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Introduction
Wow, has it really been 16 years since MathML 1 was released as a W3C recommendation?  After 16 years, you would think that the browser support would be superb, that assistive technology support would be amazing.  Unfortunately, that is not the case.  
However, this last year has brought a flurry of Math activity that is changing history.
Please join us as we present a short history of math in technology, provide a demonstration of current screen reader support, discuss emerging approaches, and share our experiences with current real world solutions. 
Our experience as accessibility consultants has led us to working with math accessibility in the education realm.  This is the real world!  How can students with disabilities further their education without resources to comprehend simple math equations?  We are not vendors of products; we are accessibility consultants, who have been working with educators. Our overview will be non-partisan, and an objective evaluation of our findings. 
Short history
· Up to 1993, math done with special characters, numbers and letters 
· 1994: ASTER, first implementation of interactive math for the blind
· 1998: MathML Version 1 W3C Recommendation. XML structure and content 1 
· 2003: MathML V2
· 2005: Design Science releases MathPlayer which speaks MathML
· 2009: Release of MathJax, a javascript  library for rendering MathML, 2010: W3C MathML V3 
· 2013: iOS 7 releases MathML support
· 2013: Chromvox 1.27 supports MathML
· 2014:, DesignScience, ETS, and Sina Bahram, demonstrate what will later be called MathPlayer4 at CSUN on math, using Window Eyes
· 2014: JAWS 16 has introduced MathML support in IE, relying on MathJax JavaScript library, 
· 2014: IE11 introduces Enterprise mode acts like IE 8, allows Mathplayer to work.
· 2014: Michael Curran (Mick) writes code so that NDVA can consume MathML and hand it off the Design Science Math API
· 2015: Design Science releases MathPlayer4 public beta which includes rich eyes-free interactive exploration of Mathematics and an API that allows any developer to tap into it. NVDA and WindowEyes do so within Firefox, Microsoft Word, and Microsoft PowerPoint.
Historical Browser and Assistive Technology Support 
Browser support for MathML did not take off immediately.  In recent years it has improved greatly from a visual perspective. As of this writing, MathML is not working with screen readers in Google Chrome (40) or Android (4.4.2), although they do render visually. 
Until 2015, Internet Explorer V.9 with the Design Science MathPlayer plugin was the primary way to render math in a browser accessibly because Microsoft dropped binary plugin support in IE versions after IE9. IE11 allows users to switch to Enterprise mode to emulate IE8, enabling MathPlayer to work. This approach is suboptimal.
Current solutions, Fallbacks: What works now?
NVDA (Nightly builds) with Firefox, as long as MathPlayer 4 has been installed on the machine.
When the new MathPlayer4 is installed on a Windows machine, it provides an API that allows the latest builds of NVDA to parse and explore the MathML without MathJax. If MathJax is on the page the user would render it as MathML. To enable this MathJax behavior, the user needs to place focus on a math problem, press the application key (right click), and in the context menu, select Math Settings>Math Renderer>MathML
[image: ]
MathPlayer4 (self-speaking or with a popular screen reader)
MathML can be read with MathPlayer, which is a free binary program that can be installed on Windows. It is much faster than Mathjax which is JavaScript. It currently requires the user to have IE11 set to Enterprise mode which mimics versions of IE8 which could run binary extensions.  IE dropped binary extension support after IE 9. MathPlayer will either speak the math, or will let a user hear it with a screen reader. If MathJax is on the page, and the MathJax is set to MathML output as described in the section above, it will hand rendering off to MathPlayer because binary code is faster than JavaScript.  
MathML with MathJax and JAWS16 in IE
MathJax uses JavaScript to render the MathML.  It make math visible in all browsers by providing polyfills for older browsers and browsers that don’t support MathML. The author would add a simple line of JavaScript code on the web page, in addition to the MathML. The latest version of JAWS16 is the first screen reader to work with the MathML/MathJax combination. JAWS can only read this combination in IE. Jaws can only read and interact with MathML if the author has chosen to use MathJax for rendering.
Static Images
Companies such as WIRIS have created an interim solution to address the poor support for MathML. They have a Math WYSIWYG Editor that creates MathML and exports them to .png images and gives those images automatically written alt text that is meaningful. However, there are drawbacks also, such as image pixilation for low vision users who magnify the images. Also, MathML pioneer Neil Soiffer says:
What is best depends upon the input, the context, and the listener. For example, 2/3 might be spoken "two thirds", but if it was 2/3 + 1/30, it might be better to use "2 over 3 plus 1 over 30" for consistancy's sake. Something like 1/(x+1), should be spoken as "fraction with numerator 1, and denominator, x + 1 end fraction" to someone who is blind, but it may not say the fraction/end fraction parts to someone with dyslexia. While alt text is better than nothing (or meaningless file names), it is a distant second to doing the right thing and generating the speech based on the needs of the user.
WIRIS creates and includes MathML (via a data-mathml attribute on the img tag). 
Example output from a WIRIS image.
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Here’s the code, when it’s created in WIRIS for CK Editor. Notice the data-MathML attribute which provides the source MathML, which is not used in the rendering, but could be extracted by a bookmarklet, and inserted into the DOM, with a few lines of JavaScript, for ingestion by JAWS. Such a bookmarklet would also need to inject MathJax if it were not already present.
