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Tuo experiments investigated characteristics of immediate
recall for brief tactile stimuli applied to the 24 interjoint
regions of the fingers of both hands (thumbs excluded). The
obtained immediate-memory span varied from 3.5 to 7.5 stimu-
lus positions correct after correction for guessing, svmlar to
the results in analogous visual studies. Properties of any
hypothetical tactile short-term memory were studied by re-
quiring subjects to report only a specified portion of the
stimuly presented, and by varying the time of occurrence of
the marker specifving which portion of the stimuli to report.
In this partial-report condition. subjects had more stimulus
information available at the time of reporting than their
immediate memory spans indicated, provided that the stimu-
lus marker occurred within 0.8 sec. after stimulus termina-
tion. The data suggest that at least for the amount of train-
ing employed here, any tactile short-term memory has much
less capacity than an analogous visual short-term memory.

When visual stimuli, consisting of a number of items,
are briefly shown to an observer,onlya limited number
(usually less than six) of the items can be correctly
reported. This limit defines the so-called span of
attention, apprehension, or immediate memory (see,
e.g., Miller, 1956). However, observers assert that they
can see more than they can report. Several investigators
have used sampling procedures to circumvent this
immediate-memory limitation (Sperling, 1960; Aver-
bach & Coriell, 1961; Estes & Taylor, 1964). These
experiments have indicated that observers haveatleast
two or three times more information available than they
later report. The availability of this information de-
clines rapidly, so that within one second after the ex-
posure the available information no longer exceeds the
memory span. Sperling (1960) has tentatively identified
this short-term information storage with the persistence
of visual sensation that generally follows any brief, in-
tensive visual stimulation.

If the mechanism for this short-term memory is
part of the peripheral visual apparatus (see, e.g., Massa,
1964) then analogous results would not necessarily be
expected from tactile experiments. The experiments
reported here wereaimed atdetermining whetheror not,
with brief tactile presentations, there is also more
information available than can he reported. If so, the
characteristics of the corresponding short-term tactile
memory could be ascertained from techniques analogous
to those employed in the visual casc. Suchcharacteris-
tics are, of course, of considerable relevance totactile
language construction for tactile communication.

The first experiment reported here investigates the
span of immediate memory for brief tactile point
stimulations of the interjoint regions of the fingers.
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The second and main experiment in addition employs
4 sampling procedure to investigate the procedures
of short-term tactile memory.

EXPERIMENT 1: immediate Memory

Many visual information-processing experiments
have involved tachistoscopic presentation of geometrical
patterns such as letters and numbers. In these experi-
ments, the information is contained in the geometrical
shape of the symbols, not in their retinal location.
However, anatomical location has much greater signif-
icance in tactile displays, aided by the many anatomical
landmarks. Moreover, tactile spatial interaction is
much greater than visual, so that normal adult subjects
cannot clearly perceive a brief simultaneous tactile
presentation of even two spatially separated alphabetic
shapes (Linvill & Bliss, 1966)., However, there are at
least several anatomical locations that canbe identified
when tactually stimulated simultaneously. For this
reason, point stimulation of specific anatomical loca-
tions was used in the experiments reported here rather
than presentations of geometric patterns. The subject's
task was to identify which locations were stimulated.
This use of anatomical position rather than symbol
shape as the information bearing element is a basic
difference from the previous visual experiments with
geometric patterns.

Method

Apparatus. The experiments were carried out under
controt of a CDC 8090 computer system, which was used
to store stimulus patterns and the sequence in which the
patterns were to be presented (Bliss & Crane, 1964).
This system was designed for use with up to 96 tactile
or visual stimulators. Only 24 tactile stimulators were
used in these experiments, one for eachofthe 24 inter-
joint regions of the fingers (thumbs excluded). The
palmar side of the fingers were suspended about1/8 in.
above the airjet stimulators shown in Fig. 1, which
permitted easy adjustment for each subject's hands.
The subject's arms were supported from wrist to
elbow, permitting the hands to be suspended in this
manner for extended periods without fatigue.

Each jet of air was formedby a 0.031-in. outlet nozzle
under control of a high-speed electromagnetic valve.
The air pressure pulse, measured 1/8 in. directly above
the airjet outlet, was about 3 psi, 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. Thus, all stimulators
were simultaneously turned on and off 20 times during
the 100-msec. stimulus presentation time. The advan-
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Fig. 1. Apparatus for holding airjet nozzles below the 24 inter-
joint regions of the fingers.

tages of airjet stimulation for this investigation were
that relatively uniform stimulation was produced over
nonuniform cutaneous surfaces and that stimulator
spacing could be easily adjusted.

