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Introduction







Io the extent that it is

possible, blind students should
have access to the same
information as sighted students.
Concern for this principle has
been traditionally reflected in
efforts to convert print materials
into braille or recordings. While
tactile and auditory verbal
materials have justifiably been
the major focus of attention in
reducing the information barrier
for blind students, another
useful means of communication,
graphic displays, has been
largely ignored. Graphic
materials in the form of maps,
graphs, diagrams, and charts
are, however, considered to be
an indispensable form of
communication in the world of
the sighted and, consequently,
have proliferated to an extent
unparalleled in history. Quite
simply, graphic materials have
been recognized as having the
capability of conveying certain

types of information that cannot
be easily or efficiently presented
in verbal form. Any person,
regardless of visual status, is at
a disadvantage if he or she
cannot extract the wealth of
information that is available in
graphic displays.

The mass production of tactile
graphic displays (sometimes
referred to as raised line
drawings) cannot be solely relied
upon to meet the needs of blind
students. Situations often arise
both inside and outside of the
classroom which make it
desirable for students to have a
tactile display that is not
available as a commercial
product. To satisfy these special
needs, volunteer transcribers,
materials centers, mobility
instructors, and individual
teachers have taken it upon
themselves to construct the
displays. Typically, this involves
the construction of a display
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from scratch, using whatever
materials are readily available.
Frequently this results in the use
of symbols that cannot be easily
discriminated from one another
tactually, and a good deal of
time and effort is then wasted
because the display is not very
readable.

The primary reason for
developing the Tactile Graphics
Kit was to provide all of the
necessary ingredients for
constructing readable, tactile
graphic displays of all types:
maps, graphs, diagrams, and
charts. Basically, three different
types of symbols are needed to
design a graphic display. They are
point, linear, and areal symbols.
Point symbols are used for
representing specific locations,
landmarks, or objects on a
display, such as a city on a
geographical map or a desk in a
map of a classroom. Linear
symbols are needed to represent
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boundaries or lines to be followed.
Examples of linear symbols are
rivers on a map, the outline of an
amoeba in a biological diagram,
or the curves on a graph. Areal
symbols represent regions of
extent, such as a body of water
on a geographical map or a
parking lot on a mobility map.
Several of these three types of
symbols are usually required and
several of each are provided in
the kit. All of the symbols of each
type in this kit have been tested
with blind students to ensure
their discriminability. This is
extremely important. If tactile
symbols are confused with one
another, the user will not be able
to meaningfully interpret the
display and will likely become
frustrated. Only those symbols
which were found to be tactually
discriminable by at least 95% of
the blind students participating in
their evaluation are included in
the kit. To get a better idea of
how linear, point, and areal




symbols can be used to construct
a graphic display, examine the
kit-produced sample in Figure 1
on pages 14-15.

To assist you in taking
maximal advantage of the Tactile
Graphics Kit, several areas of
potential interest are covered in
the sections of this Guidebook.
Section I describes the tools and
materials contained in the kit and
explains how to use the compo-
nents of the kit in constructing
tactile graphic displays. Section
IT presents information obtained
from research studies and
practitioners in the field on how
to design more readable displays.
The characteristics intrinsic to
good displays are elaborated in
this section. In Section III are
research findings that should
prove useful in training blind
persons to read and interpret
tactile displays more effectively.
Finally, a bibliography of studies
and articles in the area of tactile

graphics is given on pages

103-106. Anyone interested in
furthering his or her knowledge
on this topic will find numerous
readings from which to choose.

It is strongly recommended
that you read Sections I and II
and thoroughly familiarize
yourself with their content
before actually constructing your
first graphic display. Then
choose some simple displays and
practice making them before
attempting more complex ones.
While the tools in the kit were
chosen and designed for ease of
use, it should be realized that
optimal results will only be
attained with practice. The kit is
versatile and allows the
development of some degree of
skill which, in the long run, will
make your work in designing and
constructing graphic displays
more enjoyable and satisfying.
Take your time. Skill will come
with patience and practice.
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Using the Tactile Graphics
Kit Effectively







Overview

With the tools and materials
contained in the kit, you can
construct a “master” graphic
display, which can then be used
to produce as many copies of the
display as you want. Basically,
the idea is to create a master
display by embossing heavy
gauge aluminum foil with the
point, linear, and areal symbols
provided in the kit. Lines are

embossed in the foil with the
front (or shiny side) face down,
while point and areal patterns
are embossed in the foil face up.
The result is a raised image on
the shiny surface of the foil. This
master image can then be
reproduced in the desired
number of copies by using a
conventional thermoform
machine. The final product will
thus be a Brailon® plastic braille
paper copy of the foil master.

