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Abstract
In the Netherlands a linear notation for math was introduced that allows the VI student to read, to write on a qwerty keyboard and to communicate directly with sighted peers and teachers. In an increasing amount of European countries similar solutions are being developed. Mainstream teachers object to having a student using a Braille code, because they don’t know how to support them. The lack of expertise of teachers how to support Braille students in studying math, science or statistics, is not just limited to the Netherlands. It is a much more universal problem. This article explores what we can learn from recent history in the Netherlands and what solutions might be developed, cooperating internationally.
1    Introduction
When I first met the Infty group, I was very impressed with their ability to build software that could OCR mathematical formula’s. When I saw how writing Japanese on a computer with a qwerty keyboard works, I understood better how this was possible, but I was even more impressed. I am very honored with the invitation and I want to thank you for the chance the DEIMS organization gives me to come and share my findings and ideas with you – and hopefully find ways or contacts that will lead to new and better solutions.
In my work at Bartiméus Education for the VI, and now as a Product- and Thememanager Educational materials for the VI at Dedicon, The Netherlands, I did many projects to improve accessibility of education for VI students. One of the most challenging subjects is mathematics. 
1.1   About Dedicon
In The Netherlands Dedicon stands for ‘Reading for all’. Dedicon provides access to information to people with a print impairment. We produce spoken books, magazines and newspapers (DAISY), digital text books (mostly for students), embossed Braille, tactile maps and images, Braille music, books for dyslectic students in Kurzweil and Sprint formats, and so on.
Dedicon has considerable technological expertise and means. We seek solutions that meet accessibility standards and we cooperate with organisations and experts abroad.  
1.2   (In)accessibility of Math – an international problem
In our country, due to small numbers of students, wide geographical spread and other factors that I will explain below, some ten years ago we found ourselves in a situation where mathematics had gone almost inaccessible for students in secondary education.
Over the past decade, I have discussed the question of how to promote equal opportunities in maths and science for children who are blind with many people from all over the world.  Although there are a lot of differences in the specific situation of each country, the broad challenges that we face in secondary education in The Netherlands in Math and science teaching are encountered everywhere. 
1.3   Math notation 
Problems for VI students and their teachers in mathematics begin with reading and writing (including drawing) and thus with communication. I will sketch the solutions we have considered, the choices made, the present situation and the challenges we face today.
In this presentation I will not discuss (technical) details, rather share with you a ‘helicopter view’ that may give direction to future developments.
2    Definitions of Inclusion and Integration
My starting point is that education should be accessible. That means that we want to realize inclusion, not just integration. With integration I mean that students attend mainstream education. With inclusion I mean, that they are able to fully participate. 
Inclusion also means that the subject choices of students in Secondary and Higher Education who are blind should not be determined by whether expert teachers or appropriate learning materials happen to be available. If the student has the talent and motivation to succeed in a subject they should be encouraged and enabled to do it. If not, ‘Inclusion’ is failing them. It often does. In mainstream settings, the needs and aspirations of many blind students too often go unmet. This is especially true for subjects like mathematics and science.
2.1   Conditions for inclusion
Inclusion presupposes studying materials, that allow students to work independently and to cooperate with sighted peers and teachers. 
Inclusion also presupposes expert teachers and assistants who have a positive and open attitude, thinking in possibilities (TIP) instead of thinking in impossibilities. Teachers also need assistance and/or extra time – within the lessons – to give extra support or explanation when necessary to give access to the lessons. 
2.2   Expertise teachers need
Specialist expertise that is required:
· Braille expertise
· Knowledge of assistive technology and of Braille on the computer.
· General knowledge and skills to teach blind students (in a specific discipline).