Training. The subjects were three male college
students in their late teens and early twenties, Each
had previously been involved with experiments of this
type involving point tactile stimuli. By the end of these
previous experiments, Subject A was making fewer than
2-percent errors with the double stimulation on the
right hand (i.e., two stimulus positions out of a field
of 12); Subject K had achieved the 2-percent error
rate on both his left and right hands separately; and
Subject S, who had previously participated in about
twice as many single and double presentation sessions
as Subjects A and K, was consistently belowa 2-percent
error rate for double presentations with both hands
(field of 24). Thus all three subjects were well trained
for this task.

Procedure. Each subject had before him at all times
a visual replica of the letter-to~interjoint assignment.
On any one trial, n stimulation points were randomly
chosen (by the computer) out of the possible 24 inter-
joint locations, and the corresponding stimulators were
then activated for 100 msec. In any one session the
number of positions simultaneously stimulated, n, was
constant and known by the subject. The subject orally
reported the locations perceived, using the alphabetic
labels shown in Fig. 2.
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Each response was typed into the control computer
by the experimenter, and after a fixed delay the next
stimulus was automatically presented. There was no
fixed time within which a subject was forced to respond.
Initially, verbal feedback was givenafter each response,
but inspection of the data and each subject's intro-
spections led to a discontinuance of this after the first
few sessions. The influence of the feedback on the
subjects’ performances seemed negligible, perhaps be-
cause of their previous longexperience in this situation.

For Subject S the number of stimulators simultane-
ously activated was increased by one in each succeed-
ing session, from n=2ton=12. The schedule for Subject
K was similar, except that n was increased in steps of
two in each succeeding session from n=2 to n=12.
Subject A was initially given six stimuli simultaneously,
and after seven sessions under this condition, n was
increased by one in each succeeding session until n
equaled 12,

In deciding on the number of trials per session, either
the total number of simultaneous presentations or the
number of stimulations of each interjoint position could
be kept constant. The former would yield an increasing
number of presentations per interjoint position per
session, while the latter would force the total number
of presentations per session to vary. Since the sub-
jects' task was to identify each of the stimulated posi-
tions rather than a pattern composed of the stimulated
positions, the number of presentations per position per
session was kept constant, namely 22 presentations per
interjoint position per session or a total or 22 X 24 =
528 individual point stimuli per session. The total
presentations per session for eachvalueof nwas there-
fore as follows:

n 2 3 4 5 6 7 8 9 30 11 12

Number of
Presentations 264 176 132 104 88 75

in o Session

66 59 50 49 44

Fig. 2. Finger labeling for two hands. The letters outside the
parentheses show the labeling used in Experiment 1; those inside
the parentheses show the labeling used in Experiment 2.
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Fig. 3 Whole-report performance curves—estimated number of

stimulus points perceived (corrected curves) as a function of the
value of n. The diagonal line represents perfect performance. The
uncorrected curves are included to show the effect of correction
on the raw data.

This procedure kept the binominal variance for the
mean number correct for each point of stimulation,
after correction for guessing, approximately constant
across the different values of n. It allowed the variance
for the mean number correct out of the n points to
increase as a function of n. Thus, in analyzing number
correct per anatomical position, the data are as stable
for n=12 as for n=2; however, when observing total
number correct, more confidence may be placed in
the smaller n data.

Results

Figures 3 (a), (b), (c) show the tactile results, after
upplication of the correction for guessing given in the
appendix. The magnitude of this correction increases
with n. For Subjects A and K, the correction produced
a negligible effect for values of n less than 6, about a
10~percent reduction for n=6, and about a 40-percent
reduction for n=12. The correction for Subject S was
generally less, being only about 20 percent for n=12.

The curves for Subjects A and K were remarkably
similar to those of Sperling (1960) for visual stimuli,
showing a span of immediate memory of about 4.5
stimulus positions. However, the number of positions
correctly reported by Subject S continued to increase
with n until he achieved an average of 7.5 positions
correct out of 12 ufter correction for guessing.

Introspections by Subject S suyggested that he was
able to recode simple tactile patterns into larger
units (¢.g., all three stimuli on one finger representing
onc "'chunk'' of information). This would help to explain
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why his immediate-memory level appeared so high,
and a cursory examination of the data indicated that
he was able to utilize patterns more than Subjects A
or K.

