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Introduction
For the past few months, we have been working on redesigning the keyboard that is used
with eye tracking software. Our keyboard is designed around the idea of making navigation
on the screen easier for the eye, specifically for the disabled community. Eye tracking
software is a new technology with plenty of areas for improvement. Our design will
improve upon eye tracking devices that are used for communication by providing a
keyboard that allows for more ergonomic navigation and faster use.

Purpose
Our goal of this design is to create a keyboard for the disabled community that is used
along with eye tracking devices to allow the user to communicate faster and more
comfortably than ever before.

The Problem
Eye tracking in its current form is a relatively new technology. Since 1879, it has been used
to track where people look on pages (both digital and physical), but it wasn’t until 2001 that
control of a webpage, through the eyes, was invented. Since then, eye tracking has become
the standard of communication for many people with disabilities.
Within the disabled community, eye tracking software has been able to help people
communicate on their own again. There are many disabilities that cause a person to lose
their ability to speak or move, and eye tracking software has been key to developing
devices that read the movement of one’s eyes on a keyboard. This allows them to interact
with others on their own. However, this is also the basis of our design problem. The
keyboard that is being used on these devices in the status quo is your standard QWERTY
keyboard, which was designed for ease of use with hands and fingers. When using a
keyboard that was designed for the hands with your eyes (which most eye tracking
companies are currently doing) it makes use more difficult and uncomfortable. While the
standard keyboard’s design is familiar, a new design is needed for eye tracking software to
perform at its best. A keyboard designed around the eye would allow the user to
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communicate more quickly and comfortably, allowing disabled users to feel more at home
when conversing with others.

Importance to Us
Often, groups working on these types of projects are encouraged to brainstorm multiple
ideas and pick the best one farther down the line. However, creating this optimized eye
tracking keyboard was a very early idea for us. We both saw that there was possibility for
improvement in this technology, and soon after exploring it, identified a specific area we
were passionate about solving.
Morgan Louis
Personally, I do not have a connection to the technical side of this design. My passion for
this project comes from wanting to help the disabled community. When we decided to
work with eye tracking software, my first thought was how this software has helped people
living with disabilities be able to communicate. The reason for this was because in high
school, I worked with the disabled students at my school. My junior and senior year, I took
a class called LABB that put me as a student aid in the classes for the disabled students.
From this class, I learned a lot about the disabled community, but more importantly, I met
several people that impacted my life. I was very nervous when I started the class because I
had no experience working with disabilities. However, I very quickly became comfortable
and began to learn about their lives. All the students in the class were very welcoming of
me and I became friends with all of them. I gained knowledge about what it is like for them
to live in a world surrounded by people that do not have disabilities and do not understand
what living with disabilities is like.
Due to this experience, I have become more aware of the possible mistreatment and
challenges that the disabled community faces. I began to be more aware of how disabled
people were treated and the possibility of this keyboard being able to help them excited
me. It did because I knew that so many great people face challenges that we can not
understand. If this design would be able to make some kind of difference in their lives then
the project would be worth it in the end for me.
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Swasti Mishra
My passion for our keyboard comes from a lifelong interest in learning how people
communicate. This interest originally manifested in drawing and painting, public speaking,
and working with organizations that helped me practice empathy. Through these activities,
I met people with experiences vastly different to mine, learned about the things they care
about, and how to convey ideas that resonated with them visually and through speech.
This is the background that I took into our project. In the same way that we invented
computers to speak to those far away from us and the computer mouse to make that
communication easier, I believe that eye tracking is the next frontier in bringing people into
the conversation. I am excited by our project because I’d like to meet people who have
struggled to communicate because of technological limitations in the past. I want to know
what they have experienced and what they look forward to, and I believe our project can
help us all achieve that.
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Value
We both feel that the end result of this project could lead to significant changes in the
disabled community and within technology as a whole, which we expand on below.

The Disabled Community
The goal of this design is to make communication faster for the disabled community. The
initial development of eye tracking software caused a huge improvement in the quality of
life for people with disabilities that needed help communicating. Within five years, Tobii, the
leader in eye tracking technology, had brought its product to more than 7,000 users. Their
product improved these user’s lives because they were now able to communicate on their
own with the help of a device that tracked their eye movement. However, there are
problems with the design of the device.