Figure 2: Kit Components

Tongs (point symbols)
Hammer

Roller Tool

Line Tool (Lines 1 & 2)
Line Tool (Lines 3, 4, & 5)
Line Tool (Lines 6 & 7)

. Line Sharpening Tool
Vent Tool

Wooden Eraser

Plate (areal pattern)

CTIEMMOUOWD®

Kit ltems not shown:
1. Slate & Stylus

2. Ruler

3. Rubber Pad

4. Aluminum Foil Squares
5. Tool Pouch
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Before proceeding, examine
Figure 2 on page 19 closely and
familiarize yourself with the tools
contained in the Tactile Graphics
Kit. This figure will help you
identify the kit's components as
they are discussed in the
following sections.

Transferring the Image

to the Foil

The first step in constructing
your master display is to
transfer the desired image
(map, graph, etc.) to the back
or white surface of the foil. This
task can be accomplished in one
of two ways. The first involves
drawing the image freehand
directly on the white backing of
the foil. When this is done, it
must be remembered that
whatever is drawn on the back
of the foil will appear in reverse,
or as a mirror image on the

front of the foil. Consequently,
direct freehand drawing is best
undertaken when the image is
simple (and thus easily reversed
when drawing), when the image
is symmetrical (for example, a
circle), or when the orientation
of the image is not important
(for example, the outline of an
insect). The second method of
image preparation involves a
two-step process:

Step 1: Construct the image you
wish to reproduce by

A. Drawing it freehand on a
sheet of paper,

B. Placing a sheet of tracing
paper over the image and
tracing it with a pencil, or

C. Photocopying it.

Step 2: Transfer the image to
the foil backing. If the size of
the display you have constructed
is the size you want (remember
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that it has to fit on the back of
the 11 x 11 inch (28 x 28 cm)
foil square), then you are ready
to transfer it to the foil by the
following methods:

A. Place a sheet of carbon/
graphite paper on a hard
surface with the inked side
face up. Then lay a sheet of
foil on top of the carbon/
graphite paper so that the
shiny side is face up. Now put
the image you wish to
emboss on top of the foil and
tape it down at the corners to
prevent slippage. Trace the
image with a pencil, applying
medium pressure. The
reversed image will appear on
the back of the foil, ready for
embossing by the line tools.
The nonreversed image will
be evident on the front of the
foil, making it easy to
emboss the point symbols
and areal patterns.

B. Trace or draw an image on

paper with a soft lead pencil.
[Note: Remember to simplify
an existing drawing by tracing
only the essential features
needed for the tactile
graphic.] Tape the penciled
side of the paper against the
painted side of the foil and
place on a hard tabletop.
Using the clay modeling tool,
rub the entire surface of the
paper to transfer the penciled
image to the painted side of
the foil. Before detaching the
paper from the foil, check to
see if the image is completely
transferred by carefully lifting
small portions of the paper.
Once the image is completely
transferred, detach the paper
from the foil; a full *mirrored”
image will appear.

