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Influence of writing style and categorical
information on identification of tactile

numerals and letters

MORTON A. HELLER, KIMBERLY D. NESBITr, and DANETrE K. SCROFANO
Winston-Salem State University, Winston-Salem, North Carolina

Recognition of print capital letters, script letters, and numerals was studied in three experi 
ments. In Experiment I, letters printed on the skin with component lines in an irregular sequence
were much harder to name than normally printed stimuli. In Experiment 2, categorical informa
tion was an important aid to letter or number identification. This obtained when subjects were
required to draw the tactile stimuli. The results suggested that observers may not always con
struct a veridical "image" when stimuli are drawn on the skin in the absence of categorical in
formation. Performance was much lower for script than for print letters or numerals. In Experi
ment 3, passive script recognition was superior to active script recognition. This suggested that
passivity per se cannot always explain difficulty in tactile symbol recognition.

Our purpose in this study was to examine the impact
of stimulus characteristics on passive touch. Touch is pas
sive when the observer is immobile and stimulus objects
are pressed on the skin (Gibson, 1962 ; Heller & Myers,
1983) or drawn on the skin (Heller, 1980a, 1980b, 1986,
1987), or when the observer's finger or hand-held rod
is guided over an outline (Heller & Boyd, 1984) . Passive
touch has often been thought inferior to active touch
(Gibson, 1962, 1966; see Heller, 1980a, 1980b, 1986).
Numerals and letters are readily identified when individu
ally drawn on the skin (Heller, 1986) , but performance
is reduced when sequences are drawn at a rapid rate
(Heller, 1980b, 1986, 1987) or when categorical infor
mation is denied (Heller, 1986) . Furthermore, shifts in
orientation can sometimes degrade tactile pattern recog
nition in the sighted when orientation is variable (Heller,
1986) and in blind people (Heller, 1989).

Subjects in Experiment 1 identified patterns that were
either normally drawn on the skin or drawn with un
familiar sequences of component line segments. In Ex
periment 2, subjects identified print and script letters or
digits, and the influence of categorical information was
assessed. In Experiment 3, subjects identified engraved
script either actively or passively, via exploration with
a stylus.

EXPERIMENT 1

Identification of print capital letters written in a "nor
mal" fashion was compared with identification of letters
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requests to Morton A. Heller, Psychology, Winston-Salem State Univer
sity, Winston-Salem, NC 27110.

printed with component line segments in an unfamiliar,
irregular sequence.

Method
Subjects. There were 28 sighted subjects, half of whom were males .
StimuU. The stimuli were print capital letters, A-Z. The letters were

printedon thepalmwith a plastic stylus thathada smooth . I.xm rounded
tip (see Heller, 198Oa, 198Ob, 1986, 1987) . Vision was restricted by
a Masonite baffle with a cloth-covered opening at its base. "Normal"
letters were printed following theguidelines of theHelen Keller Center
for theDeaf-Blind. Theirregular letters were printed in an atypica1 man
nero For example, the semicircle of the " D" was drawn from thebot
tom up , before the vertical member was produced. Otherwise, the ir
regular patterns were identical to normal letters; only thesequence and
direction of drawing component lines was changed. The letters were
approximately 6 cm high , printed in the center of the preferred palm
(as measured by writing preference) .

Procedure. The subjects were told they would be required to iden
tify print capital letters drawn on the skin of the preferred palm . Ob
servers in the irregular condition were informed that the letters might
not be printed in the usual manner, but would be taken from theentire
alphabet. The 26 letters were drawn twice in a random arrangement
for a total of 52 letters per subject. Feedback was not given as subjects
vocally named each stimulus (see Heller, 1986, 1987, for further details).

Results and Discussion
Identification of normally printed letters was signifi

cantly better than identification of irregular letters [t(26) =
5.6, p < .01]. The mean number correct for normal print
was 45.6 (SD = 3.2) and only 28 .5 (SD = 10.9) for the
irregularly printed capital letters. This suggests that let
ter identification depends on the recognition ofa coherent
spatiotemporal pattern of stimulation on the skin surface.
A possible explanation of the results is that letter recog
nition was easier when the pattern of skin stimulation was
similar to stored representations of the sorts of movement
patterns involved in letter production. The sequence and
direction of strokes may be critical. However, the rela
tive importance of these factors is not known. In Experi
ment 2, the influence ofcategorical information upon pat
tern recognition was examined.
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EXPERIMENT 2
Categorical Information

EXPERIMENT 3
Active and Passive Tactual Script Recognition

Note-The maximum score possible for each type of stimulus was 20 .

Table 1
Effect of Categorical Information on Recognition of Print Letters,

Script Letters, and Numbers Drawn on the Palm

The subjects in Experiment 2 attempted to identify
digits or letters printed or drawn in script on the skin of
their palms. They were asked to draw the stimuli, so that
the influence of categorical information on representation
could be assessed.

