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Tactile attention and the perception
of moving tactile stimuli
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Three experiments investigated the ability of subjects to identify the direction of movement
of a pattern across the skin. In Experiments 1 and 2, subjects were required to identify the direc
tion of movement of a pattern presented to one fingerpad while another moving pattern was be
ing presented to an adjacent fingerpad. Subjects were instructed to attend only to the target loca
tion. The results showed that accuracy was consistently higher and reaction times were consistently
faster when the two patterns moved in the same direction than when they moved in opposite
directions. Both effects were largest when the two patterns were presented simultaneously. In
Experiment 3, the nontarget location was the contralateral hand. In this case, performance was
not affected by the presentation of the nontarget. Combined, the results suggest that movement
information is processed across adjacent fingers even when subjects are explicitly instructed to
attend only to one finger. Subjects do appear to be able to restrict attention to a single hand.

Common experience tells us that when examining tex
tured surfaces by touch, we typically run two or more
fingers across each surface. Also, when exploring an ob
ject haptically, such as feeling for a specific coin or key
in one's pocket, the object is manipulated between two
or more fingers at the same time. Haptic exploration of
surfaces and objects with the hand is usually extended over
time and space, and often a number of sites on the fingers
are stimulated simultaneously.

The fact that haptic surface and object exploration typi
cally involves contact with a number of sites on the fingers
at a time suggests that when we are discriminating be
tween textured surfaces, or when we are attempting to
identify an object by touch alone, we combine informa
tion obtained from different fingers. Perhaps one of the
most dramatic examples of this ability is provided by users
of the Tadoma method of speech communication. By plac
ing their fingers against the jaw, lips, and throat of a
speaker, some deaf-blind individuals have been trained
to understand speech by feeling the articulatory gestures
produced by the speaker. Combining information from
the fingers enables Tadoma users to comprehend low
normal rates of speech (Reed, Durlach, & Braida, 1982).
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There have been a number of empirical investigations
ofour ability to combine information presented to multi
ple sites on the skin. For example, Geldard and Sherrick
(1965) investigated the ability of subjects to discriminate
between patterns generated by stimulating sites widely dis
tributed across the body surface. In brief, subjects had
relatively little difficulty in determining whether the same
or different sites on the skin had been stimulated even
though each pattern could consist of up to nine vibrators
(also see Cholewiak & Craig, 1984; Gilson, 1969). More
recently, Craig (1985a) investigated the ability of subjects
to identify spatial tactile patterns that were split between
two fingers. Using the tactile display of the Optacon
(Bliss, Katcher, Rogers, & Shepard, 1970), half of a spa
tial pattern was presented to the left index fingerpad, and
the other half was presented to the left middle fingerpad.
Both halves were presented at the same time. The task
was to combine the two pattern halves and respond with
the complete pattern. Although performance was better
when the entire pattern was presented to a single finger
pad, subjects were able to combine the two pattern halves
and correctly identify the patterns significantly better than
chance. These results, and the success of the Tadoma
method of speech communication, attest to the fact that
we can process information from two (or more) skin sites
even when the sites are stimulated simultaneously.

In the studies described above, it was necessary for sub
jects to attend to more than one site of stimulation at a
time. Common experience also tells us, however, that
when we are focusing our attention on one site on the skin,
stimulation at another site (e.g., a tap on the shoulder or
a mosquito bite on the arm) may capture our attention.
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Indeed, a number of studies have demonstrated that stimu
lation at a nontarget location can interfere with the ability
to detect a stimulusat a target location even though subjects
are explicitly instructed to attend only to the target site
(e.g., Craig, 1974; Gilson, 1969; Sherrick, 1964). In gen
eral, interference declines as the spatial distance between
the target and nontarget locations increases, although con
tralaterally placed maskers may still cause significant
amounts of interference (Sherrick & Cholewiak, 1986).

In addition to detection masking, the ability to identify
a spatial tactile pattern is interfered with if a nontarget
pattern is presented to a different site. Using the tactile
display of the Optacon, Weisenberger (1981) presented
target patterns to the upper portion of the left index finger
pad; other, nontarget, patterns were presented to the lower
portion of the same fingerpad. When the temporal sepa
ration between the onsets of the two patterns (stimulus
onset asynchrony or SOA) was brief, pattern identifica
tion was significantly worse than it was in the absence
of the nontarget pattern. As with detection masking, in
creasing the spatial separation between targets and non
targets (by presenting them to different fingers) leads to
a reduction in the amount of interference at a given SOA
(Craig, 1985b).

The fact that a pattern presented at one location on the
skin can interfere with the ability to identify a pattern pre
sented at another location means that, even when subjects
are instructed to attend only to the target site, the pattern
at the nontarget site must be registered. It is possible that
a pattern at a nontarget location simply captures our at
tention and distracts us. Detecting that another pattern has
been presented may momentarily draw attention away
from the target site, perturb the perceptual process, and
lead to a decrease in the ability to identify (or detect) a
target. Also, the fact that subjects can combine informa
tion from a number of sites of stimulation on the skin
simultaneously does not preclude the possibility that sub
jects are, in fact, processing information from one site
and then switching their attention quickly to a second site,
a third site, and so forth. Alternatively, it is possible that
subjects are unable to restrict attention to a single loca
tion on the skin. The spotlight of attention on the skin may
be quite broad. As a consequence, some attributes of a
nontarget pattern may be processed and may interfere with
the ability to identify a target pattern.

