 Sound Processing
  D Schramm M.D. S.M., E Shaw-Pickard M.Sc., Y Beauregard M.ScA., L Moran M.ClSc., ASPCI 2011
  ClearVoice use in Adults
  Results of a Multicentre Evaluation Buechner, Andreas et al., ASPCI 2011

Demonstrate ClearVoice Benefit 
To verify the benefits of ClearVoice effectively during patient fittings, consider: 

	 •	Testing	in	a	steady-state	noise,	such	as	speech-shaped	noise.

	 •	Using	a	continuous	noise	presentation.	 

	 •	Using	a	sentence	test	because	ClearVoice	works	best	when	the	speech	signal	is	long	 
  (word tokens are too short). 

 •	Determining	first	a	signal-to-noise	ratio	that	brings	performance	to	approximately	50%	of	the
  recipient’s score in quiet while using the original (non-ClearVoice) program. This SNR will  
  prevent a ceiling effect so that ClearVoice benefit will be evident when tested at the same SNR.

028-M103-03
©2012 Advanced Bionics, LLC and its affiliates. All rights reserved. For more information, visit our website at AdvancedBionics.com



Getting Started
• Launch SoundWaveTM

• Go to the Software Options Menu

• Select Licenses

• Once in the License Screen, select New 

• Enter the License Key provided by Advanced Bionics

• Select OK
*Please note that the License Key only needs to be entered one  time;  
it does not have to be entered every time a patient returns to the clinic

•	Connect the sound processor to the fitting hardware and   
 place the headpiece on the patient’s head.

  1. Check the Fitting Hardware Task Group in the Ribbon Bar

  2. The task group should indicate the implant is ready

For Return Patients
• Open the Patient File

 1. Select the patient name from the Patient Management Grid

 2. Double click on the name or choose Open from the Action Pane

• Review Impedances

• Manage Programs

 1. Select a program from the Patient Record Window and Copy or Open.  
  Alternatively, select New and create a new program 

 2. Under the Program Parameter Group Pane, verify the Strategy selected is  
  HiRes-S w/Fidelity 120 or HiRes-P w/Fidelity 120
  As a reminder, in order to enable ClearVoice*, a HiRes 90K or CII patient must be programmed  
  using a HiRes Fidelity 120 strategy with a Neptune™ or Harmony™ Sound Processor

 3. Choose a ClearVoice selection: Low, Medium or High

 4. Turn on Live Speech Stimulation

 5. Fine tune the program parameters and adjust as necessary based on the patient’s   
  impressions of the sound quality

   • Verify M levels are appropriate

   • Adjust additional parameters as necessary

   • Try all 3 ClearVoice selections (Low, Medium or High)

Programming Quick Reference Card

For New Patients
  •	Refer	to	the	SoundWave	Programming	Quick	Reference	Cards	and follow the steps listed on pages 3–6

	 •	At	Step	3	–	Create	Programs,	you	will	select	a	ClearVoice	Target	and	then	proceed	as	described	above	 
	 			and	in	the	SoundWave	Programming	Quick	Reference	Cards	

Note: ClearVoice is compatible only with Harmony™ and Neptune™ sound processors  
and the HiRes 90K and CII Internal Device.

For additional programming optimization tips, please refer to the other side of this Reference Card.
*Not approved for pediatric use in the United States.



ClearVoice* from Advanced Bionics is designed to improve speech understanding and provide more effortless listening in complex 
environments without compromising performance in quiet. Scientists in Europe, Asia, and North America have conducted research 
studies in adults and children to document the listening benefits provided by ClearVoice, a speech enhancement technology that 
can be implemented with HiRes Fidelity 120™* sound processing on the Harmony™ and Neptune™ sound processors. Several 
pivotal studies are summarized below.

ClearVoice in Adults

Study Type Summary Presentations/Publications

Pilot Study in Germany This initial evaluation of the ClearVoice algorithm  
compared HiRes Fidelity 120 without ClearVoice and 
with ClearVoice-Medium and ClearVoice-High in 13 
experienced AB implant recipients. Results showed 
significant improvement in German sentence recognition in 
noise with both ClearVoice settings during an acute fitting 
session, demonstrating immediate benefit. After two weeks 
of chronic use, a majority preferred the ClearVoice settings 
to HiRes Fidelity 120 without ClearVoice.

