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Abstract: Objects such as snowflakes, castles, and butterflies have become more than just words
when explored as a 3D print. The founder’s passion for braille led to the creation of the program
See3D, which organizes the printing and distribution of 3D printed models for people who are blind.
3D prints such as DNA, cells, animals, constellations, telescopes, historic landmarks, logos, and
maps were created to fulfill requests by people who are blind for tactile learning tools. Recipients
shared their feedback on how to improve the models, and the printing and distribution service. See3D
seeks to spread awareness about accessibility by presenting at technology fairs and demonstrating
to students how to work 3D printers. A culmination of research and interactions with people who are
blind, blindness organizations, educators, and scientists on how 3D printing has impacted those who
are blind and sighted added to the development of See3D. Currently, See3D is a tax-exempt, non-
profit 501(c)(3) organization that has distributed more than 800 models to people in the United States
and around the world, and continues to build its network of volunteers and collaborators.
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BACKGROUND

Definition of Blindness

For the purposes of the article, “blind” refers to
someone who self-identifies as being blind, le-
gally blind, visually impaired, having low vision,
having sight loss, being partially sighted, etc.,
even with the use of corrective lenses.

3D Printing and its Value in Education

A 3D printed model is a 3-dimensional object
that is made by extruding thin layers of heated
plastic filament from a 3D printer to additively
produce a tangible model from a drafted image
(Martin et at., 2014). Tactile tools, such as
braille, tactile graphics and 3D models, allow
students who are blind to feel information that
might otherwise be presented as a printed pic-
ture, or is too dangerous, large, small, or deli-
cate to be touched in real life (Hasper et al.,
2015; Horowitz & Schultz, 2014; Koehler et al.,
2018). Since creating tactile graphics can be la-
bor intensive, students who are blind often use
descriptions of visual content to access infor-
mation (Sheppard & Aldrich, 2001). However,
images are a necessary component of the learn-
ing process (Hasper et at., 2015). It is im-
portant to be able to provide accurate tactile
images that give students the information they
need, and are also not expensive or labor-inten-
sive to produce.

As 3D printers become more user-friendly, af-
fordable, and upgraded they become more usa-
ble for people who may not have extensive tech-
nology experience (Soderberg, 2013). A person
does not need to create their own computer
aided design (CAD) of the object to 3D print a
model, they can download a file shared online
by who is already versed in the 3D design pro-
cess (Kietzmann et al., 2015). With such a large
online community of people of all ages and

skills (Moilanen & Vadén, 2013), there are
many people who could be involved to create
3D printed models for people who are blind.
The skills learned to create a 3D printed model
can also be transferred to a variety of disciplines
such as engineering, manufacturing, food, art,
and health (Kietzmann et al., 2015), so people
may be more likely to learn how to design and
3D print models. 3D printers themselves are
also quite versatile, and the objects made on the
printers can be beneficial for students who are
blind and sighted, which allows for students of
various levels of vision to use the same tactile
learning tools (Hasper et al., 2015).

In a study comparing the understanding of geo-
science concepts using tactile graphics and 3D
printed models with students who are visually
impaired, Koehler et al. (2018) found the stu-
dents who used 3D printed models interacted
more with the tool by handling the object in dif-
ferent angles and rearranging the pieces, while
the students using the tactile graphics only re-
cited the content provided by the braille labels
to the researcher. A study on teachers’ views of
tactile graphics found that students who are
blind struggled to understand tactile graphics
with unusual scale or perspective, like a 3-di-
mensional view, so teachers resorted to using
models or real-life objects (Sheppard & Aldrich,
2001). A benefit to 3D printing is that students
could have an inexpensive model of virtually
anything to use in conjunction with their tactile
graphic. Students could develop their skills in
interpreting graphics with the aid of a model, so
when they encounter content that is only avail-
able in graphic form, they have the skills to bet-
ter conceptualize the graphic.
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See3D

Request a Model Today

Having questions about parts of the form? View our frequently asked

here.

