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Response competition: A major source of
interference in a tactile identification task
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Two experiments investigated the ability of subjects to identify a moving, tactile stimulus. In
both experiments, the subjects were presented with a target to their left index fingerpad and
a nontarget (also moving) to their left middle fingerpad. Subjects were instructed to attend only
to the target location and to respond "I" if the stimulus moved either to the left or up the finger,
and to respond "2" if the stimulus moved either right or down the finger. The results showed
that accuracy was better and reaction times were faster when the target and nontarget moved
in the same direction than when they moved in different directions. When the target and nontar
get moved in different directions, accuracy was significantly better and reaction times were sig
nificantly faster when the two stimuli had the same assigned response than when they had differ
ent responses. The results provide support for the conclusion that movement information is
processed across adjacent fingers to the level of incipient response activation, even when sub
jects attempt to focus their attention on one location on the skin.

A large body of evidence demonstrates that we are often
unable to ignore irrelevant attributes of an attended stimu
lus. Perhaps the best known demonstration of this inabil
ity to restrict attention is the Stroop phenomenon (Stroop,
1935). Subjects are shown words that are printed in differ
ent colors of ink and instructed to name the color of the
ink. The task is relatively simple unless the words are
names of different colors. It is generally assumed that the
highly practiced and automatic access of word meaning
makes it difficult to pay attention only to a single attri
bute of the stimuli-the color of the ink (Neill, 1978; Proc
tor, 1978, 1981).

In addition to our limited ability to restrict processing
to a single attribute of an attended stimulus, we are often
unable to ignore irrelevant stimuli that appear in the same
visual field as an attended target. In one study, subjects
learned to move a lever to the right if a pattern was, for
example, the letter H or the letter G; they learned to move
the lever to the left if the target was the letter K or the
letter I (C. W. Eriksen & Hoffman, 1973). When the tar
get patterns were flanked by nontargets (distractors), lit
tle interference was observed as long as the nontargets
had the same learned response as the target (e.g., GHG).
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A significant amount of interference was observed, how
ever, when the target and nontargets had different learned
responses (e.g., HKH).

The results of the study by C. W. Eriksen and Hoff
man (1973), together with the results of a number of ad
ditional studies, led C. W. Eriksen and Schultz (1979)
to conclude that subjects are unable to restrict their at
tention to a single letter and that a flanking nontarget is
processed to the level of incipient response activation. Ac
cording to C. W. Eriksen and Schultz (1979), informa
tion about target and nontarget stimuli accumulates gradu
ally in the visual system. As information accumulates,
target and nontarget responses are primed. Interference
occurs when conflicting responses are primed. Thus, sig
nificantly more interference is observed on response
incompatible trials than on response-compatible trials. If
the interfering effect of flanking nontargets occurred pri
marily at an early stage of perceptual processing, then we
would not expect the amount of interference observed to
depend on experimentally defined response mapping (Bjork
& Murray, 1977; B. A. Eriksen & C. W. Eriksen, 1974;
C. W. Eriksen & St. James, 1986; Estes, 1974; Miller,
1982; Rueckl, Suzuki, & Yeh, 1991; St. James, 1991).

Our limited ability to restrict processing to a single stim
ulus is not restricted to visually presented stimuli. It has
been known for some time that a tactile stimulus presented
to one site on the skin may interfere with the ability to de
tect or identify a stimulus presented to another site on the
skin (Cholewiak:& Craig, 1984; Craig, 1974; Gescheider,
Herman, & Phillips, 1970; Gilson, 1969; Sherrick, 1964;
Sherrick & Cholewiak:, 1986; Snyder, 1977; Weisen
berger, 1981). Whether these studies are grouped under
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the general rubric of "attention" or "masking," they
demonstrate the inability of subjects to restrict process
ing to a specific.location 911 the skin.

