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01 Abstract

This thesis was a collaboration with Laerdal 
medical, exploring how the learning experience 
for auscultation training in medical, nursing and  
paramedic schools can be improved. 
The motivation to do so results from the as-
sumption that there were great opportunities 
from a user experience perspective and my own 
wish to explore virtual simulation techniques 
with digital media, which seemed to be a good 
match.
The topic sounds quite specific to a lay person, 
but allows to understand its core functions in a 
relatively short amount of time, making it a suit-
able for thesis work that required me to empa-
thize with users and understand their needs.
Being a user centric project, leading to a design 
process that is oriented around their needs and 
ability to provide feedback and insights. 
Therefore I designed my own workshops and im-
provised with prototyping, which provided me 
the feedback I needed in order to create a solu-
tion that considered the users’ practical needs 
and improved the usability of the product.

Considering all the findings from the research, 
I concluded that there are design opportunities 
especially in the simulation training for auscul-
tation. Simulation training offers a great foun-
dation to embed blended learning methods into 
the learners’ routines. That in mind I could for-
mulate some central “how might we” questions, 
adressing some of the major pain points found 
during the research.

As a result, I created a solution that comple-
ments the students’ learning agenda in a sen-
sible way, while reducing the cost of equipment 
and increasing the flexibility of training. It is 
possible to be operated individually, indepen-
dent of location and allowing repetitive training 
throughout the entire semester to form habits 
and practice routines continuously. Feedback 
adapts to the users needs and can be adjusted 
to their personal preference.

Throughout this thesis I set goals for myself that 
required me to venture outside my comfort zone 
as a product designer. I think this was a great 
decision because the result was a product that 
makes sense for its target group as well as me 
achieving my own learning goals that will proba-
bly benefit me in the future.
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Auscultation is used to detect illnesses and irregularities in the 
upper body by listening to heart, lung and bowel sounds. During 
auscultation, the patient is examined for abnormal sounds that 
indicate specific malfunctions. Understanding what creates a 
certain sound characteristic helps the doctor / nurse / paramed-
ic to identify the cause of the problem. 
Auscultation is typically part of the curriculum at medical, nurs-
ing and paramedic schools. 
It is also part of the so called ABCDE approach, which stands 
for Airways Breathe Circulation Disability Exposure. Auscultation 
is usually accompanied by inspection, percussion and palpation 
in order to get a holistic examination of the patient. Auscultation 
is therefore a vital part in the very basic toolkit of every nurse, 
paramedic or doctor.

Until today, auscultation training hasn’t gotten much 
attention when it comes to modernizing education and equip-
ment. Laerdal’s latest auscultation solutions are either more 
than 50 years old or cost about 50.000$, with no thought about 
user experience or any designer being involved during their de-
velopment. Most of the competitor products suffer from the 
same feature driven industry, that is notoriously slow to adapt 
new and modern ways of approaching problems. 
With this thesis I wanted to steer away from products that are 
overloaded with features towards a solution that rather consid-
ers what is actually needed by the users and would fit best into 
the institutions’ curricula.

What is auscultation?

What the exact problems were within the training itself, re-
mained open until the end of the research phase, but I expected 
opportunities in creating a more accessible tools by reducing 
cost or providing scalable tools than can be expanded based on 
needs, for example a low cost base model for private users vs. a 
high tech configuration for institutions. Implementation of digital 
solutions (e.g. apps, VR, mixed reality) could also provide scal-
ability in the degree of difficulty as well as be useful to visualize 
feedback and input. 
Therefore I also saw the potential to improve the learning curve 
and learning efficiency in general as well as avoiding mistakes 
and misjudgment in listening for diseases in the process (stud-
ies show an up to 30% misjudgment rate [1]).
In general, I would most likely focus on skill training rather than 
decision making. Whether that would be training auscultation 
of heart sounds, lung sounds, bowel sounds or a combination 
of those, remained also to be seen until the end of the research 
phase.
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Research
Competitors

Features 

- Heart, lung, bowel sound library
- Mechanical breathing mechanism
- Other unrelated functions
- Digital I/O

Features 

- Heart-, bowel-, lung sounds
- Carotid pulse
- ECG for heart sounds
- E-learning products to complement
   hardware

Features 

- Heart sound library
- Carotid pulse
- ECG for heart sounds
- Digital I/O

Intended purpose

- Train teams for trauma and emergencies

Intended purpose

- Train recognition of sounds and 
  stethoscope placement

Intended purpose

- Train recognition of sounds and 
  stethoscope placement

SimMan Sam3G KyotoKagaku “K”

Features 

- Heart and lung sound library
- Mechanical breathing mechanism
- Analog

Intended purpose

- Teach and assess bedside cardiopulmo-
nary examination and diagnosis skills

Harvey

Features 

- Heart and lung sound library
- Remote control

Intended purpose

- Train recognition of sounds and 
  stethoscope placement

LifeForm

[1] [3] [4][2]

6

Simulators



7

Competitors

I chose to list this app here, because I 
think it is representative for my other, 
similar apps and websites.

Features 

- Basics of auscultation
- Heart and lung sound library
- Tests

Intended purpose

- Learn to recognize sounds and their      
   causes

Soundlibrary for cardiac and pulmonary 
conditions

Test for recognizing sounds with multiple 
choice answers

Static image of a male upper body with 
auscultation landmarks

Littmann App

Digital solutions

[1] [2] [3]
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Competitors
Digital solutions

http://www.e-gcrme.com/
gcrme/link_distributors/eca.
htm

This is a website from the Gordon Center 
of the University of Miami (creators of the 
“Harvey” simulator, distributed by Laerd-
al) connected to “Harvey” and therefore 
specialized in cardiac auscultation. It con-
tains a detailed video course, split into 
several sections, demonstrated on “Har-
vey”.

Features 

- Video course on cardiac auscultation
- Tests

Intended purpose

- Learn cardiac auscultation

UMedic

[1] [2]
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individual

cheap

groupOperation

expensiveCost

portablePortability stationary

[7]

[7]

[7]

[6]

[4]

[4]

[4]

[3]

[3]

[3]

[1]

[1]

[1]

[5]

[5]

[5]

[2]

[2]

[2]

[8]

[8]

[8]

Competitors

[6]

[6]
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My research led me to three different 
countries where I had the chance to 
talk to a total of eleven educators and 
researchers from three different Uni-
versities (UiS Stavanger, Umeå Uni-
versity, Gävle University) in paramed-
ic, nursing and medical schools and 
explore their training facilities.
I also had the chance to try some of 
the simulators myself.
On the following pages I listed the 
most important take aways from some 
of the interviews.

Field research
Research
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Field research
Paramedic schools - Interview

program leader paramedic BA 
(UiS Stavanger)
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Why? What? How?

