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Introduction 
Hearing aids have developed enormously in recent years. 
Precise speech recognition and innovative signal processing 
enable high sound quality and considerably improved speech 
understanding in many situations. Meanwhile, the fitting 
process has not changed significantly: Audiogram-based 
prescriptive fitting formulas mostly determine the 
appropriate gain. However, audiograms neither account for 
loudness and noise tolerance nor individual sound 
preferences. Therefore, further fine-tuning is often required. 
This paper addresses end-user controlled fine-tuning for 
hearing aids via a smartphone app, which offers several 
advantages over fine-tuning by hearing care professionals: 
Digital assistants can be used and evaluated directly in 
acoustically challenging situations, the often-difficult 
intermediate step of verbally describing the problem is 
eliminated, and memory bias has less impact. Furthermore, 
app-based systems allow highly individualized adaptations 
depending on various factors including the hearing loss, 
sound preferences as well as the current situation. Such 
complex dependencies are difficult to capture in rules but 
can be modeled using artificial intelligence. In the following, 
we discuss opportunities and challenges of assistance 
systems for hearing aids. In particular, we show how user 
feedback can directly improve hearing aid settings. This 
highlights the benefits of interactive digital assistants for 
hearing aid wearers and hearing care professionals. 
 

 
 

Figure 1: Signia App with Digital Assistant. Left: icon 
(highlighted in green) to access assistant in upper right 
corner of app start screen. Middle: problem description in 
assistant. Right: feedback selection after solution has been 
applied. 

Using AI to support the Hearing Care 
Professional 
The fitting and fine-tuning of hearing aids generally takes 
place in a quiet office or lab environment, while problems 
with audibility or handling of the hearing aids usually occur 
in more challenging “real life” listening environments. To 
allow the hearing care professional to fine-tune the hearing 
aid settings, a wearer must remember the specific problem 
and the situation and accurately report it during a follow-up 
visit to the hearing care professional. A digital, smartphone-
based digital assistant can bridge this gap and empower the 
wearer to fine-tune their hearing aids directly in the situation 
as required, providing instant improvements which match 
the exact acoustical context and the wearer's preferences. 
This saves the hearing care professional time by reducing the 
number of follow-up visits while maximizing the value of 
each visit by allowing the hearing care professional to focus 
on the personal aspects of hearing care. Note that some 
hearing care professionals intentionally induce problematic 
situations (e.g., through playback of recorded acoustical 
scenes via loudspeakers) as part of the fitting process, which 
gives wearers the opportunity to immediately fine-tune their 
devices.  
  
The digital assistant is a smartphone app with a simple 
interface (Figure 1), ensuring accessibility for wearers in all 
age groups. The wearer can describe a problem with the 
listening experience in a certain situation or a handling 
problem using a chatbot which starts with a predefined list of 
issues and asks two to three follow-up questions to narrow 
down the precise problem. Depending on the nature of the 
problem, the app then either assists the wearer by providing 
relevant information in the form of text hints and short video 
clips (for handling problems) or uses a cloud-based AI 
system to suggest updated settings to improve the listening 
experience. The settings are instantly applied to the hearing 
aids, allowing the wearer to evaluate them. The app then 
asks whether the new settings should be kept or discarded. If 
still possible and required, it allows applying more of the 
suggested solution or trying a different one. The list of 
encountered problems as well as changes applied by the 
assistant are visible to the hearing care professional in any 
follow-up visit via the fitting software (see Figure 2), which 
provides a detailed understanding of customer needs and 
thus creates additional value to support the fitting and fine-
tuning process. 
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Figure 2: Digital Assistant information screens for 
HCPs in the hearing aid fitting software. Top: changes 
compared to previous fitting session. Bottom: history of 
stated problems and changes performed with Signia 
Assistant. 

