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1 Focus on Blind and Visually Impaired Students

With less than 0.2% of school-age children, visual impairment is a rare disability [22]. In
addition, within the United States there are fewer than 36 university degree programs for
teachers of the blind!, leading to shortages of teachers for visually impaired students. As
such, blind and visually impaired students are underserved within the public school setting
with braille illiteracy as high as 80%? and only 45% acquiring a high school diploma?® [22].
This has led to unemployment rates for visually impaired persons to stagnate at 70%-75%*
[22].

That said, of the 4-year college freshmen that report a disability, 16% report being
“partially sighted or blind®” [15].

2 Disability and STEM

For persons with disabilities, the employment rate is 83% in science and engineering, com-
pared to 26% in the overall disabled U.S. population [4]. Despite the apparent increase in
employment for pursuing STEM fields, the NSF reports that approximately 365,500 people
in STEM are disabled (about 7%) compared to 13% disabled people in the general workforce,
and 9% that are college-educated [9].

Evidence points to persons with disabilities are discouraged from pursuing STEM fields.
For example, Calculus is discouraged for disabled students with K-12 [9][21], which prevents
students from pursuing the higher level mathematics needed for STEM. In addition, “[s|pecial
education teachers often lack knowledge about science curriculum” [14].

2.1 Visual Impairment and STEM

For blind and visually impaired students the discouragement to pursue STEM is even higher.
Traditional science education focused on abstract concepts and visualization [17][18][14]
which is assumed to be inaccessible.

For mathematics, the Nemeth Braille Code is taught. The issue arises in that Nemeth
Code training is insufficient for higher-level mathematics, assuming a teacher of visually
impaired students has trained in Nemeth[16].

In addition to braille, blind students can access reading materials through audio. Yet,
audio libraries, such as the Recordings for the Blind and Dyslexic, usually have more liberal
arts books. Computer science and mathematics books are more difficult to acquire [15].

2.1.1 Visual Impairment and Computer Science

For a blind or visually impaired person to use computers, accessible technology (like screen
readers and magnifying software) must be available. The issue that arises is that accessibility
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is usually an afterthought in the development of mainstream products [10][12] in part because
of the small amount of people with visually impairments [20]. Even for so-called accessible
programs and hardware are difficult to use as training materials and manuals are rarely in
an accessible format [12].

With the advent of the GUI, programming and general computer use has become more
difficult for a visually impaired person [23]. For example, creating forms using a text editor
and importing it into a program is an impossible task when one is unable to check the form
for layout [11].

With 10 million blind or visually impaired persons in North America and at least 1.5
million using computers®, the need to have more accessible computers is apparent [15]. “As
computers become an integral part of all students’ educational experiences and as designers
of software and web sites continue to use pictures and animation, the question of equal access
to information for people who are blind or visually impaired becomes significant” [15].

3 Postsecondary Education for Blind and Visually Im-
paired Students

3.1 Other University Programs
3.1.1 Purdue University

TAEVIS?, a subdepartment of the Office of the Dean of Students, specializes in transcrib-
ing school materials into an accessible format for students with print disabilities. Rather
than rely solely on disability experts, TAEVIS employs graduate students to assist in the
transcription of documents (i.e. chemistry student aids with chemistry texts).

After a visually impaired student enrolls for the semester, TAEVIS contacts the student’s
professors. Professors are to provide all written materials students would normally receive
(syllabus, handouts, textbook, exams, figure drawings, lab manuals, etc.) as soon as possible.
These are brailled or recorded and given to the visually impaired student at the same time
as his/her sighted peers.

In addition, TAEVIS provides note takers and audio tapes, proctored exams, create
tactile graphics, and (for chemistry and biology students) 3D models are provided for certain
class concepts.

3.1.2 University of Virginia

Through an interdepartment collaboration between the Learning needs and Evaluation Cen-
ter, the Athletics Department, Information Technology and Communication, and the Library,
the University of Virginia has developed a more efficiently accessible university.

They placed screen reading software® licences onto a network for students to use as needed
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In addition, using the Information Technology and Communication Department’s knowl-
edge allowed for faster and higher quality scans for the Learning needs and Evaluation
Center’s electronic texts [3].

3.1.3 University of Washington

454

The University of Washington has DO-ITY to encourage and aid disabled students in “in
challenging academic programs and careers” (particularly STEM).

The University of Washington has transition programs'®, an e-mentoring community, and
promotes accessible technology use [6].

3.1.4 School of Electrical & Computing Engineering (Australia)

The School of Electrical & Computing Engineering uses the same labs, teaching staff, ma-
terials for blind and sighted students. The difference being that blind students attend a
separate lab to avoid excessive noise [20].

3.1.5 Curtin University of Technology (Perth, Australia)

To allow visually impaired students to access the Cisco Certified Network Associate level 2
GUI, the Curtin University of Technology uses iNetSim (see “programs” in later section) [2].

