
Appendix A: 
Speech Guard & VAC for First-Time Users
The results of Smart et al. (2011) and Schum & 
Pogash (2011) on the performance and 
acceptance of Oticon Agil Pro fittings for 
first-time users indicated immediate 
improvements in both objective and subjective 
assessment of speech understanding. In 
addition, the patients in these two studies 
reported low levels of side effects even from day 
one. Importantly, these results have recently 
been replicated for first-time users of Intiga 10 
(Behrens, Schulte & Kreisman, 2011). As 
indicated previously, there are a number of 
aspects of the signal processing that likely 
account for these results (broad bandwidth, 
RISE 2 core sound processing, open fittings, etc.). 
We believe that the two most important signal 
processing features are Speech Guard and Voice 
Aligned Compression (VAC). VAC (Flynn, 2004) 
provides the gain prescription appropriate for 
the patient’s hearing loss. Speech Guard controls 
how and when gain changes are applied: the 
dynamic response of the system.

VAC for First-Time Users
The classic characteristic of sensorineural 
hearing loss is a reduction in the patient’s 
dynamic range. The restriction in the dynamic 
range will vary based on the amount of hearing 

loss, and so for a patient with a sloping hearing 
loss, this range will vary across frequency. 
Listeners are faced with a broad range of input 
signals throughout the course of the day, so the 
gain prescription must vary by input level in 
order to map as much of the most important 
information in the input signals into a the 
remaining dynamic range of the patient.

The gain parameters for VAC were based on the 
work of Buus and Florentine (2001) on loudness 
perception across the full dynamic range of 
patients with sensorineural hearing loss. We 
apply curvilinear compression with an emphasis 
on good audibility for soft sounds and reducing 
the amount of compression used as we move to 
moderate and louder input levels. The 
assumption is that in soft and moderate 
environments, the S/N is typically better and so 
higher compression ratios can be prescribed. As 
the speech level in the environment increases, 
the likelihood that the S/N becomes worse is 
increased. Therefore, the compression ratios 
typically prescribed by VAC will be greater when 
comparing soft to moderate inputs than when 
comparing moderate to loud inputs.

VAC also works at balancing the need for 
audibility in the very high frequencies with the 
need to maintain good sound quality. 

Figure 11a: Aided speech spectrum and insertion gain values for four different audiograms.



For most hearing device users, especially for 
first-time users, excessive levels of gain above 
4000 Hz can create an objectionable, tinny 
sound quality. Therefore, VAC typically aims to 
provide a good audibility enhancement between 
1500 and 4000 Hz, but with a gentle roll-off at 
higher frequencies. Those high frequencies are 
available in follow-up fine tuning if the patient is 
looking for more distinct, sharp sound quality. 
However, the more typical patients will report 
good sound quality and speech clarity without 
an over-emphasis in the very high frequencies.

One of the characteristics of Oticon’s approach 
to fitting high frequency hearing loss over the 
years, especially since the advent of widespread 
use of open fittings, is that the patient is hearing 
and using two sound sources: the amplified 
signal and the natural, unmodified signal that 
enters the open ear canal. These two signals 
combine to give one unified image. The amplified 
portion tends to provide the audibility needed 
for the key parts of the speech signal but the 
unamplified part helps to maintain a more 
natural sound quality. Location and other 
environmental cues are better preserved. The 
sound quality is less tinny. 

Figures 11 a through d provide the amplified 
moderate input speech spectrum and prescribed 

insertion gain values for the audiograms shown 
in the upper right of each panel. The four 
audiograms shown represent the hearing losses 
of typical first-time users.

Figure 11 a shows the effect of Oticon Intiga for 
mild high-frequency sloping hearing loss. Notice 
the audibility enhancement in the region from 
1500 to 4000 Hz. Above 4000 Hz, gain is 
applied, but full audibility of the input speech 
signal is not the goal. Figure 11 b provides the 
fitting results for classic ski slope loss. Again the 
emphasis is on a modest audibility enhancement 
in the transition region between 1500 and 4000 
Hz. Any attempts to provide full audibility 
compensation above 4000 Hz would lead to an 
objectionable sound quality especially for the 
first-time user. In previous generations of 
products, we have had dedicated fitting 
rationales for high-frequency losses. First there 
was the Ski fitting rationale (Schum, 1999) and 
then the Clarity rationale (Lindley, 2008). As we 
have developed the VAC fitting rationale over 
the years, we have incorporated the fitting 
principles first introduced with Ski and then 
extended with Clarity. Therefore, we achieve 
the same effects that we did with Ski and Clarity 
within the more inclusive VAC rationale. 

Figure 11b: Aided speech spectrum and insertion gain values for four different  audiograms.
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The goal has always been the same – a modest 
audibility enhancement in the frequency regions 
that carry the most speech information, namely 
1500 to 4000 Hz. This approach is consistent 
with the pioneering work reported by Skinner 
(1980) on fitting high-frequency hearing losses: 
the goal is not full audibility in the very high 
frequencies but rather a balance of audibility 
across the full range of the device that maintains 
excellent sound quality. 

As the amount of hearing loss in the low and mid 
frequencies increases, the gain parameters 
become more aggressive. We no longer assume 
the mixture of two sounds sources that is 
characteristic of our approach to high-frequency 
losses. Rather, we see the amplified signal as the 
primary source of information that the patient 
utilizes.