Paramedics are usually first on site. 
Making an accurate description of au-
dible symptoms as quickly as possible 
potentially saves lives.

Paramedics learn to auscultate lungs 
and heart. They need to be able to de-
scribe characteristics of audible mal-
functions at a basic level and be able 
to do more in depth accurate diagnose 
at advanced level. 
They take the standardized Objective 
Structured Clinical Examination (OSCE 
[1]).

Classroom teaching with visits from 
professionals is common practice to 
teach the basic knowledge of auscul-
tation.
Practical training is done on oneself 
and each other with occasional simu-
lation training with SimMan and other 
simulators.
Eventually, they will include real pa-
tients into their training routines.
Online audio libraries and videos are 
common tools to practice sound rec-
ognition.

Field research
Paramedic schools - Interviews
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“It is important to give the students a better sense of security during training”

“The more individual training, the better”

“Many paramedics don‘t do auscultation anymore”

Pain points

Due to bad equipment and fear of 
misdiagnose, many paramedics often 
don’t practice auscultation anymore.
Students need a higher sense of se-
curity in training, this increases their 
courage to do auscultation later in the 
field.
Individual simulation training is lack-
ing, since a supervisor is always need-
ed in order to operate the device.

Field research
Paramedic schools - Interviews

13
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PhD student, responsible for 
anesthesia nurses masters 
(UiS Stavanger)

Associate professor & 2 teachers, department of nursing 
(Umeå University – clinical training center)

Associate professor nursing 
school 
(UiS Stavanger)

Teacher at nursing department 
(Gävle University)

Field research
Nursing schools - Interviews
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Why? What? How?

Auscultation is part of a nurse’s daily 
routine when checking up on patients. 
In specific cases it is also part of stan-
dardized procedures, for example for 
anesthesia nurses.

Nurses at a basic level focus mostly 
on lung auscultation. They need to be 
able to describe sound characteristics 
and recognize that there is an issues, 
rather than giving a full diagnose. This 
becomes more important at an ad-
vanced level for example, anesthesia 
and ICU nurses. Nurses take OSCE ex-
ams as well.

The basics of auscultation is mostly 
taught through traditional classroom 
teaching with occasional visits from 
industry professionals.
Supporting to this, YouTube or self-
made instructional videos are common 
resources as well as online sound li-
braries. 
Practical training is done on oneself or 
each other, with a SimMan simulator 
or similar and later on real patients.

Dual room operation of simulator “Sim-
Man”:
Teacher sits in control room behind a 
one-way mirror. From here she controls 
which sounds are emitted from the 
manikin. She can also speak through 
a microphone in the manikin to the 
students, imitating the patients re-
actions or breathing sounds. The room 
with the manikin is simulating a real 
world setup. However, SimMan can not 
be auscultated on the back.
Both Umeå and Stavanger are using the 
setup seen here. Gävle University is 
using SimMan as well, assumingly in 
the same configuration.

Field research
Nursing schools - Interviews
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“We can‘t reach the back”

“students always need a supervisor to use the simulators”

“The simulators need almost daily servicing”

“The equipment is extremely expensive”

“The noise from the breathing mechanism interferes with our training”

Pain points

The physical dimensions of the expen-
sive equipment lead to problems when 
students auscultate the lungs. In or-
der to apply all the methods learned 
in theory, the students need access to 
the back of the simulator, which is not 
possible with products like SimMan. 
This often leads to confusion and mis-
judgment.
Another reoccurring issue is the dis-
tracting noise from the mechanical 
breathing mechanism that interferes 
with lung and heart sounds. 
In order to keep the simulators oper-
ational, they need regular servicing 
and meticulous setup by staff or su-
pervisors, which makes it impossible 
for students to use simulators for their 
training by themselves.

Field research
Nursing schools - Interviews
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Post Doc, public health and 
clinical medicine department 
(Umeå University)

Physician, public health and 
clinical medicine department 
(Umeå University)

Field research
Medical schools - Interviews
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Why? What? How?

Auscultation is a very basic tool in 
every doctors repertoire, for the same 
reason as for nurses.

Training includes holistic auscultation 
of lungs, heart and bowels. It is im-
portant to be able to do complete a 
diagnose considering patients clinical 
history and other factors like x-rays, 
medical history, blood tests, pul-
monary function tests, peak flow, ct 
scans, etc.
Another important aspect is to learn 
to interact with the patient in a dig-
nified way. Every individual is unique 
and therefore a learning opportunity, 
as symptoms can sound slightly dif-
ferently for different body-types, age, 
gender or other reasons. Being able to 
gain experience with a variety of cas-
es is important and in order to see the 
“bigger picture”.
The students take OSCE exams as 
well.

Similar to advanced nursing students, 
classroom teaching is still the main 
teaching method, with additional re-
sources like video and audio libraries. 
Examination on oneself and each other 
is also for medical students an obvious 
choice to have a “functioning” body 
for comparison.
Simulators are only used for heart 
auscultation. In this case harvey is 
being integrated in the curriculum by 
giving the students a briefing with the 
“patient’s” clinical background before 
each training session. In the debriefing 
session afterwards, students are ex-
plained what they heard during train-
ing and what makes those symptoms 
sound as they do.
Lung auscultation is trained only on 
real patients or oneself.

Testing of a “Harvey” simulator in 
Munich. Harvey’s full functionality 
is most relevant to train cardiolo-
gy residents, although parts of its 
functionality are relevant for train-
ing students at medical and nursing 
schools too.

Field research
Medical schools - Interviews
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Pain points

The equipment (Harvey) being as ex-
pensive as it is, is a problem since it 
has to be accessible and therefore un-
attended at most times a public build-
ing. 
Having no adequate simulator for lung 
and bowel auscultation is a challenge 
due to increasing number of students 
that need access to a comparative-
ly small number of patients, that are 
suitable for training lung auscultation. 
In order to qualify, patients need to be 
able to participate actively (sitting up, 
breathing consciously,...).
This makes repeated training very 
hard and costs teachers, students and 
patients a lot of time. 
Even with simulators, there are issues, 
that make it hard to recreate a realistic 
and immersive training scenario. 

“Students rely on availability of patients and teachers 
for training lung auscultation”

“The hardest part is connecting all the pieces”

“Repeatability isn‘t what it should be”

“Students usually hesitate on real patients at first”

“Simulators can only produce perfect sounds”

“We don‘t have a simulator for lung and bowel”

“It is impossible to reproduce the immersion of a real scenario”

“I feel bad leaving 1 mio. SEK in equipment unattended”

Simulators can only reproduce „per-
fect“ sounds, without variability in fac-
tors like age, weight, gender etc.
To make a full diagnose, drawing con-
clusions from all the information about 
the patients is the hardest part. 
Most of the training is done within 
a few long sessions during the se-
mester, instead of a more preferable 
spread-out routine that encourages 
forming proper habits.
All this leads to a gap between theory 
and practical training, leading to stu-
dents being hesitant with real patients 
at first.

