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Abstract

This paper shows that computer technology is able to assist people who are visually disabled to access and communicate about geometrical information. A computer program, DESENVOX, that allows that blind students can create, edit and print tactile graphics is discussed. It is also shown that for geometrical knowledge to be constructed – which includes the ability to use this computer tool – the students first need some physical experiences with 3D models and Geoboards. 
1. Introduction
Visually disabled students have perhaps been those who had more benefits due to computer technology.  Today, aided by computers, voice synthesis, scanners, Braille printers and other equipment, a blind person is able to “write and to be read, and to read what the others wrote”. The Brazilian face of this technology is the DOSVOX project (Borges, 1996), a computer system based on voice synthesis and menus that allows easy access to computers for more than 20.000 blind people in Brazil, eliminating many serious restrictions for the communication with non-blind people.  However, DOSVOX – and almost every accessibility systems all over the world – is aimed to give a good sound feedback just when the information is textual, but very little when is essentially mathematically or graphically oriented, in particular in geometry teaching.
The huge problems to teach geometry for blind students are very well known.  Klingenberg (2007) describes with detail what subjects are fundamental to teach to children at elementary level and the inherent difficulties to teach those subjects to young blind people.  The paper talks about abilities to be developed, mentioning the analysis of object properties in 2 and 3 dimensions, the ability to create mathematical constructions and to do calculations, the assimilation of processes needed to make measures, translations, reflections, and to deal with elements on the concrete and symbolic levels.  This study claims that the students should also become able to read maps and to draw simple perspectives.  In other words, these are hard goals to reach without using powerful educational tools – like computer technology.

The main problem that can be solved, is related to the inherent difficulty that a blind person has to search objects in two or three dimensions.
  Through the touch, a blind person locates objects by following a line, not using 2D or 3D eye processing but 1D tactile processing. Thus, the act of "read a drawing" in a flat surface, even when exhibited of tactile form (for example, using relief produced by a Braille embosser) will become a process of mentally positioning the geometric figures that he manages to recognize, trying to ensemble a complete image of the drawing –a somewhat complicated task as figures intercept or touch.  

Computer technology seems to be one of the best for circumvent the limitations that a blind person has when dealing with drawings.  For instance, computer programs (like the DESENVOX system described below) can easily transform the process of locating objects in 2D or 3D into a lookup process in a ordered list of labeled simple elements – that may be built hierarchically – so enabling that relatively complex drawings can be created and understood.

2. The DESENVOX experiments

In a global perspective, before 2000, only a few computer based systems had been disseminated for geometry teaching for blind, and just near 2003 the first tactile systems – e.g. the Talking Tactile Tablet (Landau, 2003) – begun to be used to teach geometry.  These devices have originated the development of new pedagogical strategies to circumvent the difficulties shown in the previous paragraph.  Unfortunately, until today, this kind of equipment is not available in Brazil except in a few research centers.

Borges and Jansen (1999) have developed in Brazil the first experiments in tactile graphic computing
, including the first prototypes that it came to constitute the Desenvox program, available in 2001.  In these experiments they intended:

a) To explore the graphics that could be produced using Braille printers, and to develop generic routines to create several kinds of tactile graphic exhibitions;

b) To develop an interactive system for tactile graphic generation that could be operated efficiently by blind students;

c) To apply the system to teach simple geometric concepts, evaluating the difficulties, and comparing with other strategies that don't make use of computers.

The DESENVOX program presents the drawing for a blind user as a list of basic geometric elements: points, straight line segments (polygonal), rectangles, circumferences and ellipses (including arcs), curved lines, bitmaps and texts.  All the accomplished actions receive a feedback in voice synthesis, as well as the entered information and the results that are produced.

The geometric construction elements are inserted through the computer keyboard, either using the keyboard arrows for interactive cursor movement in the Cartesian plan, or explicitly specifying Cartesian, polar or relative coordinates. All the elements can receive names for future reference.  The output is immediately shown in the computer screen (to be used by sighted people or by people with subnormal level of vision), and embossed on a Braille printer .  The elements can be grouped in "symbols" or graphic routines, that can be kept in a library and associated with rotation, translation and/or hierarchical.

3. Evaluation experiments – DESENVOX in geometric concepts teaching

DESENVOX was applied on two evaluation experiments.  The first one was developed in 2002 by one of the authors (Paula Márcia Barbosa), at the Institute Benjamin Constant, with three low vision and four blind students from the 7th grade.  Here, the system was used as a new teaching strategy complementary to those techniques previously in use.   This way, before accomplishing the experiment with DESENVOX, Paula worked in the classroom with the geometric solids and with their flattening to produce plain fundamental geometric figures. A "drawing screen for blind" was used to produce polygon materializations.  As sequence, a "Geoboard with Nails" was used, and the students built figures using elastic bands, following specific orientations from the teacher, following the idea of gradually induce the notion of Cartesian plan. The notions of coordinates were introduced through nails counting and band fixation.

