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Tactual recognition of embossed Morse code,
letters, and braille

MORTON A. HELLER, KIMBERLY D. NESBITT,
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A series of experiments was performed to evaluate the relative utility of embossed codes. Blind-
folded sighted subjects attempted tactual recognition of braille, printed capital letters, and an
embossed Morse code. Accuracy was generally similar for large embossed printed letters and
braille. However, Morse code required much longer exploration times than did the other symbols.

Written communication is of clear importance to blind
persons, yet relatively little is known about the factors
that enhance tactual pattern recognition. Reading braille
is much slower than visual reading of print (Foulke,
1982). Many blind persons seem to find reading braille
extremely difficult, whether reading braille very slowly,
or not learning it at all. Consequently, a large number
of late-blind individuals are without any form of written
communication. Many congenitally blind persons may
know braille, even if they have not been taught to write
their names in script or print or have had little or no ex-
perience with raised-line drawing kits. Blind persons can
certainly learn to make sense of pictures produced with
raised lines (Heller, 1989; Kennedy, 1982), and, after in-
struction, many are able to use maps and other tangible
displays well (Berla, 1982).

In numerous papers, Loomis (1981a, 1981b, 1982,
1985) has argued that touch is limited in its ability to
resolve fine spatial detail. He reported that braille was
superior to embossed print, and that blurred vision was
comparable to touch for pattern identification. Loomis
(1981a) found only about 80% correct performance for
tactual examination of 9-mm high embossed print letters.
In a more recent study (1985), Loomis found even lower
performance (less than 43 % correct) for 5.7-mm letters.
This is considerably lower than what other researchers
have reported for larger patterns (Austin & Sleight, 1952;
Barr, 1970; Seminara, 1960). Loomis (1981a) restricted
tactile scanning, both temporally (1-2 sec per symbol) and
spatially, which may have lowered performance. It should
be noted that tactile 2D pattern recognition is normally
much slower than visual identification (Heller, 1984).
Loomis limited the ability of his subjects to move their
fingertips as they touched patterns. They were constrained
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to make simple rotary motions and were not allowed to
obtain sequential input through scanning or tracing with
the fingertip. Movement of the fingertip can certainly aid
pattern recognition (Heller 1986; Heller, Scrofano, &
Nesbitt, 1989). The present experiments attempted a fur-
ther comparison of braille and other tangible symbols, but
with more naturalistic circumstances—that is, with rela-
tively unrestricted exploration.

The present study was designed to evaluate several em-
bossed tangible codes. In Experiments 1 and 2, braille
and embossed printed letters were compared. Experi-
ment 3 involved a comparison of embossed printed let-
ters, braille, and embossed Morse code.

EXPERIMENTS 1 AND 2
Printed Letters and Braille

The subjects in the first two experiments attempted
visual matches to braille or named embossed capital let-
ters. It was not known whether braille would have any
advantage, given free exploration.

Method

Subjects. Two groups of subjects (N = 20; 10 males and 10 females)
examined the 8-mm patterns in Experiment 1; all observers in the present
experiments were sighted. Experiment 2, with 11-mm characters, in-
volved 12 undergraduate students (6 males and 6 females).

Stimuli and Apparatus. The stimuli in Experiment 1 consisted of
the embossed, printed capital letters A, H, I, M, O, T, U, V, X, and
W, along with corresponding (jumbo) braille characters. The braille was
approximately 8 mm high, embossed with a Perkins brailler. The
8-mm-high letters were embossed on standard braille paper with a Freund
writing screen and braille stylus (produced by the American Founda-
tion for the Blind). Contiguous dots made up the print letter shapes that
were first traced by a Koh-I-Noor (Rapidoguide) letter guide. The stimuli
in Experiment 2 consisted of 11-mm-high capital letters (K through T)
and corresponding braille characters. This giant braille was produced
with a special 6 X 6 (dots) slate provided by Emerson Foulke. Stimuli
were constructed by using dot positions within a 5 X 5 matrix. The
vertical and horizontal spacing between braille dots was about 3 mm.
For embossed print letters, the spacing between dots was usually
minimal—less than 1 mm. Standard American braille is less than 6 mm
high (Heller, 1987).

