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Abstract

Courses at the postsecondary level continue to rely heavily on visual material that is accessible only to fully
or partially sighted students. Tactile graphics work for many pedagogical purposes, but in some cases are
insufficient; other information and concepts may be better conveyed through haptic exploration of 3D print-
ed objects. However, there is a dearth of 3D-printable open educational resources for college-level content.
To address this need while simultaneously teaching students about accessibility and universal design, we
designed and taught an experimental course in which students (a) learned about disability in general and
blindness in particular (including history and advocacy); (b) explored technology used by people with visual
impairment; (c) heard from many blind voices, including guest experts and community members; (d) studied
universal design; and (e) designed 3D-printable educational tactile models in collaboration with blind com-
munity members. By the end, students demonstrated significantly less bias and more positive attitudes about
blindness and people with visual impairment, and were more confident with accessibility, universal design,
and assistive technology. We believe this course can serve as a model for similar courses elsewhere as a strat-

egy to teach students from any major about disability, accessibility, and universal design.
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Postsecondary instructors who receive little to no
pedagogical training related to disability, accessibili-
ty, or universal design may, as a result, unintention-
ally create learning barriers for their students. While
some accommodations to remove barriers and pro-
vide equitable educational access are simple (e.g., ad-
ditional time for exams), other accommodations are
much more complicated (e.g., remediating inaccessi-
ble documents).

Blind and partially sighted students in particular
are often denied the same educational resources as their
sighted peers because many disciplines make heavy
use of graphics, pictures, charts, animations, and other
visuals (Bell & Silverman, 2019). It can be challeng-
ing for instructors to find or create non-visual ways to
fully convey the same information, such as high-quali-
ty tactile graphics or hands-on 3D models. However, if
such pedagogical materials already existed for a wide
variety of courses and were released online as open
educational resources (OER), then instructors and/or
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disability services staff could access open databases of
these materials and print them at negligible cost using
tactile graphic printers or 3D printers.

In this paper we describe a course that may serve
as a model for how to address the need for such OER
in a scalable way. The course was designed to be in-
terdisciplinary, showing that students from any major
can be taught about disability and universal design
in a way that has a lasting influence on their own
perspective and behavior, in addition to providing
valuable real-world, project-based experience that
contributes toward a genuine need.

As an aside, we use the terms blind, blindness,
and blind people throughout this paper in a broad and
inclusive manner (i.e., this definition includes people
with some amount of vision), though there is no uni-
versally accepted definition of those terms, nor for
related terms like visually impaired, partially sighted,
low vision, and so on. For example, Kenneth Jernigan,
long-time president of the National Federation of the
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Blind, famously eschewed legal and ophthalmologic
definitions of blindness (e.g., less than 20/200 acuity
after correction or very small field of vision) for a
more functional and sociological definition:

One is blind to the extent that the individual must
devise alternative techniques to do efficiently
those things which he would do if he had [oph-
thalmologically] normal vision. An individual
may properly be said to be “blind” or a “blind
person” when he has to devise so many alter-
native techniques--that is, if he is to function
efficiently--that his pattern of daily living is sub-
stantially altered. [...] | believe that the complex
distinctions which are often made between those
who have partial sight and those who are totally
blind [...] are largely meaningless. In fact, they
are often harmful since they place the wrong em-
phasis on blindness and its problems. Perhaps the
greatest danger in the field of work for the blind
today is the tendency to be hypnotized by jargon.
(Jernigan, 2005, p. 1)

Whether using the terms blind, visually impaired, or
partially sighted, the important thing for the purposes
of this paper is that non-visual learning material is
absolutely essential for many students but can also be
beneficial for all other students (including those with
various types and amounts of vision).