3    Situation in the Netherlands
I will give you some very brief headline information (leaving out  nuances) about the situation in The Netherlands.
3.1   Braille situation
· In the Netherlands no shorthand Braille or Braille codes for maths or sciences are in use.
· Early in primary education Braille students are provided with a laptop with a querty keyboard. 
· There is no Dutch table for screenreaders; students use the German or the American table.
· In secondary mainstream education hardly any printed Braille is used.
· For leisure reading DAISY (only in spoken form) is mostly preferred.
· Teachers in mainstream secondary schools generally do not know Braille
3.2   Integration 
· Integration in primary schools started around 1990 (in secondary education it started earlier).
· 75 % of the VI students attend mainstream schools. The 25% attending specialist schools often have additional learning or behavioral problems.
3.3   Numbers of Braille students
· We have very small numbers of blind and low vision students in The Netherlands: almost 3000 in the age from 4 to 18. About 1000 of them have an additional mental handicap and attend specialist schools. Of the remaining 2000 some 10 % use (a screenreader with) Braille (and speech output). 
· We had 50 Braille students  in secondary education for the last couple of years, some 75 in primary education. 
· Some 10 to 15 each year will go into middle or higher vocational or academic education. The number of Braille students is not registered in higher education. Over the age of 18 the numbers increase, partly due to diseases and accidents. Exact figures are lacking.
3.4   Math teaching in special and mainstream schools
· For a long time, until 5 years ago, math on a more advanced level was not taught in secondary special education at all. Now it is in exceptional cases.
· In secondary education itinerant teachers do not offer direct teaching to children. They give (general) educational advice and support to schools and class teachers and, where necessary, they offer social and emotional support to the student.
Mainstream teachers in secondary or higher mainstream education usually never before had a blind student. They teach a class only a couple of hours per week. They are invited to in-service training programs and short courses (although it is not always possible for them to attend), but while a lot of information is made available to them online, they get no extra time or assistance in the classroom for their blind students. In short: the majority of mainstream teachers is not prepared nor equipped to teach their discipline to a blind student.
3.5   Devices
When we introduced computers in schools for younger children, the idea was to provide children with a laptop (with a qwerty keyboard), a screenreader program and a Braille display, so that they would become very skilled in using mainstream IT and the Windows programs as used in mainstream schools at the time (Windows Office).

4    Expertise and integration – a negative correlation
It will be evident that with such small numbers, combined with a wide geographical spread, it is quite difficult to maintain expertise. The Netherlands however are not the only country facing this problem. In fact all countries where integration spreads have to deal with similar problems. Some may have certified teachers or assistants in class, or itinerant teachers that can support a student up to his final school exam in all disciplines. But very often the wide geographical spread makes it difficult to match expertise and students or there is just a lack of certified teachers (in the place where they are needed).

5    A little bit of history 
Now that we have the general picture, let us see what happened in The Netherlands concerning math notation. Please keep in mind that once the computer had found its’ way into education, this had to be done on a qwerty keyboard. 
In the DOS-era, people thought the computer would mean integration and inclusion for the blind. It actually put blind people at the same level as sighted computer-users, since it was a text-only environment. As a more or less logical consequence most students choose a text-only study and were actively encouraged to do so. Often they were discouraged to pick studies with math, symbols, tables, diagrams and other (with the computer) ‘inaccessible subjects’. 
Some blind students however wanted a math education. Before integration started they would do maths in Braille on paper, writing their maths with a Perkins. They would learn the basics of the code in primary school; then mostly a specialist school. In secondary – mostly mainstream – school they would learn new symbols from the list of ‘legends’ in the book. In those days there was more time to support a blind student, there was a service to backtranslate the paper Braille to the teacher. In university and in work there was reading help.
But then the computer took over. Reading help and backtranslating were mostly abandoned. Education was individualizing.  It was actively advised not to do mathematics or science in the upper classes of secondary education. Again this negative attitude towards maths was not something we had only in The Netherlands. Read for example the story of Dr. Nemeth (of the American Nemeth Code) on
 http://people.rit.edu/easi/easisem/nemeth1.htm.
5.1   Math on the computer
The new generation would receive ‘digital books’. But these were unreadable! In fact they were derived of the documents that were used to produce printed Braille with the help of a computer.
Students and teachers were confronted with for example:
5 }a/2 +8 }a/2 = 13 *a/2
;-6 }a ü -27~ 
Students and teachers wouldn’t understand what it meant. The Braille on the display was nothing like what some students had learnt in primary school on paper. Students who had worked on the computer right from the start were familiar with this notation but they didn’t like it as it is difficult to write on a laptop and sighted peers and students thought it ‘odd’. Moreover the notation was not applied consistently anymore by that time, so students always had to consult the list of legends. It often led to mistakes. A slash for example was often taken for a division sign instead of a superscript sign.
Parents and teachers would start to rework the texts, deleting incomprehensible signs and replacing with Cthl+H all ü’s with slashes, and slashes with ^, so that they became usable for the new generation of students. 
5.2   Individual solutions for writing math on the computer
For writing students and teachers used their own individual systems. This, by the way, is also common practice for many students in other countries, where Braille math codes still are in use. Many students think it is kind of cumbersome to write code. The individual solutions come much nearer to the notation in calculators. These systems of course mostly are not unambiguous, but they work pretty well in practice. 
A Braille code is representational; it gives exact information on how something is written in the book. So there are different signs for colon, slash or a horizontal division line.
 The individual solutions are semantic. In these examples they would simply write: 5a^2 + 8a^2 = 13a^2 and (-6a/-27) or (-6a : -27). Slash or colon were interchangeable, since only semantics were regarded.
As long as no printed Braille is used and every user has his own configuration on the Braille display, individual solutions work well enough  – in primary school and the first classes of secondary school.
5.3   A paradigm shift
Signs on the computerscreen had taken over. A real paradigm shift had taken place. It took some time to find out. Not even the Braille students were thinking in dots anymore. Everyone was thinking in what appears on the monitor: writing. Modern youth grew up with calculators. So they expected and wanted something similar, not signs that made no sense. (They only make sense when someone grew up with the Braille math code and reads them as equivalents for Braille characters).