<img class="Wirisformula" src="/plugins/demo/ckeditor/php/ckeditor4/plugins/ckeditor_wiris/integration/showimage.php?formula=13e21b289c84d945761b3c8aa589dace&cw=107&ch=43&cb=28&text=S%20equals%20sum%20from%20i%20equals%201%20to%20n%20of%20fraction%20numerator%20x%20subscript%20i%20plus%20y%20over%20denominator%202%20n%20end%20fraction" style="vertical-align: -15px; height: 43px; width: 107px;" 
data-mathml="<math xmlns="http://www.w3.org/1998/Math/MathML"><mi>S</mi><mo>=</mo><munderover><mo>∑</mo><mrow><mi>i</mi><mo>=</mo><mn>1</mn></mrow><mi>n</mi></munderover><mfrac><mrow><msub><mi>x</mi><mi>i</mi></msub><mo>+</mo><mi>y</mi></mrow><mrow><mn>2</mn><mi>n</mi></mrow></mfrac></math>" alt="S equals sum from i equals 1 to n of fraction numerator x subscript i plus y over denominator 2 n end fraction">
Sina Bahram has begun writing a bookmarklet as described above, which extracts the MathML from the WIRIS image and writes it to the DOM while also including MathJax. Such a bookmarklet could not only be used for enabling Jaws to read via MathJax, but it can also be used to enable NVDA to access the MathML via the mathPlayer4 public beta. If you are interested in contributing to this effort, checkout the github repository for MathInjector. http://www.github.com/sinabahram/MathInjector .
SVG Images vs static images (JPG, PNG, GIF etc.)
SVG will allow a low vision user to zoom in on the image without pixilation. So the image will be sharper. A png image in a wiki math image file at 10x Zoom looks like this:
[image: ]
The same image at the same magnification in SVG follows:
[image: ]
Source for equations: https://en.wikipedia.org/wiki/Prime_number_theorem 
SVG is a clearer rendering. However it does not contain any semantics, and therefore is far inferior to MathML, even if it has alt text.
Inline text
In the absence of using MathML, we recommend that simple one line math problems with basic operators that have no subscript or superscript be written as plain text. Group terms together such that spacing is used only to indicate grouping. Use common sense on groupings. Examples: 
· (2x+4)
· 3/4 + 2/3 
· 2x + 2y = z
For anything more complex, we recommend using MathML for representing mathematics on the web or MathType within word documents or PowerPoint presentations.
What should web developers do?
· Use MathML with MathJax 
· Author Math in an MathML editor such as MathType or a competitor (Math works, Math Magic, WIRIS, MathHear, etc.) and export to MathML either embedded in a web page or as straight MathML which can be embedded into a web page. 
· Use fallbacks, add alt text and/or long descriptions below the MathML. The description should be in an accessible expand/collapse div to prevent double speak and make the page cleaner for sighted users. 
· In some cases SVG or static images (png, jpg etc.) with alternate or long descriptions text (<title> or <description> in SVG) can work if there is not a lot of math, or it is not central to the content. SVG has the advantage over static images. WIRIS or MathJax do a good job of this and can work stand alone or with MathType.
· Very simple math (addition, subtraction etc.) can be rendered inline as text. 
MS Word
What doesn’t work
Math created with the EquationEditor which is included in MS Word doesn’t work with screen readers. 
What should authors of MS Word documents do?
· Create math problems with MathType  ($99 or $57 for academic)
· Render simple math inline as text. See HTML section above for examples.
· The latest versions of NVDA and WindowEyes both can read this math in Word if they have MathType installed
· For Jaws 16 users, export from MathType to an HTML page which will embed proper MathML with MathJax into the web page. Provide that as the alternative to the Word document. A screen shot of how to do that is below.
[image: ]
· [bookmark: _GoBack]If it is incidental math, and not much of it, it can be rendered in an image with alt text. WIRIS can help with that because it provides the automatic alt text for the equation when it is exported as an image. Sage MathCloud in the cloud is also a way to provide alt text, leveraging the ChromeVox engine.
PDF
In PDF, MathML but we have seen a demo of it working with NVDA and the MathPlayer4. MathML tags were in inserted between opening and closing  <figure> tags. The problem right now is there is no authoring environment. Adobe is aware of this and it is likely that an authoring tool such as InDesign, will be able to export to MathML in the near future.
In the meantime, simple equations can be rendered inline (see inline examples above), with an advisory to screen reader users to adjust verbosity and punctuation. However, as soon as any subscript or multilevel equations are used, then images with alternate text or long description (for complex equations) written in the document below the image are necessary.
Call to Action
· AT manufacturers need to write a little bit of code to sniff for MathML and hand it off to the MathPlayer API.
· Content providers, Generate your mathematics in MathML for the web and MathType for Office documents
Conclusion
Math on the web and in documents has come a long way.  The combination of The W3C’s support for MathML, browser support for HTML5 <math> tags, MathJax, MathML support by assistive technology, and the MathPlayer4 release that works with browsers yield an amazing and equitable experience for people with disabilities. As of this writing a blind user can access Mathematics with JAWS16 + ie11 OR with NVDA or WindowEyes with Firefox, Microsoft Word and PowerPoint.  
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