Summary of Relevant Literature

While textual material is easily converted to
another modality using text-to-speech screen read-
er programs, the ubiquity of other non-text visual
material in postsecondary classrooms is a common
barrier for blind students, who in turn are less likely
than their peers to complete a degree (Erickson et al.,
2022). In some cases, describing an image in words
(i.e., “alt text”) may be sufficient to convey essen-
tial information. However, for a lot of material that is
normally presented visually, the best way to learn a
concept, process data, or develop a mental model is to
explore a tactile representation (Jones & Broadwell,
2008). Tactile graphics can be created with a Braille
embosser, thermoform plastic from a mold, or ther-
mal capsule paper that creates raised lines or bumps
when passed through a special printer (this last solu-
tion being the cheapest and fastest).

However, in many cases, visuals at the postsec-
ondary level have information density or complexity
that makes tactile graphics an inelegant or incom-
plete solution (i.e., a single diagram may need to be
manually converted into many sub-graphics, say, to

overcome the limitations of detail for the modality of
touch; Braille Authority of North America and Cana-
dian Braille Authority, 2011). Very simple color can
be represented with texture, but with many differ-
ent textures and line types it may be hard to clearly
convey the same information as the visual modality
allows. Certainly it is not as easy as automated con-
version of a picture file to a tactile printer file by a
computer program.

In many cases, a better way to convey information
non-visually to help students understand and create
mental models is hands-on exploration of 3D objects
(Jones & Broadwell, 2008; Klatsky & Lederman,
2011). Indeed, basic perceptual research has shown
that 2D tactile graphics made with raised lines are
often inferior to 3D objects (Lederman et al., 1990;
Loomis, 1981; Shimizu et al., 1993). As Ballesteros
and colleagues (1997) point out, “Raised-line stimuli
reduce the effectiveness of the [tactile] system, forc-
ing it to use only a very small part of its encoding
capability, and thereby limit its performance” (p. 49).

However, while proprietary hands-on 3D models
are common in some disciplines (e.g., a plastic brain
or heart to teach anatomy, stick-and-ball models in
chemistry), these do not exist for most of the visu-
ally-presented material in any course, and in many
cases these are proprietary, expensive, use color, or
cannot be adapted or improved on by instructors
(Chakraborty & Zuckerman, 2013; Griffith et al.,
2016; Groenendyk, 2016).

On the other hand, 3D printing has become rel-
atively cheap and simple at the consumer level and
most campuses either have a 3D printer or are near a
public library or makerspace that offers 3D printer ac-
cess (Ford & Minshall, 2019). With 3D printing, the
design for a hands-on educational model can be shared
as an online file and then printed from anywhere. In
many cases, these are shared on a general purpose
open database for 3D designs (e.g., Thingiverse.com)
or a specialized database (e.g., National Institute of
Health’s 3D Print Exchange; Coakley et al., 2014)
under a Creative Commons license that allows free-
ly using, sharing, and altering or improving the de-
sign. Groenendyk’s (2016) cataloging of educational
3D printable designs on the internet found that they
overwhelmingly tend to be shared for free. Such freely
shared and remixable designs can be considered open
educational resources (OER), meaning they are educa-
tional materials under an open copyright license or in
the public domain (Wiley et al., 2014).

Metalibraries (e.g., BTactile.com) allow search-
ing across many different databases, although most
designs are for basic objects (e.g., a lion, a soccer
ball, the Eiffel Tower) or simple concepts relevant
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to primary and secondary school. A big challenge
going forward will be creating and iterating open ac-
cess 3D-printable files at scale for the wide variety of
courses found in the many disciplines of postsecond-
ary education. A solution is needed that scales up this
design process in a distributed manner. To the extent
that some disciplines have started using 3D printed ar-
tifacts for teaching (e.g., Rossi et al., 2015), there are
currently far too few, and researchers have called for
the creation of more extensive open-access libraries of
3D models (Horowitz & Schultz, 2014; Groenendyk,
2016). Below we describe our model for an innovative
solution: to have groups of students create (or test and
improve) 3D-printable hands-on educational models
and release them freely as OER online.

Notably, such design work cannot be done well
without the appropriate background knowledge and
context. For example, students may not be familiar
with the wide diversity of visual function and im-
pairment and may see blindness as a binary (sighted
VS. no vision; Jernigan, 2005), so some basic infor-
mation about the visual system and visual impair-
ment is important.

