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Introduction

Here in the Netherlands we have a lot of programs, initiated by our government, to encourage more young people to specialize in maths and science. These programs are successful; and the numbers of sighted students at all levels that choose these disciplines are rising. This is important for our economy and it offers students well paid career opportunities. 

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 maths and science teaching to children who are blind are encountered everywhere. I have often heard it said that it is impossible for blind students to participate in maths lessons on equal terms in a class of sighted students. This is clearly not so, and it is high time for those people who have the expertise in teaching these subjects to learners with VI to join forces and share information through international cooperation. 

There are many possible solutions, but the problem is that there are very few people with the expertise to apply them and is often very difficult for VI students, and their teachers or parents, to identify appropriate teaching adaptations in maths and science and to understand all the benefits assistive technology has to offer in these subjects. But this summer, at the preconference of ICCHP in Vienna, 12 and 13 July 2010, a start will be made on addressing this issue through the introduction of a Summer ‘university’ for students and teachers. 

The goals of this programme will be given towards the end of this article, but the central argument of this article is 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 in the particular area they want to work. 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 – and let’s face it, it often does. In mainstream settings, the needs and aspirations of many blind students too often go unmet in maths and science and this may account for the rising numbers of applications to specialist schools like the Carl Strehl Schule in Marburg where there is specialist expertise in teaching these subjects to blind students. 

The situation in mainstream secondary education in the Netherlands 

In order to make it easier for you to compare the situation in your own country with the situation from which I write this article, let me give you some very brief headline information about the situation in The Netherlands. 

We have 50 Braille students and roughly the same number of very low vision students in mainstream secondary education in the Netherlands. Our overall mainstreaming rate is 75%, although for Braille students this percentage is a little lower at around 70%.  About 50% of these students will go to university, with most of the rest going into vocational education. This apparently high success rate possibly needs to be seen in the light of the fact that most VI students who have additional needs are not found in mainstream and attend specialist schools. 

In secondary education itinerant teachers do not offer direct teaching to children. They give educational advice and support to schools and classteachers and, where necessary, they offer social and emotional support to the student. Mainstream teachers are invited to in-service training programmes 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. 

Students in the Netherlands don’t learn specialist codes in maths, physics or chemistry and they work in uncontracted Braille. Students are introduced to literacy through 6 dot Braille, and between the ages of 6 to 8  they start working with 8 dot Braille displays. Only very few students learn the music Braille code, and teachers of Braille music are hard to find. For computational mathematics we use a linear notation, and maths is usually recorded using a ‘qwerty’ laptop keyboard. In secondary education hard copy embossed Braille is rarely available. Blind students work on laptops with screenreader software, refreshable Braille displays, speech output (through a headset) and a qwerty keyboard input.

The educational institutes for the VI have their own specialist schools and provide itinerant teaching. There is a national resource centre that produces some schoolbooks in accessible formats and images can be put into relief at request of the mainstream teacher or the student. This centre is also serving other Special Needs students with reading challenges (especially Dyslexia) and it is quite separate from the educational institutes for the VI.
What are the barriers to maths and science education in secondary mainstream education?

A lack of time for individual explanation 

A key barrier to attainment in maths and science is the lack of time for individual explanation. Even very skilled teachers from mainstream schools often don’t know how to approach the teaching of maths to a child who is blind.  Apart from the lack of Braille knowledge, they often don’t have the time to give the amount of individual explanation children need or the time to check that the student has understood the concepts. In the Netherlands, as mentioned earlier, there is the additional barrier of lack of access to hard copy Braille and the lack of specialist codes. 

Negative attitudes

Blind students have the same talents as sighted students and some have a real talent for maths and science. However many teachers and other professionals see these subjects as unsuitable options for Braille students and are unaware of the possibilities that higher level Maths and science can offer to them. This negative attitude in turn influences the beliefs of the students involved. Often this negative attitude is a result of ignorance; some people just cannot imagine how students who are blind could tackle maths formulae or read and draw diagrams without sight. 

An article that describes very clearly the effects of this negativity is ‘Making Sense of Math’, by Alicia Verlager. When Alicia was at school she couldn’t see what was on the board in maths class. Her teacher told her to sit at the front of the class but did nothing to communicate with her. She describes how she would sit in class passively, pretending nothing was wrong and not participating. She barely passed her exams. When she went to college Alicia wrote: “While I felt confident about my abilities in other subjects, I went to college quite certain I would fail math. I had barely passed those high school math courses when I could still read print and use a pencil; how on earth was I going to do math without those basic necessities? 

“My own anxieties were unfortunately often reinforced by discouraging comments, some blatant and some more subtly offered as "advice" from other people. Some professors still inform blind students on the first day of class that they "don't belong in this class”, or that they "might be happier somewhere else”. 

There are even plenty of people, some of whom should know better, who claim that blind people can't "do" maths, and many blind and low-vision students are encouraged to waive the math requirement or to substitute some other course.”  In Alicia’s case, a little research soon produced a list of famous blind mathematicians but this didn't leave her any wiser about how to handle the basics of her lower-level math course. “Something as simple as reading the math problem can seem quite overwhelming at first, let alone surviving a course which prohibits the use of a calculator.”

Alicia was able to break through this impasse by taking an active attitude and really participating in sessions, asking questions and making communication happen. She really got the hang of maths and wrote a maths handbook containing tips for teachers.

Such negative attitudes can have devastating effects on students who are 12 to 16 years old. Most youngsters do not have the ability at that age to break through such a barrier and may feel that starting to ask questions merely shows that their lack of understanding. By the time they develop the confidence to question their teachers; the damage is often done and is difficult to mend.

