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The first solution with fixed centre and turning outer ring was seen as
too complex to construct in a good way this small. It would most likely
be a more expensive solution and possibly harder to handle for the user.
The benefit of this could be that the outer ring would be the same all the
time and thus creating a consistency for the product.

The second solution was similar to the first, but with the difference that
it would be easier to construct as the centre disc is turning together with
the outer ring. The expression cannot be altered as much with this solu-
tion as with the third solution though as the outer ring stays the same.
The choice therefore fell on the third solution which changes the whole
disc of the earbud. This makes for many possibilities when it comes to
personalization see figure 7.3.

7.1.4 Cut the Wire...or Not?

One design decision taken was if there should be a wire between the
earbuds or not. The main reasons for having the wire would be to reduce
battery consumption and to make it easier to take the earbuds on and

off as they could hang around the user’s neck. The battery consumption
would be saved as the two earbuds would not have to communicate wire-
lessly. The wire could also be modular making it a part of the personali-
zation of the product.

A con of having a wire is that it would be in the way for the user at times,
getting tangled up in things. It would not provide the true wireless solu-
tion which might make it less modern in its expression. Another con of
having a wire is that it would take up more space and make it harder to
store in a charging case. These reasons led to the decision of cutting the
wire and going for the true wireless feeling.

7.1.5 Putting it Together

As seen in chapter 4, there are quite a few components that need to fit in-
side hearing aids. With the extended functionality in this product there
are even more components needed. First there are the regular hearing
aid components like a chip for sound processing, mics, receiver and
battery. On top of that there needs to be sensors for measuring pulse and
EEG. These components need to fit inside the custom made shell.

To illustrate that all components fit inside the developed produc,t a
3D-model has been made with components available today. The place-
ment of the components can be seen in figure 7.4 and 7.5. The battery used
in this illustration is of the same size as the largest zinc-air batteries used
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in hearing aids called 675. These can be had rechargeable in a silver-zinc
version from Z-power. The silver-zinc version from Z-power delivers 211
mWh. This is similar to what RITE hearing aids have today. There is room
for a larger battery inside the shell so it is possible to deliver enough power.

Figure 7.4
Placement of the compo-
nents inside the shell.

Inside the shell are also two receivers that together deliver a full range
sound spectrum. The sizes of the receivers are based on product samples
given to us during the visit to Widex. The microphones used in the illus-
tration are two MEMS microphones. The mics are placed one on each
side of the earbud, one facing forwards and one backwards, from the
users perspective. This placement makes it possible to use beamforming
and thus analyse the direction of the sound coming in.

For the blood flow sensor a biometric sensor from Valencell is used as a
reference. This sensor is developed to be used in hearables and can con-
tinuously measure blood flow. The blood flow signals can then be trans-
lated into VO2 max, heart rate and heart rate variability assessments
(Valencell, 2017). For the measurement of EEG signals three sensors are
distributed around the earbud. Two of them at the tip going into the ear
canal and one that measures in the outer ear.

Apart from the components presented above there will also be numerous
smaller components such as coils and cables. These components have been
left out of the illustration as they are small and easy to fit inside the shell.

The disc used for personalization of the product attaches to the custom

earbud with snap fits. This makes it easy to change the appearance of the
product as no tools are needed.
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Exchangeable disc

Custom earpiece

Biometric sensor

EEG sensors

Figure 7.5
The different components
seen from the outside.
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Figure 7.6
Case with earbuds inside.

7.1.6 Charge It on the Go

The earbuds come in a portable charging case used to store the earbuds
when they are not in use, see figure 7.6. The case works as a power bank
and can charge the earbuds stored inside. Apart from working as a
charger, the case has nine microphones built in, see figure 7.7. The mi-
crophone array is used for beamforming in hard listening environments,
such as bars and restaurants. The user then places the case on the table
and the microphones help sort out the sounds the user wants to hear.
These sounds are then sent to the earbuds and other sounds are attenuat-
ed, making communication in difficult environments easier.

Figure 7.7
Case with microphones in
the lid.
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7.2 Defining the Interaction

In chapter 6, the most important ways of interacting with the HearO are
discussed. In this chapter these guidelines are developed into solutions.

7.2.1 Interaction Needed

Even though the earbuds are smart and use EEG signals to sort out
different sounds there needs to be a way for the users to control certain
things. One thing the users want to control, found in chapter 6.2.2, is
the music player streaming music to the earbuds. Common controls for
music players are pause/play, change track and music volume.