Results and Discussion
Categorical information aided pattern identification (see

Table 1). Performance was much lower for script than
for print capital letters or numerals. A mixed-factor anal
ysis of variance showed that the effect of stimulus type
was highly significant [F(2,52) = 56.8,p < .(XH] and that
the effect of prior information was significant [F(l,26) =
11. 1, P < .01]; but the interaction was nonsignificant
(F < 1). Letter and digit performance in the prior infor
mation condition was consistent with earlier results for
the response measure of vocal naming (Heller, 1981) .

Method
Subjects. There were 20 subjects (10 active and 10 passive) ; half were

males and half were females .
Stimuli and Apparatus. The 1.8-<:m-highletters (A-Q) were engrav

ings on a script-writing board distributed by the American Foundation
for the Blind . The board is used to instruct congenitally blind persons
in writing script by having them trace the letters with a stylus . The let
ters were presented twice each in a random arrangement, for 30 trials
per subject. Script letter recognition was compared with recognition of
embossed printed letters via three independent groups of 10 subjects
(N '" 30). They attempted tactile recognition of the same 1.8-<:m-high
script letters embossed on paper (a product of the American Founda
tion of the Blind), printed letters on transparent Mylar film (with the
Sewell Raised Line Drawing Kit), or touched printed capital letters (Hel
vetica, Fine) embossed on paper with a Freund writing screen and a
braille stylus. Printed letters on paper (mean number correct '" 27.5
out of 30 trials) were more readily recognized than printed letters on
Mylar (M '" 19.5), and performance was somewhat lower for script
on paper (M '" 17.6) . An analysis of variance showed that the effect
of font style on accuracy was significant [F(2 ,27) '" 15.4, P < .0 1].
A Newman-Keuls test on mean number correct indicated that the mean
for printed letters on paper was significantly higher than the other two
means (p < .0 1), but script on paper was not significantly different
from printed letters on Mylar in easeof identification (p > .05) . Sub
jects were also more than twice as fast in their responses to printed let
ters on paper (mean latency '" 12.3 secper character) [F(2,27) '" 12.9 ,
p < .0 1]. Performance with embossed print on Mylar was much lower
thanthat reported by Barr(1970), probably because her subjects benefited
from practice with the stimuli.

Design and Procedure. All participants were able to view a drawing
of the script letters during taetua1 examination. In the active group, the
subjects were instructed to trace the letters with a stylus (a plastic braille
eraser) " as if writing with a pen ." They were always started at the top
of each letter or where one might start to write the letter under nomtal
circumstances. For passive tracing, each subject grasped the stylus while
the experimenter repeatedly traced each of the grooved letters " as if

Active touch is often assumed to be superior (Gibson,
1962, 1966) to passive touch, in which the observer makes
no voluntary movements. In passive touch, information
is imposed on a stationary observer (see Heller, 1980a,
1980b, 1986). Researchers have recently begun to ques
tion the universality of the advantage of active touch (e.g .,
Lederman, 1981). It is possible that active touch may be
deficient and may lead to poor form perception, when the
difficulties of movement control outweigh any possible
aid derived from self-control over stimulation . Researchers
have reported superior performance for passive touch
under conditions in which little cutaneous information is
available or shapes have to be explored with a stylus
(Heller & Boyd, 1984).

In Experiment 3, subjects used a stylus to explore en
graved script letters, either actively or passively. The ac
tive subjects traced letters themselves; the passive sub
jects were aided by the experimenter, who guided their
exploration. Because it was assumed that active explora
tion provides more "objective" information about the en
vironment (Gibson, 1962, 1966), active tracing was ex
pected to lead to superior script letter identification.
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Method
Subjects. The subjects were 28 undergraduates. None of the subjects

had participated in Experiment 1. Half of the subjects were male and
half were female .

Stimuli . The stimuli were individual digits (0-9) or capital letters
(A-I), either printed or in script. Letters or digits were approximately
6 cm high , printed on the nonpreferred palm with the same stylus that
was used in Experiment 1.1 Script letters followed the style of the script
board used in Experiment 3. The response measure consisted of the use
of the preferred hand (the right for all but 1 subject) to draw the pat
terns on rolled paper. The subjects were exposed to a random arrange
ment of the stimul i. Each letter or number appeared twice, for a total
of 60 stimuli per subject.

Design and Procedure. The experimental design was a mixed-factor
analysis of variance, with the variables being type of stimulus (number
vs . print letter vs . script letter) and categorical information (subjects
were told or were not told the stimulus category) , with repeatedmeasures
on the type of stimulus. Some subjects were told the nature of the cate
gorical status of each stimulus before its presentation, whereas others
were simply told that patterns would be drawn on the skin . Observers
were asked to draw each pattern immediately after its presentation. They
were unable to see their hands behind the Masonite screen, but were
permitted visual guidance as they drew the stimuli on paper. Responses
were scored as correct if they were recognizable. In a couple of cases,
the drawings were ambiguous, and the subjects were asked to name these
drawings at the conclusion of the experiment. The subjects were not
allowed to see their prior drawings as they depicted new stimuli.

