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In this paper we would like to present various ways in which the touch is used (and is irreplaceable) in gaining highly specific information throughout the university study of legally blind persons.

Masaryk University dedicates an exceptional attention to the education through the touch. From the year 2000 it publishes tactile literature, which includes also tactile graphics for a number of university fields. Aside from the electronic and hybrid production, tactile production of the Center for Students with Special Need (shortened name “Teiresias Centre”) is one of the most extensive in the Czech Republic and unique in terms of the production of academic literature.

However, the mission of the Teiresias centre is more extensive. Its aim is to provide for the accessibility to as many study branches accredited at the Masaryk university as possible, and to do so not only for visually-impaired students but also for students with hearing and mobility impairment and students with various invisible disabilities (learning disabilities, psychic problems, chronically ill persons etc.). In the academic year 2008/2009, the centre served up almost three hundred students with disability who were spread across all the nine faculties the university has (the total number of students at Masaryk University being 40,000). It is notable that more than one hundred of these three hundred students are visually-impaired and ninety are hearing-impaired students.

At the moment, legally blind students study at Masaryk University at the Faculty of Arts, Faculty of Social Sciences, Pedagogical Faculty, Faculty of Law and Faculty of Informatics. The fields of their study thus range from philology, psychology, history, religion, pedagogy and social sciences to law and informatics. This amplitude brings formidable tasks with the common entrance Learning Potential Test at the beginning of students’ study process, and highly specific tasks related to the chosen field of study on the other side of the scale.

How to adapt a course of English phonetics based on IPA transcription? What to do with a course of auxiliary historical sciences involving palaeography or heraldry? How to solve an adaptation of the course in applied mathematics anticipating working with elaborate formulas?

With the arrival of a possibility of reading electronic texts by means of speech synthesis and with the help of Braille display at the end of the 20th century, it seemed that printing materials in Braille would no longer be necessary. It almost looked as if reading with synthetic voice would become a direct successor of tactile reading. However, it soon became evident that it is not possible to reduce human intellectual richness just to what is spoken and that not everything can be crammed on the Braille display. To classify the cases when an electronic text is an insufficient and uncomfortable replacement of the physical material combining Braille print and tactile graphic, we get approximately four groups.

1. Coding of texts containing sign symbolics not to be included in basic sign sets which could be served by screen readers (↑→↕,♀ ♂, ⁫⁪⁪№ ₫ etc.), combination of more sign sets (various coding) and related combination of several languages (respectively fonts) in one particular text.

2. Materials where the text is composed nonlinearly (mathematics, chemistry etc.).

3. and 4. Materials containing two-dimensional and three-dimensional graphics (pictures, charts).

In order to keep the informational quality regarding these cases, it is necessary to adapt the original material unambiguously using correct sign Braille coding or tactile graphics (swell paper, plastic paper for thermoforming, two- and three-dimensional models when needed).

Regarding the above-stated categories, we decided to structure tactile perception on the university level and consequently present the examples of solving related tasks as follows:

1. Working with the material based on text (IPA, chemistry, physics, mathematics)

2. Working with lines (following the line’s course, length, width, design) 

3. Working with graphical linear symbols

4. Working with surface and surface symbols (colours vs. grid vs. layers – heraldry, surface diagrams, charts)

5. Working with the third dimension (3D models vs. 2D representations)

1. Working with the material based on text

Example A: English text with phonetics

Fig. 1.A.1

Original task
 


 

 
Fig. 1.A.2

Adaptation for reading the text using screenreader
 

[image: image1.jpg]*1. A. Listen to a song by Macy Gray. The text is transcribed below. There are gaps in the transcription.
You will hear the song twice. Your task is to fill the gaps using transcription. Check with your teacher.

meni t'ai3mz ... ... t'e2u3ld dle2t ai3 ... ge2u3
... dlei3 de2u3nt ne2u3

walt ... galt bei3bi3

dlei3 mei3 naltsi: dle2 lodv ... ...

be2t lodv ai3 ...

e2n ai3l stei3 ... hi3e2




 

Fig. 1.A.3

Photo of Braille adaptation using the system embossing aligned to printings
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Commentary:

The example has been taken from a standard learning material for philological branches at Masaryk University1. The IPA symbols (International Phonetic Alphabet) used are not readable by means of screen readers.

Potential adaptation (Fig. 1.A.2) for e-reading is a transliteration of single vocals to a unique combination of readable symbols. In our case this is done by combination of the vocal (representing basic vocalic quality of the phone) and numeral index. From the figure 1.A.2 it is clear that such a text is extremely difficult to follow (whether by voice or touch). The involuntary misinterpretations can occur when there are other numeral symbols to be found in the text having another function. At the same time, such a text is virtually non-deductible by the teacher, and eventually by other interested people. Another electronic variant is the transfer into such a combination of symbols that would – being displayed on the Braille display – represent a combination of such a kind that it would correspond with the Braille norm. The consequence of such a solution is total illegibility by means of voice synthesis and non-deductibility by teacher.