If the size of the display you

wish to reproduce must be
either enlarged or reduced, you
have two possibilities:
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1. Draw the image freehand
in a larger or smaller form
directly on the foil
backing, or

2. Use a photocopier to
resize your drawing

Braille Labeling

It is suggested that you label
your display by embossing braille
cells directly into the foil with the
slate and stylus provided in the
kit. This can be done before or
after the embossed image is
completed. If done afterwards,
care must be taken to prevent
smashing embossed areas
sandwiched between the arms of
the slate. This is especially true
for labels placed within a display
(for example, the name of a city
in a geographical map). By
holding the slate in place without
pressing down on it, braille cells
can be embossed with no
damage to the raised graphic.
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You may find it easier, however,
to emboss the labels first, before
any embossing of point, linear,
or areal symbols is undertaken,
eliminating this potential
problem. This procedure should
not present undue difficulties
since the complete design of the
display should already be plotted
and drawn on the back of the
foil. Labeling decisions should in
fact be made when designing the
display. Another alternative is to
emboss the braille on strips of
foil or braille paper and then glue
these strips onto the shiny
surface of the foil in the desired
locations. Rubber cement or a
glue stick work well for this
purpose. This procedure is useful
for the labeling of a display after
all of the other embossing work
is completed.

To emboss braille cells,
simply slide the foil, white side
up, between the arms of the
slate and use the stylus to punch




dots in the foil. Remember that
cells must be brailled in reverse,
as is always the case when using
a slate and stylus.

Embossing Point Symbols
in the Foil Master

There are seven point symbols
contained in the Tactile Graphics
Kit. Each one can be distinquished
from every other one, so if
necessary, you can use all seven
in the same display to
represent seven
different things. To
emboss a point

symbol in the foil, place
the foil on a hard surface
with the shiny side up. Then
position the tong so that the foil
is sandwiched between its two
prongs, as illustrated in Figure 3.
The raised image of the point
symbol on the head of the tong
should be facing up. Now grasp
the wooden hammer as shown in

Figure 3 and strike the head of
the tong with the large end of the
hammer. One or two strikes of
sufficient force will do. If you
would prefer to emboss the point
symbols in the

@
foil with the
white side up
(so that
you can .
see more N
clearly ~

Figure 3: Proper use of tong
and hammer for embossing point symbols.
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where the point symbols were
sketched in), simply turn the
tong upside down and strike the
bottom end of the tong’s head.
This will also result in a raised
image on the front of the foil.
For examples of the seven point
symbols, refer to Figure 4 on
page 25.

There is one special purpose
point symbol in the set, and it is
produced by tong “G.” This
symbol is meant to represent a
staircase, an important feature
in most mobility maps. It
consists of two “steps,” one
elevated above the other. By
properly positioning this symbol
on a map, you can indicate the
orientation of a stairway.

Embossing [ ines in the

Foil Master

The major part of embossing
involves the tooling of lines in
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the foil. With the tools provided
in the kit, you have the
capability of producing seven
different types of lines (as shown
in Figure 4 on page 27), all of
which have been tested to ensure
that they can be distinguished
from one another tactually. Five
of these are general purpose lines
and two are special purpose lines.
Both will be discussed.

General Purpose Lines. Notice that
Line 1 (single-dotted line) and
Line 2 (double-dotted line) are
produced by the two ends of the
same tool. A different wheel is
attached to each end. To emboss
these lines in the foil, place the
black rubber pad on a flat, hard
surface and lay the foil on top of
it, shiny side down. The rubber
pad must always be used when
embossing lines in the foil.
Cradle the line tool in your hand
in much the same way as you
would a pen when writing (see
Figure 5 on page 27). Now roll
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the wheel over one of the lines Line 3 (thin solid line) and
you want to emboss. For Line 1 Line 4 (wide solid line) are

and Line 2 apply enough produced by the two ends of the
pressure to perforate the foil same tool (see Figure 4). To use
with the teeth of the wheels. the line-drawing tool, position it
This will produce more distinct in your hand in the same way as
lines when thermoformed. You you did the wheeled tool. It is
may find it easier to control the  important to slant it at
movement of this wheeled tool approximately a 45°angle.

by pulling it rather than pushing  Again, you will find it easier to
it across the surface of the foil. obtain a good result if you pull
If you want to emboss a straight the tool towards your body when
line, you can do it freehand or embossing the foil. If, for

you can use a ruler. In the latter example, you are embossing a
case, simply place the wheel
against the edge of the ruler and
roll the wheel over the foil.

Figure 5:
Proper hand position for embossing
linear symbols with the line tools.
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large “T” in the foil, rotate the
foil so that you can emboss the
top bar of the “T” by pulling the
tool towards you. This is easier
than trying to pull the tool
horizontally across your body,
which is what would have to be

done if the foil were not rotated.

