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Meet The Team

My name is Caoimhe Monahan. I am 16 years old. I go to school at Mount
Saint Michael Secondary school in Claremorris, Co. Mayo. I like playing

volleyball.

Alt text: Image shows a blonde girl standing in front of a white background looking at the
camera.

My name is Aoibheann Mangan. I am 15 years old and I also go to Mount
Saint Michael Secondary school in Claremorris, Co. Mayo. I like cooking.

Alt text: Image shows a brown haired girl standing in front of a white background looking at
the camera and smiling,
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Summary
According to Census 2016, there are over 54,810 people with a visual
impairment in Ireland. 54,810 people, amounting to 1.2 per cent of the
population, have a sight-related disability, this figure is 3,092 higher than
in 2011, representing a 6 per cent increase in just 5 years.

People who are blind or visually impaired often rely heavily on technology
and or carers to allow them to live as independently as possible and to
participate in education and in the workforce. Examining technology and
the needs of the visually impaired, we discovered a huge gap in supports.
In primary school young visually impaired students learn to read and write
using braille, while as they age and work towards college and workplace
employment, their skills of working in braille are often omitted when it
comes to typing. The visually impaired often have huge difficulties with
typing and finding technology to support them in doing this.

Our project is to plan, design and build a prototype for a fully functioning
keyboard for blind and visually impaired people. We have chosen to do
this seeing the braille skills the visually impaired develop in schools and
the lack of accessible and fully functioning braille keyboards out there.
Current keyboards mainly focus on large font, colour keys or if they do
feature some braille, they are either very expensive and have  a very
limited number of keys on them. Keyboard covers with braille are
available but durability is reported to be very poor in these with the heat of
keyboard and the friction of usage meaning they wear down quickly and
also almost every computer keyboard size is different these days and you
would be unable to use these to plug in and go with your mobile phone or
into a gaming platform for example.

When covid arrived, education and many jobs went online it was a time
when many people moved to technology. This would have been an
especially difficult change for people who are blind or visually impaired.
Our research showed us that having a braille keyboard would make access
to technology and typing in particular a lot easier for them. It would help
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technology to enable them to remain socially involved in pre-pandemic
social gatherings and employment that they would have had prior to the
covid 19 pandemic. It is widely known that blind and visually impaired
people face many difficulties interacting with technology due to it not
being accessible for them.

People with a visual impairment or blindness will be able to better perform
technology-based tasks with a fully functioning braille keyboard which is
easy to use and is widely available. This is why we decided to come up
with our project : Detachable Braille Keyboard. Detachable Braille
Keyboard is a keyboard for those who have a visual impairment or are
completely blind. It is similar to your standard QWERTY keyboard,
however, all the keys shall be Braille instead of letters. Our Detachable
Braille Keyboard is a small portable keyboard that is designed to be user
friendly and easy to transport and use with different devices.
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Introduction
People who are blind or visually impaired often have difficulty typing and
finding technology to support them in doing this, thus leaving them with a
huge discrepancy of access to both education and jobs compared to their
peers.  In terms of both college and school, work is these days more than
ever being assigned online. Technology in terms of accessing the content
you sent by for example text to speech has been developed at a greater
speed than that for the return leg of the assignments journey. Scripting and
speech to text are slower processes than individual typing, meaning many
visually impaired people are spending far longer doing their work. Things
like ‘Proof reading’ or in their case being read something back or hearing
it back from the text to speech setting require extra concentration above
and beyond that which the rest of us can gain reading over and seeing the
written text for ourselves.  Skimming is not an option for the visually
impaired. According to the National Council for the blind in Ireland
“There are extremely low levels of registration of students with vision
impairment in higher education nationwide. Alarmingly, AHEAD
(Association for Higher Education Access and Disability) found in 2017 /
2018, only 1.8% of students registering with a disability at third level
(undergraduate and postgraduate) had a vision impairment, which
represents the second smallest category of students with a disability in
third-level education.”