Braille adaptation (Fig 1.A.3) is a two-layer print (the so-called embossing aligned to printings). The first layer being black print corresponding with the original visual interpretation, the second layer being the normative Braille interpretation. The disadvantage of this solution lies in its active usage. The generation of texts is relatively complicated.

Example B: Chemical formula

Fig. 1.B.1

Original task
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Fig. 1.B.2

Tactile adaptation
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Example C: Chemical equation
Several versions of adaptation 

Fig. 1.C.1a

Original task
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Fig. 1.C.1b

Tactile adaptation
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Fig. 1.C.2a

Original task
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Fig. 1.C.2b

Tactile adaptation
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Fig. 1.C.2c

Original task
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Fig. 1.C.2d

Tactile adaptation
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Commentary:

Nonlinearly composed text (spread in the space) does not enable sensible perception by screen readers. Although linear transcription for electronic reading is possible, the result suffers from not providing an easy visual survey (see Fig. 1.C.3) and it is not possible to use speech synthesis. Even reading such an adaptation with the help of Braille display means distortion because the result differs from correct chemical Braille norm in details (mainly in so-called lowered numbers, sign for the progress of a chemical reaction, or the conditions under which this reaction takes place – the text marked in red).

Braille adaptation: The solution represented by Fig. 1.C.2a and 1.C.2b is a linear form of transcription according to the national Braille codification which can be also complemented by the usage of the system embossing aligned to printings. Fig 1.C.2a is a combination of tactile accessible object (swell paper) with the legend in Braille.

2. Working with lines
Example A: Two tasks from the Learning Potential Test

Fig. 2.A.1

Adaptation for tactile perception
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  Task: On the maps see marked routes of the orienteering race starting from the point P and finishing in the point R. Which of them is the longest one?

 

Fig. 2.A.2

Adaptation for tactile perception
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Task: On the map you see five neighbouring villages connected by motorways (thick line) and rural roads (thin line); the individual strokes (all the lines are interrupted) symbolise kilometres. At each village a legend can be found representing the interesting monuments which are located in the given village (park, ancient house, church, and fortress – see legend to the symbols). Which of the routes it is necessary to take when one wants to see only ancient houses in neighbouring villages during a biking trip? Choose from the following options...

 

 

Commentary:

Documents containing that type of information which is incommunicable without information loss are adapted in the form of tactile graphics. This solution naturally presupposes a more or less mastered ability to work with this kind of information. In addition to the ability to navigate in the tactile text located anywhere across the area, the ability to follow tactile objects which compose an integral part of communicated information is also assumed. The “line” is a key to all these schemes. Among the claimed skills must be the ability not only to recognise the line but to follow it in its entirety, the ability to detect the change in direction, length, width, design, etc. Due to the fact that study materials often contain combination of several types of lines, students must be proficient in distinguishing them and follow them in their entirety.

Example B: Practical usage. Physics – Mechanical oscillation and waves
Fig. 2.B.1
Origin of interferential minimum

Adaptation for tactile perception
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Commentary: In this example it is necessary to follow several types of lines representing various functions and to compare their course. It is not possible to divide the charts into several pictures. The reason being the fact that the mutual location of individual lines is more important than their shape. It is thus necessary to choose appropriate types of lines so that the functions vary one from the other and from the other components of the chart (axes, arrowheads, legend). The line width and design compensate for colours in the original picture. 
3. Working with graphical linear symbols
Example A: A task from the Learning Potential Test

Fig. 3.A.1
Original task
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Task: In the iron-plate there are imprinted four signs. Your task is to choose from five options marked from a) to e) the one where there is a correct depiction of the iron-plate after turning it about by 180 degrees (relative to the y axis). 

Fig. 3.A.2

Adaptation for tactile perception
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Commentary: Due to the fact that it is not possible to easily follow and distinguish between the original symbols due to their size and segmentation using touch in the tactile version, the symbols have been converted into the symbols explicitly recognisable by touch and possible to follow even when enlarged only slightly. 

Example B: Electrotechnics

Fig. 3.B.1

Electrical circuit

Adaptation for tactile perception
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Commentary:

An illustration of an electrical circuit to be assembled on the adapted building set “Voltik” (a creative toy building set enabling to assemble 35 electronic models). The chart is created on the one hand by generally valid electrical symbols, and on the other by symbolics used in the particular building set.

 

4. Working with surface and surface symbols
4.1 Working with surfaces and layers
I. One-layer grids – swell paper technology:

  

Example A: Auxiliary historical Sciences

Fig. 4.A.1
Original task

Extract of the tincture of shields in heraldry
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Fig. 4.A.2

Adaptation for tactile perception
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Commentary: In heraldic practice, individual surfaces of the shields (in the same way as other components of the coat of arms) are distinguished using different colours (historically representing colouring of the shield, respectively its decorating by metals and furs), in general called tinctures. These tinctures have in ordinary heraldry also a black and white variant for practical reasons. Various types of hatching lines can be easily used also in the tactile adaptation. BW grids are then converted into line and tactile graphics. However, the individual grids vary only in details (direction and list of the lines) so it again presupposes that the reader is proficient in working with such a type of graphics. 