When using either end of this
tool, apply as much downward
pressure as you can without
perforating the foil and move
the tip across the surface in a
smooth, continuous motion.
Apply pressure consistently.
Then, for best results, place the
foil on a smooth, hard surface
and retrace the line with the
embossing tool. This will
eliminate irreqularities in the
line caused by uneven pressures
applied during embossing.
Practice is the only way you will
be able to determine the
amount of pressure that is
needed to get maximum depth
without tearing the foil.

Line 5 (see Figure 4) is made
with the same end of the tool
which makes Line 3. Line 5 is a
thin dashed line. To emboss it in
the foil, simply make 1/4 inch
(6 mm) long dashes separated
by 1/8 inch (3 mm) blank
spaces. Do not perforate the
foil. NOTE: The single dotted line
(Line 1) and the thin solid line
(Line 3) are the easiest ones to
emboss in graphic situations
requiring tight turns in the line.

Special Purpose Lines. Line 6
and Line 7 are produced with the
same line-drawing tool (see
Figure 4) and are intended for
special purposes only. Line 6 is a
fine dotted line of lower elevation
than Lines 1 through 5. It is
primarily intended to be used

A. As a guide line or lead line for
connecting specific features
of a display with their braille
labels, and
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B. As the vertical and horizontal
grid lines in graphs.

To produce this line, roll the
wheel over the surface of the
foil, applying fairly light
pressure. Do not perforate
the foil.

Line 7 (directional line) has
the unique quality of being able
to convey direction of
movement. When scanned with
the fingertips in one direction it
feels smooth, while in the
opposite direction it feels rough.
Because of this characteristic, it
can be used in place of the
traditional arrowhead symbol. It
is superior to the arrowhead in
that the direction of the line can
be felt at every point along its
length and thus is less likely to
cause confusion. Direction of
movement is indicated by the
smooth feeling. To use this tool,
pull the wheel across the foil

while applying heavy pressure so

that the teeth bite into the

metal. Notice that the line feels
smooth when scanned in the
same direction that you moved
the wheel. If, for example, you
want to indicate movement
(smooth feeling) from the top of
the display to the bottom, roll
the wheel over the foil from the
top to the bottom.

Fine Tuning the Embossed Lines.
After you have finished
embossing the lines, remove the
rubber pad from beneath the foil
and place the foil shiny side up
on a smooth, hard surface.
Grasp the wooden line sharpening
tool so that the flat side faces
upward (see Figure 6) and rub

Figure 6:
Line sharpening.

Using the Tactile Graphics Kit Effectively ® 29



N\

AN

Figure 7: Cross section of embossed line (before and after line sharpening).

the point of the tool back and
forth along both sides of all of
the raised lines so that they are
more distinct to the touch. Do
not be afraid to work the metal
with this tool. The foil is
malleable and can be easily
shaped. Line sharpening is an
important task, especially for the
solid lines and the dashed line.
Making the sides of the solid lines
nearly vertical (see the cross
section in Figure 7) will greatly
increase their structural
strength. Vertical sides produce a
more rigid thermoformed solid
line than do slanted sides. A little
extra work will greatly improve
your tactile display. NOTE:
Because of the greater amount
of line sharpening required by
the solid lines, it is advisable to
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emboss the solid lines before
proceeding to the dotted lines.

A Final Check. If you have
embossed Lines 1 through 7
properly, they should look and
feel very similar to the
thermoformed examples shown
in Figure 4. Compare your work
with these examples and note
any differences. The most
frequent problems are caused by

A. Insufficient sharpening
of the lines,

B. Applying too little pressure, or
C. Applying too much pressure.

Practice embossing the lines
properly before beginning your
first tactile display. Only through
trial and error will you learn to
use the line tools effectively.




Figure 8: Proper use of plate and hammer for
embossing areal patterns.