Büchner, A, Brendel M, Saalfeld H, Litvak L. 
Frohne-Büchner C, Lenarz T. (2010) Results of a 
pilot study with a signal enhancement algorithm 
for HiRes 120 cochlear implant users. Otology 
and Neurotology 31:1386-1390.

Brendel M, Büchner, A, Saalfeld H, Frohne-
Büchner C, and Lenarz T. A signal enhancement 
algorithm for cochlear implant users: First results 
of a pilot study with HiRes 120. Presentation at 
the 2009 Conference on Implantable Auditory 
Prostheses, Lake Tahoe, CA, July 12–17, 2009.

Multicenter Evaluation 
in Europe

This ongoing multicenter survey is comparing 
HiRes Fidelity 120 without ClearVoice and with  
ClearVoice-Medium and ClearVoice-High in over 100 adult 
AB recipients across Europe. Each program is used for one 
week in rotation, then subjects complete a questionnaire 
on their listening experience with and without ClearVoice. 
Completed questionnaires (53) indicate that two thirds 
of subjects prefer the ClearVoice programs for everyday 
listening. Among them, more than half reported being willing 
to use the ClearVoice programs all the time, while the others 
would prefer switching ClearVoice on and off depending 
upon the situation. Clinical experience indicates that 
increasing M levels slightly may further improve satisfaction 
with the ClearVoice programs. This program modification is 
currently being investigated in a follow-up survey.

Büchner A, Gisbert J, Arweiler-Harbeck D, et al. 
ClearVoice use in adults: results of a multicentre 
evaluation. The 8th Asia Pacific Symposium on 
Cochlear Implants and Related Sciences, Daegu, 
Korea, October 25–28, 2011. 

Büchner A, Gisbert J, Arweiler-Harbeck D, et al. 
Stratégie ClearVoice chez l’adulte implanté 
cochléaire : résultats d’une étude multicentrique. 
118ème Congrès National de la Société Française 
d’Oto-Rhino-Laryngologie et de Chirurgie de la 
Face et du Cou, Paris, France, October 15-17, 
2011.

Büchner A, Gisbert J, Bouilly G, et al. Results of 
the ClearVoice multicentre evaluation in adults. 
10th European Federation of Audiology Societies 
(EFAS) Congress, Warsaw, Poland, June 22–25, 
2011.

Büchner A, Gisbert J, Bouilly G, et al. ClearVoice 
European multicentre evaluation: interim 
results. 10th European Symposium on Paediatric 
Cochlear Implantation (ESPCI), Athens, Greece, 
May 12–15, 2011.

Büchner A, Gisbert J, Bouilly G, et al. Interim 
results of the ClearVoice evaluation in adults.  
British Cochlear Implant Group Annual 
Conference, Nottingham, UK, March 31–April 1, 
2011.

Research Summaries



Study in Germany This ongoing clinical study fit 44 adult AB implant recipients 
with ClearVoice-High and ClearVoice-Medium programs for 
a two-week take-home period, after which they were tested 
on sentence recognition in noise and completed the APHAB 
questionnaire. Completed questionnaires (22) indicated that 
15 subjects preferred ClearVoice all or part of the time and 
7 subjects preferred their original clinical programs. Thirteen 
subjects underwent sentence testing in noise with and 
without ClearVoice-Medium. The ClearVoice results were 
significantly better in this group. Adjustment of M levels and 
increased volume settings provided further improvement in 
benefit from ClearVoice. 

Adams D, Rottmann T, Boeckler I, Brendel M, 
Büchner A, Lenarz T. Early experience with the 
ClearVoice noise reduction algorithm in the 
clinical routine. 13th Symposium on Cochlear 
Implants in Children, Chicago, USA, July 14–16, 
2011.