Field research
Medical schools - Interviews

19
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Effective learning
Research

“A good teaching method helps the students to 
question their preconceptions, and motivates 
them to learn, by putting them in a situation in 
which they come to see themselves as the authors 
of answers, as the agents of responsibility for 
change.” [1]
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As a central part of my project is the learning pro-
cess, I also tried to understand how to achieve ef-
fective learning.
The quote from the previous page, saying that the 
learner should be put in a situation where they can 
find their own answers, instead of just blindly re-
peating old material, acted as a foundation and 
guideline.
According to research, the best indicators for ef-
fective learning can be measured in performance, 
knowledge, motivation and satisfaction [1].
From there I tried to find “enablers”, that allow the 
learner to achieve these 4 components.
With that and the findings from the field research, I 
could then set those in the context of auscultation 
training, resulting in a whole bunch of factors, that 
can be responsible for effective learning in my case. 

Effective learning
The foundation
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Technology in education
Interview partner

Associate professor, research-
er emerging tech and teaching 
practices;
Umeå University

Research
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Technology in education
Interview takeaways

- Haptics and sound are important 
   for learning

- Scalability with group, plug-in into
   bigger system

- Collaborative learning is important 
   for the learning progress

- Big classroom teaching is the worst 
   case scenario

- AR/VR are making their way into 
   schools to explain phenomena that
   are hard to understand

- Quality feedback on demand (not 
   just reward) + added value => 
   important for learning process

- Coordination training = might take
   some time to get used to 
   visuals + haptic + sounds

“Making connections between visuals, haptics and audio 
already in the application instead of having to draw the 
connections yourself in your mind will free up headspace 
for other things”

23
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Simulation training
Research

“Simulation based training has seen great success 
and is proven to be more efficient than 
traditional training” [1]



25

To become competent in cardiac 
physical examination, a clinician must 
examine [...] on a repetitive basis. [1]
Simulation training enables controlla-
ble environments and therefore allows 
to recreate certain scenarios as often 
as needed.

Simulation based medical education 
(SBME) could improve the transfer of 
clinical skills from the teaching setting 
to real patients. [3]

In academic centers, trainees must of-
ten compete to examine an ever-dwin-
dling number of suitable patients. [2]
Having an “artificial patient” leads to 
increased accessibility and saves the 
patients’ and teachers’ time.

Direct contact (hands-on practice) 
with the simulator appears to increase 
the effectiveness of cardiac skills ac-
quisition. [4]

Repeatable
training

Improved 
skilltransfer

Increasing
availability

Effective skill
acquisition

Simulation training
Advantages

“more time engaged in learning simula-
tion-based […] examination may lead to 
better learning outcomes” [5]
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In general it can be said that more 
time in simulation training, leads to 
better results, faster. As we saw be-
fore, simulators are already wide-
spread in use. However, they were 
usually designed as a standalone 
product, without user experience or 
context (curricula) in mind.

Simulation training
Issues with current solutions
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E-learning typically refers to the online 
interaction between you as a student 
and the teacher. Basically, you receive 
the training through an online medi-
um, even though your teacher may be 
in the same building. E-learning can 
be used in a classroom or an online 
setting. Additionally, it can be used 
to simulate and intensify work-based 
learning situations. [5]

Alternatively to the traditional classroom teaching, I also 
investigated learning methods, that allow for a better in-
tegration into the students’ learning routines, which could 
then be combined with a simulation tool.
Considering the three models of e-learning, distance 
learning and blended learning, I thought to see the big-
gest potential to fit the needs of this project would be 
blended learning. Blended learning allows for a variety of 
learning methods, some of which are the following:

Blended learning is a combination of 
learning at a distance and the tradi-
tional on-campus learning (in a class-
room). Basically, you will have a (more 
or less) fixed schedule where you will 
have to attend a part of the classes on 
campus. However, most courses will 
still be online, allowing you do course-
work and assignments online. [7]

In distance learning, or online learn-
ing, the key element is the use of in-
ternet. Online learning refers to the 
idea of using online tools for learning. 
Basically, an online course implies a 
distance between you and your teach-
ers. Lectures, assignments, tests are 
all enabled by virtual platforms. A ful-
ly online university degree means you 
will not have to travel at all for your 
studies. [6]

E-learning

Blended 
learning

Distance 
learning

Learning methods

Flipped classroom: 
“A flipped class is one that inverts the typical cycle of 
   content acquisition and application so that:
- students gain necessary knowledge before class, and 
- instructors guide students to actively and interactively 
   clarify and apply that knowledge during class.” [1]
 
Integration of learning with entertainment / gamifica-
tion:
Gamification provides:
“- The freedom to fail: games allow mistakes to be made 
   with little consequence;
- The freedom to experiment: games allow players to 
   explore and discover new strategies and pieces of 
   information;
- The freedom to assume different identities: games 
   encourage players to see problems from a different 
   perspective;
- The freedom of effort: games allow players to go 
   through periods of intense activity and relative 
   inactivity, so that players can pause and reflect on tasks 
   they have accomplished.” [2]

Asynchronous learning: 
“Asynchronous learning is a term used to describe forms 
of education, instruction, and learning that do not occur 
in the same place or at the same time. The term is most 
commonly applied to various forms of digital and online 
learning in which students learn from instruction—such as 
prerecorded video lessons or game based learning tasks 
that students complete on their own—that is not being 
delivered in person or in real time.” [3] 

Adaptive learning: 
“Adaptive learning is one technique for providing person-
alized learning, which aims to provide efficient, effective, 
and customized learning paths to engage each student. 
Adaptive learning systems use a data-driven approach to 
adjust the path and pace of learning, enabling the delivery 
of personalized learning at scale. Adaptive systems can 
support changes in the role of faculty, enable innovative 
teaching practices, and incorporate a variety of content 
formats to support students according to their learning 
needs.” [4]

Others:
- Low dose, high frequency learning
- Rapid feedback loops (e.g. duolingo)
- Just-in-time refreshers
- Scalable solutions

Research
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- Asynchronous learning
- Self-directed learning
- Peer-to-peer training
- Scalable solutions
- Adaptive learning
- Rapid feedback loops
- Low dose, high frequency
- Gamification

- Adaptive Feedback
- Repetitive Practice
- Varying Difficulty
- Controlled Environment

If we look at some of the features of med-
ical simulation training, that, according 
to research are proven to lead to effec-
tive learning like adaptive feedback, re-
petitive practice, varying difficulty and a 
controlled environment we can then see 
that blended learning methods are a great 
foundation to enable those features.

