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 ABSTRACT

The sustained development undergone by the line of research into “tactile cartography” over the last ten years at the Metropolitan Technological University, in Santiago, Chile, has enabled an inter-disciplinary and international  team to be consolidated, thus making it possible to meet the needs for access to geographic knowledge of visually handicapped people. 

The study of the symbology for the various scales of work and different thematic variables has been portrayed through a tactile cartography that has enabled children, young people and adults to study topics in the area of geography. This has helped their learning while being entertained at the same time, particularly for those students with visual and hearing handicaps, and also for those who are not handicapped but, because they are at the same schools, it has allowed them to improve their integration with the whole class.

The research has been carried out within the framework of the research projects approved by the Pan-American Institute for Geography and History (PAIGH) and in the Organization of the American States (OAS). The products of this research relate to the themes portrayed on small-scale maps, such as maps of physical terrain, vegetation, climate, population and political maps, covering the Earth, Latin America and countries in Latin America, along with cartography at intermediate scales such as urban plans of the capital cities of Latin America, and at large scales on the subject of school and classroom plans in various schools of Latin America. Moreover, Manuals of Geographic Concepts have been created with cartography demonstrating various concepts in a spatial model, such as rivers, lakes, hills, among others, these being accompanied by photographs and texts in Braille. 

The cartography and boards showing the various concepts of the Earth, as well as the teaching and entertainment materials about geographic topics have been made of PVC and foam plastic materials, enabling the creation of 3D models with Braille writing, for the use of blind people and all those who can make use of their sense of touch. 

In paralell with the research and production work, training courses have been implemented and given about using and handling tactile material for teaching geography, in which the re-evaluation of basic cartographic concepts and of the techniques and criteria for decoding cartographic models, with an emphasis on reading and interpretation, has enabled a large number of teachers from various schools in several countries of Latin America to acquire the skills needed to obtain maximum benefit out of the materials made.

On this occasion the development and achievements reached so far during the performance of these projects are presented, and the impact on the education of our handicapped students in Chile and Latin America by the use of the tactile cartography and teaching materials made over the last four years is described. 

INTRODUCTION

One of the big challenges with regards to  disability is the search for the best strategies so that children, youngsters and adults learn the different matters inside their educational formation, to facilitate and support their further insertion in society. In this sense, the Tactile Cartography Center of  Technological Metropolitan  University of Santiago from Chile, has consolidated an international and interdisciplinary investigation group in the   cartography, geography, design, sociology, differential education, library science, psychology and computer science areas.   This group is accompanied  by a  solid  team of professionals, technicians and administrative clerks, where research assistants and collaborators of the Cartography, Design and Computer Science Majors support Cartography directed to people having Special Educational Necessities  and also to those students attending ordinary school, thus allowing the integration of all  actors in society to take place. 

The geography teaching    so far has been approached by the researchers, considering those common topics that coincide in most of  Latin American countries and mainly related with the relief of  territories, the climate,  vegetation, population,   geographical concepts and  phenomena present in nature, as well as urban aspects and representation of environments near disabled people.  

Research was done on the methods and processes and the conceptual theoretical aspects  of the relationship space -  distance  and perception were also dealt with, giving great importance to the treatment of the  tactile symbology  and Braille study  in the different work scales, for their further three-dimensional representation in the different topics approached. The evaluation instruments helped the users to thoroughly review each of the cartographic products and tactile material made, thus allowing to establish the levels of understanding of the users. Subsequent to the evaluation,  the optimization of    3D models was carried out. .  

The production of the varied didactic and cartographic material, in addition to training, has been  an important topic within the scope of the research results. Teachers of differential education and other areas of education of  Latin American countries have been trained through international courses, in topics related with: perception and tactile image, geocartography concepts, design and construction of didactic and cartographic material, and use of teaching strategies for the   maps.  

OBJECTIVES  

- To facilitate the access to geographical information and to stimulate the integration of the students with handicapped eyesight by means of the tactile thematic cartography.  

- To provide by means of training courses, methodological and conceptual tools that allow  the professors of the different countries of Latin America to stimulate in the people with visual and auditory handicap the exploration, interpretation and understanding of the topics represented in the tactile cartography.  