In a recent study, Evans and Craig (1991) presented
subjects with a target stimulus to the left index finger
pad. The target moved across the fingerpad either from
left to right or from right to left. A nontarget stimulus
presented to the adjacent fingerpad moved either in the
same direction as the target or in the opposite direction.
In spite of explicit instructions to the contrary, subjects
appeared to be unable to focus their attention on the left
index fingerpad and restrict processing to stimuli pre
sented to that site. The direction of movement of the non
target affected performance in a systematic fashion. Ac
curacy was higher, and reaction times were faster, when
the nontarget and target moved in the same direction than
when they moved in opposite directions.

Evans and Craig (1991) concluded that the effects they
observed were not due to a momentary shift of attention
to the nontarget site. Their results indicate that the spot
light of attention on the skin extends at least across adja
cent fingers. The results do not, however, allow conclu
sions to be drawn about the locus of the interfering effect
of a tactile nontarget. It is possible that interference oc
curs with tactually presented stimuli at an early stage of
perceptual processing. Estes (1972), for example, pro
posed that for visual stimuli, inputs to feature detectors
undergo inhibitory interactions. When flanking nontargets
and a target differ, more feature detectors are activated
than when the nontargets and target are the same. Increas
ing the number of activated feature detectors increases
the amount of inhibition, which results in decreased ac
curacy and increased reaction time (see also Bjork & Mur
ray, 1977). For tactile, spatial patterns, several studies
of temporal masking have shown the importance of fea
tures in determining the amount of interference a masker
produces. Maskers, presented to the same location as tar
gets, cause more interference in target identification if they
have features that are similar (but not identical) to those
contained in the target (Craig, 1982; Craig & Evans,
1987). Alternatively, it is possible that a tactile nontarget
causes interference at a relatively late stage of perceptual
processing. As with visual stimuli, a tactile nontarget may
be processed to the level of incipient response activation.
When the nontarget and target responses compete, ac
curacy is reduced and reaction times may increase. Fi
nally, it is also possible that interference occurs both at
an early and at a late stage of perceptual processing
(Keren, O'Hara, & Skelton, 1977).

In the present study, we investigated the locus of the
interfering effect of a tactile nontarget by using a paradigm
similar to that used by Eriksen and his colleagues. The
results of the two experiments parallel those reported in
the vision literature. For moving tactile stimuli, a non
target appears to be processed with a target to the level
of incipient response activation.

EXPERIMENT 1

In Experiment 1, the subjects were trained to identify
and categorize four tactile stimuli. The stimuli were ver
tical and horizontal bar-like patterns that appeared to move
across the fingerpad (left, right, up, or down). Two of
the stimuli (left and up) were assigned the response " 1. ' ,
The remaining two stimuli (right and down) were assigned
the response "2." The target site was the left index fin
gerpad, and the subjects were instructed to categorize the
stimulus presented to that site. A nontarget stimulus was
presented to the left middle fingerpad at either the same
time as the target or 500 msec before the target onset.

The pairs of stimuli presented to the two fingerpads
created three types of trials. On stimulus-compatible (SC)
trials, the target and nontarget moved in the same direc
tion and, of course, had the same response. On response
compatible (RC) trials, the target and nontarget moved
in different directions but were assigned the same re
sponse. On response-incompatible (RI) trials, the non
target and target moved in different directions and were
assigned different responses. The predictions were as fol
lows: If the interfering effect of a tactile nontarget is lo
cated at an early stage of perceptual processing and is the
result of inhibitory interactions among feature detectors,
then we would expect performance to be best on SC trials
(when the fewest number of feature detectors will be ac
tivated) and worst on RC and RI trials. More important,
performance on RC and RI trials should be approximately
equal because, in both cases, the same number of feature
detectors will be activated. If, however, the interfering
effect of a tactile nontarget is located at a relatively late
stage of perceptual processing and is the result of com
peting nontarget and target responses, then we would ex
pect performance to be best and approximately equal on
SC and RC trials (the stimuli have identical responses)
and worst on RI trials.

Method
Subjects

The subjects were 5 undergraduate students at Indiana Univer
sity (4 females and 1 male). All of the subjects were paid employees
of the laboratory and had participated in a number of related ex
periments prior to participating in the present study.