Moving onto the workforce and without accessible supportive technology,
the visually impaired will find themselves excluded from many jobs which
rely heavily on typing skills. In fact, that same census mentioned above
found that “the level of labour force participation amongst people who are
blind or vision impaired in Ireland is only 24.4%. This figure means less
than 1 in 4 people with impaired vision are currently actively participating
in the labour force. People with visual impairment have a 60% less chance
of being in employment than the general population.”
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Our project was to study technology and how it aids the visually impaired
and to see where it has yet to advance in line with their everyday needs. In
examining how the visually impaired learn at school, we discovered the
amazing achievements braille has helped students with in terms of
accessing reading materials and increasing their levels of communication.
It was the move from reading to independently working on projects where
we saw a significant gap in what technology had to offer.  From there, we
set about creating the detachable braille keyboard, a small portable
keyboard, designed to be user friendly, easy to transport and
interchangeable with different devices.
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Background Research
According to the Central Statistics Office (CSO) , in the Census of 2016
there were 54,810  people in Ireland who are blind or visually impaired. In
the previous census in 2011 just five years previous that figure was only
51,718 meaning there was an increase by some 6% in the number of bling
people living in Ireland.

Alt text: Image shown is a bar chart from CSO website showing the number of people on the vertical
axis and the age ranges of people on the horizontal axis. It displays the number of males in dark blue

and females in light blue in each age range who have a serious visual impairment or blindness.

Examining these figures, you can see that a large portion of those currently
living with blindness are in the age ranges of education and the workforce.
It’s also important to note that while many of these people may have been
born with optical problems, some people develop blindness in later life.
Some of these will see an onset of visual reduction and have time to learn
new skills while others will be sudden and without warning.

Examining then, what difficulties people with visual impairments have, we
again examined the CSO figures from the 2016 census. It showed 34.4%
of the visually impaired reported difficulty with working at a job or
business and in attending school or college.  It was this statistic that we
decided to further examine as with covid 19 and the whole shift of
education and work online, it was something we ourselves found a
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difficult transition and we believe there might be a significant increase in
people reporting it as a major difficulty in the next census.

Alt text: Image shows a horizontal line graph of four dark blue lines showing the difficulties
experienced by people with a serious visual impairment or blindness on the vertical axis and

the numbers in thousands on the horizontal axis.

We were shocked when studying the needs of visually impaired people to
see such high levels of unemployment and low numbers moving from
secondary education to third-level education.

Once we had chosen to examine how technology assists those in education
and the workforce, we were keen to see how blind people learn in primary
school and the key skills that enable them to access education. On
speaking to several people working with visually impaired children,
teachers, SNAs and primary school principals, we began to focus on
braille as it is a key skill enabling visually impaired children to read
independently.
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So, what is Braille?
Braille is a tactile reading and writing system used by people who are
visually impaired, including people who are blind, deafblind or who have
low vision. It can be read either on embossed paper or by using refreshable
braille displays that connect to computers and smartphone devices. It was
invented by Louis Braille, a Frenchman in 1829 having been inspired by a
communication tool created previously by Charles Barbier. He said that
"Access to communication in the widest sense is access to knowledge, and
that is vitally important for us if we [the blind] are not to go on being
despised or patronised by condescending sighted people. We do not need
pity, nor do we need to be reminded we are vulnerable. We must be treated
as equals – and communication is the way this can be brought about.”

Braille is a form of written dots in which the characters are represented by
patterns of raised dots that are felt with the fingertips or by computers and
smartphones. It is used by blind and visually impaired people worldwide.
Braille is not universal, there are many different versions of braille -
Japanese braille, for example, mirrors their written symbols while closer to
home there are differences in the type of braille alphabet used in France.
Visually impaired people are able to see to a certain degree but Braille can
still be very useful for them.

We decided to further examine how braille is used in further education and
in the workforce and while it is taught to many, it seems to be lost or
replaced by other technology at later stages in education and in the
workforce. This to us seemed to be a huge disparity in something those
who use braille were so familiar with and skilled in using.

