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Nevertheless, elderly people with a strong visual
impairment still have to be treated in a special
Abstract
way, because they have to cope with an extra
The number of elderly people with a visual
disability. Since motor activity and cognition are
impairment is increasing in the Netherlands. To get
strongly related, passiveness declines physical
insight in the lives and difficulties of these people,
abilities as well as social and cognitive abilities,
both a literary study and a practical research were
which influence for example a good conversation.
conducted.
Most (severely) visually impaired elderly have
Therefore, a circle of decline lies in wait and most
difficulties in supporting themselves; “simple”
of the times it dominates life till the end which
activities, like going outside alone, become
affects the visually impaired people even harder. It
complicated. This often results in an overall lack of
is useful to postpone this decline for the well-being
physical activity. One of the additional problems is
of all the people concerned: the elderly people and
the age-depending difficulty of learning to use
their relatives, but also the care staff and the
visual impairment aids. As a result, the number of
society itself.
activities visually impaired elderly can do to keep
occupied is severely reduced.
Research and Design Goal
To counteract these problems, a sound based
memory game was developed to enhance their
The fact that physical passiveness and the quality
physical and mental capabilities. The game is
of cognitive abilities are related to each other,
affordable and suitable for people with and
urged a research to the needs of aged people in
without a visual impairment which can help the
residential homes, and in this case in particular of
the ones who are almost or total blind. Mapping
elderly in socialising.
their daily life activities, their abilities and
disabilities, and the solutions they already have to
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solve certain limitations, formed the first goal. It
Inclusive Design, Elderly Design, Bad Eyesight,
was the second goal to translate the investigated
Physical Ergonomics, Mental Ability, Memory,
needs and challenges into a design solution which
Games.
stimulates motor activity and in that way might
have a positive effect on physical and mental
Introduction
decline. Nevertheless, the ambition of solving this
When independency of elderly people comes in
problem was not enough: also the problem of the
repression and home and informal care are
lack of financial resources and care employees was
insufficient, then moving to a nursing or residential
taken into account.
home is inevitable. This decision is drastic for the
elderly people themselves, but also for their
relatives. Residential homes will be more present
in the daily life of the Dutch society, since people
are becoming older (CBS, Bevolkingsprognose
2009-2060). Due to this aging and other causes like
diabetes, the number of elderly people with a
strong visual impairment is increasing in the
Netherlands: an increase of 35% is estimated for
the coming ten years till 2020 (Stichting Oogfonds
Nederland). Living in a residential home often
causes a serious decline in mental and physical
capabilities due to passiveness (Environment,
behaviour, dementia). Unfortunately, passiveness,
both mentally and physically, is encouraged by
governmental laws because of economical cuts and
a lack of employees in the care sector.

Methods
The research consisted of a literature study and a
practical user research. The literature study was
executed to get more insight in the meaning of a
visual impairment, the statistics of visual
impairment in the Netherlands and the existing
supportive products and aids. The practical user
research consisted of observations and interviews
and was performed with aged citizens and staff
members of a residential home Goverwelle in
Gouda in the Netherlands. This residential home
was specialized in the treatment of (almost) blind
people, so the user research contributed to a
better understanding of the daily life experience of
this special target group. Especially the observation

of a group of elderly people during a class of sitdancing was valuable for the research.

Figure 1. The Snellen chart

Statistics
Results
In the literature study and user research,
quantitative and qualitative information was
gathered which was valuable for the upcoming
design process.

Visual impairment in general
A not proper functioning of certain parts of the eye
may cause visual disorders in for example acuity,
colour and contrast sensitivity, light-darkness
adaptation and range. Such a disability can be
heritable, but also caused by a trauma or disease.
In special residential houses like the visited one in
Gouda, most of the elderly people became visually
impaired during their life, so they have to learn to
cope with this loss of vision. Many of the eye
disorders are progressive, which means that the
vision becomes worse over time, but not all of
them lead automatically to blindness (OBT
Informatiewijzer, 1996). The most commonly used
method of measuring visual acuity is the Snellen
chart (Figure 1). In this method visual acuity of
20/20 is stated for a normal seeing person. When
the indication is for example 20/40, this means
that a person sees the same at 20 feet as a normal
seeing person can already see at 40 feet. According
to the World Health Organization (WHO), people
with a rate from 20/400 can be defined as total
blind.

