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Comments

In convening the National Mathematics Advisory Panel, the President's Executive Order outlined the duties of the Panel to include the issuing of a Report to the President on Strengthening Mathematics Education. In particular, two important elements of the recommendations that are mandated for inclusion in this report are:

· "The processes by which students of various abilities and backgrounds learn mathematics;" and

· "Instructional practices, programs, and materials that are effective for improving mathematics learning;"

Surely implicit in the consideration of "students of various abilities," is the need to understand how students with disabilities learn mathematics, and the need to examine how instructional materials can be created in a way that is effective for students with various disabilities who need to access and utilize math content. According to data from the National Assessment of Educational Progress (NAEP), there is great disparity between the levels of math literacy for students with disabilities when compared to the results for students without disabilities.  To underscore this problem, it should be noted that the greatest disparity ever recorded in NAEP's history of math assessments has been between students with disabilities and those without disabilities.

Although the Panel is by now aware of the current problematic state of low achievement in math for students with disabilities, one aspect that is rarely considered is the underlying connection between instructional math content and the use of computer-based assistive technologies (AT).  For many students with disabilities, the use of such AT applications provides a critical linkage to accessing the general curriculum. However, virtually all instructional math content and math assessments used in schools today are not compatible with the computer-based AT that students with disabilities use. As a result, we are essentially locking out these students from effective participation in math instruction, and keeping them from developing the requisite skills needed to participate in the science and technology workforce.

Although these facts surely describe a critical problem, the Panel should be aware that the technology solution needed to solve this problem is already available--if people will only start using it. The good news is that a digital technology called Mathematical Markup Language (MathML) is able to make math content accessible to students with disabilities who use assistive technologies, including students who are blind or visually impaired, or students who have learning disabilities, attention deficit disorders or cognitive impairments.

MathML is an open standard maintained by the W3C, and it was designed with accessibility in mind from the start. MathML is a universally designed math format that can be used by everyone. It is not a "specialized format" only for students with disabilities, but rather a format that can be used by all students in a way that matches each student's individual need. It is important that our entire educational infrastructure be informed about the need to move away from using images for math content, and instead ensure that math instructional materials and assessments be created in an accessible format with MathML.

Furthermore, the accessibility benefits of math content in MathML carry over to other important student populations: struggling learners who don't have a disability, the average student who may find math symbols hard to interpret, and ESL or ELL students who haven't quite mastered the English language. All of these populations--in fact, ALL students--can benefit from accessible math content. Surely, this is a benefit that cannot continue to be overlooked by our educational community.

MathML is such a powerful technology for math that it is unconceivable that our educational system would consciously ignore its potential for making math accessible to all students. At "square one," math content in MathML can be simply viewed on a computer screen, or used as the basis of standard print documents, if that is all that is needed. But MathML is much more powerful than that. MathML also provides all of the "hooks" necessary to create other access avenues on the fly:

· MathML can be used by synthetic speech applications to create spoken math for students who cannot see or cannot properly process math information due to a learning disability

· Elements of math expressions can be sync highlighted as they are spoken to aid in proper decoding and comprehension 

· Font style, size, color, background, and contrast can all be changed on the fly to meet a student's particular sensory or learning need 

· MathML can be converted to braille math on the fly for blind students using refreshable braille displays, or used as the basis for hard copy braille or large print materials

· MathML also provides for the capability of customizing math speech so that students can hear the math spoken in the language or reading style that best suits their need

· MathML enhances the value of instructional content by enabling students to copy the math and paste it into a document editor for inclusion in a homework assignment, or paste it into computer math programs for graphing or further calculation 

· Once math content is created in MathML all this becomes immediately possible. There's no need for teachers to modify the content and "recreate the wheel" every time a new student with a new accessibility need comes along.

At Design Science, we are trying to "spread the news" about how to make math accessible. We hope the Panel can make good use of this information and ensure that this subject is mentioned in your final report to the President. We invite you to further examine this issue by accessing our collection of informational documents about math accessibility that we have compiled on the Design Science website: http://www.dessci.com/en/solutions/access/
Recommendations to the Panel

1. Support Information Dissemination about Accessible Math

Awareness of MathML and the benefits of accessible math for all students is a topic rarely, if ever, mentioned. Federal and state supported information dissemination projects with a math focus should always provide information about how to make math accessible to students with disabilities.

2. Support Accessibility Requirements in Math Instructional Content and Assessments

State and Local Education Agencies should be required to mandate MathML usage within all vendor products used in the instruction or assessment of math. Materials like instructional software, digital textbook files, online assessments and subscription-based enrichment services should all be required to provide math content in MathML and to utilize delivery technologies which can support MathML.

3. Support further Research and Development in Math Accessibility

Increased federal funding explicitly directed to math accessibility technology development, and effectiveness studies designed to document the benefits of using MathML content for all students should be a priority if we are to ensure a better future for students with disabilities studying math. 