Name

1 Am:

@® A person who is blind or visually impaired

@® A parent, guardian, or teacher of someone who is blind or visually impaired

Figure 1. Model Request form on see3d.org

Inspiration and Development

The founder of See3D, Caroline Karbowski,
learned braille tactilely during middle school
to alleviate dizziness while reading in the car.
Without a personal connection to blindness,
Karbowski was inspired to explore 3D printing
after reading how visual science media could
be made tactile using 3D printed models with
braille labels (Kolitsky, 2014; Grice et al.,
2015). With an opportunity to lead a showcase
technology project for TechOlympics, a high
school technology conference, Karbowski de-
cided to incorporate braille, spare filament, and
inspiration for 3D printing projects by creating
See3D, which would organize the printing and
distribution of 3D printed models for people
who are blind.

The showcase team developed a website,
see3d.org (Figure 1) where model requests
could be submitted to be printed by volunteers
in the See3D network. Karbowski relied on
meeting people who are blind and teachers of

the visually impaired (TVI) to give feedback on
the program, gain an understanding of what
types of models would be useful for students
who are blind, and spread the word of See3D’s
offerings. Visits to museums that provide 3D
prints of scanned artifacts and the Digital Fabri-
cation Lab at the Indiana School for the Blind
and Visually Impaired occurred to learn how to
manage the production and quality of 3D
printed models.

OPERATIONS

Managing Domestic Requests

See3D mainly fulfills requests by printing mod-
els published under Creative Commons or Public
Domain Licenses, but also coordinates with vol-
unteers to design new models like the screens of
a smartphone (Figure 2), logos, and the stages of
the butterfly life cycle (Figure 3). To mitigate the
spread of personal information, models printed
by volunteers are sent to a central See3D location
where they are processed and sent to the recipient.
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Models can include a description of the model in ~ Braille labels can also be added to the model

braille, large print, or electronic format, as well with label stickers or in some cases, 3D printed

as braille address labels on the shipping box. directly on the model (Figure 2). This way, peo-
ple who are blind can identify their box from
See3D and discover what their model has to of-
fer independently.

Figure 2. 3D Printed model of a smartphone body and interchangeable screens for voicemail, home apps,
and number pad with 3D printed braille, clear braille labels, and 3D printed numerals. Requested model
designed by See3D volunteer, Jamie Varney, 2019.

Figure 2. Models of butterfly eggs on a leaf, monarch egg, and chrysalis. Requested
models designed by See3D volunteer, Jamie Varney, 2019.
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International Requests

For international requests, See3D has sent ste-
reo-lithography (STL) files to be printed by the
recipient, and has given models to people who
are traveling. Using these processes, models
have been sent to Canada, Empower Blind
People in Kyrgyzstan, Familias Especiales in
Nicaragua, and the Ministry of Education Re-
source Unit for the Blind and Visually Im-
paired in Guyana. A few volunteers outside the
United States have contacted See3D and of-
fered to print for people in their country, and
See3D is hoping to expand the number of vol-
unteers to accommodate more international re-
quests.

PURPOSE

Social Impact and Networking

See3D seeks to provide more educational re-
sources for people who are blind, as well as make
positive societal change about the attitudes of
blindness. Rowland & Bell (2012) found being a
friend or even having a conversation with some-
one who is blind can increase favorable views
and expectations about people who are blind.
See3D creates an opportunity for people who are
blind and sighted to meaningfully interact when
the person who requested the model and the per-
son providing the model engage in model feed-
back. See3D raises awareness about blindness at
maker events where they provide an experience
for guests to touch models, write braille, and ex-
plore tactile graphic books that correlate to 3D
models. These events are often attended by peo-
ple who enjoy 3D printing, so volunteers fre-
quently sign up at the event to contribute to the
designing and printing of requests.
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By networking with 3D model designers,
schools, libraries, companies, and nonprofit or-
ganizations at maker expos, See3D continues to
build on its mission to connect and collaborate
with people who are blind and sighted through
3D printing.

Community Involvement

In addition to individual orders, See3D coordi-
nates group requests for schools, organizations,
events, and conferences. Examples include the
Ohio Braille Challenge in Cincinnati, Ohio, the
2019 BELL Academy of the National Federa-
tion of the Blind (NFB) of Ohio in Columbus,
Ohio, and the Newport Aquarium in Newport,
Kentucky.