- Construction of  charts and thematic maps, in accordance with the necessities and requirements coming from the education ministries of the respective countries and in connection with the minimum contents for the teaching of geography.  

  - To disclose the results of the evaluation and use of  the Latin America maps. 

METHODOLOGY  

The  methodology development  was based on the combined work carried out among the different researchers both seeing and  blind people. To achieve this purpose, a study was made about the information that each product would contain, depending on the work scale, the topic to represent and the countries that were selected to participate in the projects.  

1. Work scales definition and cartographic bases generation : Between the years 1994 and 2001 the researchers team devoted themselves to the study and development of large-scale cartography, the essential thing being to put the blind person in contact with their immediate environment, in such a way that they could go over those spaces represented by a carthographic model,  thus helping their orientation and mobility (CCAT, 2002-2004). Starrting from year 2002 and up to the moment, products have been developed that go from the world scales to those of urban sectors of different Latin American capitals, so as to put in blind people in contact with those more distant places where it will be difficult for them to travel   by their own means, but that will be able easily recognizable through touch on cartographic 3D models in   a single document.  

With the experience acquired in going into the design of tactile cartographic models at different scales, the work team has completed a line of products to a level of detail  and representation of the near spaces that the blind children habitually travel round, such as their school and classrooms. The cartographic bases were built for the subsequent tactile representation at different work scales, through scanning  methods and further digitalization  and in ArcView. representation.

2. Cartographic and didactic  3D models design and preparation: This was a stage of quite a lot of work and of trial and error of materials to achieve appropriate textures that allowed blind people to perceive the different types of symbols.     Global scales of information were worked out, such as that of the  territories relief , the political-administrative division, climates and vegetation at country level,  America and the World of beneficiary countries (Fig. Nº 1). The Braille and tactile symbology were also built  for a  set of maps that accompany a Geographical Concepts Manual  and Outlines of General Characteristics of Our Planet related to:  the atmosphere, Earth, continental drift, the water cycle  and the hydrographic basin, with their respective use Guides (Pino, F. 2001) (Fig. Nº 2, 3).   
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           Fig. Nº 1: Maps: Population Density of  North America,  South America  Political Boundary, Chile Climates and  Physical  

                                 Ecuador  
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                                   Figures Nº 2 :  Water Cycle and Continental Drift                                         Figures Nº 3: Material  Use Guides     

There was a special research and work, in detailed form and considering near spaces of the blind person's,   building urban cartography of the national capitals of each one of the countries, so that also  the geographical spaces of the selected schools were represented  for each of the countries. A 3D  mobile model  of the Classroom was designed and built , so that the blind  children try to generate their own tactile plane with the furniture distribution  through magnets of different size and colors, thus learning geography, orientation and mobility by means of the game (Coll, E. and Barrientos, T., 2003) (Fig. Nº 4).  
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                              Fig. Nº 4 : Santiago, Chile Urban Chart, Hellen Keller School mobile classroom

In complementary form the researcher and designer, together with the blind researcher, developed a prototype of one of the concepts that is difficult to understand in cartography, as is the scale. This didactic material was made starting from the human hand design  in  flexible rubber (Goma Eva), which represented different sizes and proportions, and that  can be used in a similar way to the graphic scale used in the maps, eventually a meter could be made to be used as a measure of unit (Fig. Nº 5).  
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                                                             Nº 5 figures: Metric system through the hands  

3. Braille and tactile Symbology: A detailed study  was made of the Braille and tactile symbology and  for the subsequent design of  scale maps in which symbols were used that represented points , area and lineal information. Important was the structure and design of the Braille legends , which are divided in tactile symbology and Braille symbology . The body of the map and the legend were structured in separate sheets to allow working the information with more easiness and considering that the space that occupies the Braille writing is at least three times bigger (Pérez, E., 2005 and CCAT, 2002-2006).  

4.   Matrix Imprinting: Another stage that marks a difference with the visual cartography is the imprinting of 3D matrices  by means of the thermoform system (plastic PVC). For a good result a perfect manufacturing of the matrices should be taken into account with regards to the type of construction materials used, resistant to e heat and to the continuous manipulation experienced later to obtain  an appreciable quantity of copies. (CCAT, 2002-2006).  