Study in Hong Kong This study compared HiRes Fidelity 120 without ClearVoice 
and with ClearVoice-Medium and ClearVoice-High in 
12 experienced AB implant recipients. Results showed 
significant improvement in Cantonese sentence recognition 
in noise with ClearVoice-Medium with no decrement in 
speech understanding in quiet with either ClearVoice setting. 
All subjects preferred the ClearVoice programs and indicated 
they would use ClearVoice all or most of the time.

Tong MCF, Kam ACS, Luk BPK, Cheng MMY, 
Wong TKC. ClearVoice strategy in Hong Kong 
Chinese cochlear implantees. The 8th Asia 
Pacific Symposium on Cochlear Implants and 
Related Sciences, Daegu, Korea, October 25–28, 
2011.

Study in Singapore The study examined the benefits of ClearVoice for English 
and Mandarin sentence understanding in noise and for 
everyday listening situations in five experienced adult 
users of HiRes Fidelity 120 sound processing (minimum 
of six months of use). Significant improvements in speech 
understanding in noise (English and Mandarin HINT) were 
observed for both ClearVoice-Medium and ClearVoice-High 
compared to HiRes Fidelity 120 without ClearVoice, but the 
two ClearVoice conditions were not significantly different 
from each other. All subjects preferred ClearVoice for 
everyday use and will likely be using it for all if not most of the 
time. In addition, subjects generally agreed that ClearVoice 
had a positive impact on their emotional well-being in more 
challenging listening conditions.

Ng WN, Low WK, Ong CS, Sarepaka GK, D’Souza 
VD, Cheng M. Evaluation of the ClearVoice option 
for Advanced Bionics adult users at the Centre 
for Hearing and Ear Implants, Singapore. The 8th 
Asia Pacific Symposium on Cochlear Implants and  
Related Sciences, Daegu, Korea, October 25–28, 
2011.

Clinical Trial in the 
United States

The clinical study investigated the benefits of ClearVoice in 
46 adults who were experienced users of HiRes Fidelity 120 
sound processing. Results showed that ClearVoice significantly 
improved speech understanding in speech-spectrum noise 
and in multi-talker babble without compromising speech 
understanding in quiet. A majority (93%) preferred to use 
ClearVoice for everyday listening. Most subjects (98%) 
benefitted from at least one ClearVoice setting and all 
subjects indicated that they liked and would use ClearVoice.

Advanced Bionics. (2012) ClearVoice clinical 
trial results. White paper.

Advanced Bionics. (2012) HiResolution Bionic Ear 
System Instructions for Use. 

ClearVoice in Adults Continued

2  Advanced Bionics



ClearVoice in Children

Study Type Summary Presentations/Publications

Study in Canada This ongoing study is comparing HiRes Fidelity 120 without 
ClearVoice and with ClearVoice-Medium and ClearVoice-High 
in 24 pediatric AB implant recipients. Results to date show 
statistically significant improvement in sentence recognition 
in speech-spectrum noise with both ClearVoice settings with 
no decrement in speech understanding in quiet. ClearVoice 
benefit has continued to improve with time. Clinical experience 
suggests that ClearVoice-Medium is an appropriate default 
setting for children and that increasing M levels by 5-10% 
improves the benefit derived from ClearVoice. Child and parent 
questionnaires indicate that ClearVoice makes hearing easier 
in difficult environments, particularly for conversing in a car, 
understanding the teacher in a classroom, and for watching 
TV. 

Schramm D, Shaw-Pickard E, Beauregard Y, 
Moran L, Whittingham JA. Long-term follow-up of 
children using the ClearVoice sound processing 
strategy. 13th Symposium on Cochlear Implants 
in Children, Chicago, USA, July 14–16, 2011.

Schramm D, Shaw-Pickard E, Beauregard 
Y, Moran L, Whittingham JA. Evaluation of 
the ClearVoice strategy in children using 
HiResolution Fidelity 120 sound processing. 10th 
European Symposium on Paediatric Cochlear 
Implantation, Athens, Greece, May 12–15, 2011.

Schramm D, Shaw-Pickard E, Beauregard Y, 
Moran L. Evaluation of the ClearVoice Strategy 
in children using HiResolution Fidelity 120 
sound processing. 11th International Conference 
on Cochlear Implants and Related Sciences, 
Stockholm, Sweden, June 30–July 3, 2010.