In the present study, we investigated the ability of sub
jects to identify the direction of movement of a pattern
across the skin in the presence of another moving pattern
presented at an adjacent fingerpad. We selected direction
of motion across the skin as the stimulus dimension to
be examined for two major reasons. First, movement ap
pears to be a significant component of tactual experience.
It is an important stimulus dimension in its own right and
plays a major role in haptic exploration. Second, there
has been considerable neurophysiological investigation
of movement on the skin. This research has revealed
movement-sensitive neurons in primary somatosensory(SI)
cortex of monkeys (see Costanzo & Gardner, 1980; Gard-

ner, 1984; Gardner, Hamalainen, Palmer, & Warren,
1989;Gardner & Palmer, 1989, 1990;Morley & Goodwin,
1987; Warren, Hamalainen, & Gardner, 1986; Whitsel,
Roppolo, & Werner, 1972). Several of these studies (e.g.,
Gardner & Palmer, 1990) have found direction-sensitive
neurons, suggesting that direction of movement may be
registered in a relatively automatic fashion, that is, without
focused attention. If the direction of movement of a tac
tile pattern is registered automatically, then subjects may
experience difficulty identifying the direction of move
ment of a pattern at a target (attended) location when its
direction conflicts with that of a pattern presented to a
nontarget (nonattended) location. If this result is obtained,
then it would imply not only that subjects cannot restrict
processing to a single location on the skin, but also that
stimulation at a nontarget location does more than merely
draw attention away from the target site.

A recent study by Essick and Whitsel (1988) provides
preliminary evidence that subjects cannot restrict atten
tion (or processing) to a single site on the skin and that
information about the direction of movement at a non
target location is processed. They investigated the ability
of subjects to identify the direction of a brushing motion
applied to the dorsal side of the hand. A second moving
stimulus was applied to one of several locations: ipsilateral
forearm, ipsilateral shoulder, contralateral shoulder, or
contralateral hand. In one condition, subjects were in
structed to focus their attention only on the target loca
tion on the left hand and to ignore the stimulus applied
to the second location. The stimulus at the nontarget site
moved either in the same direction as the target or in the
opposite direction. In addition, the nontarget stimulus was
presented at approximately the same time as the target
stimulus or with some temporal interval between the two
stimuli. In the majority ofconditions, the nontarget stimu
lus did not affect the accuracy of identificationof the direc
tion of movement at the target site. There were some con
ditions, however, in which the nontarget did interfere with
target performance, a finding that suggests that movement
at a nonattended site may be processed in an automatic
fashion without focused attention. These results will be
considered in more detail in the course of discussing the
results of the present study.

EXPERIMENT 1

In Experiment 1, we investigated the ability of subjects
to identifythe direction of a moving stimulus at one finger
pad while attempting to ignore a moving nontarget stimu
lus presented to an adjacent fingerpad. Accuracy and
response latencies were measured. Both the target and the
nontarget were vertical bar-like patterns generated on the
tactile array of the Optacon. The pattern presented to the
target site, the left index fingerpad, moved across the
fingerpad from left to right or from right to left. Simi
larly, the pattern presented to the nontarget location, the
left middle fingerpad, also moved. On half of the trials,
the nontarget pattern moved in the same direction as the
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target pattern (compatible-movement condition); on the
other half of the trials, it moved in the opposite direction
(incompatible-movement condition). The temporal sepa
ration between the onsets of the two patterns (SOA) was
varied. The nontarget pattern was presented at the same
time as the target or preceded the onset of the target by
a variable delay.

If the effect of stimulation at a nonattended site is sim
ply to draw attention away from the target location (and
momentarily perturb the perceptual process), then per
formance should be worse at the briefest SOAs and im
prove as the SOA is increased. More importantly, the
direction of movement of the nontarget pattern should not
influence performance differentially. If, however, sub
jects are unable to restrict processing to a single finger
pad, and if information about the direction of movement
of both patterns is processed simultaneously across adja
cent fingers, then the direction of movement of the non
target relative to that of the target may affect performance
in a systematic fashion. Specifically, responses may be
faster and more accurate when both patterns move in the
same direction than when they move in opposite direc
tions, especially when the nontarget and the target are pre
sented close together in time.

Method
Subjects. The subjects in this study were drawn from a pool of

8 undergraduate students at Indiana University, who were paid em
ployees of the laboratory, and the first author. All were experienced
subjects who had completed a number of related experiments prior
to participating in the present study. Six subjects participated in
Experiment 1.