The use of DESENVOX started at the second half of this course.  In a computer lab, each student used a computer with DOSVOX and DESENVOX, and Paula, with the help of a trainee teacher from the course of Mathematics of UFRJ, asked the students to produce an extensive set of line segments and simple geometric figures with specific measures and positions, including hierarchical constructions. The students with previous expertise on the DOSVOX system (in particular, three blind students) were able to use the keyboard very quickly and were able to build the figures in a snap, while the students with little computer contact, needed help to deal with the computer, specially in the first classes. It was very interesting to notice that all students were able to find their mistakes immediately as the drawing was embossed by the printer, and that the exercises were almost always completely done in the second attempt.

After this first experiment it was clear that DESENVOX needed  a lot of improvement, including facilities to deal efficiently with data in all quadrants and to provide scaling to the screen and to the printer. The previous work with concrete material really made it easy to use  DESENVOX, as it was used in this experiment simply as a tool for theoretical reinforcement, but including a very interesting feature: the interactive possibility,  making trivial erasing and recreating particular elements or parts of the drawing that don't fit with what is expected.

The second experiment was part of a research done by Simone Lyrio, in 2004-2005 culminating in its master degree thesis (Lyrio, 2006). A qualitative methodology was used, based on two teaching experiments, each one consisting in a combination of interviews and situations dealing with teaching and learning, and promoting big interaction between the researcher and two participants – one with acquired blindness and the other blind from birth.

Both experiments have shown that the students were able to build complex combinations of basic geometric elements, assimilating ideas of space location, relativity of positioning, hierarchical construction of figures, reaching proficiency to read simple graphics and ability to produce (not so) simple geometric construction with the computer.

4. Drawing with Desenvox, using the Geoboard as a helper

A point in common in the experiments that must be emphasized, is the intensive use of a Geoboard, together with the interactivity, so that the blind students could materialize the drawing before getting involved in the abstraction needed to use the input techniques available in the program.  The steps in a typical project are the following:

a) Initially, the students accomplished a mental construction, that is, "mentally visualize" the figure to draw and its correlated construction points, using the Geoboard as fundamental guide in this process.

b) they interacted with the program to introduce some elements.  The voice synthesis, together with a carefully designed menu interface, were enough to the students to easily enter the information that was needed.

c) they then used a function of DESENVOX to produce a "tactile visualization" output in the Braille printer, whose output was analyzed, and the failures of the creative process or data entry were found.

d) The program was then used to change or rebuild what was incorrect, in an very interactive way.

Note that as all the elements could be labeled, it was very easy to locate and remove specific elements, as well as the use of relative coordinates for previously positioned elements, making it  very natural to create similar objects, e.g. a new rectangle with identical dimensions of R1 at the distance D of the point P.

5. Final remarks

During the first experiment, in addition to the positioning in simple didactic arrangements of geometric elements, a small set of simple common graphics, histograms and very simple linear functions have also been experienced in exercises.  In spite of not being included in the official curricula, it was a source of interest for the students, as they were able to make links to important subjects that they have heard but not studied before.

DESENVOX, in spite  of being greatly improved during these experiments, still contains some deficiencies to a more advanced geometry course, in particular lack of feedback tools to deal with aspects like interactive measuring of distances and ease to precisely position tangent elements. New versions of the software should present solutions to these difficulties and demands.

Finally, what is important in the development of DESENVOX and in these experiments?  There is no definitive answer to this answer, but we could notice that:

a) The effective use of the DESENVOX program has been a practical demonstration that computers can add significant comprehension to a blind person when studying geometry, including the ability to build logically structured geometric projects.

b) the use of Geoboard greatly helps to link theoretical concepts to its materialization using the computer.

c) As computers are generally very attractive for the blind young students, this produces an interesting side effect: also adds interest to them to the study of geometry.
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� Another difficulty – much more complex – occurs when reading a 2D image represents a 3D object's projection.  As the projection and its inverse are learned with strong visual feedback, it's very hard to blind people to understand it using rules and mental abstractions only.   This paper doesn't touch this problem.


� This was possible because of their complementary professional experiences in the computer graphic, in teaching Computer Aided Design and in the development of systems using voice synthesis.