Study in France The aim of this study was to compare HiRes Fidelity 120  
without ClearVoice and with ClearVoice-Medium and  
ClearVoice-High in nine pediatric AB recipients. Although 
testing the younger children was sometimes challenging, 
results showed statistically significant improvement in sentence 
recognition in speech-spectrum noise with both ClearVoice 
settings with no decrement in speech understanding in quiet. 
Clinical experience suggests that M levels should be increased 
by 5-10% to improve listening with ClearVoice. Both children 
and parents have provided positive feedback on ClearVoice 
including less fatigue, benefit for watching TV, and better 
hearing in a car and on the phone.

Gazibegovic D, Noël-Petroff N, Ulmann C, Van 
Den Abbeele T, Mathias N. ClearVoice strategy 
use in children. CIGICON, Lucknow, India, 
November 25–27, 2011 

Noël-Petroff N, Ulmann C, Van Den Abbeele T, 
Mathias N, Arnold L. Evaluation of the ClearVoice 
strategy in children. 8th Asia Pacific Symposium 
on Cochlear Implants and Related Sciences, 
Daegu, Korea, October 25–28, 2011.

Noël-Petroff N, Ulmann C, Mathias N, Van Den 
Abbeele T. Utilisation de la stratégie ClearVoice 
chez l’enfant implanté cochléaire. 118ème 
Congrès National de la Société Française d’Oto-
Rhino-Laryngologie et de Chirurgie de la Face et 
du Cou, Paris, France, October 15–17, 2011.

Noël-Petroff N, Ulmann C, Mathias N, Van Den 
Abbeele T. Outcomes of the ClearVoice strategy 
use in children. 10th European Federation of 
Audiology Societies Congress, Warsaw, Poland, 
June 22–25, 2011.

Noël-Petroff N, Ulmann C, Mathias N, Van 
Den Abbeele T. Evaluation of the ClearVoice 
strategy in children. 10th European Symposium 
on Paediatric Cochlear Implantation, Athens, 
Greece, May 12–15, 2011.
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ClearVoice and Music

Study Type Summary Presentations/Publications

Workshop in the  
United Kingdom

Five experienced adult AB implant recipients participated 
in a workshop to compare music listening with and without 
ClearVoice. Subjects evaluated 21 musical extracts in a group 
setting. ClearVoice was preferred overall for listening to music 
with subjects understanding lyrics and tracking melodic line 
better. Subjects reported some reduction in hearing emotional 
intent when ClearVoice was enabled. 

Boyle P, Rocca C. ClearVoice and music: a new 
musical potential. 13th Symposium on Cochlear 
Implants in Children, Chicago, USA, July 14–16, 
2011.

Boyle P, Rocca C. Music listening with ClearVoice. 
10th European Symposium on Paediatric 
Cochlear Implantation, Athens, Greece, May 
12–15, 2011.

Boyle P, Rocca C. Music listening with ClearVoice. 
Proceedings of the 10th European Symposium on 
Paediatric Cochlear Implantation, International 
Journal of Pediatric Otorhinolaryngology, in press.