Blind and visually impaired people suffer immensely from accessibility
issues with the usage of technology, especially keyboards. The internet
accessibility for many of them is pretty poor as there is a lack of spoken
feedback, a large cost, massive changes in the development of the internet,
the time required to learn the new changes made, the adaptability of the
keyboards, computers and mobile phones, etc. Census figures show that
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since the year 2011, there’s been a 20% increase in children under the age
of 18 having a visual impairment. They also have difficulty accessing
technology, which is increasingly hard for them especially because
technology is used more often in schools especially during the lockdown
of COVID-19. As well, there are extremely low levels of registrations of
students with visual impairments in higher-level educations (Secondary
Schools and Colleges). AHEAD (Association for Higher Education Access
and Disability) found that in 2017 only 1.8% of students with disabilities
in third level education were visually impaired or blind which is the
second smallest category of disabled students in third-level education.

Typing is not a visual activity if learned correctly. However, learning to
type does rely on learning the placement of the keys. Thus, a blind or low
vision typist would benefit from Braille keys in the process of learning.
When researching, we came across a former Senior Assessor/Lecturer at
the Royal National Institute of Blind People, Ian Gourlay. He said an
advantage of a braille keyboard is speed  “I can rattle in full grade 2 code
far faster than I could ever do on a QWERTY keyboard.” He said the
disadvantage is that in order to use it you need to learn braille. We also
believe that for those who develop blindness as they grow older, the
familiarity with keyboards and how they work/their rough layout would be
hugely advantageous upon learning braille to keep a link to prior activities
a person would have done when fully sighted.

Having made the decision to focus on typing and keyboards, it was time to
examine what is already out there and examine if a braille keyboard would
work well. Here is some of what our research showed, all of which
solidified our belief that the detachable braille keyboard would be hugely
advantageous.

Refreshable Braille
A refreshable Braille display is like a miniature screen sitting in front of a
keyboard, it is capable of displaying a line of Braille by raising and
lowering small plastic pins. You can easily move your hands between the
keyboard and the display and read the text which is displayed a line at a
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time. These seem to mainly be used to read from computers as opposed to
typing.

TalkBack Braille Keyboard by Android
During our research on what other Braille Keyboards are out there, we found
TalkBack Braille Keyboard which is a built-in Braille keyboard on Android
Phones. It uses a six-key layout and each key is representative of one of 6
braille dots, which makes a symbol or a letter.

Alt text: Image shows a smartphone turned sideways with a blacked out screen and 6 white
round circles 3 to the left and 3 to the right to represent braille placement.

While this may be useful, it is only available on Android phones and not
everyone uses an Android Phone. As well as that, some blind people may not be
able to see the numbers on the phone and would be unable to use it. Another
problem would be if a Secondary School or College Student had to type up a
long essay, using it would be very time consuming and quite inefficient.
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Pictures of other keyboards out there

Alt text: Image shows 4 different types of computer keyboards used by visually impaired
persons. All are black in colour and have keyboard keys some with braille indentations on

them, some with larger font letters and one with keys like refreshable braille.

There are also keyboards out there with larger sized letters for visually impaired
people to use.

Another thing we had to research as we advanced our project was how to
use a 3d printer as neither of us had ever used one before. We studied some
videos on Youtube as well as reading the manual for the printer and this
book by Joseph Pruso.
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Alt text: Image shows an orange book cover with a large image of a 3d printer and under it
some white writing saying “Basics of 3d printing with Joseph Pruso.

We added the rest of this work into the experimental methods section of
the project to reflect this as step by step learning.
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Experimental Methods

To begin with our experimental methods, we first had to discover how
keyboards work. The first thing we did as an experiment was to take apart
an old keyboard to examine what they looked like on the inside,
investigate their components and the means with which the keys were set
in and stuck on.

