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Tactile pattern recognition was studied by presenting pairs
of alphabetic shapes in rapid succession at the same ana-
tomical location, the subject being required on each trial to
identify both of the patterns. Experimental variables were the
duration of each stimulus and the time between stimuli. Three
aspects of the observed interaction were (1) an increase in
letter reversals for very short interstimulus intervals; (2) a
greater percentage of first-response errors for short-stimulus
onset intervals and a greater percentage of second-response
errors for long-stimulus onset intervals; and (3) a crossover
in the first- and second-response error rates in the range of
100 to 200 msec. after the onset of the first stimulus. These
results are consistent with some of the temporal properties
of models proposed for analogous visual tasks.

Visual recognition of patterns presented sequentially
in the same retinal location has been studied by many
investigators (e.g., Kolers & Katzman, 1963; Massa,
1964; Averbach & Coriel, 1961; Eriksen & Collins,
1965). Phenomena described as temporal interaction,
erasure, forward and backward masking, etc., have
been observed, and the results from experiments with
these phenomena have led to postulated models (e.g.,
Sperling, 1963) describing the temporal properties of
the visual channel. In investigations with patterned tac-
tile stimuli, similar phenomena are observed, the under-
standing of which is crucial to attempts at tactile
communication and developmentofa ''tactile language.'"

The experiments reported here were aimed atdeter-
mining temporal effects in the tactile channel. In these
experiments tactile-spatial patterns were presented in
rapid succession at the same anatomical location,

Apparatus and Procedure

The experiments were carried out under control of a
computer system that is described in detail elsewhere
(Bliss & Crane, 1964). In this system, a CDC 8090
computer is used to store stimulus patterns and the
sequence in which the patterns are to be presented.
Figure 1 shows the patterns used in these experiments.
These patterns comprise an experimentally developed
alphabet that has been found to be convenient for
experimentation because the patterns are easily dis-
tinguished and learned. To make the results easier to
integrate, the relatively more difficult letters (H, M,
O, U, Y, and Z) were not used (except for the pre-
liminary experimentdescribed here) leaving an effective
alphabet size of 20 characters.

The computer was programmed to output these al-
phabetic shapes in the appropriate temporal sequence.
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To present one such shape the computer transmitted
a sequence of eight 12-bit words to specially constructed
external equipment. Each word represented one row
of the spatial pattern to be displayed. The external
equipment stored the 96-bit pattern in 8 msec. and
simultaneously activated the specified tactile stimula-
tors.

The tactile stimulators used were airjets. Each jet
was formed from a 0.031=in. outlet port and was acti-
vated by an electromagnet. The air pressure pulse,
measured 1/8 in. directly above the airjet outlet, was
about 3 psi in these experiments, with a rise and fall
time of about a millisecond and an overall pulse width
of about 2.5 msec, A 200-cps pulse repetition rate was
used throughout the experiments, implying that, for
example, the stimulators were actually turned on and
off 20 times during a presentation time of 100 msec.

The advantages of airjet stimulation are that relatively
uniform stimulation is produced over nonuniform cu-
taneous surfaces and stimulator spacing can be made
quite small. The stimulator array used is shown in
Fig. 2, and the location of the stimulators with respect
to the palmar side of the hand is shown in Fig. 3.

Two male and one female college students were
used in these experiments.

Preliminary Experiment

The importance of temporal sequence in tactile
perception of alphabetic shapes was first noted in an
experiment in which a subject was presented with
random letters in two different temporal sequences but
at the same average rate of letter presentation. In the
first sequence, every 0.9 sec. a letter (chosen at
random) was presented for 0.3 sec. and was followed
by a 0.6-sec. rest. The subject had to respond in the
0.6 sec. off-time between the end of one letter and the
onset of the next. In the second sequence, sets of three
random letters were presented in rapid succession
during 0.9 sec., each letter being on for 0.3 sec. In the
following 1.8 sec. the subject had to name all three
letters. He then received three more letters, followed
by 1.8 sec. off-time, and so on. Four sessions of 1 hr.
each were run, two sessions with each temporal se-
quence. During each session there were four tests,
separated by rest and practice periods. Each test con-
sisted of 81 letters. The results of this experiment
are shown in Fig. 4.

Under the second-sequence conditions, the perform-
ance was extremely poor. The fact that the subject
missed almost every middle letter of each triplet sug-
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gested that some type of masking was in part responsible
for the poor performance. It was also found that by
counting a response correct when it was simply in the

Fig. 2. Tactile stimulator array.
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Single Paint
Double Point

Triple Paint

Single Curved Line

Single Straight Line
Parollel Double Lines
Intersecting Double Lines
Sundry
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Fig. 1. Experimentally developed alphabet.
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Fig. 3. Position of airjet array about '4** below the palmar sur-
face of the hand.
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Fig. 4. Letter recognition accuracy for two temporal sequences.

wrong sequence, the subject's performance (after
correction for guessing) was essentially doubled. Thus,
by counting KJP in response to PJA as two letters
correct (the P and J) instead of just one (the J), the
subject's accuracy—corrected for guessing—increased
from 11 percent to 20 percent. Thisis in agreement with
the results reported by Kolers and Katzman (1963) for
a visual experiment in which the subject was asked to
name English letters sequentially presented in groups
of three at letter rates approximately twice as fast
as the ones used in the tactual experiments described
here. Kolers and Katzman determined that this kind
of letter reversal was a common phenomenon. This
similar finding, for both touch and vision, implies
that the major problem in the triplet experiment may
not be at a peripheral neural level, since more letters
are recognized than indicated by the performance
scores, but their sequential ordering is not being
preserved.