No prior information
Prior categorical

information



writing" it. A maximum exposure time of I min was allowed in both
conditions, and individuals were timed with a stopwatch.

TIle subjectswere exposedto the 15upright, scriptcapitalletterstwice,
in a randomarrangement. Feedbackwasnot givenas observersattempted
to name the letters. Vision was blocked by a Masonite screen, as in
the first two experiments.

Results and Discussion
Recognition was very poor under conditions of active

tracing (mean number correct = 13.2) . Passive tracing
of script produced much higher accuracy (M = 23.9)
[t(18) = 5.7, p < .01]. Passive performance was high ,
at about 80% correct. Furthermore, passive recognition
latencies were also significantly shorter (M = 15.8 sec per
character) than active tracing (M = 35.8 sec) [t(18) = 6,
p < .01] . Active subjects had a great deal of trouble
"finding their way" through the letters they traced . They
sometimes appeared to get "lost" or "stuck" and repeat
edly traced the same groove . Part of the difficulty of ac
tively tracing script may derive from the complexity of
the patterns, since performance was also low with script
on paper. At least some of the problem, however, is due
to a lack of cutaneous input during tracing with a stylus,
since the present mean of 44% correct is lower than the
score for active tracing with one's fingertip (59% correct).

GENERAL DISCUSSION

Taken together, the results of Experiments 1 and 2 suggest that sub
jects do not necessarily construct an accurate " image" when patterns
are drawn on the skin. Symbolrecognition clearlydepends on the presen
tation of a coherent pattern of stimulation. Thus, when patterns were
drawn with componentsin an unfamiliar sequenceand stroke direction,
subjects had great difficulty in the attempt to recognize letters. It is pos
sible that the stimulus information for tactually drawn letters is higher
order , involving familiar stroke-motion information. Pattern recogni
tion is clearly dependent on the sequence and/or direction of strokes.
These results are consistent with the suggestionsof Parsons and his col
leagues (e.g., Shimojo, Sasaki, Parsons, & Torti, 1989)that link recog
nition to representation of movement patterns (Berman, 1939; Hulme,
1981). Therefore, one may be likely to recognize a pattern that one has
already learned to generate. The results of Experiment 2 are also con
sistent with this interpretation, since categorical informationaided pat
tern recognition. Drawing on the skin can be thought of as a process
of communication, with the " listener" aided by knowledgeof produc
tion rules (see Heller, 1986).

Experiment 3 yielded lower recognition for actively as opposed to
passivelyexperiencedscript. These resultsare consistentwithother find
ings indicatingthat movementcontrol canpresent problems for the per
ceiver with minimal cutaneousinformation. Optimal hapticperformance
entails coordinated input from the skin, muscles, and joints. The use
of a probe can sometimes lower performance by diminishingcutaneous
feedback and decoupling proprioceptive and cutaneous input (Heller,
1986; Heller & Boyd, 1984). Active touch is probably most helpful in
the early stagesoflearning, and it is not invariablybeneficial(see Heller,
Rogers, & Perry, 1990). Moreover, active subjects may have examined
the script letter shapes by using atypical movement sequences, since
they lost their way while tracing patterns. This, of course, could have
lowered recognition scores.

We should point out that the tasks studied in the present experiments
occur in the natural environment. Touching with a probe is certainly
an ecologically valid, useful skill. Blind people use long canes to ex
plore their environment, and they can even identify surface qualities
via auditory cues derived from tapping (Schenkman& Jansson, 1986).
Moreover, dentists, surgeons, and dental hygienists continually use
probes, both to manipulate tissues and to gain textural and form infor
mation about underlying, invisible structures. Furthermore, the read-
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ing of patterns drawn on the skin (print on palm) is a preferred commu
nication deviceof the deaf-blind (Heller, 1986),and it alters withpractice
(see O'Boyie & Murray, 1988).

The present results have considerable bearing on the education of the
visually impaired. Blind people should not be given script boardsand
left on their own. Script instruction with a template and a stylus will
undoubtedly benefitfrom externalguidance. Furthermore,other research
suggests the value of coordinated cutaneous and proprioceptive input
derived from the use of a raised-line drawing kit (Heller, 1991).
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NOTE

I. Two independentgroups of 14subjects attempted identificationof
the entire alphabet of script letters drawn either 1.8 or 6 cm high on
the preferred palm. Letter recognition was better for the large script
letters (mean number correct = 32.7) than it was for the small script
letters (M = 21.9) [t(26) = 3, p < .011.
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