Embossing Areal Patterns
in the Foil Master

Four plates for producing four
distinct areal patterns in the foil
are contained in the kit (see
Figure 4 for the thermoformed
versions of these patterns).
Place one of the plates beneath
the foil (shiny side up), directly

under the area you want to
emboss with an areal pattern
(see Figure 8). Grasp the
wooden hammer and strike the
foil repeatedly within the

outlined area. Use the large

end of the hammer for large
areas and the small end for
small areas.

Another way of raising an
areal pattern in the foil is by
using the roller tool shown in
Figure 2. To do this, simply roll
the wheel back and forth over
the outlined area on the foil (see
Figure 9 on page 32). This tool is
especially useful for

A. Embossing small areas, and

B. Embossing the exact contours
(outer edges) of outlined
areas.

Generally, the two ends of
the hammer should be used for
the major part of the work and
the roller for the finish work.
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NOTE: Do not allow the plate to
move around beneath the foil
while embossing, as this will

distort the desired areal pattern.

Placing the plate on the rubber
pad will help prevent such

slippage.

Completing the Display

Erasing. One of the advantages
of embossing displays in foil is
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Figure 9:
Use of roller tool for
embossing areal patterns.

that errors can be erased. If a
large area, such as an areal
pattern, needs to be changed,
use the large end of the wooden
eraser provided in the kit.
Simply lay the foil shiny side up
on a smooth, hard surface and
scrub the area vigorously with
the eraser until it is flat and
smooth. New patterns can then
be embossed in that same area.
If you need to do more precise
erasing, such as correcting a




small part of a linear or areal
pattern, use the wooden line
sharpening tool. Use either or
both of these tools to erase any
extraneous marks in the foil that
are not part of the graphic. If
there are any bulges in the foil
(sometimes resulting from the
embossing work), gently press
them flat with your fingertips,
or use the wooden eraser.

Readying the Foil for
Thermoforming. The thermoform
machine works by means of a
heat/vacuum process. To get
good copies, the pump must be
able to suck the Brailon sheet
down onto the foil master. Since
aluminum foil is nonporous, it
must be punctured with tiny
holes to allow a good flow of air
through it. To do this, place the
foil master shiny side up on a
thick piece of cloth. Take the
vent tool (pin with long wood
handle) provided in the kit and
prick holes about two inches

apart around the outside margin
of the foil sheet, about 1/2 inch
from the edge. Prick holes at
about one-inch intervals along
both sides of the solid lines and
the dashed line. Prick a hole or
two next to (or within) each
point symbol and braille label.
Prick holes in the areal patterns
at the rate of about one per
square inch. Prick additional
holes in tight spots, such as the
corners formed by two
intersecting lines.

Thermoforming the Foil Master.
Place the foil, shiny side up, on
the metal grid of the
thermoform machine. Lay a
sheet of Brailon on top of the
foil and fix the clamp tightly in
place. Set the heat dial on
“high” and the timer on “3” or
“4.” Slightly higher than normal
settings are usually required for
graphic displays. Give the
machine 5 to 10 minutes to
warm up. Now slide the lid

Using the Tactile Graphics Kit Effectively ® 33



forward. At the sound of the
buzzer, push the lid back slowly
and then press the button that
turns off the vacuum pump. If
the Brailon copy of the master
is blurred, you may need to
either prick more vent holes in
the foil or readjust the setting of
the time control. If all goes well,
a distinct image of the master
display should be formed in the
plastic sheet. Make as many
copies as are needed and then
store the foil master in a vertical
position for later use.