 

AI-based improvements of hearing aid settings 
The digital assistant incorporates significant experience from 
external market expertise, academic data as well as decades of 
research and development (R&D) to suggest solutions which 
provide the greatest benefit. This includes literature on fine-
tuning issues and solutions from hearing care professionals [1] 
[2], which describes the most relevant issues and typical 
remedies. It also uses experience from in-house proprietary 
solutions applied via the traditional fitting software, such as 
Basic Tuning and Fitting Assistant. Additionally, common 
knowledge of experienced hearing care professionals from 
customer service and R&D was collected. Based on these 
sources, specific fine-tuning measures regarding amplification, 
compression, noise reduction and automatic directional 
microphones were specified, along with appropriate step sizes so 
that all solutions result in perceivable improvements and 
reasonable limits and the changes are in accordance with the 
hearing care professional's intentions. 

 

Figure 3: Schematic overview of cloud-based AI system. 
Information is collected from hearing aids and smartphone app 
(left) and processed in the cloud (DNN, Wearer Preference 
module) to suggest solutions which may modify hearing aids 
settings. 

 
 
In an early prototyping stage, we found that four problem 
classifications are enough to address ~80% of HI wearers’ 
most important issues without overwhelming the user. 
Structured differentiation strategies are subsequently used to 
trigger the most appropriate mitigation path. To provide the 
ideal suggestion, the assistant not only takes the problem 
description (sound source and attribute) and the current 
settings into account, but also incorporates objective 
parameters of the current situation (e.g., the output of a 
situation classifier and level information, read out from the 
hearing aids) and the individual wearer via the audiogram 
(Figure 3). This information is sent to a cloud-based AI 
system including a deep neural network which provides a 
fine-tuning suggestion tuned to wearer and acoustical 
context. To illustrate an example problem and appropriate 
solutions, we discuss the possible problem statement “sound 
in general is perceived as (too) sharp”. In this case, the 
assistant could suggest an increase in low frequency gain or 
a decrease of high frequency amplification, either overall or 
only for certain input levels. Each of these possible solutions 
are suitable for decreasing the perceived sharpness. 
However, some solutions are applicable only in certain 
acoustic environments, e.g., increasing or decreasing gain 
for medium or loud input levels makes no sense in quiet 
environments. 
 

How is the assistant used? 
The digital assistant provides a real-time window into 
hearing aid wearers’ problems, thus enabling interactive and 
data-driven improvements of hearing aid wearers’ 
experience. In the following, we present some findings of 
assistant user data analysis. 
 
We first assess when the assistant is used by investigating 
the number of interactions hearing aid wearers have with it 
over the usage time of their hearing aids (Figure 4). We find 
that most wearers use the assistant only a few times, and 
most of the interactions take place with relatively new 
devices. This is consistent with the intended use of the 
digital assistant as a tool to assist fine-tuning and suggests 
that most wearers use the assistant to find their individually 
preferred hearing aid settings. A smaller number of users 
continuously use the assistant to adapt their settings and  
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Figure 4: Assistant is used for fine-tuning new devices. Top: 
number of interactions per user. Bottom: device wearing time 
per interaction. 

 
 
interact with it multiple times and continue to do so after 
longer wearing periods. 
 
By providing changes optimized for individual wearers’ 
audiograms and acoustical contexts, the digital assistant 
allows each wearer to find individually preferred settings. 
Figure 5 suggests that this is in fact the result of assistant 
usage by showing how the assistant alters two exemplary 
settings: a noise reduction / automatic directional 
microphone feature and a feature preserving the natural 
sound of the hearing wearer’s own voice. In both cases, the 
distribution of settings after assistant usage is significantly 
different than that chosen by the hearing care professional. 
Especially for the former, most hearing aid professionals 
seem to rely on the default setting (strength 4), while many 
wearers prefer a stronger effect. Together with Figure 4, 
these findings suggest that the assistant is effective in 
allowing hearing aid wearers to fine-tune new devices 
according to their personal needs. 
 