Apparatus. The apparatus consistedoftwo tactile arrays interfaced
to a PDP 11134computer. Each tactile display was identical to that
used in the Optacon (Telesensory Systems, Inc.), and each consisted
of 144 pins arranged in a rectangular array measuring 11 rom wide
and 27 rom high. There were six columns and 24 rows of pins.
Adjacent columns were separated by 2.3 rom; adjacent rows were
separated by 1.2 rom. When activated, the pins on the display vibrated
at a frequency of approximately 230 Hz. The computer enabled spa
tial patterns to be generated on the tactile arrays for durations that
were multiples of 4.35 msec. In addition to controlling the tactile
arrays, the computer controlled a visual display (used for instruc
tions and feedback) and the presentation routine, and it collected
the subjects' responses and response latencies. More detailed in
formation about the apparatus can be found in Craig (1980).

Stimuli. Movement on each fingerpad was simulated by shifting
the location ofactivated pins in a column-by-column sequence. For
example, to simulate movement across each fingerpad from left to
right, column 1 of the tactile display was activated for 8.7 msec,
followed by the activation of column 2 for 8.7 msec, and so on.
Pilot work was conducted to set the stimulus conditions to produce
the sensation of movement. Activating each column for the mini
mum duration possible, 4.35 msec, resulted in a very "light" sen
sation. Increasing the duration of activation for each column pro
duced a much clearer experience of continuous movement, as results
using two points on the fingerpad would predict (Kirrnan, 1974).
It was decided to keep the total stimulus duration as brief as possi
ble and still produce movement of reasonable quality. The stimu
lus duration of 8.7 msec per column was selected because it pro
duced good movement while keeping the overall duration relatively
brief (total duration ... 52 msec, 6 columns x 8.7 rnsec/column).
The voltage to the stimulators was set at 36 V. The subjects reported

that the displays produced a comfortable level of stimulation, well
above threshold, and that they perceived continuous motion, although
some subjects reported that the quality of the motion differed some
what at the index and middle fingerpads.

Procedure. Each subject was tested with the left arm extended
and with the left index fingerpad resting on one tactile array and
the left middle fingerpad resting on the second tactile array. The
subject responded with the index and middle fingers of the right
hand, which was resting on a standard keyboard.

The subject was told that he/she would be presented with tactile
patterns to the left index and left middle fingerpads and that the
patterns would appear to be moving. He/she was instructed to focus
attention on the left index fingerpad and to report the direction of
movement on that finger. The subject was explicitly instructed to
ignore the stimulation on the left middle fingerpad. Accuracy was
stressed, although the subject was asked to respond as quickly as
possible. The subject was told that responses were being timed.

The subject initiated a trial by pressing either one of the response
buttons. One second later, a moving pattern was presented to the
left middle fingerpad, the nontarget site. A moving pattern was also
presented to the left index fingerpad, the target site, either simul
taneously with the onset of the nontarget or after a variable delay.
The time between the onsets of the two patterns (SOA) was 0, 100,
300, or 500 msec. Following the presentation of the two patterns,
the subject responded by pressing one of two buttons on the key
board. A correct response was followed by the word CORRECT ap
pearing on the visual display for 500 msec, An incorrect response
was foIlowed by the word WRONG appearing on the visual display
for 500 rnsec. The visual display then went blank. By pressing either
of the response buttons, the subject could then initiate the next trial.
The subject wore earphones through which white noise was pre
sented to eliminate auditory cues produced by the tactile arrays.

Each session consisted of eight blocks of 32 trials. The temporal
separation between the onsets of the two patterns was varied on
a trial-by-trial basis. Within each session, an equal number of trials
were presented at each SOA value. On half of the trials, the two
patterns moved in the same direction; on the other half of the trials,
the two patterns moved in different directions. Each session lasted
approximately 30 min. Each subject completed one session per day
for a total of five sessions.

Results and Discussion
Accuracy. Figure I shows the percentage of correct

responses, averaged across subjects, for each trial type
as a function of SOA. The results of a two-way, repeated
measures analysis of variance revealed a main effect of
SOA [£(3,15) = 6.55,p < .005], no main effect of trial
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Figure 1. Percent correct movement identification for compatible
movement and incompatible-movement trials as a function of the
time between the target stimulus and the nontarget stimulus (SOA).
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Figure 2. Mean latency (correct trials) for compatible- and
incompatible-movement trials as a function of the time between the
target stimulus and nontarget stimulus.

comparable to the O-msec SOA in the present study. For
one of the eight simultaneous conditions, the nontarget
stimulus had a significant effect on performance at the
target location. Specifically, when the nontarget stimu
lus was presented to the ipsilateral shoulder, incompati
ble movement produced a significant decline in identifi
cation performance relative to target performance in the
absence of stimulation at a nontarget location. In a sec
ond set of measurements, Essick and Whitsel (1988) in
troduced a temporal delay of 150 msec between the on
sets of the target and nontarget stimuli. Here, in four of
the eight conditions, they found a significant decline in
performance at the target location relative to single-pattern
performance.