Example B: Politology

Fig. 4.B.1
Original task

Introduction into the electoral geography (Regional electoral support of the ODS party in parliamentary elections in 2002)
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Fig. 4.B.2
Adaptation for tactile perception
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Commentary: The election results in the individual electoral wards are in communicational maps traditionally represented by means of colours. Adaptation of this type of representation entails either textual listing of electoral wards, which presupposes an exact knowledge of their dislocation, or a graphical variant – a tactile map in which the particular wards are marked by linear or dotted grid.


 II. Multilayered surfaces – technology of thermoforming

Example C: Auxiliary historical Sciences
Fig. 4.C.1
Original task

Heraldry. Coat of arms of the Margraviate of Moravia
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Fig. 4.C.2

Adaptation for tactile perception
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Commentary:

Except for using so-called line graphics, it proves to be necessary to solve specific types of graphical objects with the help of surface tactile graphics (expressed through the use of variously-formed fills – a grid) in one or more layers, which helps to recognise not only the contours but above all the mutual differences in height of two or more related objects. This graphic is by nature closer to 3D models because the third dimension asserts itself to some extent. However, it is not meant to replace the 3D solutions. Different fills have thus a distinctive function (analogously regarding the lines, the distinctive function was handled by their different profiles).

The original colour design is transformed to variously rastered areas represented by individual colours. In the tactile adaptation, the original layout of coloured areas is indicated by surfaces spread in different layers.  


 

5. Working with the third dimension

Example A: A task from the Learning Potential Test

Fig. 5.A.1

Original task
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Task: How many little cubes are needed to complement a visible part of the portrayed object so that it would make a cube? 

 

Fig. 5.A.2

Adaptation for tactile perception
 

 

[image: image27.jpg]


[image: image24.jpg]-
T? | &
- b
s 3
P it <7
)
. o s
Qe e A
Pra i
> vl .
5 ” ’
ks #%e #54

Fars
3T, 2. Lec
0w ae ad
v L, - e» 4
“Ee #0« 0
. i

-y O

e .

o

. ml «0
-

0 @
by 8

.o 5

FUSA

&a.&.....
-

Al\ o
Aaw- AO\

P -
» . o
R
-
. oo .
. -
>
e 2o »
4. .
‘ﬁ .
-
. & "
. e
o, . e
e .

Fpdd
- =

Fre
LA

“Fu \tm.»
wda

- -
e Ny

. e
P
s »
-w e
" e
» .
»
»
crw
-
- -

» -
» - ~
-y
~ e
r
» =
~»
.
P
- -
.
- .
»
“ -
-r ~p
- ~ e
-r
Ere »
-
- - .
- >
- Ld
" »
- - .
~
-
-
»~ »
.
»
-
O .hh
-
e
L e d
el el
”
rr
P e
= S

<8 +Q

- ~. »
. > -
e s
.
o =
-
-
» » -~
» - »
- s
L
» e 2
> » L
»
-
» ,re »
- .
» »
. ’
e
- »
-
’
» -
-r L
" e
4 »
- .
» v
» wrae » e
F 2 -
-
-re
- - » e
»
s r ore
»
Py ry
. .
AT A g
ey
re =5
-
» ’
> .
P |
v e
o =1
Al pR 2 S
N' HH
- » »

’
dd p, 24
—~ , e
L -
-0 k&

R e

» are

e

.
\

-
A
-

-

3,
2

»
4

<4
e

-
-0 -

»

»
»

o -
-

-

-

e
-

>

-

e

»

-

80




Commentary: The adaptation entailed a change of form (text of the task in Braille and 3D model) also the simplification of the content (a smaller number of little cubes).
Example B: Informatics
Fig. 5.B.1

Original task

A Course “Computer Accessories”. A picture of a network card
[image: image25.jpg]



 

Fig. 5.B.2
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Commentary: The Training material describes a computer component (a network card for a PCI data bus). This is illustrated by a photo. Tactile adaptation presupposes a schematic diagram chart of the component and calculates with the option that students can touch a real (detached) component.

Conclusion

From the above-mentioned examples it is clear what we have mentioned at the beginning of our paper – that the material combining Braille print and tactile graphic is in some cases irreplaceable and simultaneously also the most comfortable way of working for both students and their teachers. Moreover, from our experience gained during the ten years of working with visually-impaired university students, we realised that good tactile perception of legally blind persons is an essential prerequisite of successful university education in general. Such perception must be trained so that students are able to perceive not only the traditional Braille print but also area graphics.

 

1 All presented examples have been taken from the real study materials used at Masaryk University or produced at the same university for use by students studying at various High Schools and other Czech universities.