The keyboard layout

Alt text: Image shows a white qwerty keyboard showing the keys in black surrounds and the
letters/icons from them in back writing,
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Key Mount
Alt text: Image shows  a hand holding a black piece of a keyvboard with raised boxes where

keys are mounted on a keyboard. Other keyboard parts lie on a table in the background.

Electrical contact layers
Alt text: Image shows a wooden table and on it a sheer sheet with white electrical lines

running through it and electrical buttons for contact with keys.
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The rubber that allows the keys to be pressed
Alt text: Image shows a wooden table and on it is a keyboard sized rectangular piece of
rubber with little white dots along it to represent areas where keys press on a keyboard.

Inside of the keyboard
Alt text: Image shows a keyboard that has been opened up and shows the layers inside it (all

of which are mentioned in the previous images)
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Front of the keyboard
Alt text: Image shows a wooden table and on it is a black keyboard showing all the letters

and icons .

When we took apart the keyboard, we saw that the main circuit board is
attached at the side of the keyboard and there are several layers that are
conductive and complete the full circuit which allows it to work and type
the letter when each key is pressed.

Details on how keyboards work
Keys have a little hole on the bottom and in that hole has a little bar. When
the key is pressed, the bar touches the circuits below. The two electrical
contact layers come together and the keyboard sends a signal to your
computer to say which letter/symbol/number has been pressed and what to
type. The electrical contact layers allow the keys to be able to run in a
circuit.
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The 3d Printer
As neither of us knew how to use the 3-D printer, we had to learn how. The
printer we are using is the Original Prusa i.3 mk3. This printer uses 1.75mm
filament. The first thing we had to do was plug the printer in to be able to set it
up. Once we had that done, we had to set the language on the printer (It gave
multiple choices but as we speak English, that is the language we chose). Then
we had to calibrate it to see if the bed and the extruder (which does the printing)
could move along the X, Y and Z axis without stopping or moving down too far,
too much to the left, etc. Once it was calibrated, we had to insert our filament
into the printer and finally, we had to insert an SD card that had a test print
added to it to test it print.

The Prusa printer has its own library of templates and models to use for 3d
printing, however none of them were of braille keys which is what we were
printing. We also looked at some other online 3d printing libraries as there is
often no point reinventing the wheel if there are some files out there that work,
we would edit them to suit what we needed. Below is an image of some of the
repositories that we used to research.
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Alt text: Image shows a selection of website images and some text detailing what each of the
websites is about.

The ways we can design our own templates was using tools like SketchUp,
TinkerCad and blender.

Alt text: Image shows an image of the blender homescreen and of Auto cad homescreen.
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We made a mock-up version of what we wanted to do in sketch up

Alt text: Image shows the braille key we designed for the letter a it has the 6 dot braill
representation of the letter and a raised mini letter a in the bottom left corner,

This is the link to the design we used Braille Key Caps | 3D CAD Model
Library | GrabCAD

The 3d Printing Jouney
Next, we decided what way we wanted to make it (Using what materials and
what size). Our options were:

● To make the base and keys using silicon and that way you could roll it up.
However, we decided against this because if you rolled it up, the
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hardware required may get broken or move around out of place thus
resulting in the keyboard not working.

● Using Resin casting to make the keys. We won’t make the keys this way
because the resin is pretty expensive and neither of us knows how to

make things with resin. It can also break easily if dropped and then will
be inefficient.

● 3-D printing the keys and the base of the keyboard and adding the
hardware into the shell of the keyboard. We chose this method because

the keys will last longer that way. However, this method may be the most
time consuming to print all of our components.

When we were first trying to use the 3-D printer, we realised we had ordered the
wrong size filament as it did not load into the extruder in the correct way and
got stuck in the middle. The filament took 2 weeks to arrive. Then we ordered
the right size and it arrived a week later, as did Storm Barra. As the power was
flickering on and off before we lost power for the whole evening and most of
the next day, the printer would not work. So we sent the files that we had to a
teen-turn mentor who offered to print them for us and she sent us the photos of
the process so we still felt involved. A massive part in this is knowing our files
will work when we get the printer here working, so we know that we can do it!