Blended learning 
methods

Features and uses of high-fidelity medical 
simulations that lead to effective learning [1]

Learning methods
Blended learning - Advantages
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We can also see that effects of blend-
ed learning like

- Individualized feedback
- Controllable level of difficulty 
- More immersive scenarios
- Bridging the gap between theory 
   and patient examinations
- Lowering the hurdle to overcome 
   hesitation

align with previously stated pain 
points and findings about effective 
learning in the context of auscultation.

Learning methods
Blended learning - Effects in 
context
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Opportunities
Research

“spread the learning hours out more, not just 
once for many hours in one semester”

Medicine Student, Umeå University [Survey; page 90]
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Opportunities
Curriculum analysis workshop

Post Doc, public health and 
clinical medicine department 
(Umeå University)

Physician, public health and 
clinical medicine department 
(Umeå University)

In this workshop I analyzed, together 
with two teachers from the Umeå Uni-
versity, the curriculum of a medicine 
student in relevant semesters, to find 
a context for a new solution and where 
it could make the most impact.
The result showed a suboptimal 
spread of the workload, which was 
mostly due to restrictive equipment 
and lack of availability of patients and 
staff (see pain-points from previous 
interviews). The opportunity I saw 
here was to create a solution that al-
lows for high quality simulation train-
ing, without being dependent on su-
pervisors, location or patients.
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5th study semester - As it is today

At schools

At hospital

At home
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Context

Auscultation training during the 5th study semester

(As it is today)

At school

At hospital

At home

Pulmonary:

2h training per 
student

Pulmonary:

2h listening to 
breath sounds / 
added breath 
sounds on 
YouTube in large 
groups

Cardiac:

2h basic 
techniques on 
auscultation an 
circulation (BP) in 
groups

Pulmonary:

method / 
technique for 
examination in 
groups

Cardiac:

Harvey simulator 
training, 3h in 
groups and 2h 
seminars on 
selected cases

Abdominal:

2h basic training

1 week at the 
ward

2 days of "real 
life" examination, 
1 or 2 patients

Read status 
documents to 
prepare for classes

Watch a video 
on pulmonary 
examination, 
made by the 
university for 
preparation
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on pulmonary 
examination, 
made by the 
university for 
preparation

Context

Auscultation training during the 5th study semester

(As it is today)

At school

At hospital

At home

Pulmonary:

2h training per 
student

Pulmonary:

2h listening to 
breath sounds / 
added breath 
sounds on 
YouTube in large 
groups

Cardiac:

2h basic 
techniques on 
auscultation an 
circulation (BP) in 
groups

Pulmonary:

method / 
technique for 
examination in 
groups

Cardiac:

Harvey simulator 
training, 3h in 
groups and 2h 
seminars on 
selected cases

Abdominal:

2h basic training

1 week at the 
ward

2 days of "real 
life" examination, 
1 or 2 patients

Read status 
documents to 
prepare for classes

Watch a video 
on pulmonary 
examination, 
made by the 
university for 
preparation

At schools

At hospital

At home

St
ar

t o
f s

em
es

te
r

En
d 

of
 s

em
es

te
r

More spread out, more individual (but guided)

Opportunities

5th study semester - As it should be
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Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

6th study semester - As it is today

At schools

At hospital

At home

St
ar

t o
f s

em
es

te
r

En
d 

of
 s

em
es

te
r

Opportunities



35

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

Context

Auscultation training during the 6th study semester

(As it is today)

At school

At hospital

At home

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

putting 
theoretical skills 
into practice on 
real patients
(no regulated 
schedule)

skill test in OSCE 
exams
(first high stake 
exam)

6th study semester - As it is should be

At schools

At hospital

At home

St
ar

t o
f s

em
es

te
r

En
d 

of
 s

em
es

te
r

Possibility for self-initiated simulation training, 
with and without supervision

Opportunities
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How might we make auscultation training more ...
Considering all the findings from the re-
search, I concluded that there are design 
opportunities especially in the simulation 
training for the advanced level of training 
auscultation. Simulation training offers a 
great foundation to embed blended learn-
ing methods into the learners’ routines. 
That in mind I could formulate some cen-
tral “how might we” questions, adress-
ing some of the major pain points found 
during the research.

... accessible

... scalable

... immersive

... reassuring

... repeatable

... adaptive

Conclusion
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Goals Wishes

Create a device that complements the 
students’ learning agenda in a sensi-
ble way.

Reduce cost of the equipment.

Increase flexibility of the training: 
Making it possible to be operated in-
dividually, independent of location and 
allowing repetitive training throughout 
the entire semester to form habits and 
practice routines continuously.

Implement adaptive feedback.

Explore how MR/VR/AR may be used 
to improve auscultation education.

Create a joyful user experience.

Implement scalable difficulty and envi-
ronments.

Include professionals and users in the 
design process.

Create a product that motivates and 
encourages to learn.

Goals & 
Wishes
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04 Creative 
Process



Minimum product requirements
Survey layout

Unnecessary

Not very useful

Nice to have

Great to have

Must have

1

2

3

4

5

In order to find out what the most 
needed functions for a simulation 
trainer are, I sent out a survey [page 90] 

to several professionals containing a 
list of features (with the opportunity 
to add more) and let them rate these 
according what they think was neces-
sary on a scale from one to five, where 
a score of one represents an unneces-
sary feature and five would be a must 
have.
For the first part I divided the ques-
tions into three categories: Cardiac, 
pulmonary and bowel simulation. To 
make judgment from the answers, I vi-
sualized the results by giving each an-
swer one point (visualized by a square 
on the following pages). From the dis-
tribution of those points I could quick-
ly draw conclusions for the importance 
of each feature. 
These scores should however not be 
seen as an absolute value but rath-
er serve as an orientation for decision 
making later.

39

Ideation

During the first round I realized that 
including bowel auscultation simula-
tion does not make much sense, due 
to its simple nature (either you hear 
that there is something wrong or not) 
and dependence on physical palpa-
tion. Abandoning bowel simulation 
would then allow me to focus more on 
a solution dedicated to cardiac and 
pulmonary simulation.
In the last step I gave extra points 
from my on perspective as a design-
er. For example, adding femoral pulse, 
which is measured on the legs, would 
require to add those to a simulator 
(which at this point I assumed to be a 
physical one). This would however be 
out of proportion to the importance of 
the feature which is why it received a 
negative extra score for feasibility. The 
second way to receive an extra point 
was the combined feedback from the 
previous round, meaning a mostly 
positive feedback results in a positive 
point and vice versa.