5.4   ‘Brailleless dots’
One can say that the dots appearing on the Braille display had lost their attachment to the complex Braille system. All that was left of it in the new setting was a one to one relation between a sign that is on the keyboard and a Braille character. 
The interesting part for researchers would be to investigate the role of the ‘dotless Braille’ in this situation. Many students testify they couldn’t do math without Braille support. Does the tactile support, notwithstanding the fact that the speech synthesizer is of indispensable value to be sure which sign appears, help the memory and visualization substantially?
5.5   How to make advanced math accessible to students again?
So this was an interesting situation. We found ourselves in a situation where books were made in a code, that was not taught to students anymore and that was not applied consequently, with parents and teachers changing the books to make them comprehensible and everybody having their own system for writing. In short, math in The Netherlands had become almost inaccessible. What to do?
5.5.1   Math Code
Choose a math code? But which one? The Association Bartiméus-Sonneheerdt granted us a subsidy to work it out. The American Nemeth code? Or a geographically closer one in case our students would study in neighboring countries (UK, Germany, Belgium)? 
But then: how could we ever realize to get the books in a math code and train teachers and students to use that code within the available time: only a couple of months? Besides reintroducing a code would not solve main problem: (mainstream) teachers who would be very unwilling to teach a student working in code. 
5.5.2   LaTeX
For the same reason we rejected LaTeX. LaTeX is usually as unknown to teachers and sighted students in secondary education as is Braille Math Code. This solution might solve the reading and writing problem, but not the communication problem. 
5.5.3   Lambda
We also considered Lambda, but that project at the time seemed to stop. The Lambda project (http://www.lambdaproject.org/) has designed a new code that can easily be learnt and used by both sighted and blind students. 
5.5.4   LiTeX
We considered LiTeX, a Word plugin that would allow reading and writing in the (German Marburg) Code with Jaws. LiTeX is not only for writing and reading math formula’s and equations. It can be used to solve math problems and write chemical formulas and structures. The beautiful thing was, that the Braille could be displayed in ASCII-braille, but also in a graphical way with symbols, above and underneath the line. However this program was in German, it required code and it would only work with Jaws whereas most students used Supernova. The fact that it was still under development made translation laborious.
(You can find information on all of these programs on www.icchp-su.net). 
6    Universal Linear Notation
We decided to have a group of math teachers standardize the pragmatic individual solutions students were using. Maple, Mathematica, Excel, and calculators could be used as a source. It would allow direct communication between blind students and sighted peers and teachers. The monitor was leading. We only used keyboard strokes, so that even when someone would convert text from Word  – the usual format that schoolwork was made in – to notepad or e-mail, no mutations to squares and other signs and symbols would occur.
You can find the new notation at www.wiskunde.dedicon.nl (in Dutch…). It took until 2009 before it was finally implemented in the production of schoolbooks.
It worked! We now have blind students passing the final math exam at the highest preacademic level again. That certainly is a big gain.
6.1   Not a panacee
The new notation is not a panacee though. The following problems remain:
1. Printing 
a. for example math formula’s with tactile diagrams
b. It wouldn’t be bad to be able to work out equations on paper every now and then
2. It is not 100 % unambiguous
3. Transition
The first two points were mentioned before. The third one needs a little explanation.
In higher math and science education LaTeX is commonly used. In that environment the use of LaTeX brings no problems in communication. But students seem to have trouble using LaTeX to solve mathematical problems and equations. The notation is lengthy and strains the memory. LaTeX is usable for writing math, it allows to read math, but it doesn’t seem apt to do math, to ‘get the picture’ of a complex formula and to work out problems. As a result we see that many blind students change their initial choice and abandon studies that require working with complex formulas, matrices and the like. Would this be better if the brain had been trained before by using LaTeX in secondary education? Or if students would be trained to use LaTeX during the long summer holidays between the final school exams and their study? Or, better: in a(n extra) transition year?