The stimuli were placed on a foam-covered shelf behind a large baf-
fle with a cloth-covered opening at its base. This device allowed ob-
servers to touch the stimuli without vision. A drawing of the braille code
and letter equivalents (as appropriate) was present during tactual ex-
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Table 1
Tactual Examination of Braille and Letters: Mean Number Correct
and Time per Item (in Seconds)

Character Size

11 mm 8 mm

Number Number
Character Correct Time Correct Time
Type M SD M SD M SO M SD
Braille 339 72 116 39 256 33 73 4
Letters 370 24 94 39 259 26 92 6.6

Note—The maximum possible scores = 40 and 30 correct, for 11-mm
and 8-mm characters, respectively.

amination of the stimuli. For Experiment 1, the 10 letters were presented
three times each in a random arrangement. Characters were arrayed in
five horizontal lines with 6 stimuli on each line. The stimuli were sepa-
rated by 1.4 cm, with a vertical spacing between lines of about 1.8 cm.
In Experiment 2, the 10 characters were presented four times each in
a random arrangement in four horizontal lines.

Design and Procedure. Experiment 1 involved independent groups,
whereas observations were repeated on subjects in Experiment 2. In Ex-
periment 2, half of the subjects started with braille and then explored
letters; half of them followed the reverse sequence. The subjects touched
the stimuli with the tip of the index finger of the preferred (writing)
hand and named the letter corresponding to the character that was
touched. The subjects were timed on each line of letters or braille (with
a stopwatch). No feedback was given when the subjects tried to name
the upright patterns. The subjects were told to press lightly as they ex-
plored the stimuli.

Results and Discussion

Recognition accuracy was similar for letters and braille
(see Table 1). The 8-mm letters (86% correct) were not
significantly different from 8-mm braille in ease of iden-
tification (85%; ¢ < 1). Performance was comparable for
larger letters (92.5%) and braille [85%; #(11) = 1.5,
p > .05]. The high levels of accuracy in Experiment 2
are consistent with reports of excellent performance with
much larger letters (Barr, 1970; Seminara, 1960).
Response latency was not significantly faster for §-mm
braille (M = 7.3 sec/item) than for letters (M = 9.3 sec;
t < 1). The comparison of larger letters (M = 9.4 sec)
and 11-mm braille (M = 11.6 sec) approached sig-
nificance [#(11) = 2.09, p < .10 > .05].

The letter recognition data obtained in Experiments 1
and 2 are inconsistent with prior reports of the general
superiority of braille over letters. Loomis (1985) found
better accuracy for braille, probably due to both the small
character size he employed and the imposition of con-
straints on exploration. With free exploration, larger let-
ters are as easy to recognize, and are certainly identified
as rapidly, as braille. Tactual letter recognition can ap-
proach 100% with large enough patterns (Austin &
Sleight, 1952; Seminara, 1960) and sufficient practice
(Barr, 1970).

EXPERIMENT 3
Braille, Letters, and Morse Code

In Experiment 3, we compared Morse code, braille, and
embossed, printed capital letters in recognition accuracy
and latency.

Method

Subjects. There were 36 sighted undergraduate subjects in the present
experiment.

Stimuli and Apparatus. The stimuli were embossed characters
representing the letters A-J. Prior research has shown very low accuracy
levels when Morse code was embossed on index cards with a nonelectric
typewriter (Heller, 1985). This low performance may have been due
to poorly prepared stimuli (the dots and dashes were not very high),
rather than deficiencies in the code itself. Consequently, the Morse code
and other stimuli were embossed on label tape with a 3M labeler. The
symbols were presented five times each in a random arrangement; they
were arrayed in horizontal lines with approximately 1.6 cm between
characters and 1.3 cm between lines. The braille was of standard size
(6 mm high; the characters A-J are less than 4 mm), produced with
a Scotch 3M EA-450 Labeler (with a braille dial) on clear labeling tape.
The embossed capital letters were roughly 5 mm high; the same spac-
ing was used. The Morse code was drawn from the current Interna-
tional Morse code (Spragg, 1943; Taylor, 1943): A (- =), B (— ),
C(=-=9,D(=)E(C),F(¢-—),G(-=—=),H(¢--),I("),and
J (- — — —). The dashes were slightly lower (1 mm) on each line than
the dots. Though shorter than the other patterns, the Morse code was
generally much wider; the largest character was 1.9 cm wide.