Apparatus
The apparatus consisted of two tactile arrays interfaced to a PDP

11/34 computer. Each tactile array was similar to that used in the
Optacon, a reading aid for the blind (Telesensory Systems, Inc.).
The arrays are rectangular (II rom wide and 27 rom high) and con
sist of 6 columns and 24 rows of blunt pins. Adjacent rows of pins
are separated by 1.2 rom, and adjacent columns are separated by
2.3 rom. Only the top 18 rows of pins were used in the present
study. Each pin can be addressed independently by the computer
and vibrates at a frequency of approximately 230 Hz when activated.

The computer enables spatial stimuli to be generated on each tactile
display for durations that are multiples of 4.35 IDSeC. The computer
also controls a visual display (used for instructions and feedback),
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Figure 1. IDustrations of the four stimuli used in Experiments I
and 2. Stimuli A and B were assigned the response "L," and stimuli
C and D were assigned the response "2."

controls the presentation routine, collects subjects' responses, and
records response latencies to the nearest millisecond (Craig, 1980,
1982).

~~ 1 I- T
Response "1"

Each trial began with the subject pressing either one of the
response keys. The nontarget stimulus was presented to the middle
fingerpad I sec later. The target stimulus was presented to the in
dex fingerpad either at the same time as the nontarget or after a
delay of 500 msec. Following the stimulus presentation, the sub
jects responded by pressing one of the two response keys. A cor
rect response was followed by the word "CORRECT" appearing
on the visual display for 500 msec. An incorrect response was fol
lowed by the word "WRONG" appearing on the visual display.
Following the feedback routine, the subjects initiated the next trial
by again pressing either one of the response keys. The subjects com
pleted a total of six sessions.

Each experimental session lasted approximately 30 min and con
sisted of seven blocks of 50 trials. Each session began with one
block of single-pattern identification trials. On the remaining six
blocks of trials, the stimulus onset asynchrony (SOA) was varied
randomly from trial to trial. Target and nontarget stimuli were
chosen randomly on a trial-by-trial basis with no restrictions. Thus,
a quarter of the trials were SC trials, a quarter were RC trials, and
half were RI trials. The subjects wore headphones through which
white noise was presented to eliminate auditory cues produced by
the tactile arrays.

D

Response "2"

cBA

Stimuli
The stimuli were vertical and horizontal bar-like patterns. Move

ment was simulated on each fingerpad by shifting the location of
activated pins either in a column-by-column sequence or in a row
by-row sequence. To simulate movement across the fingerpad, col
umn I (or column 6) of the tactile array was activated for 8.7 rnsec,
followed by the activation of column 2 (or column 5) for 8.7 msec,
and so on. To simulate movement up and down the fingerpad, rows
1,2, and 3 (or rows 16, 17, and 18) of the tactile array were acti
vated for 8.7 msec, followed by the activation of rows 4, 5, and
6 (or rows 13,14, and 15) for 8.7 msec, and so on (see Figure 1).
The total duration of each stimulus was 52 msec.

Procedure
The subjects were tested individually. Each subject sat with the

left arm extended, with the left index fingerpad resting on one tac
tile array and the left middle fingerpad resting on the second tac
tile array. The subjects were told that they would be presented with
tactile patterns that would appear to be moving. The patterns would
appear to move from left to right (or vice versa) or from the top
to the bottom of the display (or vice versa). The subjects' task was
to focus attention on the index fingerpad and to identify the stimu
lus presented to that site. They were instructed to ignore the stimu
lus presented to the middle fingerpad. Two of the stimuli (left or
up) were assigned the response "1," and two of the stimuli (right
or down) were assigned the response "2." The subjects responded
by pressing labeled buttons on a keypad with the index and middle
fingers of their right hands. They were asked to respond as quickly
as possible without sacrificing accuracy, and they were aware that
their responses were being timed.