Summary

1. Transfer the graphic display
to the white surface of the
foil and indicate labels that
are needed.

2. Emboss braille labels in the
foil with the slate and stylus.

3. Emboss the point symbols in
the foil with the set of tongs.

4. Place the foil on the rubber
pad and emboss the lines in
the foil with the line tools.

5. Place the foil shiny side up on
a hard, smooth surface and
sharpen the lines with the
wooden line sharpening tool.

6. Emboss the areal patterns in
the foil using the patterned
plates.

7. Prick air holes in the foil with
the vent tool.

8. Thermoform Brailon copies of
the foil master.
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Section 11

Designing Legiblc Tactile Displays




Tactual, or more generally,
haptic perception is a useful
system for acquiring information
about the environment,
especially when the more
dominant visual system is
malfunctioning or completely
shut down. It should not be
assumed, however, that tactual
perception operates in a manner
similar, although inferior, to
visual perception. Not only is the
tactual system limited to picking
up less detailed information, but
it also processes the information
it gathers in a different way
than does the visual system.
Vision allows a simultaneous
differentiation of the features
composing an image and an
immediate grasping of their
spatial relationships. Touch only
permits the acquisition of
information in a piecemeal
fashion with each feature being
fed into the system in sequential
order. Integration of the
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composite image is achieved
only gradually and with some
effort. The implication of this
process for graphic design is
that the successful tactile
graphic will hardly ever be one
that is a mere transliteration of
the visual image. Graphic
displays for the blind must be
designed specifically for reading
by the fingertips. A graphic that
is easily interpreted visually will
not necessarily be tactually
meaningful.

The fundamental differences
between the visual and tactual
systems of perception are
nowhere more evident than in
the illustration of three
dimensionality. The perceptual
cues used to convey depth in a
two-dimensional drawing are
visual in nature and have no
equivalents in the tactual realm.
Cues such as interposition (the
occlusion of parts of one object




by another), relative size
(objects appearing smaller as
distance increases), and linear
perspective (the gradual
converging of lines at the horizon,
such as the rails of a railroad
track) are visual properties of
three dimensionality that are
learned from constant exposure
to and experience with a
structured environment viewed at
a distance. These same properties
can be successfully transferred to
a pictorial representation, in a
sense “tricking” the eye to
perceive the scene in three
dimensions. This gestalt or total
experience, however, cannot be
represented for the fingertips
which, by their very nature,
cannot process the kind of
information inherent in distal
stimulation. Even though it is
possible that some especially
gifted blind individuals may be
able to make sense out of three-
dimensional illustrations through

a laborious process of analysis
and integration, it is extremely
doubtful that even these
individuals will perceive depth in
any way that corresponds to the
visual experience. Generally, a
tactile illustration of a three
dimensional object or scene will
feel like an incomprehensible
jumble of lines and textures to
the blind student and should be
avoided.

This section of the Guidebook
attempts to describe some of
the factors that will help you to
design more meaningful tactile
images for the blind reader.
There are few hard and fast
rules to go by, however, given
the current level of knowledge in
the field. Consequently, the
following information represents
general guidelines rather than
established principles.
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A Common Mytl'l

The greatest fallacy to commit
when designing a tactile display
is to assume that blind persons
have an extraordinary sense of
touch. The blind do not possess
an uncanny ability to “see” with
their fingertips. On the contrary,
research studies and field
observations have indicated that
most blind students at all grade
levels have rather poorly
developed tactual skills. While
this is not meant to imply that
the situation is hopeless (several
studies have shown that vast
improvements can be made with
even limited training), it does
emphasize the fact that careful
planning must be made when
converting a visual image to a
tactile one. It simply cannot be
assumed that a graphic will be
made meaningful to the blind by
merely raising it above the
surface point for point. Blind or
not, a person cannot be

expected to gain the same
degree or scope of information
with touch as is possible with
vision. Tactile materials are an
alternative to, but not a
complete substitute for, visual
materials. When designing a
display for the blind, think
tactile! Examine the display
yourself. If it's confusing to your
fingertips, the chances are good
that it will be confusing to the
probing fingertips of the blind.

Simplicity

In constructing a tactile display,
the single most important
principle is simplicity. Consider
the purpose behind each display
you are constructing and
present only the information
that is necessary to convey it.
For example, exercises in
counting frequently portray
pictures of animals or objects as
the units to be counted. Such
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figures are difficult to perceive
tactually. The same information
can be represented in the
graphic by using simple
geometric shapes, which are
more easily recognized tactually.