5. Tactile cartographic and didactic material Evaluation: During the whole design  and construction process  of the 3D models, a team of assistants and blind researchers  devoted themselves to test the material in such a way of going generating improvements and optimizations of the same one gradually. The most important stage is the checkout of the material once it has been thermoformed, since here the symbols and elements represented in the original material, rich in texture,  are all  imprinted in the same plastic material.   

In this last stage it will be of the biggest relevance that the textures and Braille writing  are detected without any doubt, since the blind person's tact is very sensitive and any alteration of the textures in the process of the thermoforming, in relation to those of the matrices, is a factor of the biggest relevance because the idea of what was aimed to represent can get lost .  

The material generated, product of the research, was evaluated in eighteen Latin American countries in different schools and organizations for the  blind, and recently at a test plan level, in deaf people's schools and in workshops carried out for children and youngsters with Special Educational Necessities (SEN), in them have participated blind, deaf and intellectually-handicapped people in Santiago Chile (CCAT, 2006)  

RESULTS  

- The different Latin American countries evaluated in a very positive way the material  received, which reached over  85% acceptability (Fig. Nº 6). The professors that worked with the material could carry out their classes of geography in a more didactic and more amusing way with a quicker learning being detected, without any fear of using 3D maps for its teaching.  
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                                                                            Fig. Nº 6: Material Evaluation  

- Three international training courses were given to professors of Special Education, History and Geography, Mathematics, Spanish and Plastic Arts, coming from schools for the  blind and integration ones of Latin American countries, in topics related with: perception and tactile image, geo-cartograpy concepts, design and construction of didactic and cartographic material, and use of the maps teaching  strategies  (Huentelemu, V. and Barrientos, T. 2004; Gimenes, C. 2001 and CCAT, 2002-2006) (Nº 7 Figures).  

This training program  was carried out  in Chile, Argentina and Mexico (Albiol C., 2005). In   2005, the Center of Tactile Cartography of  UTEM (CTC, 2005), through the Education Ministry of Chile; it provided speciaized training to 75 professors of the thirteen regions of the country, giving them the basic knowledge, both theoretical as well as practical one on the understanding of maps, the construction of cartographic and play-for-fun material and  teaching-learning strategies of the material (Huentelemu, V. and Barrientos, T., 2004).  
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                                                                                    Fig. Nº 7. Training program  

- 302  3D scale models were made, between maps and legends. However, the quantity of thermoforms imprintings in PVC was bigger , which were sent to all the collaborating countries for their evaluation and further optimization. In this same sense, use- guides were prepared in ink and  Braille that  accompanied the different represented topics.  

- It is important to highlight the repercussion that has had this investigation in the environment of the later publications that have arisen, as is the case of a Manufactured Products Catalog, Use of the Material Guide, Tactile Cartography Course and Geographical Concepts Handbook Project,  published by the publishing department of the Metropolitan Technological University of Chile, thanks to the financing granted by the National Council of the Culture and the Arts, National Fund of the Book and  Reading. This last work has been distributed in 500 public libraries of Chile and soon it will be made available in more than 90 establishments of education of Chile and Latin America ( Fig. Nº 8).  
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                                                                         Fig. Nº 8 : Geographic Concepts Handbook  

   CONCLUSIONS  

- Nowadays the material  is used by blind people  , and their use has also extended for all those with Special Educational Necessities and also,  for the students that attend the common school, thus allowing the integration of all  actors in society to take place (Pino, F. and Coll, A. 2005).   

- Every day new challenges come up for the design and implementation of new tactile and Braille symbology, according to the countless themes still not approached.  

-  An interesting number of topics has been researched and worked out  to be represented through a tactile cartography at a  Latin American level for the teaching of geography in  school.  

- An interdisciplinary team of researchers has transferred map teaching strategies to the blind students with the collaboration of special education professors, allowing their learning  the use and interpretation of  tactile maps and didactic material.  

- The cartographic material has been evaluated in schools for the blind  and deaf with positive results, a fact which  has allowed to have an integration material where blind, deaf and seeing students learn together.   

- Possibility to incentivate a more massive use of the tactile maps, both  to the students with or without disabilities, due to the enthusiasm that their use generates, thus permitting bigger expectations to divulge the geography teachings  in Latin America (Ribeiro, W. and Gimenes, C., 2005; Belt, P., 2004), at  different scales. 
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