Essick and Whitsel (1988) attributed their finding of
greater interference when the nontarget and target were
presented sequentially to the generation ofapparent motion
cues between the two locations (Kinnan, 1983; Sherrick,
1968; Sherrick & Rogers, 1966). They hypothesized that
the generation of apparent motion between the target and
nontarget locations overwhelmed the local motion pro
duced at the target site. It is unlikely that apparent mo
tion between the two fingers was a major factor affecting
the present results. First, the times between onsets of the
stimuli delivered to the two fingers were not ideal for
generating apparent motion (Sherrick & Rogers, 1966).
Second, in contrast to the subjects in the Essick and Whit
sel study, our subjects did not report apparent motion be
tween the two fingers. Nevertheless, we analyzed the
results to see if performance was affected by apparent mo
tion cues. If subjects use such cues, then performance
should be considerably better when the direction of ap
parent motion is in the same direction as the local move
ment on the target fingerpad. If subjects rely solely on
apparent motion cues, performance should be less than
chance when the target moves in the direction opposite
to that signalled by the apparent motion. Indeed, in the
study by Essick and Whitsel (1988), subjects often did
perform below chance level when the target direction and
apparent motion cues were in conflict. We were particu
larly concerned with the nonzero SOAs where apparent
motion might be generated. Our analysis showed that at
only one of the three nonzero SOAs, 100 msec, was over
all performance better when the target moved in the direc
tion consistent with apparent motion cues (98%) thanwhen
the target moved in the opposite direction (91%). At 300
and 5OD-msec SOAs, performance for the two targets was
essentially equivalent (less than 1% difference between
directions of movement). Finding only a small difference
in performance favoring the direction of apparent motion,
coupled with the fact that the subjects performed well
above chance in all conditions, suggests that, as expected,
apparent motion cues were not particularly compelling in
the present experiment.

For both compatible- and incompatible-movement trials,
reaction times decreased as the SOA was increased. This
effect may have been the result of a general alerting
reaction (Posner & Boies, 1971); that is, the onset of the
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type [F(1,5) = 6.47, p > .05], and an interaction be
tween SOA and trial type [F(3,15) = 1O.19,p < .001].
The interaction effect can be seen in Figure 1. When the
nontarget moved in the same direction as the target, per
formance was consistently high and did not vary as a func
tion of SOA (average performance = 96%). When the
nontarget and the target moved in opposite directions, per
formance was worse at the briefest SOA (82%) and im
proved as the SOA was increased (96% at 500-msec
SOA). Post hoc comparisons (Tukey HSD method)
showed that performance was worse at Q-msecSOA when
the nontarget and the target moved in opposite directions
than when the nontarget and the target moved in the same
direction (82% vs. 95%). Beyond O-msec SOA, perfor
mance was statistically equivalent for both trial types.

Reaction times. Mean reaction times were calculated
for correct responses and averaged across subjects. An
analysis of variance showed a maineffect of SOA [F(3,15)
= 13.11,p < .0005], a maineffect oftrial type [F(1,5) =
21.01, P < .01], and no interaction between these two
factors [F(3, 15) = 1.70, p > .05]. The results are shown
in Figure 2. Averaged across the two trial types, reaction
times were slowest at the briefest SOAs. The average reac
tion time was 459 msec at O-msec SOA, and 380 msec
at 5OD-msec SOA (a difference of79 msec). Overall, how
ever, responses were faster in the compatible-movement
condition than in the incompatible-movement condition.
On the average, correct responses were 23 msec faster
when the nontarget and target moved in the same direc
tion than when they moved in opposite directions. The
difference between response latencies for the two trial
types was largest at the briefest SOA (43 msec at O-msec
SOA) and decreased as the SOA was increased (8 msec
at 500-msec SOA).

As noted earlier, Essick and Whitsel (1988) examined
the effect of movement at one of four nontarget sites on
the identification of movement on the dorsal side of the
hand. In one set of measurements, the target and nontarget
stimuli were presented at approximately the same time
(the onsets were within 20 msec of each other), roughly
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pattern at the nontarget location may have acted as a warn
ing signal enabling the subjects to prepare for the arrival
of the target. A number of studies in the visual literature
have shown that providing subjects with a signal before
the onset of a target reduces reaction times (Bertelson,
1967; Posner & Boies, 1971) and improves signal detec
tability (Egan, Greenberg, & Schulman, 1961). In general,
performance is worse with no warning signal and is best
if a warning signal precedes the onset of a target by 200 to
500 msec (Posner, 1980; Posner & Boies, 1971). Studies
that have investigated the effect of a warning signal on
the time taken to identify a target, or on the ability to de
tect a target, have typically used blocks of trials with a
fixed warning interval to reduce uncertainty about when
the target will occur. In the present experiment, the time
between the onsets of the nontarget and target varied on
a trial-by-trial basis and thus provided no information as
to when the target would occur. It is possible, however,
that the onset of the nontarget pattern acted as a warning
signal on those trials when the SOA was not zero.

The results of Experiment 1 show that accuracy was
higher and that response latencies were faster when the
nontarget and the target moved in the same direction
across the skin than when they moved in opposite direc
tions. One explanation of these findings is that informa
tion about the direction of movement across adjacent
fingers is processed even when subjects are instructed to
attend only to the target location. The results suggest that
subjects cannot restrict processing to a single location on
the skin. Alternatively, it could be argued that subjects
are able to restrict processing to a single location on the
skin but, on occasion, focus their attention on the wrong
(nontarget) location and respond with the nontarget. This
explanation would account for the accuracy data. On the
trials when the nontarget and the target moved in the same
direction, attending to the wrong location would lead to
a correct response. When the nontarget and the target
moved in opposite directions, attending to the wrong lo
cation would lead toan incorrect response. Thus, on the
average, accuracy in the compatible-movement condition
would be higher than that in the incompatible-movement
condition.