We next ask what the most common issues with the listening 
experience are. Figure 6 shows the fractions of all eight 
possible problems, grouped into issues with sound quality, 
other voices, and the wearer’s own voice. We find that the 
most common issues concern the general sound quality and 
the own voice. While the latter (in conjunction with a sound 
attribute specified by the user, e.g., “too loud”) describes a 
rather specific problem, the large share of unspecific 
complaints about the sound in general highlights the problem 
wearers often face in describing the impediments to their 
listening experience. This in turn illustrates the benefit of an 
interactive assistant which allows direct in-situ evaluation of 
device setting changes. However, the prevalence of more 
unspecific complaints (e.g., speech in general vs. loud 
speech) also presents a challenge as it is not clear what the 
exact nature of the perceptual problem is. 

 

Figure 5: Assistant is used to find preferred settings. Top: 
settings of Noise Reduction / automatic DirMic set by hearing 
care professional (blue) and chosen by user (green). Bottom: 
strength of Own Voice Processing.  

 
 
 

 

Figure 6: User-stated problems. Figure shows the stated 
problematic sound sources, grouped into three categories. 

 
 
 
The user data also give further insight into the user behavior. 
As an example, Figure 7 shows which acoustical class was 
detected for the wearer complaints regarding loud noises. 
While the exact nature of the loud noises is not clear and 
thus this problem could occur in multiple types of acoustical 
scenes, we find that over 39% of the complaints were made 
when the hearing aids detect a quiet environment in which 
loud noises generally do not occur. This illustrates one major 
challenge of the digital assistant: While the user data 
indicates that it is frequently used directly in the problematic 
situation, the data also suggests that this is not the case in a 
substantial portion of the interactions. In these cases, the 
suggested solution cannot be verified. This can at least partly 
be explained by the fact that a user is not always able to 
interact with a smartphone due to, e.g., social, attentional or  
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Figure 7: Output of the acoustical scene classifier for stated 
problem “Loud Noises”. Figure shows the percentages of all 
complaints regarding loud noises for which the hearing aid 
detected each class. 

 
 
security reasons. Nevertheless, as the digital assistant should 
provide maximum benefit regardless of the way it is used, 
this finding presents a challenge for future development of 
the assistant. 
 

Discussion 
We have presented a digital assistant [3] [4] [5] which 
directly involves hearing aid wearers in the fitting and fine-
tuning process and allows them to adjust hearing aid settings 
to their individual preferences – instantly, in the actual 
situation and without memory bias. Usage data suggest that 
the assistant is mostly used with new hearing aids to apply a 
(further) fine-tuning of HCP settings in the specific 
situations where it is required. The stated wearer problems 
and solutions applied by the assistant are visible to the 
hearing aid professional in the fitting software when the 
hearing aids are read out in a follow-up session, thus 
empowering hearing care professionals while maintaining 
their control over the wearer’s hearing care situation. 
Anonymously collected feedback data allow for an 
evaluation of the solution acceptance and to identify suitable 
solutions and possible new entry points. 
Along with these opportunities, there are also some 
challenges to be solved: In general, less specific complaints 
are more often selected than other, more detailed attributes, 
which can make it difficult to analyze and find more 
individual solutions due to the lower amount of collected 
data and user feedback. Additionally, the assistant is partly 
used after the actual problematic situation, thus not allowing 
a “live” evaluation of the solution, as usually intended. 
In summary, a digital assistant provides ample opportunities 
for both hearing care professionals and hearing aid wearers 
which will only increase once the current challenges have 
been solved. Possible future directions include less invasive 
interactions and improve ways of generating feedback from 
the hearing aid wearers, which are required for evaluating 
the applied solutions. There are vast opportunities provided 

by the anonymous mass data gathered along with the 
assistant usage. These data analyzed and interpreted open 
new perspectives to further improve the client focus and 
acceptance of hearing solutions.  
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