The three main problems are as follows:
1. Eye tracking still relies on a keyboard optimized for typing.
2. Eye tracking is still quite slow, as compared to the average conversation.
3. Eye tracking doesn’t optimize color to its benefit.
From the outset, these seem like simple problems. However, if addressed properly, they
can greatly increase the quality of life for disabled users even further. Our product will
support the disabled community through allowing them to express themselves more
efficiently and with greater comfort.

Technology Improvements
This design would also help to advance technology that relates to eye tracking. At the
moment, eye tracking is mainly being used for research and studying the movement of the
eye. The implementation of this keyboard will encourage use of eye tracking in more
devices along with the creation of other new technology that will work with eye tracking. In
the far future, we hope to integrate our technology into smartphones and other devices to
bring eye tracking to a larger population.
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Requirements
While designing this product, we wanted to make sure that we researched all of the
possible requirements for our design and how to design a keyboard that would suit our
customers the best. In the following sections, we will explain our process in designing our
keyboard and how we looked at the needs and wants of our customers.

Initial Requirements Matrix
The matrix below shows our brainstorming and beginning thoughts on our project. We
later built our other matrices based on this matrix. Similar to the other matrices, we looked
at what our design requirements were going to be and who the stakeholders in this project
were. From that, we assessed the importance of the design requirements to the
stakeholders on a scale of 1 to 5. Below is the result of our brainstorming and the initial
thoughts on our design, along with the requirements we found through our research.
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Prioritization Requirements Matrix
Below is our Prioritization Requirements Matrix, which highlights the key functions and
design elements that we wanted to focus on. These elements were selected based on what
would allow our customers to have the best functioning design for their wants and needs.
This information was gathered from research into our technological area, but because this
is such a new field with few developers, we spent much time brainstorming new and
unique features we would additionally like to focus on.
The matrix also includes our stakeholders for this design. These stakeholders are the
people that are going to be most affected by our project. We wanted to focus on five
different disabilities and the people that directly support a person with disabilities to gain
insight into what the best design for all of them would look like.
We researched each stakeholder and design requirement to get the best understanding of
the elements in this matrix and design. We then, on a scale of 1 to 10, rated how much each
design element would be important to each stakeholder. From looking at our research, we
were able to create our design criteria which are at the bottom of this matrix. This matrix is
our final matrix that outlines what our goals of this project are.
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Specifications Requirements Matrix
The matrix below shows a compiled version of our research. We took our Prioritization
Requirements Matrix and researched each section of how our design elements related to
our stakeholders. To best design our keyboard, we knew we needed all the information we
could find relating to this project.
We researched our five disabilities, being cerebral palsy, ALS, autism, Rett’s Disease, and
concussions. Along with the disabilities, we researched products that were being made by
three companies, Orcam, Tulip, and Tobii Technologies because each of these companies
are producing products that help the disabled community with communicating. Our last
stakeholders are caretakers, hospitals, and the public. For these stakeholders, we
researched what the impact our product could have on them and what they currently do
for the disabled people around them.
We also researched our design requirements. Our main goal with this research was to find
out the way the eye worked and how fast it functions. We also wanted to learn more about
keyboards and the effect colors have on the brain, along with all the factors that go into our
design. In the matrix below, the result of our research is shown.
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Quality Function Deployment (QFDs)
To start selecting our requirements, we first considered what our customers were looking
for. To do this, we created a Quality Function Deployment which allowed us to look at our
product from our customer’s perspective. These matrices allowed us to analyze what is
going to be on the customer’s mind and how to best create a product that fits those needs.
From the first QFD, we looked at the initial wants of our customers and how to satisfy them.
The second QFD looked at how we were going to satisfy the customer’s wants and how we
are going to physically design our product to make sure those wants were satisfied. The
third QFD goes to further detail how we were going to ensure that their wants were met.
From our QFDs we were able to learn what some of our design requirements were going to
be and what to look at next for our design. Below are our three Quality Function
Deployment matrices.
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Analytic Hierarchy Process (AHP)
Our next step was to create an Analytic Hierarchy Process. The reason for creating this
graph and doing these calculations was to ensure that we were focusing on the right areas
of our project. We created two different AHPs, one that related to our stakeholders and the
other relating to our design requirements. The AHPs are done by looking at how each
individual factor may be more or less important than the other factor. By using this
method, we were able to focus on certain stakeholders and design requirements. The
process for deciding which element was more important to us was based on how high the
numbers were that were produced from this graph.
