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[Abstract]

The purpose of this study is to develop digital math tactile graphics for students with visual impairments experiencing shortage
and late provision of adapted tactile graphics. The researchers created 42 tactile graphics of middle- and high-school geometry
items, using a digital tactile tablet entitled ‘DotPad’ and a web-based drawing tool entitled ‘DotCanvas.” The draft version was
evaluated according to 15 quality control criteria based on three tactile graphic guidelines. The researchers subsequently revised
the draft based on the recommended standards for clear tactile discrimination and simplification. This study found that a
braille-based digital tactile graphic device and its drawing tool were beneficial for convenience and efficiency of use. Additional
considerations were required due to the relatively lower resolution and use of multiple layers. Based on the findings, providing
sufficient math digital tactile graphics for students with visual impairments and developing user-centered creation guidelines

specialized in digital tactile graphics is necessary.
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Fig. 1. Drawing software ‘Dot Canvas’ and
Braille-dot-based refreshable device ‘Dot
Pad’ for digital tactile graphic
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Table 1. Evaluation criteria for digital tactile graphic draft

Category

Evaluation Criteria for Revision

1.
Decision—-making
on Creating Tactile
Graphics

1.1 Is the information a repeat of facts in the
text?

1.2 Would the information be more
meaningful in text form?

1.3 Is the actual object unavailable, too small,
too large, or too dangerous to examine by
touch and perceive details?

1.4 Does the graphic require the reader to use
visual discrimination or visual perception?

1.5 Does the reader need the information
from a map, figure, or graph to
participate in discussions, answer
questions, complete a task?

2.
Modification

2.1 Are tactile elements simplified for tactile
interpretation?

2.2 |Is each component arranged and
explained in the same or as similar
position as visual graphics?

2.3 Is the information included presented in a
logical sequence?

3.
Tactile
Discrimination

3.1 Is clear spacing between components
ensured?

3.2 Were four or less lines, planes, and
shapes used in a single tactile graphic?

3.3 Are the lines, dots, and symbols tactually
easily recognizable?

3.4 Do the different patterns present a clear
tactile texture difference?

4.
Complex
Diagrams

4.1 |s each tactile symbol used for different
types of information?

4.2 Are symbols or alternative descriptions
used where necessary?

4.3 Are symbols and signs presented
information concisely to understand?
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Fig. 2. Screenshots of cloud-based digital tactile graphic
storage ‘Dot Drive’
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Table 2. Recommendation of considerations for 1st Draft

E\inLtJ:rti:n Recommendation of Consideration
11 1.1.1 Avoid creating graphic items that
’ presented as plain texts in textbooks.
10 1.2.1 Omit decorative
’ pictures presented in sentence problems.
1.3.1 Use zooming or panning functions
13 if an object is too large to present in a single layer.

’ 1.3.2 Keep original graphics’

shapes and outlines similar.
1.4.1 Provide multiple presentations available
14 various age and tactile cognition development level.

’ 1.4.2 Allow distortion unless tactile graphics do not
impede the purpose that original graphics intend.

15 1.5.1 Use layers to present two or more digrams
sequentially,

2.2.1 Present the entire object in the first layer
then the partial objects sequentially if a single
2.2 shape contains multiple sub—objects.
2.2.2 Present the entity first, then divide the parti
al entities into multiple layers.
2.3.1 Display information in a single
diagram sequentially from left to right, top to bott
53 om.

’ 2.3.2 Provide the numerical value and expression
in the middle of the line if its line partially
presents,

3.1.1 Ensure spacing between row and column o
31 utlines and braille texts.

’ 3.1.2 Mark at 3x3 equal intervals when using a
grid.

3.2.1 Use multiple graphics layers for figures when
3.2 using more than four objects.

3.2.1 Use braille symbols for tactile graphic keys.

3.3.1 Provide tactile

discrimination to distinguish the axes and lines of

graphs.
3.3 3.3.2 Extend the arrow as necessary

when expressing an interior angle.

3.3.3 Provide tactile discrimination

in outlines, vertices, and symbols of figures.

3.4.1 Use various tactile patterns such as diagon
34 al, dotted, and filled ones.

’ 3.4.2 Ensure discrimination between the outline and
the filled pattern.
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Table 3. Digital geometry tactile graphics by grade-level

o
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o
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o
Rl
up
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N

boelm e

Grade Geometry Topic Draft Revision
before Evaluation after Revision
7th Coordinate Plain, Graphs, | « « « « « « & 3 PRSI
Perpendicular Line . R SR
Ordered Pair, Coordinates
No Revision
8th Properties of Triangles
Properties of Quadrilaterals
9th Quadratic Function
10th Equation of Figures

Graph Equations
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