To test the immediate memory of Subject S further,
an analogous visual experiment was run in which the
stimulus display consisted of a 3-by-8 array of panels
illuminated by individual incandescent lights. The pro-
cedure was the same as with the tactile experiments,
and the number of lights simultaneously activated was
increased each session by two from n=2 to n=12.
Figure 3(d) shows these resuits, after application of
the correction for guessing. Although he was not per-
forming quite as well as in the tactile experiments, a
level of performance of 6 out of 12 positions correctly
identified was achieed.

In addition, as a preliminary to Experiment 2, Subject
S was tested in a partial-report experiment with tactile
stimuli. In this experiment, the number of stimulators
simultaneously activated was always equal to 12,
chosen randomly out of the 24 positions possible. From
22 to 300 msec. after the termination of this tactile
stimulation, a light was flashed for 400 msec., either on
the left or on the right. If on the left, the subject's task
was to report the letters representing the positions
stimulated on the left hand; if on the right, the subject's
task was to make a similar report for the right hand.
The number of positions stimulated on the designated
hand was called k, and each value ofk between 1 and 11
occurred on 100/11 percent of the trials. Each hand
was designated on 50 percent of the trials. Sixty-seven
trials were run for each value of marker delay; how-
ever, since the effect of marker delay was small, the
data were averaged over marker delay. The results,
corrected for guessing, are shown in Fig. 4.

ESTIMATED NUMBER OF STIMULUS POINTS PERCEIVED

CORRECTED B
2 = FOR
. GUESSING ]
/
okl oy
o 1 2 3 4 5 & 7 8 9 10 1 12

VALUE OF &

Fig. 4. Partial-report performance, subject S—estimated number
of stimulus points perceived as a function of the value of k. The
data are averaged across marker delays and hands
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Fig. 5. Partial-report performance. subject S—estimated number
of stimulus points available as a function of the value of k.

To estimate the amount of stimulus information
available from the partial-report data of Fig. 4, the
average percentage of positions correct for each value
of k (after correction for guessing) was multiplied by
12. Since the marker position was randomly chosenand
was presented after the tactile stimulation had term-
inated, the average percentage of positions correct
must represent the fraction of the 12 stimulus positions
available to the observer. The results of this calculation
are shown in Fig. 5.

Since for k less than 7 the average number of stim-
ulus points available was greater than the number re-
ported in the whole-report experiment, the presence
of some sort of short-term tactile memory is indicated.

In analogy with related visual experiments, it was
expected that the estimate of the number available would
be independent of k, for k less than the immediate
memory level. However, as shown in Fig. 5, the number
of letters available decreases from greater than 11 to
slightly more than 7, as k is increased from 1 to 7.
This means that a small number of stimuli on one hand,
with a corresponding large number on the other, are
reported correctly a greater percentage of the time than
when the number of positions designated is about n/2.
A likely explanation for this is that the subject adopted
the strategy of paying greater attention to the hand
with fewer stimuli even before the marker appeared
(see Sperling, 1960, pp. 8-10), If this was the case,
values of k in the range 1 to 6 would give the best esti-
mate of the number of stimulus positions available.
This yields a value of about 8.5 stimulus positions
available compared with a whole-report performance
of about 7.5 for this subject.
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EXPERIMENT 2: Short-Term Memory

The purpose of Experiment 2 was to investigate
further the cupacity and temporal properties of any
short-term tactile memory. This experiment was de-
signed to yield both whole-report and partial-report
data (with various values of markerdelay) from several
identically trained subjects. Several improvements in
the procedure were instituted.