Students may also need to learn how processing
and learning work differently in the tactile channel
than they do in the visual channel. Vision is more ho-
listic and parallel, while haptic exploration with touch
is sequential, slower, and taxes working memory to
a greater degree (Ballesteros et al., 2005). Visuals
used in postsecondary curricula often utilize depth,
perspective, and other three-dimensional visual cues
and these are simply not interpreted in the same way
when presented in the tactile modality (Lederman et
al., 1990; Wijntjes et al., 2008). Thus, converting a vi-
sual representation of a 3D scene or object into a 2D
tactile graphic fails when that visual representation
relies on cues that won't be interpreted the same way
by touch (Klatsky & Lederman, 2011). Designing
tactile educational objects requires some understand-
ing of tactile learning (Pawluk et al., 2015).

Additional context comes from understanding ac-
cessibility, the extent to which objects, services, or
environments can be accessed (specifically by those
with disabilities). For example, ramps, elevators, and
curb cuts in sidewalks all provide users of wheel-
chairs access to environments they otherwise would
have trouble accessing. Braille signage, tactile maps,
and audio signals at pedestrian crossings all allow
those with visual impairments to navigate new spac-
es. To design for accessibility is to remove barriers
and increase access, not just for physical mobility,
but for employment, education, voting, housing, ac-
cess to private businesses, and so on (Karellou, 2019;
Syed et al., 2022; Oishi et al., 2010).

Designing well for people with disabilities also
means understanding the kinds of technology used by
people with disabilities (assistive technology) to ac-
complish functions that would otherwise be challeng-
ing or impossible. For example, many blind people use
white-tipped canes for mobility, refreshable Braille
displays to type and read Braille, and screen readers
to convert digital text to synthesized speech (Hersh &
Johnson, 2008). Likewise, magnification devices may
make visual material originally designed for high-acui-
ty vision (e.g., a handout printed with typical font size)
accessible to those with less visual acuity.

While some of these technologies are specifical-
ly adapted to the needs of one specific user group
(adaptive technology, a subset of assistive technolo-
gy), many of these technologies are helpful not just
to those with disabilities but to everyone (Hersh &
Johnson, 2008). Tactile pavement provides cues alert-
ing people to approaching streets, train tracks, or sur-
face hazards; this benefits people who are blind or
visually impaired but also sighted walkers who are
distracted in conversation or on their phone. Text-to-
speech programs and audiobooks are popular with
sighted people as well as those with visual impair-
ments. Captions and subtitles benefit not just Deaf
and hard-of-hearing individuals, but those learning a
language, those with learning or auditory processing
differences, viewers in distracting or loud environ-
ments, and so on. Curb cuts benefit people pushing
baby strollers or rolling luggage in addition to those
using wheelchairs. Good design benefits everyone
(Oishi et al., 2010).

Universal design (UD) has been defined by Ronald
Mace as “the design of products and environments us-
able by all people, to the greatest extent possible, with-
out the need for adaptation or specialized design” (The
Center for Universal Design, 2008). This means follow-
ing design principles such as equitable use, flexibility in
use, simple and intuitive use, perceptible information,
tolerance for error, low physical effort, and appropri-
ate size and space for use. UD assumes that designers
are better off integrating human change and range into
design from the start instead of isolating less-common
ability ranges as “disability”. By adopting a univer-
sal design framework, students creating educational
materials with the goal of making visually-presented
material accessible in the tactile modality will provide
benefits not just blind and visually impaired students,
but potentially all students (Burgstahler & Cory, 2008;
Estevez, et al., 2010; Reiner, 2008).

Finally, designing well for people with disabili-
ties means listening to their voices, understanding
something about disability history and advocacy,
and including people with disabilities in the design
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process (Mankoff et al., 2010; Spiel et al., 2020). In
a postsecondary course, this could include hearing
directly from blind and visually impaired voices (as
guest speakers or through podcasts, readings, and
videos) and via collaborative interactions with blind
community members.