During the collection of pilot data, some subjects reported that
stimuli presented to the display under the left middle finger felt
less intense than stimuli presented to the display under the left
index finger. To equate the perceived intensity of the stimuli pre
sented on the two displays, the subjects adjusted the voltage ap
plied to each display so that they could produce patterns that felt
equally intense. The average setting for the right display was
49.5 V; for the left display, it was 33 V. In addition, the display
positions were reversed for each subject on alternating days
that is, the display used to present stimuli to the target location
(the left index fingerpad) on Day I of testing was used to present
stimuli to the nontarget location (the left middle fingerpad) on
Day 2 of testing, and vice versa. The results, however, were es
sentially identical regardless of which display was used to present
the target.

RESULTS

Accuracy
All subjects showed a similar pattern of results. Fig

ure 2 shows the percentage of correct responses, aver
aged across subjects, for each of the three trial types (SC,
RC, and RI). The results of a two-way, repeated measures
analysis of variance (ANDYA) revealed no effect of SDA
[F(l,4) = 4.59, P > .05], a main effect of trial type
[F(2,8) = 16.55, P < .01], and an interaction between
SDA and trial type [F(2,8) = 10.26, p < .01]. At Q-msec
SDA, performance was best when the target and nontarget
moved in the same direction (SC trials, 93 %), worst when
the target and nontarget moved in different directions and
were assigned different responses (RI trials, 78%), and of
intermediate value when the target and nontarget were
different but assigned the same response (RC trials, 89%).
Planned comparisons showed that performance on the SC
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Figure 2. Percent correct target identification for each trial type
(stimulus-aJmpmible,response<OIIIJJbIe, and respome-jncompl)
as a function of the time between the target stimulus and the non
target stimulus (stimulus onset asynchrony).
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Figure 3. Mean reaction time (correct trials) for each trial type
as a function of stimulus onset asynchrony.

and RC trials was statistically equivalent (average = 91 %)
and significantly different from that observed on RI trials.
At 5OQ-msec SOA, performance was statistically equiva
lent for all three trial types (average = 92%). Single
pattern performance averaged 93 %.

Reaction Times
Reaction times less than 150 msec or greater than

1,000 msec accounted for less than 0.3 %of the total trials
and were excluded from subsequent analyses. Mean reac
tion times were calculated for correct responses and aver
aged across subjects. The results of a two-way, repeated
measures ANOVA showed a main effect of SOA [F(l ,4)
= 18.58, P < .02], a main effect of trial type [F(2,8)
= 10.01, P < .05], and no interaction between SOA and
trial type [F(2,8) = 1.42, P > .05]. The results are shown
in Figure 3. Averaged across the three trial types, cor
rect responses were significantly faster at 5OQ-msec SOA
than at O-msec SOA (344 vs. 401 msec-a difference of
57 msec). Evans and Craig (1991) also reported that over
all reaction times decreased as SOA was increased, an
effect they attributed to a "general alerting reaction" (Ber
telson, 1967; Posner & Boies, 1971). When the nontar
get preceded the target by 500 msec, its onset may have
acted as a warning signal, enabling the subject to better
prepare for the arrival of the target.

At O-msec SOA, correct responses were fastest when
the nontarget and target moved in the same direction (SC
trials, 391 msec), slowest when the nontarget and target
moved in different directions and were assigned differ
ent responses (RI trials, 409 msec), and of intermediate
value when the nontarget and target moved in different
directions and were assigned the same response (RC trials,
404 msec). Planned comparisons revealed that responses
were significantly faster on SC trials than on RC trials
or RI trials. At 500-msec SOA, reaction times were sta
tistically equivalent for the three trial types.

Discussion

The results of Experiment I replicate and extend those
reported by Evans and Craig (1991). First, accuracy was
better, and reaction times were faster, when the target and
nontarget moved in the same direction than when they
moved in different directions. Second, when the target
and nontarget did move in different directions, target per
formance was interfered with when the target and non
target had different responses. This latter result parallels
that reported in the vision literature and indicates that both
the target and the nontarget were being processed to the
level of incipient response activation. The fact that the
effect disappears at 500-msec SOA suggests that once the
nontarget has been processed, it no longer competes with
the processing of the target stimulus.

