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ABSTRACT

My Accessible+ Math is a project that aims
to facilitate the learning method for visually
impaired students who are enrolled in
college-level math courses. To first
approach this task, our team will create a
My A+ Math software application that will
interact with the haptic interface prototype
being built this summer. This prototype will
be a scrabble game-like inspired board with
an actuated three-dimensional surface in the
center. It will be able to display equations,
shapes, and other mathematical
representations. Braille keys will be set on
the sides of the board for user to interact
with while using the software application.
Developing this project will benefit the
teaching environment as well as the student
when trying to comprehend a high-level
course of mathematics.

INTRODUCTION

Average humans typically use what is
known as our seven senses (sight, smell,
taste, touch, hear, vestibular, and
proprioception) on a daily basis. However,
individuals with disabilities such as vision
loss and blindness are incapable of applying
some of them to their lives. Due to their lack
of accessibility, pursing a computing major
and/or career has been made difficult for
visually impaired students to accomplish
after high school. We hope to remove such
existing barriers by inventing an interface

prototype that is perceptible by touch and
perhaps sounds in later versions. Human-
Computer Interaction or HCI research has
been an evolving subject and the haptic
three dimensional output display of our
project is a perfect example. My
Accessible+ Math is made up of parts that
are commonly available online and will be
made as free open source software with a
purpose of implementing open source
hardware to allow more users to benefit
from. This technology’s design is fairly
compact so that it is not overwhelming in a
classroom setting and expandable in the
event that multiple units are needed.

EXPERIMENTAL DETAILS AND
PROCESSES

Staying within a budget of no more than five
thousand dollars took our team a number of
weeks to fulfill. Researching the price of
every component also made us keep the
complexity of the system in mind. Our
haptic interface prototype was inspired by
iINFORM[ 1] created by MIT’s Tangible
Media Group. In Figure 1.1, a diagram of
inFORM’s hardware implementation is
drawn out while Figure 1.2 shows an
estimation of its value. Keeping in mind that
the table and cooling devices for actuators of
the system were not included in the estimate.
The first question that came to mind was:
How will our project’s implementation
differ? Well, after visiting all the possible
webpages, we were able to develop a price
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estimation spreadsheet of our own as
presented in Figure 2.1 with a technical
diagram in Figure 2.2. Clearly, the number
of pins were reduced from 900 to 440 with a
dynamic surface area reduced to 10 inches
by 11 inches. The potentiometer travel
reduced from 100 millimeters to 20
millimeters. Plus, a Raspberry Pi, enables
ad-hoc networking which would control the
surface as opposed to a CPU. This reduces
our cost to roughly a fifth of the original fill-
size implementation, but is it feasible to
complete by our set deadline?

After a few weeks, the team and | finally
decided that the setup would have an array
of 56 instead of 440 3D printed plastic pins
built into the board. Each pin is nearly 3.5
millimeters apart and can extend 19
millimeters from the board’s surface. Figure
3 shows the top, front and back view of the
prototype respectively. It will help give a
visual representation, but not all features
were added onto the CAD model
demonstrated. For example, the outer casing
is not present in order to show what the
inside of the prototype looks like. The pins,
linkage, and servo were excluded from
Figure 3 as well. Nonetheless, please refer to
Figure 4 in the FEELEX project[2] (another
source that inspired our creation of the
project) to get a visual understanding. The
team and | will post a picture of the real life
prototype soon on our Facebook page. With
the elimination of the potentiometers, each
pin is set in motion by a Corona 939MG
Digital Metal Gear Servo which is
controlled by an Arduino MEGA 2560
board. Every motor shield contains 16 metal
pins and one servo is assigned to one metal
pin on the shield. Therefore, each 3D printed
pin will project above the surface of the
prototype’s board because every servo is
individually addressed with the running
sketch we programmed in the Arduino
Integrated Development Environment [3].
Due to the large amount of servos in the

system, we will be stacking 4 Ladyada
motor shields onto the Arduino MEGA
2560. All elements in the system will then
fit together in a 3D printed plastic casing
designed to easily open for repairs and/or
add-ons. A possible addition to our project
for future researcher to work on would be
the electric slide potentiometers. My
Accessible+ Math technical application’s
advantage of including them originally was
for rapid actuation combined with super
accurate sensing like pulling and pushing.

RESULTS

The creation of the haptic interface
prototype just needs minimal tweaks to
reach our team’s completion goal at the
moment. The intended results are for
educators to be knowledgeable of detailed
strategies to assist people (specifically
students after high school going to college)
with eyesight disabilities in learning math.
The outcomes of the experimental tests
performed by those students will be shared
with other educators in an effort to scale-up
this project at state level. Most importantly,
it will increase the success of learners with
low vision or blindness on pursuing
computing majors and careers by
eliminating barriers in studying math.

CONCLUSIONS

The entire DREU research experience has
exposed me to the hardware side of my
education path in growing to become a
computer engineer. A great amount of hard
work and research was put into the team and
I’s summer to accomplish the project for a
proof of concept. Our intention to conduct a
formal user study on individuals with visual
impairments will be the next big step. I
would love to be there through the process



to see the reactions of each student and
personally interact with them throughout the
process. Their positive/ negative feedback is
crucial for our team to obtain so we can
further improve every defective aspect that
might be mentioned. We hope that many
students can one day experience this haptic
interface, so that they prosper on learning
Math.
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Figure 1.1: A diagram of the hardware aspect for the inFORM project
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Figure 1.2: Cost estimation of most important elements needed to build the inFORM system
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Figure 2.1: Cost estimation of most important elements needed to build My A+ Math system
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Figure 2.2: A diagram of the prototype aspect for our My A+ Math project
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Figure 3: Most of the 3D model of the prototype created on Tinkercad and printed with
Makerbots and The Cube. (top, front, back views)