We were able to determine that cerebral palsy, ALS, Rett, and Tobii Technologies were
going to be our most important stakeholders. Along with that, we determined that how fast
our software runs, its ability to track “bad” eye movements, placement of letters on the
keyboard and the ease of movement from each letter on the keyboard are our most
important design requirements. This graph was able to help us focus our efforts on
elements of our project that could have the largest impact on our design. Below are our
Analytic Hierarchy Process graphs where our numbers are shown.
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Failure Mode Effects Analysis (FMEA)
The last step before creating our design was to build a Failure Mode Effects Analysis. This
table allows us to look at all the possible ways for our design to fail. This analysis was
critical in taking a step back from our design to evaluate what we were attempting to
create. We analyzed each input of our design and the ways it could go wrong for our
stakeholders.
From this analysis, we were also able to look at the functions we would need to include and
consider in our design to prevent these key inputs from malfunctioning. Finding where our
design would fail, we discovered how to design around these failures. We were also able to
evaluate which possible failures would be riskier to not design around. That conclusion was
drawn from the Risk Priority Number that was calculated from the Severity Score,
Frequency Score, and Deterrence Score. Those three scores were found from how bad the
effect on the customer was, how often the failure occurred, and how well we are able to
prevent the failure. Below is our FMEA showing all the possible failures, our solutions and
priorities for them.
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Design

Our product was built on a few design choices. Through optimizing for speed, we wanted
the user to be able to focus on the word they were typing, autocomplete the word, and
have a few common phrases always accessible.
Users naturally like to focus on the center of a screen, so the word our user types will
always be present in the center of the keyboard. Once they’ve completed typing the word,
they look back to the center, and the word will be filled in on the textbox or line above.
Around the center are suggested autocomplete words. If a user focuses on them, they will
be filled into the textbox above instead.
The rings around the outside of the circle contain the letters used to type. We chose the
placement of the letters with efficiency in mind, as the letters are organized by how
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frequently they come up in the English language. Starting at the left with E, and going along
the top of the ring to N are the most frequently used letters. The next set of letters are
from S to C, from M to P, and from V to Z. Along with frequency, we chose to align the
letters from left to right and prioritize going over the circle rather than under the circle
because of how the English language is set up- left to right and up to down. Of course, this
means that when we branch out to developing the keyboard for other languages
(specifically Eastern languages), we will have to format the keyboard in the opposite layoutright to left and bottom to top.
The color was based on our research. We found that the five types of disabled individuals
we sought to help respond most positively to cool colors, especially blues. With this in
mind, each letter is next to a letter of a different color, meaning eyes can adjust to the
boundaries of each key more quickly. Going further, the keys on the outside ring are less
saturated to encourage the eyes to focus on the innermost rings. This gently allows the
user to focus on keys they are more likely to use in this order: the word, the autocompletes,
and the most frequently used letters.
When not accessing the keyboard, a small moveable button will float on top of any
windows. This button can be moved to the top left, right, or any other side of the screen,
similar to Apple’s Assistive Touch. When the keyboard is in use, the textbox will be moved
to the top of the page, and the keyboard will float underneath.
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Business Model
For our business model, we formed three different stages of our plan that adjusts to the
development of our product.
1. Early Development: Accept Donations
This is not so much a business model, as something we see commonly when tools like our
are developed. Initially, we thought of making our product open-source, and accepting
donations to market our product, develop it further, and confirm community builds with it.
This would make it easier for others to update the keyboard with their languages and
discover new utilities for it. However, we later realized that we could benefit more through
acquiring community resources on a Kickstarter or GoFundMe type basis. In this way, we
would gain enough funds to grow the project, but we still keep our quality control
measures in place and are free to pursue the projects we find most important with our
technology.
2. Mid-Development: One-Time Expense
We would then transition to selling our product like Clip Studio Paint, Lockdown Browser,
or any other software that’s sold through an independent website. Disabled people would
be able to get it free through their insurance through partnerships we establish. Our initial
donors would receive it for free along with access to betas of new features. At this stage of
development, we would receive far more funds, and could begin to develop a) webcam eye
tracking, b) partnering with existing eye-tracking companies, or c) developing our own
hardware.
3. Established Development: Use of the upcoming Microsoft Eye Control Market
This is an idea based on a market that doesn’t exist yet, but Microsoft has already started
creating software with Tobii that will probably be sold on the Microsoft App Store.