That subjects can choose the correct response most of
the time indicates, of course, that they are able to differen
tially attend to two adjacent sites on the skin. Clearly,
however, the association between a specific response and
a specific location on the skin is not a perfect one. A tar
get may be well perceived, and its response primed, but
the activation of the response may be slowed if a con
flicting response is also primed (Neill, 1978; Proctor,
1978, 1981; Stroop, 1935). On occasion, when the as
sociation between a specific response and a specific spa
tial location is particularly weak, subjects may respond
incorrectly.

The fact that responses were faster on SC trials than
on RC trials, together with the finding that responses were
slightly more accurate on SC trials thanon RC trials, sug
gests that a portion of the interfering effect of a tactile
nontarget is located at an early stage of perceptual process
ing. The small disadvantage for RC trials compared with
SC trials may be due to increased inhibition when the tar
get and nontarget stimuli activate different feature detec
tors (Estes, 1972). Experiment 2 addressed this issue.

EXPERIMENT 2

The results of Experiment 1 indicate that a tactile non
target is processed to the level of response activation. The
accuracy data and reaction time data suggest that a major
portion of the interfering effect of a tactile nontarget is
the result of competition between conflicting responses.
The results of Experiment 1 do, however, provide some
evidence that a portion of the interfering effect of a tac
tile nontarget is due to interactions at an early stage of
perceptual processing. Recall that there was a small (but
significant) difference between reaction times on SC and
RC trials. In Experiment 2, we attempted to increase the
magnitude of the difference between SC and RC trials.
First, we manipulated the intensities of the nontarget and
target so that the perceived intensity of the nontarget was
2.5 times that of the target. The assumption we made was
that increasing the intensity of the nontarget relative to
that of the target would lead to an increase in the amount
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[£(1,4) = 7.53, p < .05], a main effect of trial type
[£(2,8) = 10.31, P < .01], and a significant interaction
between SOA and trial type [£(2,8) = 5.81, P < .05).
At O-msecSOA, performance was statistically equivalent
on SC and RC trials (82% and 80%, respectively), and
performance dropped significantly on RI trials (66%). At
500-msec SOA, performance was statistically equivalent
for the three trial types (average = 83%). The results are
shown in Figure 4.

Reaction times. Figure 5 shows mean reaction times
(correct trials) for the three trial types at each SOA. An
ANOVA revealed a main effect of SOA [£(1,4) = 17.42,
P ""< .02), no main effect of trial type [£(2,8) = 0.18,
p > .05), and an interaction between SOA and trial type
[£(2,8) = 9.12, p < .01). As observed before, overall
reaction times decreased with increasing SOA. Reaction
times were fastest on SC trials, slowest on RI trials, and
of intermediate value on RC trials (Figure 5). In the pres
ent case, however, none of the differences was statisti
cally significant. The pattern of results, however, was
very similar to that observed in Experiment I.

Figure 5. Mean reaction time (correct trials) for each trial type
as a function of stimulus onset asynchrony. The target was followed
by a masking stimulus.

500

Stimulus Onset Asynchrony (in msec)

Results

of interference on those trials in which the target and non
target differed. Second, and in a separate set of measure
ments, we followed the onset of the target with a masking
stimulus. The assumption made here was that the masker
would degrade the representation of the target relative to
that of the nontarget and thus increase the interfering ef
fect of the nontarget.

Method

Experiment 2 was conducted in two parts. Five subjects partici
pated in Part I (3 females and I male, all of whom had partici
pated in Experiment I, plus I additional female). Five subjects par
ticipated in Part 2 (2 female subjects from Part I plus 3 additional
female subjects).

The general procedural details for both parts of Experiment 2
were identical to those of Experiment I, with the following excep
tions. In Part I, "Masking," the voltages for the displays were
set at the same levels as in Experiment l. In this case, however,
the target stimulus was followed by the onset of a masking stimu
lus. The masker consisted of turning on the top 18 rows of stimu
lators in the display for 52 msec (Craig, 1982). The masker fol
lowed the onset of the target by 78 rnsec. In Part 2, "Intensity
Manipulation," the voltage for the stimulators of the nontarget dis
play was 3 times higher than that for the stimulators of the target
display (49.5 V vs. 16.5 V). The subjects estimated that with this
change in voltage, stimuli presented on the nontarget display felt
2.5 times more intense than those presented on the target display.
Also, we included an additional SOA condition in Part 2 of Ex
periment 2: The nontarget preceded the onset of the target by
100 rnsec. In both parts of Experiment 2, the target site was the
left index fingerpad. The subjectscompleteda total of six experimen
tal sessions for each part.

