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My purpose is to discuss issues related to self-audiometry and user self-fitting. Any relevant 
data I present comes from work done at San Diego State University under an NIH grant of which 
Carol Mackersie is the Principal Investigator.  
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Direct–to-consumer hearing instruments involve opening the box, assembling the aid, putting it 
in the ear, turning it on, and adjusting the gain characteristics.  
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Options?

Hearing
Aid APP

One-size fits many?
Several sizes fit more?

One size with several programs fits still more?
One size with smart-phone app fits most?

 
There are several options for ensuring that users acquire devices appropriate to their needs. 
The one we have been exploring is a flexible version with a smart-phone application for self-
adjustment. 

Replicating standard of practice 
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But should self-fitting replicate the current standard of audiology practice with initial fit to a 
threshold-based target followed by fine tuning? 
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Bypassing prescription
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Or can we bypass the prescription stage and go directly to self-adjustment from a generic 
response? 
 

Starting from a generic response?

Preference

An acoustic dimension

An outcome
dimension

Generic

 
If starting from a generic response, considerable adjustment may be required. There is also 
evidence to suggest that the end-point can be affected by the starting point. 
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Preference

Prescription 
(e.g., NAL-NL2)

An acoustic dimension

An outcome
dimension

Threshold-based prescription?

 
Threshold-based prescription, however, immediately matches to the needs of the average 
person with the same hearing loss as the individual client. Fine-tuning then requires only small 
adjustments. 

Validity of self-audiometry?

Good for high-frequencies

 
The inclusion of a threshold-based starting point in self-fitting requires self-audiometry which is 
already provided in some hearing aids. But this raises the issue of validity. Researchers at NAL 
and elsewhere have found relatively good agreement with audiologist data in the high 
frequencies. But the low-frequencies tend to be compromised by problems of seal and leakage.   
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We reached the same conclusion in our research. Here you see self-assessed thresholds on the 
vertical axis in relation to audiologist-assessed on the horizontal. The top six panels show data 
at single frequencies. The bottom three panels show data for various averages. I draw your 
attention to the average at 1, 2, and 4 kHz where the highest departure from audiologist was 
+/- 6 dB. I shall return to this average later.  
These early data discouraged us from pursuing self-audiometry and we have since focused on 
self-adjustment from an NAL-NL2 prescription for a generic mild-to-moderate sloping hearing 
loss.  

Threshold range

 
The range of hearing loss of participants is shown here, along with the average and, in red with 
circles, the generic hearing loss used to establish a starting response. 
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Goldilocks self-adjustment protocol
(Boothroyd and Mackersie)

 
Our self-fitting work is about Methodology and Candidacy. 
How well does it work? Can we make it better? And who is it good for? 
Our basic protocol involves explore and select. We called it Goldilocks. 

Goldilocks self-adjustment protocol
(Boothroyd and Mackersie)

Overall Volume HF boostLF cut

 
We have focused on three parameters: First is overall level or Volume. Second is high-frequency 
boost which we refer to as Crispness. Third is low-frequency cut. We refer to the inverse of cut 
as Fullness. Key features of the original Goldilocks were: 
• that listeners should first learn the effect of each control in isolation before being presented 

with all three at the same time. 
• that listeners should take a formal speech-perception test after a first self-adjustment and 

then  repeat self-adjustment. The goal was to increase the importance of intelligibility. 
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Experiment 1:
13 Aid-users, 13 non-users
Generic starting condition

1. All successful, 23 without help
2. Mean 2 minutes/adjustment
3. Mean output spectrum close to NAL
4. Main effect of aid experience?

Possible effect at 1st adjustment
NO EFFECT after 2nd adjustment

 
Our first experiment used pre-processed sentences with 5 levels of both high-frequency boost 
and low-frequency cut – giving a matrix of 25 output spectra. Twenty six adults participated – 
13 aid-users and 13 non-users. All listeners completed the process, 24 from on-screen 
instructions and no help. Average time for an adjustment was 2 minutes. Two adjustments plus 
the speech test took an average of about 8 minutes. The final group mean output spectrum was 
close to NAL target – especially in the frequencies of most importance to speech recognition. 
There was weak evidence that output increased after (but not necessarily because of) the 
speech-perception test but only in the aid-users. There was no evidence of an effect of hearing-
aid experience at the final self-adjustment. 
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Effect of hearing loss