Practical problems 

This lack of engagement on the side of teachers and other professionals is often caused by ignorance, but there are some genuine practical problems: most classteachers in mainstream have no expertise or experience of how to teach math to Braille students. They often face one or more of these issues: 

· There are no easy and ready made instructions for teachers on how to teach a particular subject to the first and possibly only Braille student that they will ever have in their class.

· Braille notation is a potential barrier to communication with sighted peers and teachers.

· Reading or drawing diagrams can present particular problems.

· Learning material is often late, and is sometimes incomplete or lacking altogether.

So teachers often have a lot of genuine obstacles to negotiate before the real work can begin. In every country conditions are different, but the above problems are fairly commonplace. 

Lack of experts

In regards to the Dutch situation, there are small numbers of students with a relatively large geographical spread, so it is not surprising that it is difficult to maintain expertise. For the mainstream teachers, the blind student in their class is almost always both their first and last blind student. The teachers may become experts, and in the best case scenario will write down their experiences, but only on very rare occasions might they advise or coach another teacher. Their expertise will fade relatively quickly. Our itinerant teachers have no teaching responsibilities, and this in itself adds to the difficulty of building and maintaining their own expertise.

But even in countries where the system provides Braille-certified itinerant teachers who assist the students, expertise is not always available because specialists who can support Braille maths at all levels are scarce. All over Europe students are more and more widely spread and sometimes traveling times alone prohibit the match of need with expertise. 

At the same time, due to integration/inclusion policies, special schools for the visually impaired in many countries have more and more trouble retaining their curricular expertise as the population of their school changes to cater for students who have additional care or protection needs.  Students who want to do maths at a higher level are already a rare exception in schools for the blind, and as numbers of children in these schools go down and the needs of the students become more complex, it may be that  some teachers have no Braille students in his class for years in a row. When that happens specialist schools are no longer a breeding place for expertise on the curriculum subjects we are discussing here. 

Finding new ways

Let’s go back to Holland. By the beginning of the last decade we were facing the problems described. Students were not taught a Braille maths Code and, at best, (in primary education) the itinerant teacher introduced occasional maths signs as they occurred in the textbook. The resource centre did use an adapted maths code, but this was a simplified version, often presented as a set of signs and symbols on the first pages of the textbook. As Braille translators became more and more unskilled in working with the code, the Braille sign used for a particular function sometimes even differed from book to book. The resource centre was originally set up to produce (embossed) Braille books so when  students started to demand ‘digital’ versions of maths texts, they often received material in a format that was unreadable on screen. When writing maths, students often developed their own solutions to the problem of   recording their maths work on a laptop using a standard keyboard entry. 

As a result of concerns about the situation, a working group of maths teachers was set up to develop a notation that would allow clear communication between blind and sighted students and blind students and sighted teachers in maths work. The situation was urgent since we had a couple of students that needed to do maths right away. So we quickly developed a linear notation that came to be called ‘Dedicon Maths Notation’  http://wiskunde.dedicon.nl/ that was based on the notation already used in programs like Maple, Mathematica, sometimes Excel. 

It is often difficult for people who were raised with traditional Braille Codes to understand how maths can be taught or learnt through the new technology. Traditional maths codes were built on Braille and tactile perception, and the people designing them were thinking in dots. In our way of working, Braille students are taught to think in the same way as print users.  The notation we have developed is not intended to be fully ‘representational’ as traditional Braille codes are, but our print linear notation is semantical or meaning based. This meaning-based notation is a simple code that both blind and fully sighted children can understand and it allows blind and sighted children to work on maths together.

It is a success: Maths and science are accessible again in secondary education and several students each year pass the final exams. However we are not yet sure whether this linear notation would prove sufficient for the demands of University-level work. All science students of higher education use a computer language called LaTeX which can be used for editing texts that contain math formulae. It too is a linear notation and University Blind students use it both to read and record their maths and science work. We feel that it would be good to train new students to use LaTeX before they enter university, because at the moment they are in the difficult position of having to read and write at a level higher than at school right from the first day.  

No doubt there will be hot debates at the Summer University this year in Vienna over questions such as: Are braille math codes still necessary?  Do we need them across all phases of education?  Do Braille codes really provide major teaching and learning advantages?

A Summer ‘university’ on Maths and Science 

On 12 and 13 July 2010, in Vienna, at the preconference of ICCHP, there is a Summer university for students who want to follow subjects involving maths, statistics or science. The programme can be found at http://www.icchp.org/programme/summeruniversity. 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. 

At the Summer university, students will be able to attend workshops in LaTeX, LiTeX and Lambda. In some countries LaTeX is already being used in secondary education, but like braille maths codes, LaTeX is inaccessible to their teachers and sighted peers.  A Marburg teacher subsequently developed LiTeX, a macro program that enables users to write and solve math problems and chemical formulae and structures, which can be used both by sighted students and by blind students using  JAWS  as a screenreader.  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. 
Encouragingly more teachers than students have registered for the Summer University. That is perfect: we need expert teachers to support students in secondary education. They are the people that can help realize our commonly shared goals of making it possible for blind students to make the choices that match their talents and ambitions. With the right training teachers can ensure that VI students are not excluded, but that they can cooperate and participate fully with sighted students.

The Summer university is not being planned as a one-off, the idea is that the people who attend will keep in touch through a network and we hope to make it a regular event. After the Summer University we hope to set up a network, supported by a website with information, a wiki, FAQ’s and a forum, to bundle expertise and forces. 

If you unable to attend, but want to join this initiative, you are welcome to our forum: http://www.accessipedia.info/forum. Let’s make inclusion a reality for this subject. Let’s make sure blind students have access to math, science and statistics.
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