Douhlet Experiments

The preliminary experiment led to a series of
sessions in which random pairs of alphabetic charac-
ters were given each of the three subjects according
to the temporal sequence shown in Fig. 5. Following
each doublet presentation, a subject responded at his
own rate. His responses were then typed on the on-line
typewriter by the experimenter, thus automatically
activating the next stimulus sequence. The subjects
were very well practiced in this task, each subject having
at least 10 hr. of training before the tests began.

During each 1-hr. test session, four separate tests
were given, with rests between. Each test consisted of
a presentation of 66 pairs of equally probable random
letters. The tests with Subjects R and K were run first,
using a predetermined set of time intervals (TO, Tl);
the tests with Subject Ke were run later. The results
from Subjects R and K were used to select a better set
of time intervals (TO, Ty) for Subject Ke.

In one set of test sessions, T1 (the off-time between
the letters of each pair) was held constant at 22 msec.,
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and T (the on-time of each letter) was varied from
100 to 400 msec. for Subjects R and K, and from 50 to
300 msec. for Subject Ke. The results are shown in Fig.
6, in which the percent of errors on the first response
and the percent of errors on the second response are
plotted separately as a function of T;. For all three
subjects, the error rate decreased as T\ increased,
more first-response errors occurring with values of
TD less than 100 msec., and more second-response
errors occurring with values of T, greater than 200
msec. The crossover occurred for Tg between 100
and 200 msec. Inother words, for short letter durations,
there seemed to be more interference of the second
letter with perception of the first, while for longer
durations the reverse seemed to be true.

In a second series of test sessions with Subjects
R and K, T; was held constant at 100 msec. while
T4 was varied from 22 to 300 msec. For Subject Ke,
Tp was held constant at 50 msec. while T; was varied
from 22 to 400 msec. These results are shown in Fig.
7, where both first- and second-response errors are
independently plotted as a function of TJL= Again, there
is a crossover hetween first- and second-response
errors, first-response errors being more prevalent
for short Tl intervals and second-response errors
more prevalent for longer T, intervals. Each of the
error rates decreased with Ty to values of about 10
percent.

In a third sequence of tests with Subjects R and K, the
time between letter onsets was kept constant at 400
msec., while TU was varied from 100 to 400 msec. These
data are shown in Fig. 8, where total errors are plotted
as a function of TO’ These curves indicate a minimum
in error rate for values of T, between 200 and 300
msec,, implying that a period of no stimulation for
about 100 msec. between letters is beneficial.

A final result apparent from the data is that letter
reversals occur only for small values of T, and T;-
Letter reversals accounted for about 4 percent of the

I‘_Tn —=—T, —--Q—TO—J-

FIRST SECOND
SYMBOLIC SYMBOLIC
CHARACTER CHARACTER

Fig. 5. Timing armangement for sequential presentation of the
pair of alphabet characters.
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Fig. 6. Percent errors as a function of stimulus on-time with the
between-stimuli interval held constant.

errors for T1+T0 less than 150 msec, (for Subjects K
and Ke) and accounted for a negligible percentage of
the errors for Ty+T( greater than 150 msec. Subject
R had a fotal of only five letter reversals in all of the
sessions; these reversals were all for Tq equal to 22
msec. and T, between 100 and 300 msec.

Discussion

Since the subjects had to identify both of the tempor-
ally separated stimuli in each of the doublet trials,
these experiments may be considered as a pattern
masking study in which both forward and backward
masking phenomena are involved simultaneously. That
there should be interference between two stimuli pre-
sented too closely in space or time is, of course, not
unexpected, since any system, including the human
nervous system, has limited resolution. However, the
following three aspects of the interaction results re-
ported here are worth special mention: (a) an increase
in letter reversals for very short interstimulus inter-
vals; (b) a greater backward masking effect for small
values of T and Tj, and a greater forward masking
effect for longer values of T and 'I‘l; and (c) a cross-
over in (b) occurring in the range of 100 to 200 msec,
after the onset of the first stimulus.

While the picture is far from complete, many in=
vestigators have suggested models of perception based
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Fig. 7. Percent errors as a function of the betweea-stimuli in-
terval with the stimuli on-time held constant.

on input quantization of time. Eriksen (1966), for
example, suggests that the visual system sums the
luminance from two or more successive stimulations
distributed within a brief time interval of the order
of 100 msec.