Minimum product requirements
Consulted Professionals

Nurse anesthesist, University 
of Stavanger

Associate professor, master 
critical nursing, University of 
Stavanger

Physician, department of Pub-
lic Health and Clinical Medi-
cine, Umeå University

Nurse / paramedic, University 
of Stavanger

Postdoctoral candidate, de-
partment of Public Health and 
Clinical Medicine, Umeå Uni-
versity

40
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Minimum product requirements
Functions - Overview

Echocardiogram

ECG waveforms

Phonocardiogram

Carotid pulse

Brachial pulse

Femoral pulse

Blood pressure

Palpable areas

Different heart sounds

Radial pulse 

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

Technical

Social

Visible breathing rhythm

Lungsound waveforms

Palpable areas

Different lung sounds

Percussion examination

Coughing etc.

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

Bowelsound waveforms

Palpable areas

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

Cardiac 
simulation

Pulmonary 
simulation

Abdominal 
simulation
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Minimum product requirements
Ratings

Echocardiogram

ECG waveforms

Phonocardiogram

Carotid pulse

Brachial pulse

Femoral pulse

Blood pressure

Palpable areas

Different heart sounds

Radial pulse 

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

1 1Score
(    = 1 vote)

2 23 34 45 5

Visible breathing rhythm

Lungsound waveforms

Palpable areas

Different lung sounds

Percussion examination

Coughing etc.

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

1 2 3 4 5

Bowelsound waveforms

Palpable areas

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

At this point I decided to 

exclude abdominal 

auscultation, because of 

its lower complexity and 

focus on palpation



43

Minimum product requirements
Ratings - Extra points

Echocardiogram

ECG waveforms

Phonocardiogram

Carotid pulse

Brachial pulse

Femoral pulse

Blood pressure

Palpable areas

Different heart sounds

Radial pulse 

- -+ +

Visible breathing rhythm

Lungsound waveforms

Different lung sounds

Percussion examination

Coughing etc.

Patient medical history

Stethoscope placement feedback

Vocal patient interaction

Positive:

= Combined feedback from professionals

= Feasibility (might be easy to implement?)

Negative:

= Combined feedback from professionals

= Feasibility (might be hard to implement?)



HMW workshop
Ideation

The idea for this workshop was to do  
a “trial” run to prepare for an upcom-
ing larger workshop. The main goal 
was to generate some broad concept 
ideas.
The main takeaway was that the how 
might we (HMW) questions were too 
generic. I took this as an inspiration to 
formulate more specific questions with 
a clear intention for the next session.
Participants were seven of my class-
mates who had 20 minutes to ideate 
around three HMW questions.

How might we…

… enable the students to train auscultation 
  independently and make training more repeatable?

… implement feedback that adapts to the 
  individual user’s training progress; 
  learning speed; motivation...?

… create a more immersive simulation environment?
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Scenario workshop
Ideation

This workshop was held with 12 par-
ticipants (UID students) that were split 
into groups of four.
Three scenarios with three sub-sce-
narios were presented to them, so that 
in total nine scenarios could be ideat-
ed around in the end. 
The time-frame was ~20 minutes per 
scenario.

Goals

- Generate quantity
- Find low cost, accessible solutions
- Ideate on learning mechanics, 
   integration into daily routine
- Ideate around quality of simulation

DIY simulator with only 10$ + everyday goods available

Focus area: group training
Must have:  output for audible heart + lung sounds; 
     object to place stethoscope on; shareable interaction

Focus area: peer to peer training
Must have:  output for audible heart + lung sounds; 
     object to place stethoscope on; I/O for assessment

Focus area: individual training
Must have:  output for audible heart + lung sounds; 
     object to place stethoscope on; I/O for assessment

scenario 01

01.1

01.2

01.3

scenario 02

02.1

02.2

02.3

scenario 03

03.1

03.2

03.3

Imagine your heart and lungs speak a language you want to learn

How would a physical or digital translation tool look like?

Since you can‘t literally speak that language, how would you practice it?

How would you keep track of the progress you‘re making and which feedback 
would you like?

Build a simulation tool that makes training as immersive as possible

Visually immersive
e.g. environment, patient status (skin colour changes etc), …

Hapitcally immersive
e.g. patient movement, feeling of materials, …

Audibly immersive
e.g. environmental noise, patient‘s feedback/noise, …
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Scenario workshop
Results

The results were captured in a one 
minute sharing session with one-shot 
videos after each scenario, giving me 
a total of nine videos including two to 
three ideas each.
The ideas revolved mostly around 
customizability, for example in the pa-
tients appearance, sound character-
istics and gamification elements that 
put the user in control.
The most interesting ones in particu-
lar were to me the ones that combined 
visual and audio feedback as well the 
ones that let the user adjust parame-
ters on the patient to experience what 
effects these changes have.
To move forward, I sketched out the 
best ideas, combined with my own 
ones and some user feedback to pre-
pare for the next workshop.
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Feature cards workshop
Ideation

From the results of the previous work-
shop I could generate so called fea-
ture cards, that I would take to profes-
sionals and use them as a foundation 
to discuss the different concepts. 
Each card contains a rough visualiza-
tion of a concept and rating system. 
You can see an example here.
I had two participants for this 1,5h 
workshop, both teachers from the 
Umeå University.

Goals

- Generate quality
- Discuss / improve ideas
- Prioritize features according 
   to usefulness

Hearing in real-time how sounds change by altering variables like 
sex, age weight and medical history.

Unnecessary

Remarks:

Not very useful Nice to have Great to have Must to have
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Feature cards workshop
Results Visually 

immersive experience

The results showed that the partic-
ipants were especially enthusiastic 
about features that bring the simu-
lation closer to a real world scenario, 
notably combining audio with visual 
and haptic feedback.
Customizability in patient cases as 
well as the possibility of remote learn-
ing and streamable simulation ses-
sions were also well received.

Giving the simulator the ability to display facial expressions or change 
skin colour according to the patients condition.

Fully (visually) recreating a patient examination scenario.
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Audibly 
immersive experience

Haptically 
immersive experience

Create an audibly immersive scenario by adding environmental noises 
or adding audible feedback/instructions.

Giving the simulator the ability to vocally respond, 
express concerns etc.

Making simulators feel like the “real world”
by recreating materials, vibrations and movements.

Giving the simulator the ability to move actively/reactively
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Feedback Scalability

Receiving qualitative feedback in real-time. Giving teachers access to view the progress of each student and the 
ability to react to individual problems.

Being able to configure the audible environment,
by adding or filtering sounds

Visually augmenting actions and sounds with background information.
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Scalability

Explore sound properties by controlling the waveforms and 
listen in real-time to how the sound is changing.

Create and save your own personas. In group training, stream live actions from one participant to the others.
Giving other participants the possibility to interact remotely.

Hearing in real-time how sounds change by altering parameters like 
sex, age, weight and medical history.



52

Gamification

Receiving rewards after completing certain checkpoints. Turn exercises into minigames. Students can compare their progress against one another. Being able to “level up” in your personal skill training.