According to WHO, worldwide more than 314
million people are visually impaired and among
them 45 million people are blind. Age-related
cataract is the leading cause and causes 39% of all
blindness. Another dominant cause is uncontrolled
diabetes. The Stichting Oogfonds Nederland
verified that in the Netherlands 320.000 people
have a visual impairment from whom 45.000
people are blind. Because of the increase of aging
in the Netherlands, the group of visually impaired
people will also increase. It is estimated that
around 440.000 people will be visually impaired in
2020; this is an increase of 35% in ten years. More
than 85% of them will be fifty years or older. Due
to this increase, the costs for healthcare will grow.

Existing products
Several aids are used in residential homes to
enable more independency of the elderly citizens.
In general, existing products for elderly people
hardly stimulate physical activity; most of the time
they even replace a certain physical task. The most
applied products which support mobility are
marked walking-sticks which can be used to sense
the surroundings and which communicate that the
user is visually impaired. Strollers are less suitable
for walking alone, because they do not provide any
feedback of the surroundings. Going outside alone
with a scoot mobile is also a possibility for the ones
with some eye-sight left, but getting lost and a
social isolation are still problems. With in-house
home trainers physical activity can be provided,
but this also lacks social cohesion.
In residential homes several marking types, like
relief, different materials and embossed shapes,
are used to indicate a certain item, like a place or a
product. For the elderly people with some visual
capabilities left, a number of visual aids are
available too. Magnifying glasses and mirrors make
it easier to read, write, sew and perform other
detailed tasks. Television screen magnifiers and
sub-title readers are also available.
In many case, aids translate visual information into
audio or tactile information, like speaking and
Braille watches, speaking scanners which read
texts, covers for drinking mugs and fluid indicators
which alerts the elderly person when a cup is full.
Especially an increase of speaking products was
indicated by the residential staff in Gouda. Due to
their disability, blind people rely on their other
senses to compensate for the lack of vision and do
notice more with these senses, like the recognition
of sounds.

A number of aids which are available in residential
homes depend on the financial resources of the
house. The current financial policy of the
government and managements of residential
homes leaves little money for the purchase of new
aids, so the elderly people are somehow
dependent to donations. Unfortunately, also many
potential effective ideas stay in the concept phase,
without elaborating to a real product, due to a lack
of testing with users in a realistic situation.

Activities
The favourite activities of the elderly people in
Gouda were investigated. Going outdoors is one of
them, because it is rare, due to a lack of staff
members. Dark weather makes them really
depressed, because of a lack of sunlight indoors.
This is also the reason that severely visually
impaired elderly are more depressed than normal
seeing ones: it is always dark for them. Other
preferred activities are things like bingo,
gymnastics, music events, reading the newspaper,
knitting, singing and dancing (Figure 2). In their
own room they like the use of the Daisy player,
which plays spoken books and magazines (Figure
3).
Not all elderly people participate in organized
activities. Some may be physically unable to, but a
lot of them do also not like to ask for help. This
mindset is often found under the eldest people;
younger people do more articulate about their
needs. In Gouda the activities are open to all
elderly citizens of the home. However due to
financial cuts, the house may be forced to charge
money for activities or decrease the number of
activities per person. The offer of (physical)
activities mostly depends on the availability of
financial resources and staff members or
volunteers.

Figure 2. Dancing class

Figure 3. Daisy player

Design Challenges
Out of the results of the literature and user
research, in order to achieve the design goal,
several design challenges were concluded to guide
the design process:
- Facilitate independency: this works positive for
both care staff and elderly people
- Avoid separation of the visually impaired
people: mixing people prevents stigmatization
- Preserve or improve motor skills and mental
ability.
- Keep the financial cuts in mind: due to a
shortening of money, there will be less staff
power, for example to organize activities. A lack
of finances also means a limited budget to buy
new products.