Table 1
TRAINING AND TESTING SCHEDULE, EXPERIMENT 2

No. of Stimulus
Presentations No. of
Order ot Conditions Per Condition Sessions
Training
n=1, left hand 72 172
n=2, left hand 360 2-1/2
n=1, right hand 72 172
n=2, right hand 360 2-172
© n=2, both hands I 144 1
] n=4, both hands ; 96 1
| n=6, both hands | 88 1 )
n=8, both hands 180 2 :
n=10, both hands 100 2 i
n=12, both hands 141 3
Testing, Wholc-Report ‘
n=2, both hands 36 174
n=6, both hanas 96 374
n=10, both hands 156 3
n=12, both hands 188 4
n=8, both hands ! 126 2
n=4, both hands 66 1
Testing, Partial-Report
k=1, n=12, 0.1 sec marker delay 66 1
k=4, n=12, 0.8 sec marker delay 66 1
k=4, n=12, 0.3 sec marker delay 66 1
k=4, n=12, 2.0 sec marker delay 66 1 i
k=4, n=12, 0.1 sec marker delay 66 1 i
k=4, n=]2, 0.3 sec marker delay 66 1 l
k=4, m=12, U sec marker delay 66 1 !
k=4, n=12, -0.85 sec marker delay 66 1
k=4, n=12, 0.8 sec marker delay 66 1
k=4, n=12, 2.0 sec marker delay 66 1
k=2, n=6, 0.3 sec marker delay 36 172
k=4, n=12,-0.85 sec marker delay 66 1
k=4, n:12, 0 sec marker delay 66 1
k=2, n=6,-0.85 scc marker delay 36 1/2
k=2, n=6, 0,1 sec marker delay 36 1/2
k=2, ne6, 0.8 sec marker delay 36 1/2
‘ k=2, n=6, 2.0 scc marker delay 36 1/2
k=2, n=6, 0 sec marker delay 36 1/2
Testing, Whole-Report with
| Partial-Report Stimuil '
| n=12 66 1
| n=6 l 36 1
. 1
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Method sessions per day, with one hour between sessions. The
Apparatus. The apparatus was the same as that training and testing schedule is shown in Table 1,

described in Experiment 1, with one modification. In
Experiment 1, only one airjet nozzle holder was avail-
able, making it necessary to readjust the airjetnozzles
each time a subject was run. In this experiment, each
subject had his own airjet nozzle holder, which was
initially adjusted to his hand and never resetunless the
subject requested that a particular jet be readjusted.
This ensured better constancy in the positioning of the
airjets from session to session.

Subjects. Four male college students in their twenties
were used. Subjects My, My, and M, were normally
sighted; M4 had been totally blind since the age of 14.
None of the subjects had ever participated inan experi-
ment of this nature.

Procedure. Each subject was tested in two 30~minute
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The number of total presentations for each value of n
during training was determined by the apparent diffi-
culty of the task for eachvalueofn; more presentations
were given at the higher values. For whole-report
testing, the number of total presentations for each
value of n was chosen to allow the variance for the
mean number correct per n-value to remain constant
across all values of n. (Specifically, the number of total
presentations was set so that the probability that the
mean number correct per value of n would exceed the
true mean by more than 0.4 stimulus positions was <_
0.1.) For each value of n, the number of presentations
at each interjoint position was equal.

On any whole-report trial, the procedure was similar
to that described in Experiment 1, with certain changes:
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(1) the labeling of the interjoint positions was changed,
and is shown in Fig. 2; (2) subjects were required to
report the same number of response positions as the
stimulus contained and to report in alphabetical order
(this latter restraint was introduced so that all the
subjects would utilize the same reporting strategy);
(3) tactile and visual reinforcement were introduced.
As soon as the experimenter finished typing the re-
sponse, the reinforcement was automatically initiated
by the computer. Reinforcement consisted of a repeat
of the stimulus, presented both tactually andona visual
display box. Reinforcement duration ranged from1-1/6
sec. for n=1, to 3 sec. forn=12, increasing linearly by
1/6 sec. whenever n was increased by one. Subject My,
who was blind, received only tactile reinforcement,
except for sessions with n=1, 2,0r 4, when, in addition,
the experimenter called out the correct response. The
termination of reinforcement was followed by a 2~sec.
pause and then the next stimulus.

On a partial-report trial, subjects were informed by
a marker as to the row from which their response
should come. The eight topmost interjoint positions
(A-H) were considered the top row, positions labeled
1-P the middle row, and Q-X the bottom row. The
marker onset occurred either 0.85 sec. hefore or 0,
0.1, 0.3, 0.8, or 2.0 sec. following stimulus termination.
For the sighted subjects, the marker was one of three
lights (top, middle, or bottom) on the visual display bhox,
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lasting 250 msec. For the blind subject, the marker
was a high (910 pps), medium (357 pps), or low (133 pps)
tone, lasting 30, 80, or 240 msec., respectively. Each
marker position occurred an equal number of times in
each session. Marker position order was random and
varied from session to session.

During partial-report sessions, the total number of
stimulation points was either 12 (with 4 points in each
row) or 6 (with 2 points in each row).

