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ABSTRACT
Dementia is a disease that leads to concentration difficulties
and problems with learning. Research shows that music can
help and make everyday life easier for people with dementia.
We have created an instrument that could be used by people
who suffers from dementia, partly with providing a rewarding
pursuit, but also helping the individuals to train their personal
qualities in which they have difficulties. In this article we will
present previous research on music and dementia, and describe
how we proceeded in creating an electronic instrument that can
easily be used by people with dementia to create music on their
own.
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1. INTRODUCTION
Our instrument is meant to serve as a rewarding, and at the
same time useful, activity for people with dementia. The
instrument consists of 16 pieces of piezoelectric elements on
top of a wooden box that is connected to a PC with a USB
cable. The 16 piezo elements activates and shuts down various
aspects of a song and thus giving the user the ability to create
and change the music live. Even without any prior musical
knowledge in and with reduced movement and failing ability to
learn, the instrument should feel very intuitive. Research has
been made on how music helps people with dementia, however
this research has primarily focused on activities such as
listening to recorded music and singing. Therefore, we are
trying to break new ground by creating an interactive
instrument that people with dementia will be able to use to
make music on their own. Much of the technology we use are
already available in modern music software but we have
adapted these technologies to suit our specific audience.
Initially we experimented with a specific sound world that is
based on the Miles Davis classic piece “So What” from the
legendary album “Kind of Blue”. We have chosen this piece
since we think that the style modal jazz suits our focus group
by being both catchy yet harmonically slow and relaxing. Since
“Kind Of Blue” is the best selling jazz album of all time, we
also hope that there will be some factor of recognition.

2. BACKGROUND
2.1 Dementia As a Disease
People with dementia disease face many problems in their daily
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lives. Having trouble remembering their loved ones, not
knowing when you should eat, and not being able to dress
oneself are just a few of the many difficult problems they face
every day. It is estimated that at the age of 75, 5 percent of the
population suffer from dementia. At the age of 85 the number
has risen to 30 percent of the population. Finally, at the age of
95, over 50 percent of the population suffer from dementia. [4]
In the field of dementia research, the difficulty in giving
patients a rewarding pursuit is not much discussed. Therefore
we want to develop an instrument designed for people with
impaired concentration, motor skills and memory. When we
interviewed two occupational therapists on the memory clinic
at Hässleholm Hospital, they gave us a clear insight into the
everyday life for a person who suffers from dementia. They
told us that you basically can divide the disease into two
groups,
the
"walking"
and
the
"sitting".
The “walking” are patients who are happy to go rounds to
perform a task they did before they became ill, for example, go
to work or visit the house where they grew up. The “sitting” are
not as active, mostly they will sit in a chair and fidget on their
clothing or other material. We have chosen the "sitting" as our
target audience. We will try to develop an instrument to get
“the sitting” active both in a creative way, but also to help the
patient see the obvious connections between cause and effect.

2.2 Music and Dementia
A lot of researched has been made on music therapy and it has
shown that music can trigger memories that patients had not
been able to recover without the help of music. It has also
shown that people with dementia have been able to learn new
things with the help of music. For example, a German cellist
who suffered from dementia could remember old and learn new
pieces
of
music,
despite
his
illness.
[5]
At a retirement home in Västerås, Sweden, the staff
incorporated song and dance in the daily routines of the
patients. It showed that patients became less aggressive, felt
more secure and more like a community. Singing old hymns
helped the patients with dressing and other daily activities. The
theory is that the old songs make the patients remember
feelings
from
their
childhood.
[6]
On the website for Demenscentrum (centre for dementia in
Sweden) the nurse Ewa Karlsson that works at Munkebergs
dementia in Piteå states the following: "Music is a bit of a
miracle medicine. If the staff can find the right music, it calms
the patients - and that means a lot in dementia care where
patients often are anxious and restless".[7]

2.3 Interactive Sound Design and Dementia

3.1 Hardware

There has not been much research made on interactive sound
design and dementia. Nor have we found any instruments
designed for people with dementia. Most of the research has
been vocal and dance oriented, and has shown that patients who
have a morning exercise by dancing or singing are more
manageable and calmer during the day, than patients who did
not start the day in this way.
However, on the memory clinic at Hässleholms Hospital
the occupational therapists told us that they knew of other
memory clinics that used the videogame Wii as an activity to
give the patients a fulfilling pursuit. They told us that this
worked since the patients was familiar with tennis, bowling and
similar activities they’ve played while still healthy.