Concept Phase
After the research, several brainstorm sessions
were held. In these sessions the design challenges
were used to generate ideas. These ideas were
divided into two solution scopes; mobility solutions
en game based solutions. Mobility solutions
included among other ideas: a GPS coordinated
rollator with environment detection, rail guided
rollators and a covered walkway.
The game based solutions included “living” games,
which the elderly could play by walking through
them and board games suitable for the visually
impaired. After evaluating the ideas, using the
design challenges, the most suitable concept was
chosen: a sound based memory game. The choice
for a small, low cost game was made with the
current financial situation of retirement homes in
mind. The sound based memory game enables the
elderly to be independently active and socialize
with others, whilst improving their locomotion and
mental abilities.

Playing the regular memory game is nearly
impossible for most severely visually impaired
people. Besides the fact that they cannot see the
cards, it is also difficult for them to remember the
location of any particular card. The only method
for them remembers the location of such a card
would be to count all the cards above, below and
on the left and right side of it. Remembering this
for a whole set of cards would be very difficult.
With this game elderly are stimulated to use the
cognitive behaviour in a playful way. Next to this,
the game will be a social event which means they
have to play together and have to move to the
community hall. Because of this, it will directly
implement stimulation for movement by elderly
people. Besides, the game will add value to
preserve the locomotion skills of the arms, hands
and fingers.
Still, with the memory game as design guide line,
the game can be designed in different manners.
Therefore, various brainstorm sessions were
completed on the usage and interaction of the
game. Finally, the most suitable options are tested
and implemented in the final game. These are
briefly discussed below.
Coordination system
To guide the user through the game a smart and
simple system is needed. Chosen is to use fixed
buttons on a playground which can be pressed to
hear the specific sound. To recognize which
button is which sound, decided is to add different
textures. These textures are the coordination for
the user. For example; the metal texture is a
ringing bell. The user can remember this and when
the same sound is found the user can remember
that the metal texture was the same sound.
Because the other user can be visually impaired as
well, it is important that he too knows the
coordination of the sounds. Therefore, both users
hear an explanation of the texture before the
actual sound e.g. the user presses the metal
texture, the game says “metal” and afterwards it
will provide the sound.
Sounds
To make the game more various, different sounds
can be added to the memory game. These sounds
can be spoken words, songs, sounds from animals,
environment and so on, as long as they differ
enough from each other.
Textures
Avoiding confusion by the user it is important that
the textures have different feelings. These textures
can be for example metal, wood, wool, fabrics,
sandpaper and so on.

Testing
To find out if the game is working properly a test
setup is made. Several different textures are
gathered and an interface with different animal
sounds is generated. These textures are taped to
the table in random order (Figure 4). Then every
two textures are randomly connected to one
animal sound.
First, the test is done with the students of the
group to experience the game. In this first session
several remarks are pointed. With the remarks of
the first sessions a second test is done with two
aged participants which were not involved in the
process and had no knowledge of the textures on
beforehand.

Figure 4. Test textures
Results test 1
The following remarks were made during the first
test:
- Who of the two players is playing?
- Where is the end of the playground?
- What to do with the guessed tiles?
- Was that the same sound?
- What kind of texture is it?
Results test 2
The following points were noticed or remarks were
made during the second test:
- First time use: what name is what texture?
Learning curve, once they heard the
sound and felt the texture it was clear.
- Playing before it is their actual turn.
- Eight pairs were too little, they wanted to
play longer.
- What kind of sound was it?
- Did I hear that sound again?
Finally, these results are implemented in the final
game. The final working principle, interaction and
improvement of the game are described in the
next sections.

Final Design Concept
The sound memory game is named Kyok, which
means memory in Korean. Kyok offers an
alternative for both the images on the cards and
for locating the position of individual cards. The
picture below illustrates the game. (Figure 5)

