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Appendix A1 - Interview Questions (non-Phonak ActiveVent users)

* May | record this conversation?
« What is your age?

« How long have you had hearing loss? Could you tell me
how it started / what the diagnosis is?

* Which model do you use? May | take a photo of it?

» Have you used other models before this one? How long
is a hearing aid typically used?

« In what respects is your current model an improvement
or a deterioration?

» Do you notice a difference in personal stigma before
and after owning a hearing aid?

 In which situations do you experience the greatest
benefit from your hearing aid?

« In which situations do you experience the greatest
disadvantages of your hearing aid? What are the main
frustrations?

* How do you experience the sound quality?

» How comfortable is your hearing aid? Do you
experience pressure, occlusion, or irritation?

» Do you have experience with ventilation vents in your
hearing aid? How do you experience them?

* How do you experience the maintenance of your
hearing aid?

» To what extent do you have control or autonomy over
the product?

« What would you like to see changed or improved in
your hearing aid?

* Would you be willing to use a more technical or
mechanical system in your hearing aid if it improved your
comfort and autonomy?

« |s there any additional information you would like to
share?

» May | contact you again in the future to test and
evaluate prototypes?



Appendix A2 - Interview Questions (Phonak ActiveVent users)

* May | record this conversation?
« What is your age?

« How long have you had hearing loss? Could you tell me
how it started / what the diagnosis is?

» May | take a photo of your hearing aid?

» Have you used other models before this one? How long
is a hearing aid typically used?

« In what respects is your current model an improvement
or a deterioration?

» Do you notice a difference in personal stigma before
and after owning a hearing aid?

» Why did you start using (or were you advised to use)
the ActiveVent?

* How do you use the ActiveVent in daily life? In which
situations would you switch from an open to a closed
system?

* How do you experience the switching?

 In which situations or moments do you experience the
greatest benefits of your hearing aid?

« In which situations or moments do you experience the
greatest disadvantages of your hearing aid? What are the
main frustrations?

* How do you experience the sound quality (compared to
your previous model)?

* How do you experience the wearing comfort of the

ActiveVent (pressure, occlusion, irritation)?

* How do you experience the maintenance of your
hearing aid?

« To what extent do you feel you have personal control
over the use of the ActiveVent?

+ What would you like to see changed or improved in
your hearing aid?

» Would you be willing to use a more technical or
mechanical system in your hearing aid if it improved your
comfort and autonomy?

« |s there any additional information you would like to
share?

« May | contact you again in the future to test and
evaluate prototypes?
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Appendix B - Gathered insights from user interviews

Appendix B1 - Pie charts showing demographic information

Gender demographic interviewed
participants

= Male = Female

Age demographic interviewed
participants

= 19-25 = 45-60= 60+

90

# Participants that use Bluetooth
for audio streaming

1

\

M

=Yes = No

# Participants with their amount of
used modes in daily use

3

9

= 1-2 modes= 3 -4 modes



Appendix B2 - Bar charts showing challenges and benefits of wearing hearing aids
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# Participants
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Benefits of wearing hearing aids

Ability to understand
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Type of benefit
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volume)
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Appendix C - List of requirements

Description Must have (M) Verification Tracking
Should have (S)

Requirement Could have (C) Verfication method Source
Will not (W)

Performance (acoustic)

The design must contain a manual mechanism that provides an open

R1. M Check Sonion Netherlands
vent and a closed vent system
R1.2  Vent size diameter could be adjustable C Check Ch.2.2.1
R1.3  Vent must be placed close to the dome M Check Ch.2.2.1
R1.4  Mechanism must provide open vent (3-4 mm) and closed vent (0 mm) M Measure Sonion Netherlands
R1.5  Sound outlet must be positioned after the vent holes M Check Ch.2.2.4
R1.6 The fieﬁgn must preserve the current tube's cross M Check Ch.2.24
section
Sonion Netherland
R1.7  The product should not create hearing discomfort to users S Check onlon Tethertands
& Author
R2.1  The user has manual control over the product Check Sonion Netherlands
R2.2 The design must offer the ability to the user to adjust their perceived M Check Ch.2.3.28&Ch.2.5.2
sound
R2.3  Mechanisim should have an instant switch S Check Ch.2.5.2
R2.4  The mechanism should be intuitive to use S Check Ch.2.5.2
Sonion Netherlands
R2.5  The product should not create wearing discomfort to users S Check
& Author
R2.6 The proquct mechanism should be operable using only one finger or s Check Ch.45.3
fingernail
R2.7  The product should contain clear tactile or mechanical feedback S Check Ch.4.5.3
R3.1  The design must ensure reliable vent locking Check Ch.2.2.3
. - " .
R3.2 The.deS|gn must be <= to the dimensions of the M Check Ch.43
ActiveVent
R3.3 The_ mechanism must be compatible with an internal architecture in M Check Ch.43
which all components are permanently glued together
R3.4  The design must be compatible with a soft dome M Check Ch.4.4