ClearVoice and FM

Study Type Study Summary Study Citations

Studies in Europe Phonak Dynamic FM improves speech understanding in 
noise for hearing aid users. Because cochlear implant systems 
function differently than hearing instruments, these studies 
investigated whether similar FM benefits could be found 
with AB recipients. SII index objective measurements showed 
significant enhancement of the effect of Dynamic FM when 
ClearVoice was enabled. A clinical validation with AB recipients 
confirmed the benefit of Dynamic FM with ClearVoice in 
different noise levels. Speech recognition improved by 10% 
when ClearVoice was enabled in very noisy situations (SNR of 
-10 dB). Thus Dynamic FM should be considered for use with 
AB recipients to improve speech recognition in noise. 
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study design
The clinical study investigated the benefits of ClearVoice in 
adults who were experienced users of HiRes 120. ClearVoice 
has three gain setting options that allow individuals to select 
the one that provides the best hearing—Low, Medium, and 
High. A two-week randomized, crossover design was used  
to evaluate ClearVoice-Medium and ClearVoice-High. 
(ClearVoice-Low	was	evaluated	acutely	by	all	subjects	during	
an	 initial	 test	 session.)	 These	 two	 settings	 were	 evaluated	
chronically	to	allow	subjects	the	opportunity	to	use	ClearVoice	
in	a	variety	of	everyday	situations.	Subjects	used	each	gain	
setting alone for two weeks, then were fit with three programs 
[HiRes	 120	 without	 ClearVoice	 (Control),	 ClearVoice-
Medium, and ClearVoice-High] for one week, after which 
they completed a questionnaire. Scores on the AzBio 
sentence test were compared between ClearVoice and the 
Control in quiet, in speech-spectrum noise, and in multi-
talker babble at each test session. For testing with each type 
of	noise,	the	SNR	was	adjusted	individually	for	each	subject	
while using the Control to yield a score approximately half of 
the score in quiet in order to provide headroom to evaluate 
any ClearVoice advantage.

The	HiResolution™	Bionic	Ear	System	from	Advanced	Bionics	
(AB)	is	designed	to	provide	cochlear	implant	recipients	with	
natural and effortless hearing. Through a combination of 
high-fidelity,	front-end	signal	processing	(T-Mic™,	AutoSound™)	
and	 innovations	 in	stimulus	delivery	 (current	steering,	high	
stimulation	 rates),	 HiRes	 Fidelity	 120™*	 sound	 processing	
(HiRes	120)	provides	high-resolution	temporal	and	spectral	
information to AB implant recipients. Clinical studies show 
that	 the	ability	 to	hear	speech	 in	noise	and	to	enjoy	music	
with HiRes 120 surpasses previous-generation sound 
processing	strategies	 (e.g.,	Brendel	et	al.	2008,	Firszt	et	al.	
2009,	Oleson	et	al.	2008).

ClearVoice™* is the next innovation in HiResolution sound 
processing from Advanced Bionics proven to improve 
hearing in difficult listening situations for enhanced speech 
understanding. In challenging acoustic environments, 
ClearVoice identifies frequency bands in which non-speech 
energy is present and reduces the gain of those bands. The 
effect	 is	 to	enhance	 the	overall	 signal-to-noise	 ratio	 (SNR),	
which in turn provides the opportunity to hear the desired 
speech signal better. At the same time, ClearVoice does not 
affect performance in quiet settings. Thus, ClearVoice is 
intended for all-day use without requiring the user to switch 
programs when the listening environment changes.

Historically, cochlear implant manufacturers have gained 
regulatory approval for new sound processing strategies by 
demonstrating that a new strategy is not inferior to previously 
approved strategies. Some published studies have shown 
equivalence in performance and preference for new strategies 
(e.g.,	Cochlear	2009,	Balkany	et	al.	2007,	Magnusson	2011),	
while others show improvement in hearing and preference for 
the	newer	strategy	(e.g.,	Advanced	Bionics	2011,	Koch	et	al.	
2004).

In contrast, the ClearVoice clinical trial proposed evaluating 
the superiority of ClearVoice for hearing in noise. Thus, in 
order to receive regulatory approval for ClearVoice, 
demonstration of unambiguous improvement in listening was 
required. The data summarized below show unequivocally 
that ClearVoice provides superior listening in noise and that 
AB recipients overwhelmingly prefer to use ClearVoice for 
everyday hearing.
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Steady-State Noise  ......................................................................... 2

ClearVoice Improves Speech Understanding in  
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Clearvoice improves speech  
understanding in Multi-talker Babble
ClearVoice also improved speech perception in multi-talker 
babble, which is representative of listening to a speaker in 
environments	 like	a	 cafeteria	or	 restaurant	 (Figure	2).	 	 The	
mean	 improvements	 in	 sentence	 scores	 were	 4.3%	 for	
ClearVoice-Low,	3.2%	for	ClearVoice-Medium,	and	1.2%	for	
ClearVoice-High.