Figure 5. Kyok
Kyok consists of two identical playing fields. The
game can be played both by one or two players.
This enables the elderly both to socialize with the
game and to be able to play it on their own.
Each participant plays on his or her own field. This
enables people who are limited in their reach (like
people in a wheelchair) to be able to play the game.
The two playing fields are large enough to span a
table, enabling the participants to sit right next to
it. To play, the game has to be folded outwards.
The hinge in the middle makes it easy to adapt the
game to different table widths. When the board is
adjusted to the correct position a button on the
back should be pressed to lock the hinge; so
people can press on the game without risking to
flatten the game.
The game is powered by a laptop style battery
which can be recharged by connecting it to the grid.
At the start of the game, a daisy player disk needs
to be inserted in the disk slot (if it is not already
inside), this disk contains the games programming
and sounds. Activating the game happens by
pressing the “1” button or the “2” button,
depending on the number of players. These
buttons are shaped in such a way that blind can
determine their meaning by feeling them. The
game then confirms the number of players by
saying the number out loud. Both playing fields
have their own speakers aimed at the participants
to make sure that the participants will hear the
sounds of the game.
The game starts when the play button is pressed
(the triangular green button): the game then tells

the player which player may start; player 1 or
player 2. The number of each player is written on
the side of the game by means of a relief.
Each playing field consists of 24 buttons, each with
a recognizable texture. The computer generated
model used as an illustration has the following
textures: From left to right and from top to bottom
Sandpaper, Wood, Wool, Feathers, Fur, Leather,
Concrete, Bubble plastic, Diamond plate, Rough
carpet, Ridged plastic, Soft plastic, Reed, Zipper,
Paper, Cork, Sponge, Aluminum foil, Cracked stone,
Bark, Tire tread, Perforated steel, Lego and Small
pebbles. These materials make each button
recognizable, even if a player can’t see its relation
to the other buttons. After playing the game
several times, players may remember the overview
of the textures which can be perceived as a
coordination system. The buttons have to be of a
proper size to feel the texture. That is why Kyok
has buttons of 7x7 cm. In between the buttons is a
spacing of 1 cm which generates a fellable
transition to the next button. There is also a raised
edge to indicate the size of the playing field.
In each turn, a player may press two buttons. Each
button activates a loud recognizable sound (for
instance the sound of a cow or a duck, Figure 6).
Each sound can be found twice on the playing
board. By remembering which texture is connected
to which sound, a player can find which buttons
make the same sound. (Figure 8)
Since the opponent cannot see which button has
been pressed, the game will also tell the players
which texture has been pressed. The game also
tells the players when their turn is up, to prevent
confusion. A turn ends when a player does not
press two buttons which make a similar sound.

Figure 6. When a button is pressed

Figure 7. Not correct, other players turn

Figure 8. Correct answer, go again

Figure 9. Final design concept

When a button with texture is pressed, it will stay
in the pressed in position by means of an
automated electronic switch. This way, a player
knows which button has been pressed in. If the
turn of the player is finished the game releases the
switches and the buttons will come back up. If a
player presses a button while it is not his turn, or if
a player presses more than two buttons, these
buttons will not stay in the pressed in position, nor
will they make a sound.
If a player presses two buttons with the same
sound, these buttons will stay in the pressed in
position for the rest of the game, indicating that
the sound behind these buttons has been found.
The texture on the buttons can still be felt. This
may aid the participant in locating the sounds
behind surrounding buttons.
Depending on the games inner complexity, the
buttons on the side of the opponent are either also
pressed in automatically, or the game requests the
second player to also press these buttons. This will
ensure both players know which buttons have
already been guessed, and which ones have not.
When every sound pair has been guessed and all
the buttons have been pressed the game will
indicate which player has won. It will then release
all the buttons.

Evaluation
The main goal of the project was to stimulate
movement by visually impaired elderly in
residential homes. After the user research, four
challenges were defined to reach this goal: to
improve the independence of elderly, to simulate
elderly to go outside, to avoid the separation and
isolation of visually impaired elderly and to take
the recent budget cuts into account. As a result, a
sound based memory game was created to achieve
this goal and meet the challenges.
The main goal of the project; the improvement of
the physical activity was achieved by this game by
stimulating the locomotion skills of the elderly.
Because of this game, the elderly are encouraged
to use and stimulate the sensitive parts in their
fingers and to use the muscles in their arms.
The challenges set in the project were also largely
met. The game provides the user opportunity to
play it independently, because it is designed in a
simple and smart way. A blind person can play it
unassisted.
The game does not specifically stimulate the
elderly to go outside, however, it can be easily
played outside and if the game is placed outside it
may attract people to come outside as well.
The game is understandable for everyone, which
means it is not only a game for visually impaired
people but people with normal eyesight can play it
as well. Visually impaired people and non-visually
impaired people can therefore play the game
together.
Because it is a stand alone game, staff is not
necessarily needed, which means they can do
other activities which have higher priority.
Additionally, it offers an extra opportunity for the
elderly to preserve their cognitive skills in a playful
manner. The elderly are stimulated to use their
memory, thereby preserving it as long as possible.