An added benefit of an interdisciplinary ver-
sion of such a course would be to weave disabili-
ty, accessibility, and universal design into the wider
postsecondary curriculum, not just in the handful
of disciplines it more commonly shows up in (e.g.,
computer science, education, disability studies, en-
gineering, design). Students in general go on to join
a diverse workforce where they will interact with
disabled colleagues, supervisors, and clients, cre-
ate and carry out processes, and make products and
render services. Educating students about disability
may thus have far-reaching downstream effects that
increase equity in the wider world. Additionally,
employers increasingly seek candidates with acces-
sibility skills (PEAT, 2018), so these skills make for
more competitive graduates as well.

Setting and Participant Demographics

Our course was an experimental interdisciplin-
ary course at a state university in the Northwestern
United States with around 20,000 undergraduates
enrolled (Carnegie classification: doctoral granting,
high research activity), though such a course would
likely work just as well at a community college, lib-
eral arts college, or other institution. The course was
team-taught by a faculty member in Psychology and
a faculty member in the library; it was cross-listed
by the registrar as an offering through the Psychol-
ogy Department and through the College of Innova-
tion and Design and was open to anyone. Students
were made aware of the course through fliers post-
ed around campus and emails with a description of
the course sent out to advisors around the universi-
ty. Seventeen undergraduates enrolled (8 male, 9 fe-
male; age not collected), and they represented many
majors (biology, psychology, communication, health
science, graphic design, criminal justice, English, and
so on). The course was a standard 3-credit hour class
that met twice a week for 75 minutes across a 15-
week semester.

We collaborated with the campus’ Educational
Access Center while designing the course and to se-
cure a guest speaker. We also collaborated with the
state’s Commission for the Blind and Visually Im-
paired, both to bring in guest speakers and experts
and so students could meet and collaborate directly
with blind community members as part of their team

projects to create new 3D-printable designs. Commu-
nity members were recruited through word of mouth
by Commission staff. Finally, we collaborated with
the makerspace in our campus’ library to assist stu-
dents with 3D printing their designs.

Depiction of the Problem

As mentioned above, there is currently a dearth of
resources when it comes to tactile graphics and espe-
cially to 3D-printable models covering postsecond-
ary educational material in many fields of study. Of
the content that does currently exist (usually only for
simple concepts), it is often made by hobbyists rather
than in an academic realm, and designs may not be
informed by knowledge of disability or UD. Thus, a
scalable solution is needed where, say, college stu-
dents who have taken a thermodynamics course or a
historical geography course learn enough about UD
to create accessible 3D models (or tactile graphics,
where appropriate) for those subjects.

Another problem addressed by a course like ours
is the distinct shortage of existing accessibility train-
ing in postsecondary curricula. Even in computer sci-
ence, most faculty do not teach accessibility in their
courses (Shinohara et al., 2018) and fewer than 3% of
engineering and computing course descriptions men-
tion anything related to accessibility (Teach Access,
2018). Likewise, in the field of education, undergrad-
uates studying to become teachers generally feel un-
prepared to teach students with disabilities (Carroll et
al., 2003). In many other majors, these topics come
up even less, leaving students unprepared to address
disabling barriers in their future lives and careers.

Description of Practice

We believe that a course like this, at its heart,
should come at the problems described above from at
least two angles: (a) the students learn about disabili-
ty and accessibility, specifically as it relates to blind-
ness and visual impairment, and (b) the students learn
about design and 3D printing in general and universal
design in particular. To address the first, students in
our course learned and read about the following:

» Definitions and models of disability (e.g., the
moral/religious model, the tragedy/charity
model, the medical model, the social model,
the cultural model, universalism)

* Visual impairment and blindness (including
cultural constructions of blindness)