Although ClearVoice is designed to function best in steady-
state noise, the results below demonstrate that ClearVoice 
can also be effective for helping individuals hear in  
noise that is more modulated. Modulated noise like  
multi-talker babble becomes more like steady-state noise in 
realistic environments where the modulations are smeared 
through reverberation, thereby allowing ClearVoice to have 
the most significant impact on improving the desired speech 
signal. Thus, ClearVoice would be effective in enhancing 
speech understanding in places like a classroom, restaurant, 
or shopping mall.

Individual results in both steady-state and multi-talker babble 
indicated	that	all	but	one	subject	(98%)	showed	improvement	
in noise with at least one ClearVoice gain setting.

Figure 2. Mean AzBio sentence scores in multi-talker babble for the Control, 
ClearVoice-Low, ClearVoice-Medium, and ClearVoice-High. Although 
ClearVoice-High provided benefit, the results were not statistically significant. 
(Note	that	the	sentence	scores	in	noise	with	the	Control	approximate	40-50%	
because	the	SNRs	used	were	adjusted	individually	at	the	onset	of	the	study	to	
reduce	subjects’	scores	to	about	half	of	their	scores	in	quiet.)

Clearvoice does Not Compromise  
Listening in quiet
For	all	three	settings	(Low,	Medium,	High),	ClearVoice	had	no	
effect	 on	 speech	 perception	 in	 quiet	 (Figure	 3).	 Thus,	
ClearVoice can be used all the time, allowing listeners to hear 
better in noise without compromising their ability to hear well 
in a quiet environment.

subjects
Subjects	were	46	adults	(25	men,	21	women)	with	postlingual	
onset of severe-to-profound hearing loss who had used 
HiRes 120 for at least six months and who had moderate 
speech	 perception	 abilities	 (defined	as	 a	word	 recognition	
score	 of	 at	 least	 50%	 in	 quiet).	 All	 subjects	 had	 been	
implanted with a CII/HiRes 90K™ implant and used a 
Harmony behind-the-ear processor throughout the study. 
Demographics are summarized in Table 1.

table 1 demographics of study population

variable Mean range

Age at implant 54 years 19 to 83 years

Age at time of study 59 years 26 to 87 years

Duration of severe-to-profound hearing 
loss at time of implant 11 years < 1 to 48 years

Duration of implant use at time of study 4 years <1 to 13 years

Clearvoice improves speech  
understanding in steady-state Noise
ClearVoice significantly improved speech perception in 
steady-state	noise	(Figure	1),	which	is	representative	of	the	
type of noise made by a fan or when riding in a car. The 
mean	 improvements	 in	 sentence	 scores	 were	 7.6%	 for	
ClearVoice-Low,	 8.7%	 for	 ClearVoice-Medium,	 and	 10.6%	
for	ClearVoice-High.	After	ClearVoice	was	turned	on,	subjects	
experienced immediate benefit.

Figure 1. Mean AzBio sentence scores in steady-state noise for the Control, 
ClearVoice-Low,	 ClearVoice-Medium,	 and	 ClearVoice-High.	 (Note	 that	 the	
sentence	 scores	 in	noise	with	 the	Control	approximate	40-50%	because	 the	
SNRs	 used	 were	 adjusted	 individually	 at	 the	 onset	 of	 the	 study	 to	 reduce 
subjects’	scores	to	about	half	of	their	scores	in	quiet.)
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Figure 3. Mean AzBio sentence scores in quiet for the Control, ClearVoice-Low, 
ClearVoice-Medium, and ClearVoice-High. 

These data, taken together with the results in noise, 
demonstrate that ClearVoice can be used as an everyday 
program that requires no switching by the user. Accordingly, 
ClearVoice is ideal for adults who want to hear effortlessly and 
for active children who need to hear in multiple acoustic 
environments throughout the day.

Clearvoice is preferred for  
everyday Listening
Preference ratings from the questionnaire indicated that 42 
out	of	45	subjects	(93%)	preferred	ClearVoice	to	the	Control	
for	 everyday	 listening	 (one	 subject	 did	 not	 complete	 the	
questionnaire).	The	mean	strength	of	preference	 for	 the	42	
subjects	 who	 preferred	 ClearVoice	 was	 7.9	 (1	 =	 weak	
preference,	 10	 =	 strong	 preference).	 Of	 the	 42	 subjects	
preferring ClearVoice, 22 indicated they would use it all of the 
time, 17 indicated they would use it most of the time, and 
three indicated they would use it some of the time. Of the three 
subjects	preferring	 the	Control,	all	 indicated	 they	would	use	
ClearVoice	some	of	the	time.	In	summary,	remarkably	100%	of	
study participants would use ClearVoice for some of the time 
every day.