Results

Figure 6 shows the results, after correction for
guessing, from the whole-report test sessions for all
four subjects. The maximum estimate of the number
of correctly perceived stimulus positions was hetween
3 and 4 for all of the subjects, and this value occurred
for n=12,

Figure 7 illustrates the response behavior and the
effect of the guessing correction. While the data of
Fig. 7 are averaged over subjects for a single session
with n=12, the result—that the proportion correct
decreased as the position in the response sequence
increased—was generally observed throughout the ex-
periment. The guessing correction uses the proportion
perceived in the same sequence position. Then the total
number perceived is determined by summing the esti-
mates of proportion perceived in each sequence position.
The results, averaged over subjects, before correction
for guessing, are shown in Fig. 8.

Also shown in Fig. 6 are the results of the partial-
report sessions for the condition in which the marker
appeared immediately after stimulus termination. These
results are also corrected for guessing, using the
formula given in the appendix with N =8 and n =k, the
total number of points stimulated in eachrow (i.e., 2 or
4). After this correction for guessing, the estimate of
the number of points perceived was multiplied by 3 to
obtain an estimate of the number of stimulus points
available. The maximum estimate of the number of

n
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Fig. 8. Same data as Fig. 6(e) except uncorrected for guessing.

Perception & Psychophysics, 1966. Vol.



3 ~\.‘/./.\°

2 -

-

F"_"__.‘O"/'\ _

: -

g (0) SUBJECT M, (b) SUBJECT M,
PR - =
)
H N Nii | 1 N Ll
w
E 5
s .

a4 — - 3
g o\.,.-.\. \,\
3 3 \. — ° ./.\. —
2
M : T (¢} SUBJECT M3 (d) SUBJECT M,
(o]

1 r— . —
[ 4
s, L N1t 1 l NI 1]
g 5 - 85 0. 3 8 20
z

Fig. 9. Partial-report per-
formance (k =2, n = G)—esti-
mated number of stimutus points
available as a function of time
of occurrence of marker (with

S a =
q
: \.)\..’0\
[ Y -
z ]
“ : STIMULUS

2 M~ : -

{e) AVERAGE OF FOUR SUBJECTS : WHOLE-REPORT PERFORMANCE WITH
SAME STIMULUS MATERIAL AS USED FOR
[ PARTIAL-REPORY SESSIONS
o LU NI 1
-85 o 3 8 20
MARKER OELAY —— seconds

stimulus points available also occurred for n=12 and
wis between 4 and 5 for each subject.

Figures 9and 10 show the partial-report performance,
after correction for guessing, as a function of marker
delay for all four subjects. The curves of Fig. 9 are
for n=6 and k=2, and the curves of Fig. 10 are for
n=12 and k=4. Also shown, asabarat the right of each
curve, is the whole-report performance for the subject
on the same stimuli (constrained to k stimulus points
in each row) used for the partial-report sessions. Since
the number of stimulus points in each row was con-
strained, these whole-report data were corrected for
guessing by considering the experiment to be three
whole-report experiments, each with N=8 and n=k,
and by summing the three estimates of the number of
points perceived from the formula given in the appendix.

While there is considerable variability among the sub-
jects, the partial-report curves averaged over subjects
in Figs. 9 and 10 are always above the whole-report
bar, except for the 2-sec. marker delay, in which
the partial-report and whole~report valuesare approxi-
mately equal.

DISCUSSION

The experiments described here employed multiple
tactile stimuli with two kinds of report, whole and
partial. In a whole report the subject names as many
stimulus locations as he can. The upper limit on the
number of correctly reported items may be called,
after Miller (1956), the span of immediate memory.
In previously reported studies, this span typically
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respect to stimulus termina-
tion).

ranged from ¢ to 7 stimulus items (e.g., see Miller,
1956; Sperling, 1960).

Figure 3 indicates an immediate-memory span with
tactile stimuli of about 4.5 items for Subjects A and K.
However, Subject S reported more than 7 correct
positions out of 12 (after correction for guessing), and
his performance did not appear to be leveling off at
n=12. Introspections by Subject S suggested that he
was able to recode the stimulus patterns into larger
units, or ''chunks'' of information, much as in visual
experiments in which enhanced perfo *mance is obtained
by recoding binary numbers into octal numbers. These
tactile results were unexpectedly high, in view of past
reports of extraordinary interaction (Geldard, 1966)
with two or more simultaneous stimuli on the fingers.

In spite of the surprisingly good tactile performance
reported here, the rcader is cautioned that the effect
of long-term tactile training is not yet known. When
visual data are compared with tactile data, the com-
parison is between results from a highly trained modal-~
ity and those from a generally poorly trained modality.
In early experiments with doublets, for example, with
subjects who scored perfectly on singlets, the authors
found very high initial errors (typically 30-40 percent)
which, after five to ten training sessions, dropped to
only a few percent (Bliss et al, 1965).