Attending to the nontarget location, the middle finger
pad, would also lead to faster reaction times in the
compatible-movement condition than in the incompatible
movement condition, if the additional assumption is made
that patterns are processed faster on the middle finger than
on the index finger. Relatively fast reaction times to pat
terns presented to the middle fingerpad would decrease
the average time to respond in the compatible-movement
condition but not in the incompatible-movement condi
tion. In the incompatible-movement condition, attending
to the nontarget location would, of course, lead to an in
correct response.

The evidence suggests that the subjects were not sim
ply attending, on occasion, to the wrong location. At
O-msec SOA, the subjects erred 18% of the time on
incompatible-movement trials. If the subjects erred be-

cause they were attending to the nontarget site, and if pat
terns are processed faster on the middle than on the in
dex fingerpad, then we would expect reaction times on
these error trials to be particularly fast. They were not.
In fact, reaction times for incorrect responses (incompat
ible trials) were slower than reaction times for correct
responses (for either incompatible or compatible trials).
The results suggest that incompatible movement at an ad
jacent finger interferes with the ability to judge the direc
tion of movement at a target location. The most parsimoni
ous conclusion is that information about the direction of
movement at a nontarget location is processed even though
subjects are instructed to focus their attention at a differ
ent, target location.

EXPERIMENT 2

In Experiment 2, we expanded upon the findings of Ex
periment 1 by including an additional type of nontarget
stimulus. This stimulus, a nonmoving horizontal bar, was
termed a neutral stimulus because it was not one of the
target responses. Although the evidence from Experi
ment I did not support the notion that subjects were sim
ply attending, on occasion, to the nontarget site, the
presentation of a neutral stimulus would provide additional
data pertinent to this issue. If subjects sometimes focus
attention on the wrong location, then it follows that they
will, on occasion, begin to process the neutral pattern.
The fact that this pattern is not available as a response
means that subjects could either guess the direction of
movement of the target or switch attention quickly to the
target site. The first strategy should lead to particularly
poor performance with the neutral pattern. The second
strategy, switching attention to the target site, should lead
to relatively slow reaction times with the neutral pattern,
if the plausible assumption is made that switching atten
tion among sites on the skin takes time (Craig, 1985b).
Experiment 2 also replicated the conditions of Experi
ment 1 and thus provided an assessment of the robust
ness of the observed effects.

Experiment 2 was conducted in two parts. In the first
part, the subjects were instructed to respond as quickly
and as accurately as possible (as in Experiment 1). Here,
we were primarily interested in the pattern of response
latencies. In the second part of Experiment 2, we focused
on the accuracy of responses. Because performance in the
compatible-movement condition of Experiment 1 was
close to ceiling (96%), overall accuracy was reduced in
the second part of Experiment 2 by presenting a masking
stimulus immediately after the presentation of the target
pattern.

Method
Five subjects participated in Experiment 2. The experiment was

conducted in two parts. The general procedural details for both parts
were identical to those of Experiment I with the following excep
tions. First, only two SOAs were tested, 0- and 500-msec SOAs.
Second, an additional trial type was included. On one third of the
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Figure 3. Percent correct movement identification for compatible-,
incompatible-, and neutral-trial types at two SOAs.

Results and Discussion
Accuracy. The results for the first part of Experiment 2

are shown in Figure 3. An analysis of variance revealed
no main effect of SOA [F(1,4) = 1.41,p > .05], a main
effect of trial type [F(2,8) = 7.15, p < .02], and an in
teraction between SOA and trial type [F(2,8) = 6.02,
p < .05]. Post hoc comparisons showed that at O-msec
SOA, performance was lower when the nontarget moved
in the opposite direction from the target (88%) than when
it moved in the same direction as the target (94%) or did
not move (93%). In the latter two conditions, performance
was, as expected, close to ceiling. At 5QO-msec SOA,
post hoc comparisons showed that performance on the
three trial types was equivalent (average = 95%).

The results for the second part of Experiment 2, when
the target was followed by a masking stimulus, are shown
in Figure 4. A comparison of Figures 3 and 4 shows that
the presence of the masker was successful in reducing the
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Figure 4. Percent correct movement identification for compatible-,
incompatible-, and neutral-trial types at two SOAs. The target was
followed by a masking stimulus.

Figure S. Mean latency(correct trials) for compatible-, incompatible-,
and neutral-trial types at two SOAs.

overall level of performance. An analysis of variance re
vealed no main effect of SOA [F(l ,4) = 2.07, P > .05],
no main effect of trial type [F(2,8) = 3.64, p > .05],
and a significant interaction between these two factors
[F(2,8) = 4.74,p < .05]. Post hoc comparisons revealed
that at O-msecSOA, performance was best when the non
target moved in the same direction as the target (78%),
worst when the nontarget moved in the opposite direc
tion from the target (61%), and of intermediate value with
the neutral pattern (72%). At 5QO-msec SOA, performance
on the three trial types was similar, with a mean of 76%.