Design and Procedure. The procedure, similar to that of Experi-
ment 1, involved independent groups. All subjects were shown the
characters representing the letters A-J prior to stimulation; a drawing
of the braille or Morse code (as appropriate) was present throughout.
The subjects were told the layout of the symbols and were also informed
they would be timed with a stopwatch; feedback was not given. The
subjects were restricted to the tip of the index finger of the preferred
hand, as in the first two experiments.

Results and Discussion

Braille recognition accuracy was not significantly differ-
ent from that for printed letters or Morse code [F(2,33) =
2.2, p > .05]. However, an analysis of variance on time
scores showed a significant effect of the code used
[F(2,33) = 9.8, p < .001]. Though not more difficult,
Morse code was much slower than the other codes (see
Table 2). A Newman-Keuls test on mean total time
showed that braille and printed letters required the same
exploration time (p > .05), but both were faster than
Morse code (p < .01). The obtained accuracy with small
letters (5 mm, 57.6% correct) was very close to Phillips,
Johnson, and Browne’s (1983) report of 60% correct for
4.5-mm letters.

Morse code performance was much better in the present
Experiment 3 than had been found previously (Heller,
1985). This advantage is probably a consequence of the
use of more tangible stimuli, with lines and dots of greater
height and durability.

GENERAL DISCUSSION

Performance was similar for embossed print capital letters and braille
in Experiments 1, 2, and 3. Embossed letters (11 mm) yielded 92.5%
correct recognition in Experiment 2—a very high level of performance
for naive observers. Recognition accuracy was nearly as high for Morse
code as for braille, but the reading of the system of embossed dots and
dashes was much slower in Experiment 3.

The results of the present experiments are not consistent with the idea
that braille is invariably superior to tangible print. The functional spa-
tial abilities of the finger are sometimes limited by spatial resolution
when observers are confronted by very small stimuli and exploration
is constrained, both temporally and spatially. The use of relatively large
patterns and unrestricted tactual exploration can serve to eliminate the
advantages of braille, at least for recognition of single characters. Of
course, it is not known if large embossed letters are equally suitable



Table 2
Experiment 3: Braille, Letters, and Morse Code
Number Exploration
Character Correct Time
Type M SD M SD
Braille 333 8.4 422.3 149.8
Morse code 26.1 8.9 796.0 290.1
Letters 28.8 8.3 485.1 201.3

Note—The maximum score possible = 50 correct. Exploration time is
given in seconds.

for written communication when words are involved, though history
tells us that reading print words is much slower than reading braille
(Foulke, 1982). Reading slowly, however, is preferable to not reading
at all. Future research will need to be directed toward an understanding
of more naturalistic reading behavior. The high levels of recognition
accuracy that were found for embossed print letters are consistent with
the reports of other researchers (Austin & Sleight, 1952; Seminara,
1960).

Large embossed print letters are easy to recognize with touch, which
has implications for the rehabilitation of the late blind. Many of these
persons have had considerable difficulty learning braille. The present
results suggest that people who are unwilling to learn braille might be
encouraged to make use of embossed print letters instead. The late blind
could make use of a Swedish raised-line drawing kit for writing (see
Heller, 1989). It is proposed that the letters should be at least 8-11 mm
high, since lower recognition accuracy was found for smaller patterns
(5 mm) in Experiment 3. The early blind do not have the same difficulty
with braille, since their education in braille reading extends over a long
period of time in childhood.
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