The accuracy in reporting for subjects in Experiment
2 was considerably lower than for subjects in Experi-
ment 1 (p< 0.05), even though the experiments differed
only in procedural factors which were not expected to
hamper performance. Figure 6(e) shows that the average

279



immediate-memory span in Experiment 2 was between
3 and 4 stimulus positions. This average span size is
also lower than that reported by Sperling (1960), who,
in a somewhat similar task using visual stimuli, found
an average immediate-memory span of between 4 and 5
stimulus items (see Fig. 6(f), this paper). Usually the
number of items to be reported in a partial-report
experiment is selected to be less than the span of
immediate memory so that an estimate of items avail-
able thatdoes not reflect immediate~memory limitations
can be made. While that was the intention in these
experiments, it appears from the results of Experi-
ment 2 that the k=4, n=12 conditions must have taxed
the immediate-memory capacity beyond its limit,
resulting in a low estimate of number of positions
available when k=4.

Three explanations can be suggested for the poorer

performance in Experiment 2. First, the introduction
of tactile reinforcement in Experiment 2 (lasting from
1-1/3 to 3 sec.) might have interfered with the subject's
performance by partially masking the next stimulus,
At least one subject reported that a tingling sensation
in his fingers produced by the reinforcement still re-
mained when the next stimulus occurred (2 sec. follow-
ing the last reinforcement). To investigate this hypothe-
sis, each subject in Experiment 2 participated in one
extra session, which was identical to another session
held that day except that the pause between the end of
reinforcement and the next stimulus was increased to
4 sec. If the hypothesis was correct, then the longer
pause would be expected to increase the level of per-
formance by increasing the recovery time (see Bliss
et al, 1966a). As shown in Table 2, increased per-
formance was found for all subjects, although this
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increase is hardly significant for Subject Mj.

Secondly, poorer performance in Experiment 2 may
have been due to the fact that the subjects in Experiment
2 were not trained as well as those in Experiment 1.
The average whole~-report curve of Experiment 2
(Fig. 6(e})) sho_ws slight rises in performance when
the value of n ‘was 4 or 8, compared to performance
levels for other values of n. The testing schedule
(Table 1) indicates that the last three of the 11 whole-
report sessions were with n=4 and n=8. Thus, despite
the fact that Experiment 2 subjects had 16 training
sessions before whole-report testing, they apparently
continued to improve at the taskduring testing. Subjects
My and My particularly show this improvement during
testing.

Finally, it may be that the constrained-report strategy
which the subjects in Experiment 2 had to follow may
have introduced a slight disabling factor. The alpha-
betical-order-report strategy may have introduced into
the experimental paradigm an extra subtask which could
have impaired the subjects' performance relative to
that in Experiment 1.

As is typically found in partial-report experiments,
results from the partial-report sessions in both Ex-
periments 1 and 2 indicated more information avail-
able than could be reported in a whole report. The
magnitude of this difference was not, however, as great
as previous investigators have found in visual studies.
Sperling (1960), for instance, reports that with visual
stimuli, more than 9 stimulus items out of 12 were
available when the partial-report marker immediately
followed the stimulus termination, compared with 4.5
items out of 12 for the whole report. In Experiments 1
and 2 of this paper, however, partial report resulted
in an increase of only about one stimulus item out of
12 over the number of items indicated by the whole-
report sessions. This result suggests that any hypothet~
ical tactile short-term memory has considerably less
capacity than the analogous visual short-term memory.

A dynamic aspect of the responses is illustrated in
Fig. 7. The accuracy of the responses decreases rapidly
as each stimulus position is named. If the first four
responses in the whole-report session of Fig. 7 are
used to calculate the number of positions available,
one would expect this value to agree with the value

Table 2, Comparison of performance with two- and four-second
intertrial pause duration

Average Number of Stimulus
Positions Available

Subject Session Two-Second Pause Four-Second Pause
My Whole report with partial-
report stimuli (k=2,n=6) 3.53 3.56
Mo Partial report (k=4,n=12);
2.0-second marker delay 7.54 7.82
M3 Partial report (k=4,n=12);
0.1-second marker delay 8.14 9.09
My Whole report with partial-

report stimuli (k=2,n=6) 3.42 3.67
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obtained from a partial-report experiment with k=4,
n=12, and the marker occurring before the stimulus.
The value from Fig. 7 so obtained is 5.67, which com~
pares with 5.3 from Fig. 10(e), with the marker occur-

_ ring 0.85 sec. before the stimulus termination.