The instrument is a simple wooden box with a hole in the side
to plug in the USB cable to the computer where the audio
processing is executed. The 16 pieces of piezoelectric elements
are organized in a 4x4 matrix on top of the box. These piezos
act as keys to the instrument.

3. THE CONCEPT
The occupational therapists
on the memory clinic in
Hässleholm told us that many of the patients had no computer
skills, on the contrary they felt concerned about technology.
Therefore, we decided to make an interface that was both
simple and intuitive. The interface consists of a surface with 16
pressure sensors, no mark or sign reveals what the 16 pressure
sensor functions are. This means that users must be curious
and explore the instrument to be able to learn it. By pressing the
sensors the player gets a direct response in the form of sound
and light that makes it obvious how the instrument works.

2.1.1 Prototyping with an Arduino
We used the much acclaimed Arduino platform, an open-source
platform that is mainly useful for making prototypes. It is a
flexible system that has its own processing program that helps
the user write code to communicate with the microprocessor.
You upload the code to microprocessor so that it can
receive input signals from sensors and potentiometers. We used
one of the most advanced Arduino microprocessor, ATmega
since we needed to have access to 16 analog inputs. The
Arduino communicates with a PC, where the actual sound
processing is done through a USB cable.

3.1.2 Pressure Sensors with Piezos
To these sixteen analog inputs, we connected a piezo element
for each input. A Piezo element is very touch sensitive and is
therefore ideal to use when you need to both hit and, or stroke
the elements. Piezos are used in electronic drum kit such as
Roland V-drum and various samplers.

3.2 Software
The software is divided into two distinct parts. First, the
program running on the microprocessor in the Arduino that
reads the sensors and transmits the information to a PC and an
application running on a PC where the sound management and
rhythm are handled.

3.2.1 Programming with Open frameworks
Open Frameworks is an open source library for C and C++. It is
designed to be a shortcut for, among others, designers to get
sound and graphics handling that can otherwise be very
advanced in C + +. The application uses open frameworks for
communication through USB to the Arduino.

3.2.2 Sound Management with Synthesis Toolkit
SynthesisToolKit (STK) is a library for C++ which is designed
for cross platform audio processing and sound synthesis. The
application uses STK for loading and playing audio in a socalled callback method. The advantage of the callback method
is that it generates very low latencies.

3.3 Sound World
In this work we have chosen to work with only one sound
world. This was because we wanted to focus on the interactive
side of the instrument rather than recreating old songs. We hope
to add more sound worlds to our instrument in the future.
The song we chose as the sound world is the classic Miles
Davis piece "So What" from the album Kind of Blue from
1959. . After carefully consideration we decided this to be a
optimal song for our simplistic approach because it is a modal
jazz
song.
Modal means that the piece does not move as much
harmonically, but uses few chords and small harmonic
movements. This is crucial to always making the song sound
musical no matter how you move around the individual
instruments phrases.
.

3.4 Interaction

in

Pressing anywhere on the interface, different sounds are played
depending on what sensor is pressed. In the tablet below, we
describe all the sensors and what kind of information they
contain.

Table 1. Description of what all the sensors does in print
mode
Drumloop 1

Drumloop 2

Drumloop 3

Drumloop 4

Trumpet
phrase 1

Trumpet
phrase 2

Trumpet
phrase 3

Trumpet
phrase 4

Bassnote 1

Bassnote 2

Bassnote 3

Bassnote 4

Bassnote 5

Bassnote 6

Bassnote 7

Bassnote 8

Bloom.
Our interface consists of 16 pieces of sensors that can be
triggered by either hits or strokes. Depending on what you do,
different sounds and functions played.