7    ICCHP-Summeruniversity
The ICCHP-Summeruniversity is one of the places to work on questions like these and to see how we can improve transition from school to university. Through hands-on workshops students from many different countries will have the opportunity to try out accessible hardware and software, including technology that gives access to diagrams. In this presentation there is no time to tell more about this initiative, but you can find all information and all people involved on www.icchp-su.net.
Encouragingly teachers and transcribers show great interest in the Summer University. For a more structural solution it is very important to train the professionals who have to support (and train) the students. 
7.1   Better transition
If we manage to make ICCHP-Summeruniversity grow, it can develop and provide international solutions to ease the transition from school to university regarding math, science and statistics. It already contributes to easing the transition in a modest way: peer groups of both students and professionals can support each other during the year. 
7.2   Alternative equivalent e-learning modules
It would be interesting to see if we can develop alternative accessible e-learning modules for inaccessible subjects, both in schools and in universities.
For example: SPSS is used in most statistic courses at university. SPSS is not accessible. It usually is very time-consuming or impossible to convince manufacturers to make their products accessible. In the case of SPSS most blind students will waste a lot of time in finding out if there are solutions. They will end up working with not quite adequate solutions like Excel and they will receive help from sighted peers and teachers (they cannot work independently). During the course they do not learn to use a tool to do research. Career possibilities as a researcher will be limited. An alternative equivalent e-learning module, that is recognized by universities, where students learn to work with an accessible (open source) program like R, would be more useful to them.

8    Do we need a Braille Code? 
Reconsidering the present situation in the Netherlands: is our solution using a linear text-based math notation instead of a Braille math code a chance or a threat for VI students? It is very interesting to see that in other countries (e.g. Belgium, Austria) teachers in mainstream schools object to using Braille codes for very similar reasons. In some countries LaTeX (a human readable version) is used in secondary school. Both the use of a Braille Code and LaTeX doesn’t seem to work in many situations. Both  are not appreciated as helpful, but seen as obstacles in the communication. 
The question ‘do we need a Braille Code’, is getting louder internationally. Opinions differ widely:
· Blind people who are trained to use a Braille code will plea for one strongly; generally for their own code. 
· Late blind people  as well as most younger and/or ‘weaker’ math students (lacking expert teachers) often experience the use of a code or LaTeX as an extra barrier. 
Libraries will make what users need, but they badly want a permanent solution and a solid method to produce both digital and printed documents for Braille readers.

9    Further possibilities for International Cooperation
In Belgium SenseMath is being developed. This program allows inserting math with the math editor in Word, in a text-based notation and in Braille. The monitor can display any of the required notation. Moreover the Belgian text-based notation is more compact than the Dutch one and it is unambiguous. It is interesting to see if, after settling a Dutch-Flemish literary Braille code in 2005, we can also establish a Dutch-Flemish linear text-based math notation.
In order to realise solutions for all blind students who want a study or career in math, science or statistical research, it is important that each country settles a solution that allows a good math education for their students in all phases of education. Best would be a solution that can be used in higher education as well.
In the period where this is not possible (yet), transition to university needs extra attention.
For university students it is important that there is a universal solution that allows studying or working abroad. 
[bookmark: _GoBack]9.1   A truly universal text-based linear math notation ‘4All’?
A thought I want to share with you: can we develop a ‘universal text-based linear math notation 4All’? A challenging thought: in writing e-mails even sighted people need a linear notation for formulas and equations.  If so, now is the time to do it. Several countries are experimenting and developing new solutions. Nobody is really ‘stuck’ yet.
If we are fast enough, can we succeed in creating solutions that allows Braille readers from all over the world to communicate directly with each other and with sighted people? At all levels?
At the pre-conferences of ICCHP in 2006 and 2008 (and 2010 at the first Summeruniversity at ICCHP) experts agreed that it was important to look for compatibility of solutions that were developed and to cooperate wherever possible. For the end-user we need solutions that help doing math, science and statistics, that:
· require a minimum of extra effort to learn to work with
· allow easy communication and cooperation with sighted students and teachers
· allow working independently
· allow all Braille readers to read embossed Braille as it appears on their Braille display
· if it requires learning (yet) a new notation, must guarantee that the effort is durable, permanent 
In many international projects solutions are developed, where software bridges the different Braille codes. Lambda is an interesting new code, that has the first four of the characteristics just mentioned.
The main difference with a universal text-based linear math notation 4All is, that the latter doesn’t require any additional device or software. Of course it can be implemented in (translation) software. But it also can be used stand alone even in notepad. Reading on the Braille display is not complex; the speech synthesis can help. If in addition to this notation a universal Braille table can be developed, we would even have a solution to exchange embossed math Braille – as in music – and tactile diagrams. 

10    Conclusion
A universal text-based linear math notation 4All has the potential of being
1. a welcome addition, replacing the often ambiguous individual solutions - in countries that have an educational system that supports learning and using a long established  Braille math code
2. a ‘life line’ to accessibility of mathematics - in countries that don’t have an educational system that supports learning and using a long established  Braille math code
3. used to communicate directly, even in e-mails
4. interesting for sighted people as well
5. easy to learn and permanent
6. important to be able to cooperate and to work independently
7. a solution for printing
A challenge to all experts from universities! 