A similar comparison can be made between the
k=2, n=6 partial-report results and the data of Fig. 7
to predict the number of items available in a hypothet-
ical k=2, n=12 "marker-first'' experiment. Using
the proportion perceived in the first two responses,
one obtains the value 7.08 items. From Fig. 9(e),
3.81 items available out of 6 were obtained from the
k=2, n=6 ''marker-first'' partial-report experiment,
which would give a value of 7.62 items available out
of 12. As one might expect, a higher value resulted
with n=6 than with n=12, perhaps due to greater spatial
interaction with n=12,

Spatial interaction may in part explain the lower
number of items available in these experiments as
compared to previously reported visual experiments.
The data presented here suggest that two or more
simultaneously presented air blasts at different spatial
locations on the fingers may mask one another, For
instance, for the whole-report sessions in Experiment
2 with n=2, the estimated number of stimulus points
available was 1.8 positions. Yet, for the partial-report
sessions in Experiment 2, the estimated number of
stimulus points available (averaged over subjects) was
never higher than 3.81 positions out of 6 (or 1.27 posi-
tions available out of 2), and this value occurred with
the marker 0.85 sec. before stimulus termination. In
both cases, the subject had to report only two stimulus
positions; therefore, the reporting was not responsible
for the lower partial-reportperformance, Since the only
difference between the two cases was that only two
stimulus points were activated in the first case whereas
six were activated in the second, then there must have
been interference among the six stimulus points, causing
a decrement in accuracy of reporting over that with
only two stimulus points.

Figures 9 and 10 show that the accuracy of the partial
report was superior to the whole report only when the
marker occurred within 0.8 sec. after stimulus termina-
tion. When the partial-report marker occurred 2.0 sec.
after stimulus termination, the accuracy of both reports
was adpproximately equal. Sperling reports similar
temporal results with visual stimuli. If appears, then,
that any hypothetical tactile short-term memory canbe
no more than 0.8 sec. in duration.

The averaged partial-report curve for k=4 andn=12
(Fig. 10(e)) decreases more smoothly with increased
marker delay than the corresponding curve for k=2
and n=6 (Fig. 9(e)). The reduced variability in the
first (Fig. 10(e)) may be due to the fact that each data
point is based on the average performance of each of
four subjects in 132 trials, whereas each data point
in the second (Fig. 9 (e)) is based on the average
performance of each of four subjects in only 36 trials.2

281



There appears to be a reduction in performance for
k=2 and n=6 when the marker immediately follows the
stimulus (0-sec. delay). The individual curves show this
effect more clearly, particularly the curve for My,
who was blind and received the tone marker. He re-
ported that he was forced to pay less attention to the
stimulus when the marker followed immediately, in
order to distinguish which tone occurred. Theuse of the
tone marker did not, however, appear to reduce My's
overall performance. In fact, his performance approxi-
mated that of the sighted subjects in both whole- and
partial-report conditions, despite the fact that he re-
ceived only tactile reinforcement while the sighted
subjects received both tactile and visual reinforcement.

The slight rise in partial-report performance for
k=2 and n=6, when the marker followed the stimulus
by 0.8 sec., may have been due to the subjects’ choice
of strategy while awaiting the marker. A subject could
choose, for example, to pay equal attention to each of
the three rows, to attend to the same row, or to guess
which row would be specified and pay attention to that
row only. Sperling (1960) tried to illustrate the effect
on performance of switching from the first to the third
strategy. His subject RNS made this switch at marker
delays longer than 0.15 sec. His performance curve
shows a dip at 0.15 sec., followed by a rise at longer
marker delays, and Sperling attributes the dip to the
subject's failure to switch strategies at marker delays
of 0.15 sec. or shorter. The subjects showing the most
performance rise in the 0.8~sec. marker-delay condi-
tion were My and Ms. Subject M; reported using the
third strategy and My, the first and third strategies.
Subject Mg, who reported that he paid equal attention
to the three rows throughout partial testing, showed the
least variable performance curve.

The results of the present experiments are relevant
to the construction of tactile codes for communication
using point stimulation of specific anatomical locations
as the information-bearing dimension. The data shown
in Figs. 3 and 6 suggest that a 90-percent individual
point or an 8l-percent symbol accuracy could be ob-
tained with a code using 2 out of 24 stimulus positions
to indicate a particular symbol out of an alphabet of
276 possible symbols. Similarly, a 70-percent individual
point or a 34-percent symbol accuracy should be obtained
with a 2024-symbol alphabet, each symbol consisting
of 3 out of 24 stimulus positions.