Additionally, Microsoft has been encouraging developers to use its platform. If we sold
through this market, we could initially price the product compared to its competitors, and
then scale it up to meet demand. Additionally, we could open our product up to a much
larger market. At this point of development, we would be accessing people who aren’t
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disabled, and aren’t necessarily keyed into new technology. The Microsoft App Store is
democratic in this sense, and we would be able to welcome new users into our base.
Each stage described is available to investors of different types. And based on our focuses
for each stage, we are confident that investors will be able to both make money and
contribute to disabled people and a larger community in an effective way.
In the first stage, we are interested in individual, small-scale, investors. These people can
not only help us pay for development, they can show us who is interested in our product.
By being able to see our investors, we are reminded which stakes are most important in
our project.
In the second stage, we open up to larger investors. At this point, we will already have a
product that works, is backed up by public support, and is not a risk. Their investment
would be safe and fruitful, based on the projects we take on in the second phase of
development.
We developed this business plan based on the following scaling concerns.
1. We would need to have a website for people to download the product from.
a) We would need to buy a domain.
b) We would need to buy a website builder (whether that’s a person we employ, or a
person we employ and a Wix/Mailchimp/WordPress subscription).
c) We would need to cover team salaries.
2. We would like to explore scrolling, zooming, etc.
a) We would have to pay coders, for what we approximate at least one business
quarter to start, and then more following as the project becomes bigger and more
ambitious.
3. We would like to develop our own hardware.
4. We would like to bring this software to the mobile market as an eye keyboard for mobile.
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Reliability
We will run multiple betas in order to ensure we are delivering the maximum viable
product. Once we finish the first phase of development, we will offer our product to the
disabled stakeholders that we focussed on in our matrices (Patients with cerebral palsy,
amyotrophic lateral sclerosis, autism, Rett syndrome, and concussions.) This also means
that nurses, doctors, and caretakers will also be a part of our first beta, as they may be
setting up the software on their own. In this beta, we will gather feedback on how the
program works, what other features are wanted, and what features are being used the
most. However, we will also gain insightful data on how easy it is for busy healthcare
workers to set up our product. This may seem obvious, but many companies struggle to get
useful feedback from their first betas because they show their product to their friends and
family, who the product may not be aimed at. Alongside the more hands-on feedback
forms beta testers will have to fill out, we will also set up online feedback forms and a
helpline. These two features will only become more important as we open up to a broader
audience in the next two phases.
The next stage of beta testing will bring in the aforementioned community backers. These
investors are in a separate stage so as not to pollute the true goal of our product,
supporting disabled people. At this stage of development, we will have grown large enough
to support features that may not be necessary for disabled people, but do not draw away
from our product’s mission. Additionally, this stage would be an opportunity to grow our
interest base. It’s said that the best marketing is word of mouth, and when people who
have used our product talk about their experience, we can grow to a bigger market.
Our “last” stage will be more feature-based. While we have a vision for what our product
can become, it’s difficult to pin down what that product will require testing for. Instead, we
can allow users to opt into product “labs.” Essentially, when we test out new features in our
virtual lab, we can roll them out to users who are interested in these features. In this way,
enthusiasts can get an early look at what we are developing next, more serious users can
depend on a stable product, and we can gain valuable insight into what is and isn’t working.
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Conclusion
Our project has one primary goal, to increase the quality of life for disabled people. We
worked towards this through designing an optimized eye tracking keyboard, which through
ergonomic design and increased speed, would allow patients with cerebral palsy,
amyotrophic lateral sclerosis, autism, Rett syndrome, and concussions to communicate
similarly to people without a disability. We used design principles and applied research to
develop a keyboard that is aimed for use with the eye, rather than with the fingers. While
we intend to use existing hardware, we improved on software being used in the status quo.
Through this project, we believe that we can help disabled people communicate more
quickly and comfortably, thereby increasing their quality of life.
Additionally, we learned quite a bit over the course of this project. We learned that, in order
to build a product that truly works for its users, we had to clearly identify those users. We
couldn’t just identify “everyone” as our end goal, even if that may be true. We had to focus
on people with disabilities, and then people with specific disabilities, because different
conditions can manifest in very different ways.
We also learned about developing in the long term. That included answering questions like,
“Where do we want to go in a week? Three months? A year?” and “How do we plan for that
growth within our business and our community of users?” Developing that vision alongside
very specific goals and risks in the present was simultaneously difficult and exciting. It’s also
a practice we intend to carry into our further lives. Learning to live in the present while
being prepared for the future is a lesson that will extend beyond the confines of this
project.