Eliminate nonessential or
confusing details. If, however,
the detail is important to the
purpose of the graphic and
cannot be eliminated, present it
as clearly as possible. You can
often accomplish this by either
enlarging specific areas or by
breaking the graphic up into
several parts. In the latter case,
each section is presented in detail
on a separate display in enlarged
form. It is then recombined with
the other sections in a skeletal
diagram which gives the overview
while omitting the finer detail that
is represented in the enlarged
sections. In this way, a complex
graphic involving a good amount
of detail can be made intelligible
to the blind user without over-

whelming him. Whenever
possible, however, present all
of the information in a single
display, as the mental
recombining of several displays
into a single one is a difficult
task in itself. This is especially
true for younger students.
Always consider the population
for whom the graphic is being
constructed and remember that
students in the upper grade
levels generally are able to
handle more detail than students
in the lower grade levels.

Make every effort to
construct a simple graphic free
of irrelevant or confusing
details. It is better to present
too little rather than too much
information in a single display,
as additional information can
often be gained verbally. In fact,
tactile graphics should be
regarded as supplementary
materials, to be used in
conjunction with verbal text or
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verbal commentary. The
combination of these two forms
of communication often proves
more beneficial to the blind
student than either used alone.

Clutter

A cluttered diagram results
when too many tactile symbols
are used in a display, when too
many are packed into a limited
area, or when similar or
noncontrasting symbols are
placed adjacent to one another.
All of these cases will result in a
diminution of contrast, a design
feature which provides easiest
discrimination and recognition
for the tactual reader. The
greater the contrast between
the elements making up a
display, the less clutter and
confusion will be generated, and
the more readily understandable
it will be.

The ease of discriminating
and identifying a particular
feature on a display will depend
upon the context in which it is
found, that is, upon the physical
characteristics of other features
with which it is surrounded. With
this in mind, sets of point, linear,
and areal symbols were chosen
for inclusion in the kit based on
their mutual discriminability.
Within each set, only those
symbols which could be
successfully distinguished from
one another by at least 95% of a
sample of 60 braille reading
students were deemed useful for
the kit. In other words, within
each set the symbols feel
different. To aid in the tactual
discrimination or contrast
between the three sets of
symbols, a height factor has also
been added. Tactual perception is
highly sensitive to differences in
elevation. Consequently, the areal
patterns, when embossed in the
foil, are lowest in elevation, the
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point symbols are the highest,
and the lines are generally in
between. A good deal of contrast
among the kit's sets of symbols is
thus already incorporated in the
design of the symbols
themselves. This does not,
however, totally eliminate the
problem of clutter. For instance,
even symbols which have been
found to be tactually
discriminable from one another
may be confused if placed too
closely together on a display. This
is especially true of the linear
symbols. Not only is it difficult to
distinguish two lines that are
closely spaced, but it is also
difficult to trace them with the
fingers. Always examine the lines
yourself. If it is difficult for you to
stay on a line and follow it with
your fingertips, then you can be
assured that the graphic will be
confusing to the blind user.

Problems of clutter can also
arise when symbols from the

different sets are placed too close
to one another. A point symbol
which is too close to a line may be
harder to identify and in fact may
also make it more difficult to
follow the line. A point symbol
embedded in an areal pattern will
be harder to locate. As a rule of
thumb, always maintain a spacing
of approximately 1/8 inch (3 mm)
between adjoining tactile symbols
to reduce clutter. Trying to pack
more symbols into the same area
will usually not result in an
increase in information but
rather, from a functional point of
view, a decrease. In fact, when it
is feasible, separate the symbols
by more than the minimum
distance of 1/8 inch (3 mm). You
often can accomplish this by
enlarging the graphic and using
the entire display area. That s,
the 10 1/2 x 10 1/2 inch (27 cm)
center area of the foil. However,
a margin of 1/2 inch (13 mm)
must be left on all sides to allow
for proper thermoforming.
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As a final caution concerning
clutter, it should be noted that
labels placed in a display should
also be spaced no closer than
1/8 inch (3 mm) next to any
symbol; and remember that the
more labels you include in a
display, the more cluttered it
will become. Unless the graphic
is simple, it is better to use a
key. Also avoid the use of lead
lines connecting labels with the
elements to which they refer.
These often will be confused
with the lines making up the
diagram. If lead lines are used,
use a less prominent line such
as Line 6. More will be said of
labeling later in this section.