Reaction times. Figure 5 shows the mean reaction
times (correct responses) for the three trial types as a func
tion of SOA from the first part of Experiment 2. An anal
ysis of variance showed a significant effect of SOA
[F(1,4) = 78.81, P < .001], a significant effect of trial
type [F(2,8) = 8.29, p < .02], and a significant inter
action between these two factors [F(2,8) = 7.98, p <
.02]. Post hoc comparisons showed that at O-msec SOA,
reaction times were faster in the compatible-movement
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trials, the pattern presented to the nontarget location was a horizontal
bar formed by simultaneously activating all pins in rows 8, 9, and
10 of the display for 52 msec. On the remaining two thirds of the
trials, the nontarget pattern was a vertical bar that moved either
in the same direction as the target pattern or in the opposite direc
tion. Third, with the inclusion of the extra trial type, the number
of trials was increased from 32 to 48 per block.

In both parts of Experiment 2, the subject's task was, as in Ex
periment I, to focus attention on the left index fingerpad and to
identify the direction of movement of the pattern presented to that
finger. In the first part, the subject was instructed to respond as
quickly and as accurately as possible. In the second part, the sub
ject was told that a masking stimulus would be presented immedi
ately after the presentation of the target. The task was to try to ig
nore the masker at the same location as the target and to identify
the direction of movement of the target as accurately as possible.
The masking stimulus consisted of turning on all of the pins of the
tactile display for 52 msec. This masking stimulus has previously
been referred to as an energy masker (Craig, 1982). The SOA be
tween the onset of the target and the onset of the masker was
74 msec. Subjects completed the first part of Experiment 2 before
beginning the second part. In the first part, each subject partici
pated in eight experimental sessions; in the second part, each sub
ject participated in four sessions.

-c:
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~
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condition (424 msec) than in the incompatible-movement
condition (453 msec). The difference, 29 msec, is of simi
lar magnitude to that observed in Experiment 1. Reac
tion times with the neutral pattern tended to be faster
(445 msec) than when the nontarget moved in the oppo
site direction from the target (453 msec), although this
difference failed to reach an acceptable level of sig
nificance (p > .05), At 500-msec SOA, reaction times
were equivalent for the three trial types (average =
362 msec) and, overall, were significantly faster than at
O-msec SOA {average = 440 msec), as observed in Ex
periment 1.

These results provide evidence that the subjects were
not simply, on occasion, attending to the wrong location.
Focusing attention on the wrong location would, occa
sionally, lead the subject to begin to process the neutral
(nonmoving) pattern. The subjects could either guess the
direction of movement of the target on these trials or
switch attention to the target location. The fact that reac
tion times with the neutral pattern fell between the com
patible and incompatible conditions argues against the pos
sibility that the subjects were attending, on occasion, to
the wrong location. If the subjects guessed the direction
of movement of the target on those trials when they were
attending to the wrong location, we would have expected
reaction times for the three trial types to be equivalent.
If the subjects switched their attention quickly from the
nontarget site to the target location, we would have ex
pected reaction times with the neutral pattern to be slower
than those obtained on compatible- and incompatible
movement trials, but they were not. The evidence sug
gests that attention may be differentially weighted across
adjacent fingers; however, regardless of instructions to
the contrary, information about stimulation at a nontarget
site appears to be processed.

The results of Experiment 2 replicate and extend those
obtained in Experiment 1. In the first part of Experiment 2,
accuracy was higher and reaction times were faster when
the nontarget moved in the same direction as the target
than when they moved in opposite directions. The reaction
time data suggest that there are both facilitatory and in
hibitory components to these effects. Reaction times were
fastest in the compatible-movement condition, slowest in
the incompatible-movement condition, and of intermediate
value with the neutral pattern. This suggestion is reinforced
by the results from the second part of Experiment 2 when
the target was followed by a masking stimulus: Accuracy
was best when the target and the nontarget moved in the
same direction, worst when they moved in opposite direc
tions, and of intermediate value with the neutral pattern.

The statement that facilitation and inhibition may be in
volved in the effects reported here should be qualified.
Compared with the neutral condition, performance was
better when the nontarget and the target moved in the same
direction than when they moved in opposite directions.
One obvious question, however, is whether compatible
movement across adjacent fingers (even though subjects
are instructed to attend only to the target location) will

lead to better performance than that obtained when only
the target location is stimulated. The results of Essick and
Whitsel (1988) showed that single-pattern performance
was generally superior to the condition in which a non
target location was also stimulated. In Experiment 3, we
investigated this issue by including a condition in which
the target was presented by itself.

EXPERIMENT 3

Two questions were addressed in Experiment 3. First,
when subjects are identifying the direction of movement
at a target location, is performance better, compared with
a single-pattern condition, when a nontarget presented to
a nonattended site moves in the same direction as the tar
get? If presenting nothing to the nontarget location leads
to target performance that is worse than that obtained in
a compatible-movement condition, then this would im
ply that a true gain is achieved when adjacent fingers are
stimulated in an identical fashion.