The last thing we learned seems oddly specific, but is worth mentioning because it bodes
well for the future of PiBoard. Despite the speed of the tech world, eye tracking in its
current form is a relatively sparse field with few competitors. This means that there is much
still to learn and develop. We are looking forward to discovering all that eye tracking has to
offer.
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Appendix
Appendix A
Overview of Disabilities that Require Assistive Communication Software
There are several disabilities that affect the person’s ability to speak and their motor
functions. For the purpose of designing this new keyboard and software to help with
communication, we looked at the top users with disabilities that could benefit from this
product. These disabilities are cerebral palsy, ALS, Autism, Rett Syndrome, and the most
common brain injury, the concussion.
Relating to cerebral palsy, this disability largely affects the person’s muscle tone, posture or
movement. This can result in cases that need support in movement and speaking. This is
where our device relates to this disability, as it can help improve communication for people
with this disease. From our research, a symptom of this disability can be problems with
vision, field loss, oculomotor concerns, and cortical visual impairment. These effects could
impact the effectiveness of our design and needed considerations.
ALS stands for Amyotrophic Lateral Sclerosis. This disability varies quite a bit between
individuals. However, ALS is almost always accompanied by the overall weakening of
muscles that can start in multiple parts of the body. One group of muscles it is known to
affect are the ones that control speech. This means that ALS sufferers would absolutely
require assistance with communication. However, their senses are mostly not affected,
leaving their sight untouched. This allows for our design to be very effective for people
with ALS.
The next disability that could benefit from this product is autism. Autism also varies quite a
bit in people affected by it. However, our design could be very effective for extreme cases.
Their sight too is mostly unaffected, and they instead experience difficulties with social
communication. This design would help the ease of communication of people living with
autism and the factors of their disability will be acknowledged in the design.
Rett syndrome is a neurological and development disorder that primarily affects girls. The
symptoms affect the way their brain develops which changes their motor skills and speech.
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This makes it hard for these people to communicate and function without assistance. An
important factor when considering this disability for our project is all symptoms including
the eye movement. People with this disability tend to have uncontrollable eye movements
along with many other symptoms that need to be considered in the comfort of this
product.
The last disability that is being directly looked at are brain injuries, specifically concussions.
While this disability tends to happen later in life, it also varies greatly in the effects and
severity and can require help in communicating. Brain injuries can be known to affect
vision and muscle movement. The factors along with these problems can affect the
effectiveness of this design and use of the product.
Appendix B
Overview of Companies Producing Assistive Communication Software
Overall, our research showed that there are very few companies that are pursuing a project
similar to ours. The main companies we found relating to eye tracking technology were,
Tulip Vision, Orcam, and Tobii Eye Technology.
First, Tulip Vision is less eye tracking software and more a vision sensor. It is primarily used
on factory floors to do things like quality analysis, read barcodes, and define regions of
interest. We added it to our matrix for two reasons; first, in case we eventually need to
develop our own hardware, it would be a good starting point for tracking eye movement,
and second, as further proof that even the most applicable existing technology does not
quite fulfill the need that we are hoping to address.
The next technology is Orcam, which is a device that helps people read items like menus,
signs, and their surroundings while in public. This is also why so many of its boxes on our
matrix are not applicable. Similar to Tulip Vision, Orcam is an “eye tracking” technology that
doesn’t fill our specific needs.
The last technology is the best metric for our project, and that is the Tobii Series. In fact,
when we do implement our software, it will likely be on the Tobii hardware. Tobii has
developed some of the best eye tracking systems so far, but is lacking in the development
of the keyboard, which is what we seek to address. They have a number of devices,
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software, and free-to-use data that we could access to optimize our project. The most
important aspects of their technology are covered in our matrices, and include how fast the
technology tracks eye movements, how accurately, and their existing keyboard.
Appendix C
Secondary Beneficiaries
When considering all factors, the people that surround and support the person that would
be needing this device are an important part of the designing process. Caretakers are the
ones that are providing constant support and could benefit from the success of this design.
The modified keyboard would help to allow easier communication and a better
understanding of the need of the disabled person. Hospitals and nurses require similar
wants of success with this design. Much like with the caretaker, the success of this design
would help with better communication and the ability to understand what is holding the
patient back. The public would benefit from this design, but in a different way than all other
beneficiaries and perhaps the least. However, they are still considered because the public
could benefit in the future within research but also with communication in social situations
with the disabled communities.
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