While we were working with a Prusa 3d printer this image below shows the
printer that we got our design printed on, it is a reisin printer which was super
past and effective at printing our file.
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Alt text: Image shows an ANYVUBIC 3d resin printer

Alt text: Image shows our keys being printed by the resin printer.
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Alt text: Image shows two photos of the setting up of the printer to print, it shows the pre
prepared image of what the completed file will look like and the screen of the printer.

23



Results
Through our research, we came up with a design for our keyboard. We wanted
something that would be user friendly and could be detachable so people using
it could bring it anywhere with them and use it for all their projects or their
work, schoolwork, etc. Initially our hope was to print a keyboard on silicone
that you could roll up, however as we worked our way through the design
process and learned about the print process we realised it was going to take a
long time to get to that stage. We then set about printing keys for our keyboard
that we already have taken apart and will rebuild it with the braille keys as  a
complete braille keyboard which will be detachable and mobile as it uses a usb
connection and we have adaptors to allow it fit to both charger phones and
iphones as well as to the nintendo switch and xbox.

First, we designed a mock-up sketch of what we thought it should look like

Alt text: Image shows the computer generated image we designed of a keyboard with white
keys on it and the braille letters, numbers and symbols that we designed for printing.

This is a sketch we made of how we wanted our keyboard  to look.
After we made our 2-D sketch, we decided to make a 3-D sketch using
SketchUp. We made this sketch to see how the Braille would look when we
printed it out.
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Alt text: Image shows a 3d image of a computer keyboard diagonally on the sketch up screen.
The keyboard is black and the keys are white and have braille on them.

This is  a 3d design of what it would look like with the braille keys attached.

We made a mock-up version of what we wanted to do in sketch up

Alt text: Image shows the braille key we designed for the letter a it has the 6 dot braill
representation of the letter and a raised mini letter a in the bottom left corner,
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Prototype 1
For our first prototype, we decided to only print out the keys and add them onto
the keyboard. As we did not know how long it would take to print out the whole
keyboard we decided to do this first. The single keys were easy enough to print
and took about 4 hours to print.

Prototype 2
For our second  prototype, we decided to print out the keys and add them onto
the keyboard we already had taken apart and rebuild it as a braille keyboard.
Due to issues with the printer, we were unable to print it with the printer we had
access to so sent our file to be printed for us.
The keys were printed and we then added them to the keyboard.
It made a perfectly functioning braille keyboard and we were very happy with
the result.

Alt text: Image shows an ANYVUBIC 3d resin printer
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Alt text: Image shows our keys being printed by the resin printer.

Image to be added here of completed keyboard
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Conclusions and Recommendations
From our extensive research and study, we concluded that the Qwerty
braille keyboard would be the most widely used keyboard. We were very
happy to conclude that that was the best type of keyboard to use. We
printed and tested our keyboard ourselves and were very happy that it was
fully functioning. We would also like to test our project out with blind and
visually impaired people in Ireland to receive feedback and ensure that the
durability of the braille keys is sufficient for long term use and ensure that
as is the case with silicone overlays, it wouldn’t wear down very quickly
causing added expense in its replacement and reducing its effectiveness
through use as parts wear quicker in places than others. As there currently
isn’t anything like this keyboard out there and certainly not in the price
range what we have done is, we feel we solved our hypothesis with this
project, however we want to go further and do more.

Our next steps will be to completely 3d  print the keyboard itself, the
mount and the sections between the keys and stand electrical components
and all but as a lead up to what we really want to achieve.  In the future,
we would love to be able to create a roll-up braille keyboard that the
visually impaired could fit in even the pocket of their coats to move from
place to place. Ideally, we would love this to be wireless and have
Bluetooth capabilities to link up to many different types of devices.
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Appendices

https://www.prusa3d.com/downloads/basics-of-3d-printing.pdf
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The Braille Alphabet
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Braille Punctuation
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