Mean High-frequency Loss (1,2,4 kHz) in dB HL
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One outcome measure was an estimated speech-intelligibility index (SII) based on frequency-
weighted audibility of the speech signal. Here we see this index, under the starting condition, 
for an assumed input of 65 dB, as a function of listener’s high-frequency average threshold. An 
index of 60% is generally considered acceptable – at least for adults with full language 
competence.  But higher values reduce dependence on context and can be assumed to reduce 
listening effort. Almost 2/3 of these listeners already met the 60% criterion with the generic 
starting condition. After the first self-adjustment, roughly ¾ of our listeners attained acceptable 
audibility or better. After taking the speech-perception test and repeating self-adjustment 23 of 
26 reached the acceptable level. Had they adjusted to NAL prescription 25/26 would have met 
the acceptable criterion. Under the fixed generic condition audibility obviously depended on 
degree of hearing loss. Note, however, that the correlation between audibility and high-
frequency is reduced after either self-adjustment or NAL prescription - but not eliminated. In 
fact the NAL prescription specifically aims for lower SII as hearing loss increases. 
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Effect of hearing loss

Mean High-frequency Loss (1,2,4 kHz) in dB HL
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Too low

HF threshold 40 to 49 dB HL (n = 11)
HF threshold 50 to 59 dB HL (n = 12)
HF threshold 65 to 75 dB HL (n = 3)

 
This slide shows the same data stratified by the high-frequency threshold mentioned earlier. 
The average listener with thresholds between 40 and 50 dB was already well served by the 
generic prescription with few changes after self-adjustment. The average listener with average 
high-frequency thresholds between 50 and 60 dB was not well served with the generic 
prescription but rose to good audibility after the first self-adjustment. Three participants had 
thresholds between 65 and 75 dB. Although self-adjustment markedly improved audibility it 
still left them below the acceptable criterion. Had they adjusted to NAL prescription their mean 
would have reached an acceptable level.  
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Experiment 2

1. Custom-built desk-top MHA
2. Mic.input + Real-time processing
3. 6-band WDRC (1.4:1)
4. Goldilocks Android app. WiFi to MHA
5. Female talker
6. n = 24 aid-users
7. Formal speech test?
8. Effect of noise (6 dB SNR)?

No effect
No effect

 
Our second experiment used a custom-built, computer-based Master Hearing Aid developed 
under a subcontract to UCSD on which Harinath Garudadri was Principal Investigator. This 
system had ear-level transducer assemblies. Real-time processing was in 6 octave bands with 
wide-dynamic compression in each. An android tablet provided Goldilocks control via a WIFI 
link. Recorded materials provided speech input for both self-adjustment and testing. One goal 
was to further investigate the value of the speech perception test after an initial self-
adjustment. All participants were aid-users and half were given a non-auditory task in place of 
the formal speech-perception test. There was no evidence of a replication effect in either 
group.  Note, however, that the system had an active microphone so even the group 
performing the non-auditory task had experienced listening to the researcher’s instructions – 
and their own speech - before and after the initial self-adjustment. Apparently this was 
effective without the addition of a formal test. Although we found no replication effect in the 
group mean selection, there was evidence of convergence towards the NAL prescription at the 
second self-adjustment. A second goal was to determine the effect of noise - at a 6 dB signal-to-
noise ratio – on self-adjusted output. We found no evidence of a noise effect on group means.  
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Effect of Hearing-loss?

Mean High-frequency Loss (1,2,4 kHz) in dB HL
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The general Speech Intelligibility Index findings were similar to those of the first study – 
especially in terms of the effect of average threshold at 1, 2 and 4 kHz. 

Noise effect in SII

Mean High-frequency Loss (1,2,4 kHz) in dB HL
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Although the self-adjusted gains were not affected by noise, there were obvious limiting effects 
on audibility. After the first adjustment, 11 of the 26 listeners did not reach an acceptable SII. 
This number fell to 6/26 after the second adjustment, about the same as with the NAL 
prescription.  
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Listener criteria

 
Noise also affected the listeners’ self-estimate of the most important criterion when making 
adjustments. In quiet, loudness and clarity received almost the same number of ratings. In 
noise, however, clarity was rated as most important by a higher number of listeners – 
presumably because they were trying, unsuccessfully, to counter the masking effects of noise. 
Few listeners rated sound quality or noisiness as being the most important criterion. 

Experiment 3

1. Preprocessed sentences 
(49 gain curves)

2. 12 aid-users 12 non-users.
3. In Quiet

(full-band CR = 1.5)

1. Output with 2 vs 3 controls?
2. Preference?
3. Output with HF or VOL 1st?
4. Preference for HF or VOL 1st?
5. Primary Adjust criterion?