» Disability rights and advocacy (including
relevant history and law such as the Inde-
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pendent Living Movement, the Architectural
Barriers Act of 1968, the Rehabilitation Act of
1973, the Capitol Crawl, the Americans with
Disabilities Act of 1990/2008, the UN Con-
vention on the Rights of Persons with Disabil-
ities, the history of the National Federation of
the Blind, and so on)

e Assistive technology

» Perception and processing in the non-visual
vs. visual modalities

Obviously, many of these topics could take up an
entire postsecondary course of their own, so in some
cases we focused most heavily on information most
relevant to blindness and visual impairment. For ex-
ample, in a reading and discussion about person-first
language and person-centered language, students en-
countered common person-first perspectives as well
as perspectives from the autism community and Deaf
community, but also read a statement from the Nation-
al Federation of the Blind about why they as an orga-
nization rejected person-first language. Likewise, in
learning about assistive technology, most of the time
was spent focusing on assistive technology designed
for people with visual impairments in particular (e.g.,
Braille systems such as Unified English Braille, con-
tracted Braille, and Nemeth; tactile graphics; refre-
shable Braille displays/notetakers; DAISY; screen
readers; audio description; magnification devices;
electronic eyewear; optical character recognition;
machine learning and artificial intelligence-based
apps; personal assistant services; white canes; smart
canes; Braille signs; tactile pavement; tactile maps;
mapping and GPS apps; vibrotactile wearables; and
sensory substitution devices). One particular focus
was on failures in past design of assistive technolo-
gy when sighted people had designed for blind users
without consulting with them (for example, the long
history of attempts at smart canes and sensory sub-
stitution devices). Activities and assignments in the
course included the following:

» Using and creating tactile graphics (including
learning best practices, as well as struggling
to make sense of visuals when forced to see
only a tiny portion at a time, analogous to the
‘fingertip window' experience of tactile graph-
iCS);

» Experiencing Braille handouts and books, as
well as Braille notetakers;

» Practicing with a screen reader to successfully
navigate the web;

* Analyzing textbook visuals and graphics (one
chapter of any college-level textbook);

e Doing sightless classroom observations (sit-
ting in on another course with instructor per-
mission and spending much of it without sight
of the instructor, whiteboard, or screen);

e Identifying an environment or product that
fails some principles of universal design

» Creating alt text for various images (and eval-
uating each others' alt text for best practices);

* Filling out reflections after all readings, vid-
eos, and assignments.

Blind voices were centered in the course: Stu-
dents heard from and interacted with blind guest
experts (including employees of the campus Edu-
cational Access Center and the state’s Commission
for the Blind and Visually Impaired), watched blind
vidcasters (e.g., Tommy Edison, Molly Burke, and
many others), listened to blind podcasters, and read
essays and speeches by blind authors and leaders
(e.g., Kenneth Jernigan and other presidents of the
National Federation of the Blind). The students also
collaborated directly with blind and visually impaired
community members to get feedback on their design
ideas and iterations. Based on past research and the-
ory (e.g., Contact Theory), we hoped that this experi-
ence—combining cooperative contact between sighted
and blind individuals with information provision and
education—would lead to more healthy attitudes about
blindness and accessibility (Allport, 1954; Corrigan
& Penn, 1999; Horne, 1988).

To accomplish the design goals of the course, stu-
dents also learned about design. Specifically, they first
learned the basics of design thinking and the methods
popularized in the business world by design firm IDEO
(Brown, 2008), as well as user-centered design (as
popularized by Norman, 1988). Students then learned
more deeply about universal design (described above).

Since students did not come in with extensive
knowledge of 3D design and printing, we partnered
with the university library’s makerspace to access their
3D printers and get technical help during printing. In
and out of class, students worked in teams to learn how
to use a simple and free 3D design software (primarily
Tinkercad, but some students explored alternative free
software). In a semester-long team project using these
skills, they designed and iterated 3D-printable models
such as a hands-on model of stereoisomers (chemistry)
or an interactive tactile histogram graph maker (intro-
ductory statistics). At the end of semester, teams pre-
sented their designs (and failed iterations) as well as
testing results in an accessible (multimodal, hands-on)
poster session open to a variety of stakeholders from
on and off campus (including members of the blind
and visually impaired community).
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While 3D modeling and printing may seem like
imposing skill for non-technically-inclined instruc-
tors to teach their students, the logistics are less com-
plicated than one might expect (Stone et al., 2020).
Modern software is quite intuitive and comes with
extensive help in the form of tutorials, documenta-
tion, and eager help from an extensive hobbyist com-
munity. Likewise, the campus library, a local library,
or a local makerspace may provide support; 3D print-
ing has become much more commonplace in all of
these locations (Scalfani & Sahib, 2013).