Directions
Concept

Inflatable manikin

Lightweight, inflatable manikin that 
can display projected information

App

To control the manikin, prepare patient 
cases and progress tracking

Stethoscope

Standard personal stethoscope

01	 	 Inflate 02  Stetho-phone

App

AR app tracks body and projects infor-
mation and guidance. Preparing of pa-
tient cases and progress tracking

Headphones

Augmented audio, replaces analog 
stethoscope

03  X-ray token

App

AR app tracks body and token position

Token

Acts as wireless stethoscope, inte-
grated display can show information 
and give „x-ray“ into body

Headphones

Augmented audio, replaces analog 
stethoscope

04  Wearable

Token

Acts as wireless stethoscope

Wearable

AR headset portrays additional infor-
mation and guidance, tracks token po-
sition

53



Directions

Before making a decision on which 
route to choose, I revisited some of 
the most essential findings from my 
research. 
According to these the final product 
should be:

- Cost effective
- Allowing independent training
- Flexible in terms of location
- Scaling according to user needs 
   and group sizes
- Offering customizability in 
   various ways
- Adapting to user needs
- Providing qualitative feedback
- Motivating to learn

After careful evaluation, I came to the 
conclusion, that none of previous con-
cepts fully allowed for all of these fac-
tors to be fulfilled. 
The result is that I went for an all digi-
tal solution, more specifically an aug-
mented reality application.

05  AR simulator

App

AR app projects a virtual manikin in 
3D space, allowing full costumization 
of every aspect. Preparing of patient 
cases and progress tracking

Headphones

Augmented audio, replaces analog 
stethoscope

Selection
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Concept
Functions

Basic features

- Accessible
- Immersive
- Repeatable
- Adaptive
- Scalable

Minimum product requirements

- Echocardiogram
- ECG waveforms
- Phonocardiogram
- Carotid pulse
- Brachial pulse
- Different heart sounds

- Visible breathing rhythm
- Lungsound waveforms
- Different lung sounds
- Patient medical history
- Stethoscope placement feedback

Free training

- „Exploration“ mode
- Full control over every variable

Exercise

- Premade exercises provided by 
   teacher
- Custom exercises
- Progress tracking

Library

- Library of all sounds
- Possibility to add custom sounds

Augmented Reality Manikin
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Concept
Visual direction

Smooth
Friendly
Fresh
Professional
Clean, but not clinical

56

Moodboard
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Visual direction
Styleguide



Concept
Prototyping & Validation

This phase took place during the 
start of the Corona restrictions, which 
meant I had to improvise and find new 
ways in order to receive feedback from 
users. 
As a result, I created a (partly) func-
tional augmented reality experience 
prototype with Unity and After Effects.
I filmed myself using the prototype 
and consequently uploaded it to You-
Tube*, combined with a survey, al-
lowing me to reach a much broader 
audience as compared to scheduling 
personal feedback sessions, with the 
drawback of less detailed feedback 
however.
After the first feedback round via the 
survey, I created a revised clickdummy 
prototype in figma for more in depth 
feedback video calls with profession-
als, with a bigger focus on the exercis-
es and general usability of the UI.

*You can watch the prototype video here:

https://www.youtube.com/watch?v=Fn_43RZSVFk

Approach



Prototyping & Validation

Overall, the idea was very well per-
ceived, even though I would have liked 
some more critical feedback, poten-
tially pointing me to possible gaps or 
problems in my concept. I think this 
was due to being limited to a simple 
survey [page 90] for this matter.

10/10 consulted professionals 
thought such a solution would be 
useful to include in their teaching 
practices or learning routines.

However, there were some minor 
things to tweak, including refinement 
of the UI, the addition of certain con-
ditions to the customizable patient 
case as well as more control over the 
positioning of the manikin. 
In the second, more detailed feedback 
round, it became also clear that most 
of the exercises I created were very 
helpful and the teachers saw great 
pedagogical value in them.

“I like that you can test yourself” 

- Anonymous doctor

“Combination of audio, ECG and video is great” 

- Anonymous doctor

“You can simulate many relevant situations when digitalized” 

- Anonymous teacher

“I think it is necessary for the future. 
Saving space and materials, distance 
education is possible as well as greater 
opportunity to develop patient cases, etc. 
just as you wish.”
- Anonymous teacher

User feedback
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Interaction
App structure

Home Library

Exercises Multiple choice

Toggle Sounds

Toggle Haptics

Toggle Visuals

Positioning

Sound files with description

Add custom file

Partner Imitation Match

Free training

Personal progress Friend list

Concept
The user can fully customize 
conditions and appearance of the 
augmented reality manikin.
The user can experience how certain 
variables have impact on 
sound characteristics.

Provides all sound files with in depth 
pathological explanation.
Sounds from custom cases can be 
saved here as well.

Multiple choice exercises present the 
user a patient which they will have to 
examine. They can chose from four 
different possible solutions.
If the answer was incorrect, there is 
the possibility to get an explanation 
why that is.

Matching exercises give the user a 
random list of names for cardiac and 
pulmonary sounds which they have to 
connect with the correct sound file.

Imitation exercises are aimed to help 
the user understand sounds more in 
depth by requiring them to replicate 
certain sounds. The goal is to match 
their own sound waves with the ones 
they try to achieve.

Partner exercises let users role play as 
patient / examiner. Spectators can join 
as well as other examiners to compete 
against. 
The patient can set the conditions as 
to which tools are allowed and build 
the patient case.

Students can see their goals 
and progress, as well as their 
friends’ progress.
Teachers can see how their 
students are progressing.
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Interaction
Use cases

Individual Student

As an individual, a student can use all 
of the apps functions in any situation 
they like and customize it according to 
their needs. 
This could be just playing around, 
completing tasks given by the teacher 
or creating their own scenarios, build-
ing a custom patient case.

Student + Student(‘s)

In a peer to peer situation, the intend-
ed use is to add a level of conversa-
tion to the training. This strengthens 
routines and increases immersion.
This could also happen remotely.

Teacher + Student(‘s)

Teachers can provide exercises to 
their students and monitor their prog-
ress. It is also possible to stream lec-
tures from the app, allowing for easy 
remote examination.



Interaction
Assets

Icons

For better orientation, I created a 
complete icon-pack that matches the 
intended visual direction.

Chat bot

I saw value in implementing a chat bot 
for on-boarding processes or first time 
use cases, with the option to keep it 
for further use, if desired by the user.
This could be extended to voice inter-
action with the virtual patient.

Sounds

Another crucial component is the 
sound library. It is important to choose 
sounds with very high resolution as 
artifacts from recording can distort 
the sound enough to have the user 
diagnose it incorrectly.
There should also be a built-in 
mechanic that alters the sounds 
according to other input values.
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Interaction
Character
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Character

The AR manikin is a crucial component 
and its character design therefore very 
important. At this point I haven’t found 
the optimal solution yet, but the goal 
was to create characters that avoid 
the “uncanny valley” situation while 
still retaining enough realism. 