3.2 Educational Considerations
3.2.1 Acceptance of Visual Impairment

For students that experience loss after childhood, their emotional and psychological needs
must be addressed first. There are societal prejudices about people that are blind (ineptness,
dependency, loss of significance in life, etc.) which are more likely to be believed with age
[15]. Within even postsecondary education, the professional world and blindness advocacy
groups, blindness is considered a financial burden and proof of one’s inability to interact
with society [21][23][15].

Before education for living with a visual impairment can begin, one must accept that
visual impairment is a difference rather than a fault [22][15].

3.2.2 Braille

While it is typical to use screen enlarging technology for students with residual vision (the
ability to read print when one is legally blind) [8], braille instruction should be encouraged
particularly if the student experiences eye strain and continuing vision deterioration. Braille
is time consuming to learn but provides literacy in the longterm.

9http://www.washington.edu/doit /
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3.2.3 Testing

It can be guaranteed that alternative testing times and/or places will be used for proctored
exams for visually impaired and blind students. The discussion then becomes who proctors
the exam.

Disability services would have a high knowledge of the disability and know how to address
testing. Yet, for more technical fields, one can expect that disability services would be
unfamiliar with the meaning and pronunciation of terms [26].

Having the tutor gives the exam allows the continuation of reading agreements so that
there is less chance of misunderstanding of the question or answer. Yet, if the tutor acts as
the proctor, there is a possibility of excessive helping (whether intentional or not) due to the
relationship between the tutor and student [24]

3.2.4 Tutoring, Labs, and Group Work

Blind students were found to have most difficulty with academic situations (i.e. study groups
& lab partners)!! [15]. This is because during normal class activities, a blind student may not
be getting the attention he/she needs for understanding [26], or it may simply be impractical
[15]. In these cases, alternative events, times, and/or places should be implemented.

3.2.5 Mentoring

Mentoring and the creation of community for blind students is encouraged. Mentors should
be successful role models that encourage the student to accept their blindness while explain-
ing societal biases against the blind. In addition, a belief/message that blind students are
not that different from their sighted peers should be sought [22]

3.2.6 Note-taking

Whether using one or more tape recorders, a brailler or braille slate, or a laptop, blind and
visually impaired students should be encouraged to take their own notes [22]. The difficulty
with notes on a computer is that screen reading software may mispronounce technical terms
[26]. If necessary, the instructor or a tutor can check the notes for accuracy [19].

If note-taking skills are insufficient, a notetaker can be employed [15]. These notes could
be done solo or an addition to the student’s own notes.

Vocabulary must also be considered. For print, important terms are in bold, making
them easier to find. This becomes a useless distinction in braille or audio formats. Digital
formats with hyperlinks allow for easier searching [18].

3.2.7 Mathematics

Like any students, visually impaired students have different approaches to mathematics. For
higher level mathematics, there are Some prefer to braille the equations, and do the work by
hand. The disadvantage being that braille is written linearly, and increases the difficulty [5].

1 Quoting Patterson, et al. (1986) and Stoval & Sedlacek (1983)



Others may prefer to do the equations and calculations in their heads, but this will typically
require someone else to write down each step to prevent confusion [5].

When tutoring, the tutor and student should have an agreement on how to say an equa-
tion to avoid confusion. Further, information should be presented linearly and the identifi-
cation of patterns in formulas [24].

3.2.8 Visualization

Most illustrations in texts are a side view with the angles, lengths, and /or shading indicating
depth. Typically, these are simplified and transformed into tactile images for the blind. But,
these tactile graphics may cause more confusion as a blind student compares it to their
mental images.

Firstly, blind students do not have no preference for the bottom of the page being the
bottom of an image [18]. Therefore, the bottom and top must be identified. Secondly,
visualization is from a top-down view, rather than a side-view. Using only one’s fingertips,
one is unable to identify the image as a whole. This makes spatial illustrations based on
angles or lengths irrelevant [18]]20].

3.3 Tools

3.3.1 Pegboards

A low-tech solution to binary conversion and mathematics, the use of a pegboard allows a
tactile method to identify ones and zeros (one being a peg and zero being no peg) [20].
3.3.2 Amplitude and Frequency Adaption

Using speakers (rather than oscilloscopes) to define amplitude/frequency [20].

3.3.3 WinTriangle

Developed by Science Access Project!? (Dept. of Physics, Oregon State University), Win-
Triangle is an opensource word processer developed for the blind [9].

3.3.4 PHANToM

PHANTOM is a pen-like device that allows the user to haptically explore a virtual, 3D space
[14]

3.3.5 iNetSim

Based on Mac OS X Tiger’s VoiceOver, iNetSim makes Cisco labwork /simulations accessible
to visually impaired students [2].

2http://dots.physics.orst.edu/



3.3.6 Molly Project

The Molly Project'® is a scripting language to make forms easily in Visual BASIC [11].
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