Discussion
The most need of the visually impaired elderly is to
stimulate their motor skills and metal ability. Bad
eyesight or total blind cause passiveness and as a
result chances of using motor and mental abilities
are declining. The sound memory game stimulates
the elderly to use those abilities by themselves or
even more as they socialize with others.
Through the observational research, entertainment,
for instance sit dance, was very effective way of
improving physical ability while enjoying it.
Therefore, the entertaining means were taken into
account in the design process and the final design.

The sound memory game is not only suitable for
the visually impaired but also for people in
wheelchairs, (visually impaired) children and also
people without impairments. It can be used
regardless of physical status which means most
people have chances to get involved and socialized.
In the next development phase, further research
may be done on the interaction with the game.
Especially a study on people’s recognition of the
texture on the buttons could help to make the
game more clear. If a texture is not recognizable or
if it cannot be distinguished from other textures,
the benefit of using textures is lost.
The title of the game can also be a subject of more
research; it should be clear and recognizable.
Furthermore, there are a lot of opportunities in the
use of different sounds in the game. Therefore a
user research may be done on this subject. This
research could explore which kinds of sounds are
favoured by elderly and which are clear and loud
enough to be used in the game.
For this project feedback was received from the
staff of retirement home Goverwelle (19), after
they were presented with an explanation of the
game and some illustrations.
Described below is the feedback and the
conclusions drawn from it, which, in further studies
of the game, must be taken into account.
The response from Goverwelle on the game was
generally positive; it was indicated that they would
be interested in testing the game if it is developed
into an actual product.
It was noted it should not be considered childish by
the elderly. For the game to become a success, it
should be established in a wider study, that elderly
people will enjoy playing the game.
The physical stimulation of the game was
considered minimal; it was however recognized
that the game offered a mental stimulation. If the
physical aspect is to play a role in the game it
should be elaborated in further research; for
instance by offering a more extensive/physical
interaction with the game.
The current model has only one sound setting;
since not all elderly have the same sense of hearing,
the volume of the game should be adjustable. A
clear and simple solution for this could be a
recognizable revolving button (as also used in
many older applications).
The use of heavy colour contrasts in the game was
recommended (for instance black on white) since
this would help people with a limited eyesight to
still differentiate the buttons. Adhering to this
recommendation would make the game more
playable for the majority of the end users.

The use of textures was perceived possible;
however it was noted that many (of the current)
textures are not easy to clean and may wear off
quickly; which is a serious drawback in a game
which has to be used by touching it. The use of
cleanable and durable textures is therefore
strongly recommended.
Textures or the names of textures may not always
be recognizable; having the game mention these
textures may cause confusion. It is therefore
recommended that a more extensive study be
done to the recognition of textures (or features
that could replace textures within the game; like
for instance recognizable shapes)
Currently, the model of the game uses daisy disks;
however, it would also be possible to use more
compact media, like SD cards or an USB connection
to load the sounds and games; maybe even other
games then memory.
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Samenvatting
Het aantal ouderen met een visuele handicap is
groeiende in Nederland. Het probleem is echter
dat zij niet meer in staat zijn om de gebruikelijke
hulpmiddelen
voor
visueel
gehandicapten
gemakkelijk te leren gebruiken, door hun hogere
leeftijd. Een ander probleem is het gebrek aan
fysieke activiteit door hun visuele handicap. Ze
kunnen niet zelfstanding naar buiten of zichzelf
onderhouden. Gebaseerd op de resultaten van
onderzoek met visueel gehandicapte ouderen in
Gouda en theoretisch onderzoek naar visuele
handicaps en bestaande hulpmiddelen, is er een
memorie spel ontwikkeld dat gespeeld kan worden
door zowel visueel gehandicapten als niet
gehandicapten.