Evaluation of Observed Outcomes

With approval of the Institutional Review Board
of the university, we collected some survey data from
the students in the course. They were not asked about
their own disability status, but were surveyed on how
much interaction they had previously had with peo-
ple who are disabled (M = 3.0, SD = 1.0 on a scale
of 5 = very much to 1 = not at all) and with people
who were blind or partially sighted (M = 2.3, SD =
0.9 on the same scale). We collected pre-course and
immediate post-course survey data from the students
and they also consented to the use of written excerpts
from their coursework for this study. All 17 students
consented to participate, but one did not finish part of
the pre-semester survey and one did not submit the
post-semester survey; their data were not included in
the relevant analyses.

Students were administered a 20-item psycho-
metrically validated measure of attitudes about blind-
ness and blind people called the Social Responsibility
About Blindness Scale (SRBS; Cronbach's a = .76;
Bell & Silverman, 2011; Rowland & Bell, 2012,
Stone et al., 2021). The SRBS consists of statements
such as “It is irresponsible of blind people to have
children” and “Blindness is just a normal characteris-
tic like being tall or short.” By the end of the course,
students showed significantly more positive attitudes
about blindness (N = 15, Mpost = 69.2, SDpost = 9.1,
Mpre = 64.4, SDypre = 6.8, paired t(14) = 2.04, p = .030,
Cohen's d = 0.53).

They were also asked some supplemental ques-
tions (Table 1) developed by Teach Access, a
non-profit organization focused on building collab-
orations between academia, industry, and disability
advocacy organizations to address gaps in accessibil-
ity skills (teachaccess.org). Students came out of the
course significantly more confident that they could
give examples of inclusive or universal design, define
accessibility, give examples of assistive technology,
and explain accessible design guidelines (all p-values
<.004, significant even after conservative Bonferroni

correction; Table 1), suggesting students will be more
likely to consider these aspects of accessibility in
their future lives and careers. Indeed, as one student
wrote in anonymous feedback during a reflection
assignment: “My design work will now be filtered
through accessibility guidelines/standards.” Another
noted, “I now understand the things in our world need
to be universally designed for everyone to use.”

Implications and Transferability

This course presents one model for successful-
ly integrating disability, accessibility, and universal
design into the postsecondary curriculum in a way
that also serves the additional purpose of providing
increased accessibility for future students in the form
of accessible OER that benefits blind learners but
also sighted learners (information presented in mul-
tiple sensory modalities helps all students develop
better mental models: Reiner, 2008). Similar courses
at other institutions could replicate this, having stu-
dent groups design (or user test and iterate) 3D-print-
able models and share them freely online as OER so
that they can be used widely and further improved.
Alternatively, students in a course like this could de-
sign or improve tactile graphics. Previous work has
found significant errors in tactile graphics meant to
replace textbook visuals (Smith & Smothers, 2012),
and educational visuals in many courses simply have
no tactile graphic equivalent. Regardless of the spe-
cifics of such a course, the key is for student creations
to be OER so that others—especially busy or techni-
cally-disinclined instructors who find themselves
teaching a blind student for the first time—do not have
to “reinvent the wheel,” but have access to existing
well-designed learning materials.

While the course enrollment (and thus our sample
size) was small and students self-selected by choos-
ing to register for the course as an elective, our results
provide a proof of concept that the model, if replicat-
ed and scaled up, could be effective for both creating
much-needed OER for accessible course material and
integrating disability, accessibility, and universal de-
sign into the wider postsecondary curricula. The re-
sults also suggest that students’ experience in such
a course could instill lasting attitude changes about
disability and accessibility. Based on social network
theory, we can expect these changes to have down-
stream benefits that spread through the students’ fu-
ture social and professional networks (Daly, 2010).