4.2.2 Prototype
In order to quickly and easily test our equipment, we built a
prototype in a cardboard box. Inside the box we made a
breadboard connection with the Arduino. Then we made a hole
for a USB cable so we could connect it to our computer. On top
of the box we put our 16 piezos in a 4x4 matrix with a hole for
each so that the cables came down in the box to be connected
with breadboard and ultimately the Arduino to the PC.
Photo 1. The first prototype of our instrument

In the top row of the four sensors so you can control which of
the four drum loops are being played. The farther to the right
you get in the line, the more hit does the loop contain i.e. the
sensor furthest to the left only contains a hi-hat pattern while
the sensor furthest to the right is a full busy beat. The second
line consists of four trumpet phrases to be played directly when
you press either of them. These will not loop, they are simply a
so called single-shot. Bass notes in the two lower rows is
controlled with the help of an 8-step sequencer. Bass notes is
part of a walking bass line where each note is a eighth note. By
pressing one of the sensors you put the note in the bass line,
this means that you must press all of the eight lowest sensors to
hear the walking bass line in its entirety. Pressing on a sensor
that was already activated deactivates that note and it will not
be played the next time the sequencer is in this step.

4. VISION
4.1 Goals
The ultimate goal of our instrument has mainly been to make a
simple instrument that anyone can learn it in less than a minute.
Every push of button should generate an obvious response so
you know exactly what you started. This is without any direct
visual support, all 16 buttons look the same but hide different
functions. This is a conscious decision to get the user in
question interested and curious about the instrument. This will
hopefully
lead
to
a
rewarding
pursuit.
It was also important that the instrument did not look like
an instrument, but neither as a toy. We did not want to scare
away people who have not played an instrument before and we
did not want the instrument feel or look like a toy since we
consider it demeaning to people with dementia.

4.2 Method
4.2.1 Design methods
We got our inspiration for our interface from the classic 16
pads sampler AKAI MPC3000 as well as the two iPhone apps
that sound artist Brian Eno has been involved in producing,
Bloom and Trope. In Bloom so you are met only by an empty
interface, it is only a solid background. By touching anywhere
on the screen a small circle appears where you pushed the
surface and a ting sound is played. Depending on where you
push the screen the pitch changes of the ting and color of the
ring, more instructions than that you do not get. The program
Trope doesn’t have any instructions or visual buttons to press,
the difference between the Trope and Bloom is that in Trope
you stroke your finger across the screen instead of pressing.
The sound of Trope results in a drone instead of the ting sound

5. RESULTS
Since we have not had contact with the hospital in Hässleholm
then meeting for this project, we have not been available to
meet with demented patients. Our results will therefore be
composed of our own and our supervisor's perception of the
instrument and its interaction.

5.1 Discussion
5.1.1 Usage and Interaction
Our instrument has not been tested by people with dementia,
we have only tested our instruments on our friends without
giving them any instructions. In general, all have been positive,
how easy it was to learn what all the sensors did. They thought
it seemed like a Guitar Hero without points, where there was no
stress factor involved. They also liked the recognition factor of
the song. They were therefore able to compose the song just as
it is in the original or just freestyle. They liked that the box was
quite large so you could have it on your lap without it falling
between their legs. This meant that they always had two hands
free
to
play
on
the
instrument.
The only negative comments we received on our design
was that it seemed too light. However, this was when we we're
still using our first prototype in photo 1. We realized quickly
that a box that light would not feel reliable and would probably

break easily.
wooden box.

We has since put the instrument in a solid

Photo 2. Finished prototype of our instrument

adding a memory for our instrument so you can store more
songs and subsequently create different presets. This will
encourage more entertainment value and a longer exploration
ability
of
the
instruments
and
songs.
Our ambition is also to make the instrument completely
cordless. This means it has to run on batteries and we have to
put built in speakers in the box.
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