= Location of desired character: 
   Realistic enough for simulation, 
   but achievable in visualization

Human likeness

Emotional response

Industrial robot

Healthy human+

-

Uncanny valley - avoid!

Zombie



Character - Exploration
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05 Final Design
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“AVA” is a solution that increases the 
accessibility of immersive auscultation 
education by offering a versatile 
simulation platform. 
It encourages independent training and 
exploration through an intuitive and fun 
to	use	application,	adapting	to	the	users’	
needs and skill level.
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AVA
Augmented Auscultation 
Simulation

With my project titled “augmented 
auscultation simulation”, I wanted to 
create an example as to how design-
ing for a situation like this can be ap-
proached, leveraging modern technol-
ogy and closely investigating users’ 
real needs and pain points.

The result is “AVA”, an auscultation 
skill training app, aimed to fill the gaps 
in today’s education system. It can be 
integrated into current curricula, en-
abling independent training. This al-
lows students and teachers to spread 
the workload out across the semester, 
which is proven to promote long-term 
memory.

With AVA, the student has access to 
simulation based training through a 
virtual, customizable augmented re-
ality “patient”, whenever and wher-
ever they like. In contrast to previous 
physical solutions, students can now 
experience in real-time the impact on 
sound characteristics by changing pa-
rameters like the bodytype, sex and 
age as well as adding the simulated 
patients’ medical history.
In addition to that, the student can en-
able a variety of extra feedback, like 
landmarks, organs or other helpful 
tools, creating a deeper connection 
between sounds and visuals.

Through a variety of integrated exer-
cises, the training can be scaled from 
individual to larger group sizes, allow-
ing for remote teaching, on demand 
learning and a more immersive simu-
lation experience and giving students 
the opportunity to adapt their learning 
hours to their individual routines, with-

out having to worry about availability 
and enjoy customizable experiences 
on demand.

Unique selling points

AVA combines the flexibility and 
cost-effectiveness of digital solu-
tions with the quality and immersion of 
physical simulation scenarios with the 
addition of customizability and scal-
ability.

AVA allows, in contrast to previ-
ous digital solutions, to recreate pa-
tient cases accurately and reproduce 
“greyzone” sounds that deviate from 
textbook sounds with different med-
ical conditions. This brings the simu-
lation much closer to a real life sce-
nario. Increased immersion through 
augmented reality and the addition of 
patient interaction through vocals or 
facial expressions add to increased 
realism as well. This is important for 
the learning process, as I have already 
pointed out in my research.
Providing a real-time, customizable 
link between audio and visuals also 
enhances the quality of the training 
sessions, leading to better long term 
memorization.
Another novelty for digital solutions is 
the ability to stream exercises, allow-
ing for remote teaching in group set-
tings and a further increased immer-
sion thanks to interacting with a real 
human on the other end.
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Personal page

The ring around the icon gives a quick 
indication of the personal progress.

Free practice

This mode allows the user full control and 
customizability through an augmented reality 
manikin.

Exercises

Contains several exercises, provided by the 
teacher, institution or self customized. 
If new ones are added to the schedule, 
a notification appears, as seen here.

Library

Sound storage. Interesting patient cases can 
be saved here as well as having the ability to 
customize standard sounds.
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Personal Page

On the personal page, the user can 
see their progress and monthly goals, 
set by themselves or educators.
Friends can be added here as well.
In case of the user being a teacher, 
the students can be added as friends, 
giving an overview over their progress 
and allowing to issue mandatory exer-
cises or schedule group trainings.
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Free practice

In this mode, customizable augmented reality 
(AR) manikin can be placed anywhere in the 
room.
The circle in the center of the screen is fixed 
in position and represents the virtual stetho-
scope. The user will hear sounds according 
to where the stethoscope is aimed at.
If one is to far away from the body, the 
stethoscope turns grey and stops pulsating 
to rhythm of the cardiac/pulmonary sounds.
The three buttons on bottom present options 
for customization.

Settings

Sounds, visual guidance and haptics can be 
toggled on or of in this menu.

Position

The position of the manikin can be changed 
here by simply rotating or repositioning as 
well as changing the posture between stand-
ing, sitting and lying down.

Patient card

Stores all the information about the patient: 
Condition, sex, age, weight, medical history.
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Home

The AR manikin is a crucial component 
and its character design therefore very 
important. At this point I haven’t found 
the optimal solution yet, but the goal 
was to create characters that avoid 
the “uncanny valley” situation while 
still retaining enough realism. 

= Location of desired character: 
   Realistic enough for simulation, 
   but achievable in visualization

Medical background

Preconditions that can have an influence on 
sound characteristics can be added here.

Bodytype and age

Cardiac sounds

Pulmonary sounds
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Bodytype and facial expression

The bodytype can be adjusted by 
quick gestures like swiping left or right 
to change between male and female 
or pinch and zoom on the body to in-
crease or decrease bodyweight.

Facial expressions and skin discolour-
ing like paleness can not be individu-
ally customized in free practice. These 
will change according to the settings 
in the patient card as they can be indi-
cators for certain conditions.
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Settings — landmarks

Landmarks indicate where the stetho-
scope can be placed to listen to differ-
ent areas of, in this case, the heart. 
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Settings — phonocardiogram

Phonocardiograms can be helpful 
identifying different conditions thanks 
to their distinct wave patterns.
Having these visual cues can make 
memorizing sounds easier.
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94 bpm

Settings — Organs

Giving detailed insight into the anat-
omy of the body gives explanation to 
the origins and mechanics of certain 
conditions, therefore creating again 
a deeper understanding of these and 
what causes them to sound as they 
do.

Settings — ECG

The ECG is a common tool to identify 
heart conditions.
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Settings — Palpable areas

Similar to landmarks, these areas in-
dicate points of interest, in this case 
palpable spots, where pulse can be 
felt. 
By touching these, the device will vi-
brate according to the pulse of the vir-
tual patient.
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Exercises — Overview
 
On this page, the user gets an over-
view of all the available exercises. 
Custom exercises provide freedom to 
adjust settings according to the users 
liking and skill level.
Mandatory exercises are based on the 
customizable ones, but are configured 
by the teacher or institution and can 
be provided with a deadline.
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Exercises — Difficulty

Toggling on or off certain parame-
ters that make the exercise easier or 
harder, will give additional experience 
points, leading to a faster progres-
sion towards the previously mentioned 
monthly goals.
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Exercises — Multiple choice

Multiple choice exercises are a simple 
way to diagnose different conditions.
If an answer was incorrect, the user 
can  get more detailed information 
about the condition by clicking on the 
answer a second time. 