The second question addressed in Experiment 3 was,
what effect does the spatial separation between the non
target and the target have on movement identification? In
vestigations of tactile pattern masking have shown that
presenting a target to the fmger of one hand and a masker
to the finger of the other hand results, essentially, in no
masking (Craig, 1985a; Craig & Xu, 1990). This result
implies that subjects can restrict attention (or processing)
to stimulation on one hand. If this is the case, then we
would expect the effects observed in Experiments 1 and
2 to be reduced, or eliminated, when the nontarget is pre
sented to the fmger of one hand and the target is presented
to a finger of the other hand.

Method
Five subjects participated in Experiment 3. The procedural de

tails were identical to those of Experiment 2, with the following
exceptions: First, there were six blocks of trials. On one block of
48 trials, single-pattern performance on the left index fingerpad was
measured; on a second block of trials, single-pattern performance
on the right index fingerpad was measured. On the remaining four
blocks, two consisted of ipsilateral trials (the target was presented
to the left index fingerpad and the nontarget was presented to the
left middle fingerpad, as in Experiments I and 2), and two blocks
consisted of contralateral trials (the target was presented to the right
index fingerpad and the nontarget was presented to the left middle
fingerpad). For the latter blocks of trials, the nontarget moved in
the same direction as the target, in the opposite direction, or was
the neutral pattern. In all conditions, the target pattern was followed
by the masking stimulus used in Experiment 2. The subject indi
cated his/her responses by pressing one of two foot pedals. Each
subject completed a total of nine experimental sessions.

Results and Discussion
The results are shown in Figure 6. A three-way repeated

measures analysis of variance revealed no main effect of
nontarget location (ipsilateral or contralateral) [F(1 ,5) =
1.05,P > .05], no main effect of SOA [F(1,5) = 0.60,
p > .05], and no main effect of trial type [F(2,1O) =
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Figure 6. Percent correct movement identificationfor compatible-,
incompatible-, and neutral-trial types at two SOAs. The target and
nontarget were presented to tbe same band or to different bands.

0.62, P > .05]. There was a significant interaction be
tween nontarget location and trial type [F(2,1O) = 6.33,
p < .02] and a significant interaction between all three
factors [F(2,1O) = 8.16, p < .01].

Post hoc comparisons showed that in the ipsilateral con
dition, performance was best when the nontarget and the
target moved in the same direction (84%), worst when
the nontarget and the target moved in opposite directions
(71%), and of intermediate value with the neutral pattern
(78%). The minimum difference for an effect to be sig
nificant was 5.09% (p < .05). The results for the ip
silateral condition of Experiment 3 are almost identical
to those obtained in Experiment 2. The exception is that
overall performance was slightly better in Experiment 3
than in Experiment 2. In the contralateral condition,
post hoc comparisons revealed no significant differences
between the three trial types. Statistically, target perfor
mance was neither better nor worse when the nontarget
(presented to the other hand) moved in the same or oppo
site direction as the target (p > .05, for all pairwise com
parisons). Overall performance averaged 84%.

When the target was presented by itself, average per
formance was 83%. There was some indication that per
formance was better when the right index fingerpad was
stimulated (85%) than when the left index fmgerpad was
stimulated (81%). This difference, however, was not
statistically significant (p > .05). Single-pattern perfor
mance was no better than that obtained in the compatible
movement condition when the nontarget and target were
presented ipsilaterally (83% vs. 84%, respectively). Thus,
consistent movement across adjacent fingers did not result
in better performance than that obtained when a single
site was stimulated. This finding is consistent with a result
reported in the masking literature, namely, that when a
spatial masker is identical to a target and is presented to
the same location, performance is identical to that obtained
in the absence of a masker (Craig & Evans, 1987). The
fact that performance was worse with the neutral pattern,

however, means that there is a cost incurred when a site
adjacent to the target site is stimulated with a pattern that
is different from the target.

The fact that performance was equivalent for all three
trial types when the nontarget and the target were pre
sented contralaterally implies that subjects can restrict
their attention to stimulation on one hand. This result is
consistent with the finding that very little, if any, inter
ference is observed with spatial-pattern identification if
the target is presented to the finger of one hand and the
nontarget is presented to a finger on the other hand (Craig
& Xu, 1990). Noncorresponding sites-left, middle, and
right index fingerpads-were tested in these measure
ments. A replication of these measurements with left in
dex and right index fingerpads might reveal if patterns
presented to corresponding sites are processed differently
than are those presented to noncorresponding sites.

GENERAL DISCUSSION

The results of the present study support three major con
clusions. First, when adjacent fingers are stimulated, sub
jects cannot restrict their attention to stimulation on a sin
gle finger. Processing capacity appears to be extended,
without control, across adjacent fingers. Second, infor
mation about the direction of movement of tactile stimuli
is processed across adjacent fingers even though subjects
are explicitly instructed to attend only to the target loca
tion. Third, the fact that stimulating a nontarget location
contralateral to the target site did not affect target perfor
mance leads to the conclusion that subjects can restrict
attention to stimulation on a single hand.