The product in development can adjust the volume of sounds coming
from the environment. The user should be able to control this volume.
In a situation where the user needs to focus, the volume could be turned
down. Apart from adjusting the volume of the environment the earbuds
can filter out sounds that the user wants to hear based on EEG-signals.
The level of filtering though is something that the users should be able to
control themselves.

Another way of communication between the user and the product in-
volves exchange of information. The earbud receives data like pulse and
movement from the different sensors on the product. The data is then ana-
lysed and the product needs a way to communicate the results to the user.

7.2.2 User Interface

The product in development offers voice control letting the user control
the earbuds with their voice. This can be useful when the user cannot use
their hands, for example when cooking or driving. The voice control can
be used to control most of the things the earbuds can do and is tightly
connected to the assistant. There are times when it is not possible or
wanted to control the earbuds using the voice. Therefore there needs to
be another way to control the product as well.

It should be possible to control the most important functions easily and
without the user having to speak. The music player and the volume of
the surrounding soundscape can therefore be controlled on the earbud,
see figure 7.8. The music is controlled on the right earbud. The disc
works as a volume knob, that the user turns physically to change the
volume. Pushing in the centre of the disc pauses or plays the music. To
change track the user pushes in the front of the disc to play the next song
and in the back of the disc to play the previous.
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The left earbud is used to control the surrounding soundscape. The disc
works as a volume control making it easy to quickly adjust the environ-
mental sound sent into the ear of the user. Pushing up or down on the
disc adjusts the smart filtering of the surrounding sounds. This means
how much noise is heard in comparison to speech.

e“v'\ronment v°"""le Music volume

e

With the measurements of heart rate, heart rate variability and VO2 max
the earbuds can monitor the user’s physical and mental status. The data
is used to help the user stay healthy. This is done both through physical
exercise, personalised for the specific user, and through monitoring of
mental stress levels. This information is presented in a graphical inter-
face to not overload the user with auditory stimuli.

The app will also function as a way to build trust for the product ser-
vice system in that the user can get support through the app. The user
should be able to get in contact with a professional audiologist via the
app. The audiologist can answer the user’s question and make adjust-
ments to the product.

7.3 Building the Brand

Widex is a brand with a long history of making hearing aids. They have a
lot of knowledge about sound processing and technology in hearing aids.
For the branding of the product in development we considered wheth-
er the history of Widex should be incorporated or not. Our conclusion
was that the Widex brand is too tightly associated with hearing aids and
therefore also stigma.
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HearO buds.



Figure 7.9
Different versions of the
dynamic logotype.

The product in development is a new type of product that we do not
want to associate with hearing aids. This made us think that the creation
of a new brand would be the best thing to do. A new brand means a fresh
start and gives the opportunity to build a brand that does not suffer from
the stigma of the hearing aid industry.

Brainstorming was done to come up with the name of the new brand.
The name should have a connection to the auditory field as well as
expressing the power of the product. After a few short brainstorming
sessions we landed on the name HearO. The name plays with the words
hear and hero. A suitable combination for the product in development as
it makes people control their hearing and got some extra functions.

hear@ hear@

hear ) hear

hear& hear@

When the name was decided, a dynamic visual identity was developed.
A dynamic identity opens up one or more of the visual elements for
dynamic influence. This was used in the HearO logotype where the O
is dynamic. The O takes the shape of the personalized discs used on the
earbuds, see figure 7.9. The logo can change appearance based on situa-
tion. In the smartphone app it could for example change to display the
disc that the user currently has on the earbuds. This creates a personal-
ized visual identity for a personalizable product.
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7.4 Selling the HearO Figure 7.10

The HearO store.

The HearO needs a new sales channel to get rid of the stigma associated
to hearing aids today. It should not be associated with healthcare which
is the case today both for public and private clinics. We believe that the
HearO should be sold in stores with better locations and window dis-
plays. This would make it easier to access and people might even come in
just to see what it is. To illustrate how this could be done we have created
a concept for a HearO store, see figure 7.10.

To create a more pleasant experience inside the store, compared to the
clinics of today, inspiration was taken from the eyewear industry. The
stores selling glasses today are usually placed in the city centre and
promote style. The HearO store is also about style and the personali-
zation of the product maybe even more so than eyewear stores, as the
product is unique for each user with the custom fit. The customers can
go around the store and explore all the discs and find those best match-
ing their style. Marketing posters were created to enhance the feeling of
style and fashion, see figure 7.11.