During the 2018-2019 school year, the Ohio
State School for the Blind (OSSB) Model Club
contacted See3D about a project to refurbish
and display their model collection of historic
landmarks such as the Taj Mahal, Parthenon,
The Great Pyramid of Giza, and the United
States Capitol Building, made by artists in the
1930s as part of the Works Project Administra-
tion (Writers' Program (Ohio), 1941). The
school only owns one large model of each
landmark, so they asked to collaborate on
printing smaller models for students to grasp
the general shape before exploring the larger
historic models for more detail (Figure 4).
See3D has been working with the Model Club
to share how to download available STL files
and maintain their 3D printers. By involving
students in the 3D printing process, students
can practice using access technology and can
take ownership of the tactile materials they are
providing for themselves and their classmates.
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Figure 3. Taj Mahal model from the Ohio State School for the Blind historic landmark model
collection with four smaller 3D printed Taj Mahal models (dodo2000, 2015) printed by stu-
dents in the OSSB Model Club. A large print and braille description written by students is also

included to give historical context for the model.

Advocating for Accessibility

The purpose of See3D is to connect people
who enjoy 3D printing with those who could
benefit from touching a tactile model. See3D
hopes that as awareness is spread about the
need for 3D printing to be accessible, more 3D
printing companies will make modifications to
their software and devices to make them more
compatible for users who are blind. With the
advancement of refreshable tactile graphic dis-
plays, See3D is optimistic that people who are
blind could feel the progress of their virtual ob-
jects in order to adjust the design before mak-
ing a print (N. Mckenzie, personal communi-
cation, August 31, 2019).

RESPONSE

General responses from recipients were positive,
and many have since requested additional mod-
els. Recipients often contact See3D with their

gratitude and feedback, such as the testimonial
from an Associate Professor at Bowling Green
State University, who requested models of con-
stellations.

“It is the speed and immediacy that delights
me; the quick uncovering of hidden things.
The sudden, silent, precise unfurling of
knowledge under my hands. And, I know
things with confidence that were only
shrouded ideas to me before” (personal com-
munication, October 10, 2019).

By conversing with people who are blind about
how they interpret a concept before and after
touching a model, new perspectives can be
shared and appreciated among See3D volun-
teers and recipients of models. After touching a
model of a Cinderella castle, one recipient who
is a M.S. Cognitive Neuroscience Ph.D. candi-
date, stated,
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“I had a vague idea what a castle looked like
in terms of the base. The top and towers were
completely new to me; I'd always heard of
towers and castles but didn't imagine the
towers were a part of the castle. I thought the
third dimension looked like a triangle like
houses do. I also didn't know bridges were
attached to castles” (personal communica-
tion, May 20, 2019).

Many recipients stated they gained a different
perspective and a new understanding of a con-
cept after touching the model, and were inter-
ested in learning how to print models.

FUTURE DIRECTIONS

Currently, the See3D team consists of three un-
dergraduate second-year students: Caroline
Karbowski, Garrett Carder, and Emily Kiehl.
They collaborate to develop the website, con-
nect with people who are blind, print and design
models, develop marketing strategies, and man-
age legal responsibilities. Karbowski is a biol-
ogy major, and See3D is not part of the course-
work required for the degree. Karbowski plans
to continue to incorporate See3D in a science
career after graduation.

See3D is interested in collaborating with educa-
tional researchers and nonprofit and for-profit
organizations to distribute, evaluate the accu-
racy, and research the efficacy of the models.
See3D also plans to ask for feedback from vol-
unteers before and after printing a model, to see
if their perceptions of blindness have been af-
fected by their involvement with the organiza-
tion. Asking recipients for suggestions on how
to improve the models will continue to be im-
plemented. As word spreads, See3D hopes to
reach more international partners, so more
model processing groups can be created to dis-
tribute models to a wider audience.
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Over the last three years, See3D has distributed
more than 800 models to people who are blind.
Looking forward, See3D is working to make a
login system for people who request, design,
and print models. Recipients of models would
only need to enter their contact information
once, and they could receive updates on the
progress of their model. Volunteers would be
able to see a running feed of requests, and
could select the model they would like to un-
dertake as well as update their progress, so
other volunteers know what print jobs are cur-
rently available. See3D also plans to utilize so-
cial media platforms to announce design re-
quests, and raise awareness. By building a
community of people interested in 3D printing
and accessibility, See3D strives to bring a new
understanding of the world’s concepts and sur-
roundings through touch.
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