The results of the present study are similar, in many
respects, to those reported in the visual literature. A num
ber of studies have shown that when a target letter is
flanked by identical distractors (nontargets), responses are
faster and more accurate than are responses in a control
condition with neutral, irrelevant letters even though sub
jects are instructed to attend only to the target (B. A. Erik
sen & C. W. Eriksen, 1974; C. W. Eriksen & Hoffman,
1973; C. W. Eriksen & Schultz, 1979; Miller, 1982).
Although a number ofexplanations of this effect have been
proposed, it is clear that subjects cannot restrict process
ing to a single letter; several letters appear to be processed
by the visual system simultaneously.

There has been much debate as to where in the percep
tual process flanking distractors affect the ability to iden
tify a visual target pattern (Estes, 1972, 1974; C. W. Erik
sen & Schultz, 1979; Miller,' 1982; Shiffrin & Geisler,
1973). A similar question can be raised about the locus
of the effects observed in the present study. One finding
that indicates that the present effects occur at an early stage
of processing is that the neutral pattern, although not avail
able as a response, resulted in poorer performance than
was found in the compatible-movement condition (Experi
ments 1 and 2) or when the target was presented by itself
(Experiment 3). By this view, interactions at an early stage
of processing between inputs that are in close temporal
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and spatial proximity (and physically different) result in
a degraded representation of the target (Evans, 1987;
Evans & Craig, 1986). The problem is that, although such
an explanation might account for the fact that performance
in the incompatible-movement and neutral conditions was
worse overall than that obtained in the compatible
movement condition, it fails to account for the difference
between performance in the incompatible-movement and
neutral conditions: Performance was consistently worse
in the incompatible-movement condition.

An alternative explanation is that the effects reported
here are the result of interactions at both early and late
stages of processing. B. A. Eriksen and C. W. Eriksen
(1974) have argued that information about visual non
targets and targets accumulates simultaneously up to the
level of response activation, and that nontargets may prime
the incompatible response leading to a reduction in target
accuracy and to an increase in the time taken to respond
to the target (also see C. W. Eriksen & Hoffman, 1973;
C. W. Eriksen & Schultz, 1979; Miller, 1982). Support
for this view comes from the results of a study by
C. W. Eriksen and Hoffman (1973). Subjects learned to
move a response lever to the right if a pattern was, for
example, the letter H or the letter K, and to move the lever
to the left if the target was either the letter G or the letter
I. When target patterns were then flanked by distractors
(e.g., H K H or G K G), little interference was observed
when the distractors had the same learned response as the
target. A significant amount of interference was observed,
however, when the target and the distractors had differ
ent learned responses. Pilot work in our laboratory has
shown that the effects reported here are also observed
when tactile stimuli are moved in a distal-proximal fashion
on the fingerpad. Thus, by using all four directions of
movement (two assigned to one response, and the remain
ing two assigned to another response), the paradigm used
by C. W. Eriksen and his colleagues could be used to as
sess the extent to which response competition is a factor
involved in the identification of a tactile target in the
presence of nontargets.

The finding that compatible movement at adjacent
fingers leads to faster correct target responses, relative
to incompatible movement, is similar, in some respects,
to the finding in the visual literature that correct same
responses to spatially identical stimuli are faster than cor
rect different responses (Bamber, 1969; Krueger, 1978;
Nickerson, 1965; Proctor, 1981). Indeed, C. W. Erik
sen, O'Hara, and B. Eriksen (1982) have presented evi
dence that response competition, argued to be a factor in
volved in the deleterious effect of flanking distractors on
the ability to identify a target stimulus, is also a factor
involved in what has been termed the fast same effect
(Proctor, 1981). If response competition is a factor in
volved in the effects reported herein, then we might expect
same judgments of compatible movement across adjacent
fingers to be faster than correct different judgments. Addi
tional measurements will be required to address this issue.

The present results are consistent with measurements
that have been conducted under the general rubric of mask
ing. As discussed previously, the presentation of a non
target stimulus (a masker) interferes with the identification
of a tactile stimulus. Earlier studies have demonstrated
that when the target and the masker are presented in se
quence to the same location on the skin, the spatial charac
teristics of the target and the masker influence the amount
of interference produced. Specifically, when the target
patterns are letter-like, maskers composed of features
from letters produce greater interference than do maskers
without such features. Furthermore, no interference is
seen when the target and the masker are spatially identi
cal (Craig, 1982, 1983; Craig & Evans, 1987; Evans &
Craig, 1986). These results indicate that subjects are un
able to narrow their attention temporally to prevent pro
cessing of the masker's features. What the present study
demonstrates is that a "masker" presented to a location
separate from that of the target (on the same hand) is pro
cessed to the extent that at least some attributes of the pat
tern are registered.

The results of the present study have some implications
for haptic information processing. For example, in Ta
doma, one can certainly imagine situations in which users
might encounter incompatible movements with adjacent
fingers. Moreover, reaction-time differences of 30 to
40 msec may well be important for processing rapidly
varying speech information. In identifying objects by
touch, it is, of course, less likely to have adjacent fingers
encounter movement in opposite directions. If further
studies show an inability to restrict attention for other
stimulus dimensions, however, this would suggest that the
effects observed in the present study are important fac
tors in a wide range of information-processing tasks by
the hand.
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