Normal

Innocent murmur

6/12

Aortic stenosis

Innocent murmur

Acute Pericarditis

Innocent heart murmurs are harmless sounds made by the 
blood circulating normally through the heart’s chambers 
and valves or through blood vessels near the heart. They 
can be common during infancy and childhood and often 
disappear by adulthood. They’re sometimes known as 
“functional” or “physiologic” murmurs.

+ more
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Exercises — Partner 

Partner exercises let the user and a 
friend take the roles of the patient and 
the examiner (doctor, nurse, paramed-
ic...).
The person playing the patient can set 
the conditions and difficulty by adjust-
ing the patient case and enabling or 
disabling guidance.
In a group scenario, for example a re-
mote training with the teacher, spec-
tators can be invited as well.
Partner exercises can also be made 
competitive by challenging others to 
make the right diagnose first.
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Exercises — Partner 

This is the perspective of the examin-
er. The person playing the patient has 
set his conditions in the patient card 
(left), where the diagnose for cardiac 
and pulmonary condition has to be en-
tered. 
In the settings menu (right), several 
forms of support have been disabled, 
displayed by greyed out icons.
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Exercises — Partner 

In this format of exercise, the person 
playing the patient can also commu-
nicate through the manikin vocally 
(coughing, expressing discomfort etc.) 
or alter its facial expressions.

[1]
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Exercises — Partner 

In group setting, such as in a remote 
teaching scenario, partner exercises 
allow the teacher to customize the pa-
tient by taking his/her role.
An unlimited amount of students can 
then at the same time interact with 
the teacher/patient, trying to make the 
correct diagnose, get explanations or 
receive instructions.

[1] [2]

[3]

[4]
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Exercises — Imitation 

Imitating sounds vocally is a technique 
that is casually used to communicate 
sounds to others in a teaching envi-
ronment. It is also used in the UMedic 
online course (see research).
In this exercise, the can record them-
selves, seeing their recorded sound 
waves overlayed over the actual con-
dition. The goal is to match the sound 
waves.
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Exercises — Match

With this exercise, the user is present-
ed with a random list of conditions, 
that have to be matched to their re-
spective audio. 
Tapping on the phonocardiograms on 
the right side, plays back the audio.
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Library

This is a library for all standard sounds 
and preconfigured patient cases saved 
from exercises or free practice.
Tapping on the phonocardiograms, 
plays back the audio.
Every sound contains background in-
formation, similar to the patient card in  
free practice. Changing those parame-
ters also alters the sounds in real-time 
for a better understanding of the con-
nection between certain parameters 
and audio.
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06 Conclusion



Conclusion

Overall, I can say that I am very satisfied with 
the result of this project, especially given the 
circumstances. Even though I did not end up 
with a tangible object, which I would have liked, 
the benefits of a product like this are very much 
tangible, which was my ultimate goal to begin 
with. 
I am also very pleased that I achieved all my 
goals and fulfilled most of my wishes.
I created a solution that, within its limits, com-
plements the students’ learning agenda in a 
sensible way, while reducing the cost of equip-
ment and increasing the flexibility of training. It 
is possible to be operated individually, indepen-
dent of location and allowing repetitive training 
throughout the entire semester to form habits 
and practice routines continuously. Feedback 
adapts to the users needs and can be adjusted 
to their personal preference.
Exploring Augmented reality as an alternative 
tool for visualization and prototyping was my 
biggest wish before starting this project. Being 
able to implement this into this project with-
out forcing it, was also a great opportunity that 
I think I will profit from in my further career as 
a designer. Other wishes included to create a 
joyful and motivating user experience and the 
implementation of scalability according to user 
needs, which I think I have achieved as well.
The only thing that I think was lacking in the 
project was user feedback, at least to some 
degree. While I received great support from 
teachers, doctors, nurses, paramedics and oth-
er professionals, I found that their students, my 
primary target group, were unfortunately not 
very cooperative or interested in participating in 
interviews or workshops. 

This project being very user centric, I built my 
creative process around their needs and feed-
back. I learned a lot about how to design work-
shops with a specific goal in mind, extracting 
exactly the information which I was looking for. 
A good example for that was, in my opinion, the 
feature cards workshop, which I would mark for 
myself as a turning point in this project, from 
wild ideas to tangible solutions. It was a great 
combination of raw creative output from the 
previous scenario workshop with other design-
ers and qualitative insights from profession-
als, co-creating solutions with actual benefits 
for the users and narrowing down the scope to 
what really makes sense. 
In terms of learning outcomes for myself, there 
is of course the previously mentioned techni-
cal skill of prototyping with augmented reality, 
but also taking a dive into unknown waters with 
UI design and applying and adapting my design 
process to fully digital design, which worked 
surprisingly well. 
In general, I see the ability to adapt and impro-
vise playing a central role during the entire se-
mester, as well as being creative with manag-
ing my time and skill resources, which I think I 
succeeded with. I was always able to keep my 
own time schedule, mostly thanks to making the 
right decision quickly, which is in my experience 
usually the most time consuming factor. 
Finding workarounds in situations that required 
me to do so was a necessary skill, too, especial-
ly for the feedback sessions with users during 
the corona lockdown. Digitalizing my prototypes 
served this purpose very well and the feedback 
from professionals was consistently positive and 
constructive.
Laerdal, as my collaboration partner, was always 
a reliable source of feedback, funding and re-
sources, if needed.
So again, I can say that I am satisfied with my 
design process, the result and the feedback I 
received throughout the entire thesis.
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07 Appendices



Surveys

Disclaimer

On the following pages you will find the raw 
data of the surveys I conducted digitally. Due to 
the limited amount of participants, they merely 
served as an additional orientation rather than 
a solid foundation for decision making. I used 
them to make assumptions based on the results 
that I would later discuss in personal interviews.
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“Your experience in 
training auscultation”
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“Minimum product 
requirements for 
auscultation simulators”
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“Your thoughts on the 
auscultation simulation 
prototype”

Video: https://www.youtube.com/watch?v=Fn_43RZSVFk 
(last access: 06.05.2020)
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Timeline

Test current solution 
(Munich)

Introduction to Laerdal 
(Stavanger)

Talk with educators
(Stavanger, Umeå)

Interview Users, journey mapping 
(Umeå)

Lecture w/ Monica Lindh-Karls-
son

Lecture w/ Monica Lindh-Karls-
son

Ideation workshops

sketch / prototype /evaluate
ideation ~3 concepts

narrow down  
ideation 1 concept

sketch / prototype 
ideation 1 concept

future journey map
user testing prototype

finalize functionality

prototype (clickdummy)

user feedback

final presentables

experience prototype (optional)

DELIVERABLES

1107 15 2004 1208 16 2105 1309 17 2206 14 1910 18 23

UID20

UID20examsreport
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