Masking
Accuracy. Performance with the masker present was,

as expected, poorer than that observed in Experiment I.
Single-pattern performance, that is, performance without
the nontarget but with the backward masker, was 84%,
a reduction of 9 % from that observed in Experiment 1.
The results of an ANOVA showed a main effect of SOA
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Figure 4. Percent correct identification for each trial type as a
function of stimulus onset asynchrony. The target was followed by
a masking stimulus.

Intensity Manipulation
Accuracy. The results are shown in Figure 6. An

ANOVA revealed a main effect of SOA [F(2,8) = 11.12,
P < .01], a main effect of trial type [£(2,8) = 8.22, p <
.02], and an interaction between these two factors [£(4,16)
= 7.07, P < .01]. At Q-msec SOA, performance was best
when the target and nontarget were the same (SC trials,
92 %), worst when the target and nontarget were differ
ent and assigned different responses (RI trials, 65 %), and
of intermediate value when the target and nontarget were
different but assigned the same response (RC trials, 86%).
Statistically, performance on SC and RC trials was, as
in Experiment 1, equivalent (average = 89%) and signif
icantly different from that obtained on RI trials. At 100
msec SOA, a similar pattern of results was obtained, with
the largest difference observed between performance on
RC and RI trials, a statistically significant difference of
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Figure 7. Mean reaction time (correct trials) for each trial type
as a function of stimulus onset asynchrony. The nontarget was
presented at an intemity level judged to be2.5 times that of the target.

GENERAL DISCUSSION

that observed on RI trials. At lOO-msec SOA, reaction
times were significantly faster on SC and RC trials than
on RI trials. Reaction times were statistically equivalent
on SC and RC trials, and for all trial types at 500-msec
SOA. Overall, reaction times decreased with increasing
SOA, as observed in Experiment 1.

The results of the present study support two major con
clusions. First, the spotlight of attention on the skin ex
tends at least across adjacent fingers: The subjects were
apparently unable to focus their attention on one finger,

Discussion
The results of Experiment 2 are similar, in all respects,

to those of Experiment 1. Accuracy was better on SC and
RC trials than on RI trials. Correct responses were faster
on SC and RC trials than on RI trials. The results rein
force the conclusion that a moving, tactile nontarget is
processed to the level of incipient response activation
only when the target and nontarget responses were differ
ent was accuracy significantly reduced and reaction times
significantly increased.

Performance on SC and RC trials was statistically
equivalent. Neither degrading the target representation nor
making the nontarget more intense than the target resulted
in an increase in the difference between SC and RC trials.
Indeed, although the pattern of results was similar to that
observed in Experiment 1, the magnitude of what we at
tribute to response competition was, if anything, en
hanced. The absence of a significant difference between
performance on SC and RC trials would seem to reduce
the role of inhibitory interactions between feature detec
tors as a factor involved in the interfering effect of a tac
tile nontarget. It should be noted, however, that we have
consistently observed a small difference between perfor
mance on SC and RC trials, suggesting that the differ
ence, although small, is a real one. Although speculative,
it is possible that there is something special about the
processing of physically identical stimuli presented to the
skin. Clearly, however, the major difference observed in
Experiment 2, as was also observed in Experiment 1, was
between performance on RC and RI trials. The major por
tion of the interfering effect of a moving, tactile nontar
get appears to be a result of response competition.