The mechanism must be robust to insertion and

R4.1 Measure Sonion Netherlands
removal forces

R4.2  The product should be moisture and earwax resistant S Measure Sonion Netherlands

R5.1 The product} must be produceable with existing M Check Sonion Netherlands
manufacturing methods

R5.2 The produt r'nust be manufactuable within the current RIC M Check Sonion Netherlands
manufacturing tolerances

R5.3  The mechanism should be produced automatically S Check Sonion Netherlands

R6.1 The product should not contribute to stigmatisation Measure Ch.2.1.2

|__F7_sustanabitty __—
R7.1 Assembly allows for modular repairability Check Author

Product components should be packed in existing
packaging

S Check Author




Appendix D - Results Intuitive Interaction Test
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Appendix E - Project Brief
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Personal Project Brief — IDE Master Graduation Project

Name student J0P Nuijen Student number 5,105,102

PROJECT TITLE, INTRODUCTION, PROBLEM DEFINITION and ASSIGNMENT

Complete all fields, keep information clear, specific and concise

. . An interactive valve for Valve Receiver-in-Canal hearing aids
Project title

Please state the title of your graduation project (above). Keep the title compact and simple. Do not use abbreviations. The
remainder of this document allows you to define and clarify your graduation project.

Introduction

Describe the context of your project here; What is the domain in which your project takes place? Who are the main stakeholders
and what interests are at stake? Describe the opportunities (and limitations) in this domain to better serve the stakeholder
interests. (max 250 words)

This graduation project focuses on hearing aid technology, specifically on developing miniature components for hearing
aids. A widely used type is the Receiver-in-Canal (RIC). Unlike traditional Behind-the-Ear (BTE) aids, which contain an ear
mold and house the microphone, receiver, and amplifier behind the ear, RIC devices separate the receiver (speaker) from
the main body. The receiver sits inside the ear canal, connected by a thin cable (see Figure 1). It is typically capped with a
soft dome, delivering amplified sound close to the eardrum, improving sound quality. The thin cable and in-ear receiver
make RICs less visible and more comfortable. Additionally, this separation enables better ear canal ventilation, reducing
issues like the occlusion effect, where a blocked ear canal makes the user’s own voice sound hollow. This effect is more
common in BTE devices as they block the canal more completely (see Figure 2). However, this ventilation also results in an
'open system', which reduces output of low frequencies, especially during streaming music, where a 'closed system' is more
desirable for better bass response. Modern hearing aids, including RICs, also integrate multidirectional microphones that
pick up sound from various directions and intelligently focus on speech while reducing background noise, further enhancing
hearing in complex environments.

The industry is rapidly evolving toward adaptive, user-responsive devices to tackle such challenges, creating strong
opportunities for research and development. However, designing these products is complex: they must be extremely
compact yet robust, easy to operate for users with varying dexterity, and engineered without compromising audio
performance. Balancing intuitive usability, manufacturability, and seamless integration into existing products is a key
challenge.

This project aims to advance Valve Receiver-in-Canal (V-RIC) hearing aids, featuring an automatic valve in the RIC to
dynamically regulate ambient sound. Main stakeholders include Sonion (originally Danish, the client), hearing aid users
seeking comfort and personalization, and Sonion's business clients who are seeking reliable products.
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image / figure 1 RIC position and components

RI< BTE

image / figure 2 BTE hearing aid closing off the ear canal more completely



Personal Project Brief — IDE Master Graduation Project

Problem Definition

What problem do you want to solve in the context described in the introduction, and within the available time frame of 100
working days? (= Master Graduation Project of 30 EC). What opportunities do you see to create added value for the described
stakeholders? Substantiate your choice.

(max 200 words)

Modern V-RIC hearing aids use automatic valves that open or close based on environmental conditions to balance comfort
and sound performance. While effective in theory, current implementations are often fragile, expensive, and unreliable in
real-world use, which leads to skepticism from Sonion’s business clients. These systems typically rely on complex electronics
and software, which increase production costs and reduce robustness.

An additional challenge lies in acoustic performance: Sonion’s speakers are optimized for speech and perform best in a
closed acoustic system. While open systems improve comfort and ventilation, they significantly reduce bass output,
especially noticeable during music streaming, where low-frequency response is essential to audio quality.

There is a clear need for a simpler, more durable, and cost-efficient solution that can reliably switch between open and
closed states, to enhance low-frequency performance when needed, without electronic actuation. Such a solution would
reduce production complexity, lower costs, and increase long-term reliability. It would also enable Sonion to offer enhanced
audio performance in music use cases, strengthening their position as an innovation partner in hearing care while better
meeting the expectations of both users and business clients.

Assignment

This is the most important part of the project brief because it will give a clear direction of what you are heading for.
Formulate an assignment to yourself regarding what you expect to deliver as result at the end of your project. (1 sentence)

As you graduate as an industrial design engineer, your assignment will start with a verb (Design/Investigate/Validate/Create),
and you may use the green text format:

Design, develop and prototype a user-responsive solution for Valve Receiver-in-Canal hearing aids that enhances user
adaptability and comfort across diverse acoustic environments, using a cost-efficient design without electronic actuators.