Clearvoice Offers improved Hearing 
in real-Life situations
All	 46	 subjects	 reported	 that	 ClearVoice	 was	 helpful	 for	
listening in a car. Additionally, approximately three-quarters of 
subjects	reported	that	ClearVoice	was	helpful	while	conversing	
at	 a	 party	 or	 restaurant	 (35/46),	 conversing	 in	 a	 group	 of	
people	(33/46),	or	while	watching	TV	or	listening	to	talk	radio	
(33/46)	(Table	2).	Over	90%	of	the	subjects	indicated	to	some	
degree that ClearVoice makes listening in challenging real-
world situations decidedly easier, less tiring, and less stressful.

table 2 Percentage	of	subjects	(out	of	46)	indicating	ClearVoice	was	helpful	
for nine everyday listening situations.

situation percentage 

Conversing in a car. 100%

Conversing at a party or restaurant. 76.1%

Conversing in a group of people. 71.7%

Watching TV or listening to talk radio. 71.7%

Listening to a public speaker in a church  
or auditorium.

63.0%

Understanding	words	in	music	(songs). 58.7%

Listening in a meeting. 54.3%

Using	a	telephone	(including	cell	phone). 50.0%

Listening in a movie or theater. 34.8%

Subjects	also	rated	statements	about	the	benefits	of	ClearVoice	
on	a	scale	 from	1	 to	7	 (1	=	strongly	disagree,	7	=	strongly	
agree).	As	seen	in	Figure	4,	at	least	two	thirds	of	the	subjects	
rated all the statements as a 6 or 7. Notably, over half of the 
subjects	responded	with	a	7	(strongly	agree)	to	the	statements	
that background noise was less bothersome with ClearVoice 
and that ClearVoice was the best improvement in listening 
that they had experienced since getting a cochlear implant.

1	 =	Background	noise	is	less	bothersome	with	ClearVoice.
2		=	ClearVoice	makes	listening	in	challenging	situations	less	tiring.
3		=	ClearVoice	makes	listening	in	challenging	situations	less	stressful.
4		=	ClearVoice	makes	listening	in	challenging	situations	easier.
5	 =	ClearVoice	makes	listening	in	challenging	situations	more	enjoyable.
6		=	ClearVoice	offers	the	best	improvement	in	listening	that	I	have	experienced 
  since getting a cochlear implant.

Figure 4. Percentage	of	subjects	rating	six	statements	regarding	the	benefits	of	
ClearVoice	as	6	and	7	(agree	or	strongly	agree).
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summary
This study shows that ClearVoice is the first and only sound processing 
innovation to provide clinically superior performance in noise. The 
results demonstrate that:

	 •	ClearVoice	significantly	improves	speech	understanding 
  in steady-state noise
	 •	ClearVoice	significantly	improves	speech	understanding 
  in multi-talker babble
	 •	ClearVoice	does	not	compromise	speech	understanding 
  in quiet, making it an ideal solution for everyday listening
	 •	ClearVoice	is	preferred	by	most	subjects	(93%)	for	everyday	listening	
	 •	Almost	all	subjects	(98%)	benefit	from	ClearVoice
	 •	All	subjects	(100%)	like	and	would	use	ClearVoice

ClearVoice	represents	just	one	of	the	many	pioneering	HiResolution	
sound processing options that have been developed to provide 
substantial hearing performance improvements for AB recipients in 
the last ten years. ClearVoice is available as an optional programming 
feature for users of HiRes 120 sound processing, and can be 
programmed for any AB recipient with CII or HiRes 90K implants. 

These data served to support regulatory approval of ClearVoice in the United States. 
See 2012 Instructions for Use for complete study results.
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Washington university, St. Louis, MO
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