The results of Experiment 2 also indicate the robust
ness of the response-competition findings. In Experi
ment 1, we obtained the effect with target and nontarget
stimuli of equal perceived intensity. If we had found that
this was a necessary condition to obtain the effect, the
generality of the conclusions would be limited. Certainly
in haptic exploration of objects, tactile patterns arriving
at the fingerpads will differ in intensity from one another
or be poorly represented in some way. The present results
suggest that response competition could play an impor
tant role in tasks involving multiple sites of tactile stimu
lation and multiple stimuli.

500100

• Stimulus Compatible
o Response Compatible
E;] Response Incompatible

450
0-
Q)
en
E 430
~
Q)

E 410
i=
c
0

U 390
C1l
Q)

a:
c 370
C1l
Q)

::::i:
350

0

204 EVANS AND CRAIG

100

.....
0 90<I>........
0o..... 80c
<I>
0....
<I> 70c,

60
0 100 500

Figure 6. Percent correct identification for each trial type as a
function of stimulus onset asynchrony. The nontarget was presented
at an intensity level judged to be 2.5 times that of the target.

12%. In comparison, the difference between performance
on SC and RC trials was only 1%. At 500-msec SOA, per
fonnance was equivalent for all three trial types and aver
aged 89%. Single-pattern performance averaged 93 %.

Reaction times. Figure 7 shows the mean reaction times
(correct trials) for the three trial types as a function of
SOA. An ANOVA showed a main effect of SOA [F(2,8)
= 26.86, P < .001], a main effect of trial type [F(2,8)
= 16.36, P < .01], and a significant interaction between
these two factors [F(4,16) = 11.69,p < .001]. At Q-msec
SOA, reaction times were fastest when the target and non
target were the same (SC trials, 406 msec), slowest when
the target and nontarget were different and assigned differ
ent responses (RI trials, 443 msec), and of intermediate
value when the target and nontarget were different but
assigned the same response (RC trials, 418 msec). Statisti
cally, performance on SC and RC trials was equivalent
(average = 412 msec) and significantly different from
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the target site, and exclude processing the stimulationdeliv
ered to a second finger, the nontarget site. Second, a mov
ing, tactile nontarget is processed to the level of incipient
response activation: When the nontarget and target moved
in different directions, performance was worse when they
were assigned different responses than when they were
assigned the same response.

The fact that the spotlight of attention on the skin ex
tends at least across adjacent fingers raises the question
of whether the effects reported here would be obtained
if the spatial distance between the target and nontarget
was systematically varied. Evans and Craig (1991) found
that when a target was presented to the right middle fin
gerpad (contralateral to the nontarget), target performance
was not affected by the presence of the nontarget. These
measurements indicate that the attentional spotlight on the
skin does not extend across the hands. Whether the ef
fects reported here would diminish as the spatial separa
tion between the target and nontarget is increased on the
same hand is an empirical question. In the vision litera
ture, estimates of the size of the visual-attention spotlight
have yielded values of approximately 10 of visual angle,
at least for unrelated target and nontarget letters (Driver
& Baylis, 1991; C. W. Eriksen & Hoffman, 1973; C. W.
Eriksen & Schultz, 1979; Gathercole & Broadbent, 1987).
At this point, we have no comparable estimates of the size
of the tactile-attention spotlight.

The fact that flanking nontarget stimuli are processed
to the level of incipient response activation, both visually
and, as demonstrated in the present study, tactually, has
been taken as evidence for a late-selection model of at
tention (e.g., Duncan, 1980; Miller, 1987; Shiffrin &
Geisler, 1973; Van der Heijden, 1981). By this view, all
stimuli are automatically processed fully, with selection
taking place after this analysis is complete. It should be
noted, however, that a response-eompetition effect is con
sistent with one version of an early-selection model (Broad
bent, 1982; Treisman, 1964). According to the attenuation
model of attention, an early-selection filter does not com
pletely prevent processing of nonattended stimuli. Rather,
stimuli presented to a nonattended site are attenuated-that
is, they receive less processing than stimuli presented to
an attended site. Although the present study was not de
signed to investigate early- versus late-selection models of
attention, the results appear to rule out a model of atten
tion that proposes no processing of movement information
of nonattended tactile stimuli (Johnston & Dark, 1982).
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