Figures 11 c and 11 d provide the results for 
audiograms with more hearing loss in the low 
frequencies. The hearing loss shown in 11 c  
would typically be fit with the dome fitting. You 
see a significant enhancement of audibility from 
500 through 4000 Hz. Again, amplification is 
provided above 4000 Hz, but the amount of 
amplification prescribed is moderated by the 
need to maintain excellent sound quality. Finally 
11 d provides the fitting parameters for an 

audiogram that typically would be fit with the 
Micro Mold (and a moderate sized vent). Again, 
you see an audibility enhancement across a 
broad bandwidth.

Speech Guard for First-Time Users
When considering the importance of signal 
processing for the first-time user, it is essential 
to remember what the current performance of 
these patients is typically like. The most common 
first-time user will have normal or near normal 
hearing in the low and, perhaps, mid 
frequencies. They can get by as long as the noise 
level is not too high. Therefore, their immediate 
impression of sound processing in the hearing 
device needs to be positive because the patient 
will be weighing the pros and cons of the new 
fitting. If the sound quality of the newly fit 
devices is too unusual, distracting or annoying, 
the patient can realistically decide to continue to 
go on without amplification.

The unique manner in which Speech Guard 
manages level changes in dynamic listening 
environments avoids the classic drawbacks of 
both fast acting and slow acting compression 
systems (Simonsen & Behrens, 2009; Schum & 
Sockalingam, 2010). Fast acting amplification 
systems are designed to rapidly increase gain 
any time the signal level drops. Speech is a 

Figure 11c: Aided speech spectrum and insertion gain values for four  different audiograms.



dynamic signal, with level changes occurring 
many times per second. Every time the signal 
level drops, for example during a softer 
phoneme but also during the pauses between 
words or the closure phase of certain 
consonants, the gain of the device is rapidly 
increased. Even in a quiet room, this frequent 
and rapid change in amplification will have the 
effect of boosting the ongoing sound of the 
room any time there is a momentary drop in the 
input level. The result is the classic “sound of a 
hearing aid”. Further, when speech is presented 
in noise, even at a positive signal-to-noise ratio, 
a fast acting system will increase the perceived 
level of the background noise because of this 
frequent boosting whenever there’s a soft 
segment or a momentary pause in the speech 
signal. For the new hearing device user, 
immediately the world will appear noisier. The 
traditional counseling provided for the first-time 
user is to remind the patient that these are the 
sounds that have not been heard for some time. 
However, it is indeed an unnatural listening 
experience to hear otherwise stable, low level 
background noise now seem more prominent 
and more unstable.

Slow acting systems can avoid the instability of 
faster acting systems and provide a sound 
quality that is preferred by users (Neuman, 

Bakke, Mackersie, Hellman & Levitt, 1998). 
However, slow acting systems have a limitation 
in dynamic situations. If a loud intrusive sound 
(dog bark, burst of laughter, door slam) occurs 
while listening to speech, the gain of the system 
will be reduced in reaction to this increased input 
level. However, because of the long release time 
of the slow acting system, the gain applied will 
remain reduced even after the intrusive sound 
has gone away. The following speech segments 
will then be heard at a significantly reduced 
audibility level. This so-called “dropout” effect 
will strike the first-time user as highly unnatural. 
An otherwise stable speech signal has now 
become unpredictable.

Speech Guard, with its dual monitoring design, 
avoids the classic pitfalls of both fast and slow 
acting systems. It can change either very, very 
quickly or very slowly, depending on the dynamic 
characteristics of the listening environment 
(Simonsen & Behrens, 2009). The goal is to 
provide stable amplification to the ongoing 
speech signal. The more stable the applied gain, 
the more likely the output speech signal will 
retain all the natural dynamic amplitude cues. 
This is similar to the results of the slow acting 
system, but Speech Guard can also react and 
then recover very quickly to intrusive sounds 
that can also occur in the environment, avoiding 

Figure 11d: Aided speech spectrum and insertion gain values for four different  audiograms.
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the dropout effect.
Figure 12 provides a comparison between a 
hearing device operating as a fast acting system 
and Speech Guard in response to speech at a +15 
dB S/N. Notice that during the periods where no 
speech is present (indicated by the red arrows), 
the overall level of the background noise is 
higher in the fast acting system than with 
Speech Guard. This will not affect the core 
intelligibility of the material; however it will 
create a more noisy sound quality in the device. 
If you look closely during the periods where 
speech is present you will notice that this 
background noise level is further increased in 
the very short pauses between speech sounds. 
This fill-in effect is not present when the signal is 
processed via Speech Guard. 

Figure 13 presents the output of Speech Guard 
to an ongoing speech signal that is interrupted 
briefly by two sharp dog barks. Notice that 

immediately after the dog bark sounds, the 
following speech sounds are presented at a level 
consistent with the rest of the ongoing signal. In 
other words, you do not see evidence of the 
dropout effect that would occur with a slower 
acting compression system.

The sum total of VAC and Speech Guard is to 
present speech information that is sufficiently 
audible across a range of input levels and also 
maintains a naturalistic sound quality. The 
relative signal levels in the environment – both 
on a phoneme to phoneme basis and also when 
comparing background sounds to the ongoing 
speech signal – are maintained. The world of 
sound does not take on a surreal, distorted 
aspect. For the patient who is new to 
amplification, maintaining a natural projection of 
the world of sound into the auditory system 
forms an important basis for the acceptance of 
the newly fit devices.

Figure 12:  The response of a fast acting hearing device and 
Speech Guard to speech at a +15 dB S/N.

Figure 13: The response to Speech Guard to speech interrupted  
by two sudden, high-level dog barks.
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