To build trust for the brand and the product, professional audiologists

are working in the stores. The audiologists have much knowledge about
hearing and hearing loss and will be able to answer the customers ques-
tions. This also makes it possible to sell the product to people with hear-
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Figure 7.11
Marketing posters.
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ing loss without breaking the regulations, before the OTC-law is in place.
In the store other products related to sound could also be sold to create a
store that attracts an even wider group of people.

Instead of making impressions of the ears as done today, the audiol-
ogist will use a 3D-scanner to scan the customers ears. This is a less
painful experience for the customer, contributing to a more pleas-

ant overall experience. The 3D-scans of the customers ears are then
3D-printed using 3D-printers on display in the store. The user can then
have the finished product sent to their home or come back and pick it
up when the product is finished.

The hearing test is done at home by the user. This is done using the smart-
phone app and the earbuds themselves. The earbuds will play sounds and
the user responds using the app when the sounds are heard. The result of
the hearing test is not presented to the user as a value of hearing loss. The
result is only used to create a custom sound profile for the user.
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8. Discussion

The results are discussed in this chapter
together with ideas on how the industry could

evolve are presented.




Major findings in this project are based on ways to handle the stigmati-
zation and inconvenience of hearing aids. The end product is developed
on this base, but does not claim to be neither the only nor the best solu-
tion. It is a solution firmly based on the research, and is one good and
valid solution. The created vision together with the five focus areas create
a solid base for development of products that solve people’s hearing loss.
This base can be used for future developments as well with different
ambitions in terms of disrupting the way hearing aids are produced to-
day. One way would be to implement the vision and the focus areas in a
development process of a hearing aid brand today. By doing so a solution
closer to the user’s needs than the solutions of today would be created.
One could also see these five focus areas in a wider context, where they
might be applicable for other product developments fighting stigmatiza-
tion. One example could be the design of prostheses.

Throughout the project the connection to the cooperation partner Wi-
dex weakened. This was partly due to difficulties in communication, but
also due to where the major findings pointed the development. The strat-
egies for new development that are developed in this project are not fully
compatible with the innovation process at Widex. The reason for this

is that innovation at Widex has a focus on new technology within the
same products that are produced today and little development of radi-
cal solutions that question the market of today. The drawback of a weak
connection to Widex is that there is no clear implementation path for the
developed ideas and the product. For us it has been clear that we either
formulate a product strategy that fits into the portfolio of Widex or we
do a product strategy aimed at the user’s needs and the situation in the
society today. We saw that doing a product strategy for the user would
benefit the industry more by being a good example instead of developing
a product directly for Widex.

There seems to be a change in hearing aid regulations with the intro-
duction of the OTC hearing aid act in the USA. We see the hearing aid
market today as very conservative, with little innovation on how the
products are experienced. We believe that the ones breaking the stigma-
tization of hearing aids will not be the hearing aid companies, but tech
companies working with headphones today. This is because they already
have a strong brand associated with positive attributes, which the hear-
ing aid companies lack. The tech companies are today developing tech-
nologies for noise cancellation close to how hearing aids work, and with
less regulations, the market will open up for them.

The custom fit and the advanced sensing techniques in the developed
product means that more research is needed. This leads to high costs for
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research and development which in turn results in a high retail price.
As this project in its current state more aims at showing how future
solutions could benefit users rather than being a solid example of a
producible product, the pricing is less important. Following, the pricing
can also be more aggressive for such a product that is new in its kind.

It aims more towards early adopters than being a product for the big
masses in its current state. However, with future technological advance-
ments within sound processing and custom fitting at home, the pricing
can be more moderate.

This project’s reliability lies on a solid background research done with
users. The users have been heavily involved up until the development of
the vision and focus areas. However, the end product developed togeth-
er with its case and how it is to be sold are not as tightly validated with
users. Due to limited resources in this project the end product was de-
veloped with the research base and to a degree where it can be commu-
nicated well. In a product development directly aiming at a producible
product, it would be beneficial to involve and test the ideas more during
the concept creation and especially validating the end result with the
criteria set. However, the concept developed in this project fulfils its aims
by being communicable to others for the underlying research.
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9. Conclusions

In this chapter the conclusions are presented

in a bullet list.







The developed product HearO showcases how the future may look for
people suffering from hearing loss. It handles the stigma associated with
hearing aids in an efficient way by being a product not just for the spe-
cific group of people with hearing loss but bringing benefits to everyone.
HearO is an example of how strategies to fight existing stigmas can be
manifested. Below is a list concluding the findings of the project.

«  Most products on the hearing aid market are similar, it is difficult for
the user to distinguish between different brands.