Then explain your project approach to carrying out your graduation project and what research and design methods you plan to
use to generate your design solution (max 150 words)

This project follows a structured, holistic approach through Discover, Define, Develop, and Deliver phases. In the Discover
phase, research into existing V-RIC components, miniature mechanisms, and acoustic systems will be combined with market
analysis, audio streaming studies, expert interviews, and user research to understand technical constraints, the target
group, and their needs. The context of valve operation will be explored to determine when and why the valve should open
or close, addressing comfort issues like the occlusion effect. In the Define phase, insights and input from Sonion will inform
design requirements, such as functional and ergonomic requirements. During Develop, various concepts will be generated
through sketches, CAD, and iterative prototyping, then tested for usability and mechanical performance. In the Deliver
phase, the final concept will be documented and presented, covering functionality, manufacturability, and user benefits.
The final report will compile research, CAD models, drawings, and prototypes, supported by a presentation with a prototype
demonstration.



Project planning and key moments

To make visible how you plan to spend your time, you must make a planning for the full project. You are advised to use a Gantt
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadlines.
Keep in mind that all activities should fit within the given run time of 100 working days. Your planning should include a kick-off
meeting, mid-term evaluation meeting, green light meeting and graduation ceremony. Please indicate periods of part-time
activities and/or periods of not spending time on your graduation project, if any (for instance because of holidays or parallel
course activities).

Make sure to attach the full plan to this project brief.
The four key moment dates must be filled in below

In exceptional cases (part of) the Graduation
Kick off meeting 25 Sep 2025 Project may need to be scheduled part-time.
Indicate here if such applies to your project

Part of project scheduled part-time

Mid-term evaluation 13 Nov 2025
For how many project weeks

Number of project days per week = 5,0
Green light meeting 15 Jan 2026

Comments:
During the Christmas holidays, | will be on

holiday in the 2nd week.
Graduation ceremony 12 Feb 2026

Motivation and personal ambitions

Explain why you wish to start this project, what competencies you want to prove or develop (e.g. competencies acquired in your
MSc programme, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to address in this project, on
top of the learning objectives of the Graduation Project itself. You might think of e.g. acquiring in depth knowledge on a specific
subject, broadening your competencies or experimenting with a specific tool or methodology. Personal learning ambitions are
limited to a maximum number of five.

(200 words max)

The reason why | wish to start this project is because it combines two areas | enjoy working in: niche product development
and user-centered design. During my current internship at Weener Plastics (part of Silgan Dispensing Systems), | enjoy
working on a specific, technical challenge (designing an integrated tamper evident for closures for sauce and honey bottles).
This stimulated me to further work in th product development direction, where | focus and work in detail-driven design
work.

Additionally, | have a strong interest in human-centered design, especially in wearables where comfort and usability are
crucial. In previous courses such as ACD (Advanced Concept Design) and AED (Advanced Embodiment Design), | worked on a
wearable device for painters and a reusable biosensor for ex-colorectal cancer patients. These projects thaught me my
understanding of designing for the human body; to balance technical feasibility, comfort and usability. This project offers a
great opportunity to further develop these skills.



Graduation planning

# days worked cumulative (end of week)
# days worked

date

calendar week

project week

event

5

5
01-sep
36

0.1

10

5
08-sep
37

0.2

5

5
15-sep
38

0.3

5

5
22-sep
39

1

Kick-off

10

5
29-sep
40

2

20 25 30 35

5 5 5 5
13-okt 20-okt 27-okt 03-nov
42 43 44 45

4 5 6 7

40

10-nov
46
8
Midterm-
presentation

45

17-nov
47

50

5
24-nov
48

10

55

01-dec
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60

5
08-dec
50

12

65

5
15-dec
51

13

67 67
2
22-dec  29-dec
52 1
14
Christmas Holiday

72

5
05-jan
2

15

12-jan
3
16

Greenlight

82

5
19-jan
4

17

87

5
26-jan
5

18

92
5
02-feb
6
19
Final
deadline

97,

09-feb
7
20

Ceremony

Explore Sonion, company introduction presentations

HREC

Planning (GANT and day-to-day)

Prepare Kick-off

Context/Background research

Contact Stakeholders

Prepare research plan

Prepare questionnaires

Conduct interviews (hearing aid users and hearing care prof.)
Data processing and reporting

Analyse findings

\Write research section of report
Create personas for the stakeholders
Define Design requirements (PVE)
Create design vision

Ideation

Research on existing mechanisms

Lo-Fi prototyping

Create CAD files

Midterm evaluation & feedbak

Test protoype mechanisms

Narrow down to 3 concepts (Harris profile)
Concepts evaluation with colleagues and team
Converge toward 1 design direction

Final design adjustments

Update report on findings

Process last feedback

Update and finalize prototype

Finalize Green light report documentation
meeting

Finalize final deadline report documentation
Prepare presentation (slides, narrative)
Graduation ceremony
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