Lines

Although all seven of the lines
produced by the tools contained
in the kit can be used in a single
diagram, this should be avoided
when possible to reduce the

diagram’s complexity. When
only using a few lines in a
display, choose ones which feel
maximally different. For
example, if only two lines are
needed, use a solid (Line 3 or 4)
and a discontinuous line (Line 1
or 2). Also try to use these two
general types when lines must
be placed close to one another,
or when they intersect. A solid
line located near (or intersecting
with) another solid line will not
provide as much contrast as
would a solid line placed next to
a dotted line.

When planning your display,
determine which features of the
display are most important and
represent them with the most
attention getting lines.
Generally, it is agreed that
dotted lines stand out the most,
so use Line 1 or 2 as the
primary or major line. Taking
both attentional prominence and
contrast into consideration, a
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reasonable order for choosing the
lines to use in your display is:

1. Line 1
. Line 3
. Line 2 or Line 4
. Line 4 or Line 2
. Line 5
. Line 6
. Line 7
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Line 6 is a less prominent line
and generally should be used
only for lines of secondary
importance, such as lead lines in
labeling or the background grid
in a graph. Line 7 is a special
purpose line, and although it can
be used in any graphic situation
requiring a seventh line, it is
primarily intended to be used in
place of the conventional visual
arrow. When the wheel on the
tool used to make this line is
rolled over the foil, it leaves a
sawtooth impression. When
stroked by the fingertip in one

direction, the tactual impression
is smoother than that felt in the
opposite direction. This cue has
been found to be useful in
indicating direction of motion. In
fact, as the complexity of a
diagram increases, it has been
found that the directional line
led to shorter response times
and fewer errors than the visual
arrow. Use of this line permits
light rays, vectors, and paths of
moving bodies to be represented
in a way that is tactually
meaningful. The direction of the
line can be felt at every point
along its length. Because many
students are not aware of the
existence of this symbol, it is
desirable to include a short
explanation of the line in a key,
such as “This line is used in
place of an arrow. Follow it in
the direction that it feels
smoothest.” If a visual arrow is
used, always construct it in the
following way:

Designing Legible Tactile Displays ® 43



A. Place the wings of the arrow
at 45° angles with respect to
the line that bisects them;

B. Make the wings 1/4 inch
(6 mm) in length, and

C. Make the bisecting line at
least 1/2 inch (13 mm) in
length. Only one type of line,
either solid or dotted, should
be used for the entire arrow.

A few additional pointers
on lines:

e When lines intersect, break
one of the lines just enough
to allow the other line to pass
through.

e When a line appears in an
areal pattern, maintain a 1/8
inch (3 mm) spacing between
the line and the pattern.

e Never make a line of less
than 1/2 inch (13 mm) in
length. Line 7 should be
no shorter than one inch
(25 mm).
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e Maintain a spacing of 1/8 inch
(3 mm) between lines placed
adjacent to one another.

e A broad raised line (such as
Line 4) has been found to
facilitate the task of locating
and tracing shapes. This is
especially true when several
different shapes are
interconnected, such as the
states in a political map of
the United States.

Point Symbols

Point symbols are used to
represent specific objects or
locations on a display, such as a
desk in a map of a classroom or
a city on a political map. Except
for symbol *G,” all of the point
symbols in the kit are abstract in
design, so that any symbol can
be used to represent whatever
you choose. The meaning of the
symbol must, therefore, always




be explained in a key or, in a
simple diagram, labeled. All seven
symbols can be used in the same
display if necessary. Once again,
maintain a 1/8 inch (3 mm)
spacing when placing a point
symbol next to a line or when
embedding it in an areal pattern.

Symbol “G" is a special
symbol that is particularly useful
in mobility maps. It represents a
stairway. Blind students can feel
the two levels of the steps
composing the symbol and,
consequently, the orientation of
a stairway can easily be
recognized. Because only symbol
“G" has been tested in various
orientations in the
discriminability study, all other
point symbols should be
oriented as they appear in the
Brailon sample in Section I.

Areal Patterns

The textures included in the kit
can be used to represent regions
of extent, such as a body of
water in a geographical map or
the cell body in a biological
diagram. Textures should be
used sparingly, however, as
their presence tends to clutter a
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