No effect
Three
LF effect
None
Comfort

 
For a third experiment we returned to pre-processed sound files but with 7 options for high-
frequency boost and 7 options for low-frequency cut. We again recruited both aid-users and 
non-users and found no difference. Goals were to assess the effects of a) reducing the number 
of listener controls from three to two, and b) starting with the high-frequency boost rather than 
overall level. We also added a questionnaire dealing with preference for the various options, 
the subjective criteria on which self-adjustments were made, and opinions on the concept of 
self-fitting. 
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Goldilocks two-parameter 
self-adjustment protocol

Overall Volume HF boost LF cut

 
As just indicated, we compared the original three-parameter protocol with a two-parameter 
alternative in which high frequency boost and low-frequency cut were linked. In other words 
the “Crispness” control became one of overall spectral tilt.  

Volume + HFboost + LFcut (3)
vs. Volume + Tilt (2)

No effect

 
In 24 listeners, 12 of whom had no hearing aid experience, there was no evidence that the 
number of controls affected mean output spectra. But, of the 18 expressing a preference, 12 
preferred three. Perhaps they felt more autonomy. 

 



14 
 

Maidment, Ali, Ferguson 2019
J Am Acad Audiol. 30, 417-430

“Participants consistently reported 
that the ability to make adjustments 
via a smartphone provided them with 
a greater sense of autonomy and 
empowerment. As a result, they felt 
more in control of their hearing loss.“

 
A recent comment on the role of autonomy is relevant to the last statement. 

p < .0001 ns

Effect of adjustment order

3 dB

 
There was a small effect of starting with crispness rather than Loudness. Group-mean high-
frequency outputs were unchanged but low frequency output was significantly lower. In this 
case, participants expressed no preference. 
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Primary criterion?

 
In this experiment – done only in quiet – the highest number of selections of the most 
important subjective criterion when making adjustments were for the attributes of loudness 
and comfort while quality and intelligibility received fewer votes. We also included a category 
of effort but only one of 22 listeners selected it.   

Opinions on fitting?

 
When participants were asked who they thought should be responsible for the fitting of hearing 
aids, the option selected most often (50%) was “a professional with input from me”. Twenty 
seven percent selected “Me with input from a professional”. Only 13% selected complete self-
fitting. This result offers food for thought. 
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Summary of findings
1. Value of self-audiometry uncertain
2. Successful self fitting from generic start
3. Aid experience unnecessary
4. Formal speech test unnecessary
5. Noise does not affect self-selection
6. 2-parameter OK but 3 preferred
7. Crispness vs Volume first – small effect

Cautions
1. Lab-based studies (field studies to follow)
2. Volume and spectrum only  

To summarize: 
• We have found no evidence that self-audiometry is necessary in the context of user-self-

fitting. 
• All subjects self-adjusted successfully with group means close to NAL-NL2 prescription. 
• We found no evidence that hearing-aid experience was necessary. 
• Formal speech testing as part of self-fitting does not appear to be necessary. 
• Self-selected outputs were not affected by noise at 6 dBSNR. 
• A 2-parameter (Volume+tilt) protocol was as effective as the 3-parameter version 

(Volume+HF+LF) but listeners tended to prefer three.  
• Starting self-adjustment with HF boost lowered self selected output in the low frequencies. 
We caution that these data are from lab studies only. We are just beginning field studies. 
Note also that we have only investigated the basic parameters of amplitude and spectrum. Self-
adjustment of other parameters such as WDRC needs to be studied. 
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Some talking points

If threshold or test-based:
1. Hughson/Westlake
2. Method of adjustment
3. Zone of acceptability?

Self-adjustment options:
1. Explore and select
2. Adaptive
3. Paired comparison
4. Other?

If the last:
1. Generic start
2. Threshold-based
3. Other tests?

Adjustments:
1. Volume
2. Spectrum
3. Compression?
4. Noise?

One-size fits many? Several sizes fit more?
One size with several programs fits still more?
One size with smart-phone app fits most?

Input during self-adjust
1. Packaged
2. Natural
3. Self-selected Self-fitting and

Post-fitting readjustment  
So here are some potential discussion topics: 
First, what are the relative merits of device options for direct-to-consumer hearing instruments. 
If users are to self-adjust, what are appropriate starting points? 
If these are to be based on prior data – what data and how obtained? 
There are also options for user self-adjustment: explore and select, as embodied in Goldilocks: 

adaptive methods; paired comparison searches; and maybe others yet to be developed. 
So far I have only talked about amplitude and spectrum. What about user-adjustment of other 

features? 
What is the best input to use during self-adjustment? Should it be packaged into the smart-

phone app, naturally occurring, or self-selected.  
Finally, I want to point out that with user control we are not talking just about initial self-fitting 

but also about continued readjustment during subsequent use. 

 

 

 


