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Background

The project ”Mathematics with a Braille Display” was started in the autumn 1996. The project group was composed by two members from each of the two national resource centres for the visually impaired in Norway, Huseby in Oslo and Tambartun outside Trondheim. Some of the funds were granted by The National Centre for Educational Resources, Norway. These days we are writing our final report of the project.

It is not an option for the blind to attend special schools in Norway nowadays. All blind pupils attend local schools. The resource centres offer educational services to the home schools of blind students. The centres also produce the textbooks in Braille used in the regular schools around the country. 

In Norway the pupils normally get a computer system at the age of 8-9, paid by the Government. We recommend a standard PC with a Braille display for the pupil. In the mid-1990s we recognised that the students in secondary school also used their computer system widely for mathematics. At that time there were no standards for this. Each teacher and pupil set their own standards for mathematical signs and developed their own techniques for using the Braille display.  

Goals for the project

This was the situation in Norway five years ago. At the resource centres we decided to do something about this. We wanted to create a standard for 8-dot character notation in Braille used with a Braille display. A second goal was to develop study techniques using an 80 character Braille display. Does this system offer any advantages compared with the traditional 6-dot mathematics used in Braille books? 

Finally we wanted to explore whether the computer system and PC software could create new opportunities in for example calculations and drawing of graphs etc.

Experiences

When we started to make our standards we had two approaches: 

1. Producing a complete electronic book of mathematics 

2. Arrange seminars with teachers and students using the computer and Braille display for mathematics.

Traditionally Braille books in mathematics are made in paper Braille with standard 6-dot notation. To discover which difficulties a student would meet using the computer, we decided to produce a complete electronic book of mathematics. To cover most of the topics in the subject, we decided to produce, as far as possible, a book for the first year of upper secondary education, which is the 11th year at school in Norway. 

A vital input in this work was feedback from the users. We arranged several seminars with the students and their teachers using the book we had produced. One important aim of these seminars was to discuss what the mathematical signs should look like when using a Braille display. The second topic was the layout of the electronic book. In which way should such a book be prepared to be maximally readable and efficient in use? Educational techniques for mathematics were also tested and discussed during these seminars. In the course of the project period we were in contact with fourteen students and their teachers.

During the project period the Braille users in Norway changed their operative system from DOS to Windows. This caused us some trouble, because our first draft of the book was made in a WordPerfect format in DOS, but due to the change of the operating system, we had to work out a Word for Windows version. This shift caused us some extra work, but the Windows system also offered some advantages, especially on the software side. Having access to Excel makes our calculator problems much easier to solve.

Findings

We have invented an 8-dot representation of all mathematical signs used in books from primary school through the upper secondary education. Many aspects have been considered to find the right representation. The signs should have a good shape on the Braille display, as far as possible they should be the same as in a normal paper book (6-dot). The signs should have an understandable look on the monitor. And during our work we found that the keystroke on the keyboard should be as easy as possible. If the pupil can write the sign without many strange keystrokes, he or she will work faster with the subject. These factors have lead to a complete table of signs, not all as good as we initially hoped, but they will work!

As we started to use Windows as an operative system, we got access to better software for calculations. We now recommend Excel as a calculator. It is easy for the pupil to mark and copy a task from Word and paste it directly into Excel for calculation. This gives the blind user good working conditions and he will work as fast as his fellow students. The project group has also worked out some Excel sheets with formulas for functions and the drawing of graphs. It is not possible for a Braille reader to see the graphs, but he has the possibility to print them out to his teacher. For more advanced calculations we recommend a software called Derive.

In Norway very good methods for Braille users on 6-dot paper Braille mathematics have been developed even at upper secondary education. We have tried to adjust as much as possible of this methodology to computerised 8-dot techniques. The facts that the Braille display has longer lines than a line in a paper book and that the overview is restricted to one line on the Braille display have made the methodology a bit different.

Making the most of the longer line of a Braille display has given us new opportunities when developing the methodology. For example when manipulating algebra or equation tasks these long lines offer an advantage. The pupil can do the next step of the task on the same line after the starting point. When ready, the pupil easily moves the answer down to the next line and then goes on to the next step. 

The book is an ordinary Word document containing the text from the printed book, but with some additional tagging. To help the reader find the chapter, paragraph or exercise he wants, we have put different tags in the book. For instance we have marked the different types of headlines, exercise numbers and page numbers etc from the printed book. This tagging has been carried out in such a way that it is easy for the reader to search for them with the search function in Word. If the teacher says that the students should look up page 40, the user of the electronic book can easily do so.

Summing up

It seems to us that working with mathematics with the computer and a Braille display is a success, both pupils and teachers are satisfied with this method. The users have pointed out four main benefits: 

- It is a good way of working, as they can read and write in the same document. 

- It is easy to make changes when doing something wrong. 

- The electronic book is much more compact than the traditional Braille book.

- The communication between student, teacher and classmates is easier than when using paper and the Perkins.

Even if we talk about the mathematics book in an electronic version, there are some tasks that are still not possible to solve with a Braille display. Illustrations, graphs and diagrams still have to be made in a tactile way. An extra Braille book containing this material is normally included. 

During the project we have also observed that some students want longer paragraphs of the book in traditional paper Braille format. They claim it is easier to get an overview of new topics in a paper version than in the electronic book. Cursory reading is also easier in a Braille book.
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