The question arises whether or not more information
could be transmitted per presentation if greater values
of n were used to make up the symbols. To overcome
the loss in accuracy, redundant codes could be used,
permitting error correction.

While the calculation of information transmitted is
difficult if the particular confusion matrices obtained
are taken into account, a lower bound on the informa-
tion transmitted can be easily obtained by assuming
that there is no stimulus-related information in the
errors. For this case the appropriate formulas are
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H(S) = log(24)
H(S:R) 2> p log (24) + p log p + (1) log (1= p)

where H(S) is the stimulus entropy, I (S;R)is the infor-
mation the response gives about the stimulus, and p is
the estimated proportion of stimulus positions per-
ceived. This transformation of the average data in
Fig. 6(e) results in the curves shown in Fig. 11. The
curves of Fig. 11 indicate that the transmitted informa-
tion is relatively independent of n, being about 6 bits
per presentation for a whole report and 7.5 bits per
presentation for a partial report. Thus, one is tenta-
tively led to the conclusion that,atleast with the amount
of training employed here, information per presentation
cannot be increased by constructing codes with high
values of n.

Finally, the results of this paper, combined with our
previous results (Bliss et al, 1966a and 1966b), suggest
that tactile information processing has some of the
characteristics accounted for in a model proposed
by Sperling (1963) for visual memory tasks. A short-
term tactile memory with slightly greater storage
capacity than the span of immediate memory is indi-
cated by the results of this paper. This short-term
memory appears to decay in less than 0.8 sec. The
results also suggest that overall performance is limited
by spatial interaction of the stimuli, except that, again,
we do not yet know the effects of longer training.

APPENDIX
A standard correction for guessing inpsychophysical
experiments assumes some probability correct due to
the sensory process under consideration, and if this
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process fails, then the subject guesses from the avail-
able alternatives. Thus,

ple) =p+(1-plg m

where p(c) = probability correct
p =probability correct by result of perception
alone
g =probability correct by guessing if stimulus
is not perceived.
If we have an estimate for g, we may solve for the
""true'' value of perceiving or knowing the answer, p,
as follows:

oo Plc)-g
1-g

(2)

In the present experiment the subject must make
more than one response on any one trial. The accuracy
of each response may affect the guessing probabilities
on later responses in that trial for a large number of
models of the subject's behavior. The present method
of estimating p for each response represents a rela-
tively severe correction, since, when the subject has
to guess, it is assumed that he guesses from all the
unreported positions. Therefore, the corrected dataare
probably lower bounds on the subject's performance.
Furthermore, it is assumed that the number of stimulus-
activated positions not yet correctly reported at any
response on the trial are distributed in a uniform manner
across all unreported positions.

Thus, the appropriate form of Eq. (2) is

|-

n ~ X p (correct on response )
i =
N-is+] 3)

p {correct on response i) ~

P = ]

i -
n -2 p (correct on response j)

|

i=1
N-i+]
where

p; =estimated probability correct by perception
on response number i, 1< i<n
p (correct on response i)=uncorrected observed
value of proportion
correct on response
number i
n=number of interjoint positions activated oneach
trial
N = total number of interjoint positions in possible
stimulus field, i.e., the population from which
the n are chosen on each trial.
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Finally, the corrected value for the estimated total
number of the n positions reported correctly on each
trial is obtained by summing the estimated py:
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Notes

1. The work reported in this paper was supported in part by the
Research and Technology Division of the Air Force Avionics
Laboratory Aeronautical Systems Division, under Contract AF
33(615)-1099 with Stanford Research Institute, and in part by the
National Institute of Neurological Diseases and Blindness under
Grant NB 06412-0) with Stanford Umversity., and Grant NB 04738
with Stanford Research Institute. The airjet tactile stimulators
used In this study were developed at Stanford Research Institute
under Contract NAS 2-1679 with Ames Research Center. National
Aeronautics and Space Administration, Moffett Field, California.
2. Thirty-six stimulus presentations with k = 2 and n = 6 are suffi-
cient to ensure that the probability that the mean number correct
exceeds the true mean by more than 0.4 stimulus positions is <0.1.
This probability is reduced to 0.05 for 132 stimulus presentation
withk =4 and n = 12.
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