« New wireless earphones possess much of the needed technology to
act as hearing aids.

o Hearing aid wearers are seen as old, stupid and handicapped. This is
experienced by individuals wearing hearing aids and expressed by
people not using hearing aids.

« Hearing aid wearers want to hide their hearing aids as they imagine
they will be more stigmatized by showing them.

o The first impressions of wearing hearing aids are often bad.

« Audiologist clinics are obsolete compared to how eyeglasses are sold.

« Five focus areas to consider in the development of hearing aids: Have
power over the choice, Self esteem, Equal value, Adaptation and
Trust.

» A product for those with hearing loss should be used by people with-
out hearing loss to reduce stigma quickly and effectively

« Everyone has a need to hear better in some situations, regardless of
their hearing loss.

« To provide an extra function that goes beyond hearing better would
make more people motivated to use the product.

« Hearing technology is moving forward fast. Hearing aids will soon
be able to know what you want to listen to.

o The ear is a good place for biosensors.

« A function that controls the soundscape around you is a much want-
ed function by the users.

o Wellbeing together with speech enhancement is the core functions in
a product solving the barriers related to hearing aids.

« How people acquire their hearing aids is important in a new solu-
tion. In a new concept, the store should not be connected to health
care.

 Different style expressions is an important attribute to make a user
proud and willing to show the product.

o Interaction on the worn product is important if it blocks outside
sounds, in order to change the listening experience quickly.
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Appendix







Appendix 1

Alder
Sysselsattning
Kon

Far vi spela in?

Horselnedsattning

Upplever du att du hor daligt?

o Nar?

o Hur och nar upptackte du din hérselnedsattning?

m  Markte du det sjalv eller andra som papekade?

Hur hanterar du din hérselnedsattning? Kompenserar/doéljer?

o Anvander du hoérapparat?

o Har du testat att anvanda hérapparat?

o Hur kanner du dig nar du anvander hoérapparater?
Nar/om du skulle skaffa hérapparat hur kdnde/kanner du infor det?

o (om personen har glaségon, fraiga om den upplevelsen)

o Vad ar det som gor att det tar emot? (fraga ordentligt om bakomliggande

orsaker) (bara egen uppfattning eller upplevt?)

Hur kénner du infor att visa upp hérapparater?

o Finns det nagot du skulle vilja andra pa for att vilja visa upp dem mer?
Har du sokt hjalp for din hérselnedséattning?

o Varfor sékte du (inte) hjalp?

o Hur kanner/kande du for att sdka hjalp?

o Hur lang tid innan du sokte hjalp?
Skulle du vilja att det fanns alternativ till att séka hjalp genom sjukvarden? Av vilken
anledning?

o Skulle du hellre besdka en privat klinik?

o Finns det férdelar med att betala for sin vard?

o Kopa i butik/internet?

o Skulle du vara bekvam med att testa hemma?
Fordjupad patientresa???

o Hur lang tid tar hela processen till att fa hdrapparat tror du?

Uppfattning kring horapparater

Vad anser du om dagens hérapparater?
o Utseende?
o Ljud?



o Visa de som vi har med, andrad uppfattning?
e Hur ar hanteringen?
o Séttaini6ronen?
o Hoja och sanka volymen?
o Byta batterier?
o Rengoring?
e Hur upplever du ljudet i dina hérapparater?
o Hur upplevde du det férsta gangen du anvande dem?
o Har du vant dig vid ljudet?
o Nar funkar de bra? Nar funkar de daligt? Lyssningssituationer
o |vilka situationer anvander du hérapparat? Vilka undviker du?
o Finns det nagra situationer du skulle vilja anvanda hérapparat dar du inte gér
det?
e Kan du tanka dig att betala for en produkt som hjalper dig att héra battre?
o Hur mycket skulle du betala?
o Vilken funktionalitet skulle du da vilja ha?
e Vad prioriterar du hogst hos horapparater?

e Vad skulle vara en acceptabel batteritid for ett horhjalpmedel?

Onskvirda uttryck hos horapparater
e Hur tror du att du ser pa anvandare av hérapparater?
e Hur tror du att andra ser pa dig nar du anvander hérapparater?
e Vad vill du att horapparaterna ska férmedia?

e Ardet ok om de uttrycker hérhjalpmedel?

Forslag pa forbattringar
e Vad skulle kunna bli battre med hérapparater?

e Ardet nagra funktioner som du skulle vilja utvecklades?

https://irp-cdn.multiscreensite.com/a2517fd6/dms3rep/multi/desktop/Sirion-beauty-earmold-b
ehind-the-ear-hearing-aid-2000x1900.jpg
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