Although there have been some well stated objections
to models involving constructs like '"epoch,'! ''read-in
time,'" and "'erasure,'' such models can help structure
thinking on masking and interference phenomena, even
though these constructs are oversimplifications, In
particular, it is worth considering whether such models
can be applied to tactile memory tasks. For example,
in a model proposed by Sperling (1963) for wvisual
memory tasks, there is a read-in interval of roughly
50 to 100 msec. Stimuli occurring wholly within this
interval tend to summate and superimpose. Normally
without interfering stimuli, the read-in period is
followed by a short-term storage, processing, and read-
out interval lasting perhaps as long as several seconds.
However, a second stimulus occurring immediately after
the read-in interval of the first stimulus, just before
or during the short-term memory read out, may tend
to initiate a new read-in interval and cancel or re-
place the first stimulus before it is read out. With
still further separation, the two stimuli occur in separate
""memory epochs,' and their mutual interference is
reduced. Thus, according to this model there are at
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Fig. 8. Percent errors as a function of stimulus on-time with the
stimuli-onset interval held constant.

least three intervals of concern: (a) a summation inter-
val of 50 to 100 msec.; (b) an interval immediately
after (a), in which a second stimulus may tend to re-
place a first stimulus; and (c) a later interval of
little interference.

In terms of such a model, whether there should be
more first- or second-response errors in the experi-
ments reported here is determined by which of these
intervals is involved. Of course, for simultaneous pre-
sentation of two patterns, the number of errors on the
first stimulus must equal the number of errors on the
second stimulus. Presumably this would also be true
for two stimuli occurring wholly within interval (a)
above. Since the curves of Figs. 6 and 7 show no tendency
to come together again for the short values of T and
T,, the interpretation would be that the minimum
values of Ty and T; employed in these experiments
were sufficiently long that in most cases only conditions
(b) and (c) mentioned above occurred. This is also
suggested by the fact that the percentage of reversal
errors never became very great. The fact that the
percentage of reversals increased somewhat above a
chance level for the shortest times employed indicates
that in a few cases interval (a) phenomena were involved.

According to this interpretation, then, when the second
letter occurs immediately after the read-in time, the
first letter may tend to be cancelled or replaced,
thereby producing more first-response errors., With
further temporal separation, the first letter gets safely
tucked away in immediate memory before the second
letter is presented, thereby reducing the first-response
errors. The first- and second-response cross-overs
shown in Figs. 6 and 7 suggest that the interval in
which the second stimulus tends to replace the first
is from about 75 to 200 msec.

Also consistent with a tactile epochal model are the
results from tactile apparent-motion studies. These
apparent-motion phenomena occur strongly for stimuli
temporally separated by 50 to 150 msec. (e.g., Kotovsky
& Bliss, 1963; Sumby, 1965), which would place the
stimuli in adjacent read-in intervals. When the stimuli
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are separated by one or more memory epochs, the
system should be able to resolve the ambiguity, and
the perception should be that of two spatially separate
stimuli instead of one moving stimulus.

A number of tactile neurophysiological experiments
have indicated response phenomena involving intervals
of the order of 100 msec., which are suggestive of
underlying mechanisms for masking or erasure. Ina
pertinent experiment, Towe and Amassian (1958) re-
corded action potentials from single cortical cells in
somatosensory area 1 of rhesus monkeys (Macaca
mulatta). On stimulating the palmar surface of the
digits and hands, they found that the evoked discharge
of 40 of the 110 units encountered could be prevented
by a prior or simultaneous stimulation at a nearby
point, even when the nearby point, stimulated alone,
would not fire the unit. The duration of this inhibhitory
effect was as long as 100 msec., and it was followed
by a facilitation period. Presentation of the efficacious
stimulus up to 2 msec. prior to the ineffective "'con=-
ditioning'' stimulus resulted in complete inhibition of
discharge in only three of the units studied.

This inhibitory phenomena followed by a period of
facilitation is also found in compound cortical-evoked
potentials with cutaneous stimuli. In a review of this
work, Uttal (1965) points out that several investigators
have found that components of the second of two evoked
responses were diminished in size in the 100 msec.
following the initial stimulus, and that these temporal
inhibitions led to vast deviations from a simple additive
process.

On a more peripheral level, Lindblom (1965) found
long-duration inhibition phenomena in dorsal root units
of monkeys as a result of mechanical stimulation of
the distal glabrous skin. By means of threshold studies,
he demonstrated that each nerve impulse is followed
by a relative refractory period which lasts more than
100 msec. Repetitive discharge delayed the recovery
further and produced a cumulative increase in threshold
which rendered sustained firing at freguencies about
60 impulses per second difficult or impossible.

While the mechanismunderlying forward masking may
be the physiologically observed inhibition, it does not
appear likely that this could account for the backward
masking. However, backward masking could result from
some process associated with the facilitation stage
following the inhibition phase observed in neurophysio-
logical responses. This facilitation stage occurs atabout
the same time, with respect to the onset of the first
stimulus, as the period in whichfewer second-response
errors occurred in the tactile experiments reported
here.

Whether these and other findings will eventually ''fall
into place'' cannot be foreseen. At this point, more
direct evidence is needed before any model of in-
formation processing in the tactile system can be con-
sidered more than crude and speculative,
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