Based on our experience teaching this experimen-
tal course for the first time, we offer some suggestions
about what could be done better to improve outcomes
in future courses like this. First, students should col-
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Table 1

Teach Access Questions

Question Pre/Post Mdn  Wilcoxon  p-value
1. How confident are you that you could give an example of a type 5/5 z=-1.1414 0.157
of disability?

2. How confident are you that you could define "accessibility" as  3.5/5 z=-2.873 0.004*
the term relates to technology and media?

3. How confident are you that you could give an example of 3/5 z=-3.370 0.001*
inclusive or universal design?

4. How confident are you that you could give an example of how  3/4 z=-2.699 0.007
accessible technology is used by people with disabilities?

5. How confident are you that you could give an example of how  3.5/5 z=-2994 0.003*
assistive technology is used by people with disabilities?

6. How confident are you that you could give an example of a 415 z=-2373 0.018
technological barrier somebody with a disability might face?

7. How confident are you that you could define the purpose of the 3.5/3 z=-0.660 0.509
Americans with Disabilities Act?

8. How confident are you that you could explain the Web Content 1/ 3 z=-2.914" 0.004*
Accessibility Guidelines (WCAG) (or other guidelines for

accessible design and development)?

9. How much interest do you have in learning more about 414 z=-0.905 0.366
designing and developing technologies for and with people with

disabilities?

10. How much interest do you have in pursuing a job or careerin  3/3 z=-0.942 0.346
accessible technology?

11. How much interest do you have in pursuing research in the 3/4 z=-1.408 0.159
development of accessible technologies?

12. Have you ever used assistive technology (such as a screen 12.5% / 81.25%

reader for blind or low vision users)? [Y/N]

13. One a scale of 1-5, how familiar are you with the accessibility 3/3 z=-1540 0.124

features built into devices (such as smartphones, computers or

smart TVs)?

Note. For questions 1-8, the scale was: 1 is not at all confident, 5 is extremely confident. For questions 9-11,
the scale was: 1 is no interest, 5 is very high interest. * n = 15 for this question since one student left it
blank. * p < 0.0042 (significant with Bonferroni correction for family-wise alpha of 0.05).

laborate with blind users and stakeholders as early as
possible in the design process to avoid initially ideat-
ing plans that do not align with real-world needs and
practices. Participatory and inclusive design practices
lead to better designs (Gooda Sahib et al., 2013; New-
ell et al., 2011). Indeed, in a reflection at the end of
our course, students gave advice such as, “Get info
from actual [blind and visually impaired] people”,
“Don't assume [you] know problems”, “Not every-
thing that sounds great will be helpful”, and “You
must test your product with the people you want to
use it.” A course like this simply will not work well if

students are not meeting and collaborating with those
from the community they are designing for.

The National Federation of the Blind has chapters
in all states and many localities and we suggest reach-
ing out to an advocacy organization such as this in ad-
dition to any state agencies or commissions. Perhaps
even more useful would be if campus disability ser-
vices recruited any interested volunteers on campus
(e.g., blind or visually impaired students currently
taking college-level courses in which they might have
experienced barriers from vision-centric pedagogy or
a lack of hands-on learning artifacts).
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For instructors or for staff at a disability services
office on campus, we suggest making early contact
with local makerspaces (be it on campus, at a local
library, or in the community) not just for access to 3D
printers, but for the community support so that stu-
dents can learn and develop skills in a more realistic
context than always asking the instructor for help.

Disability services staff might consider reaching
out to faculty around their campus to gauge interest in
teaching a course like this. The model works well as
an interdisciplinary course open to all (perhaps even
team-taught by instructors from different disciplines)
but could also work great as a project-based course
for students in design-related fields (engineering,
computer science, graphic design, etc.) or in teach-
ing-related fields (education, special education, etc.).
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