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Vibrotactile masking:
The role of response competition

JAMES C. CRAIG
Indiana University, Bloominglon, Indiana

When two tactile patterns, a target and a nontarget pattern, are presented in close temporal proximity
to the same location, the nontarget pattern may interfere with the identification of the target. A series
of experiments examined the extent to which the interference in target identification results from mask-
ing (interference in the representation of the target at an early stage of processing) or from response
competition. A response competition view of pattern perception holds that both the target and non-
target are fully processed to the level of evoking responses. Interference is produced when subjects se-
lect the nontarget rather than the target. This view was tested with a paradigm developed in studies of
selective attention. Pairs of tactile patterns were presented to subjects’ left index fingerpads. The
amount of interference produced by a nontarget that is physically different from a target depends on
whether the nontarget is associated with the same response as the target or a different response. The
amount of masking also depends on the set of target and nontarget patterns that are used. The results
support the conclusion that subjects have available a representation of both the target and the non-
target and that a substantial portion of the interference previously attributed to masking may be due

to response competition.

A number of studies have examined the interaction that
occurs between spatio-temporal patterns presented either
to the same site or to separate sites on the skin. Several ex-
perimental paradigms can be generated from the situation
in which there are two patterns presented sequentially, and
there are either one or two sites of stimulation. The two pat-
terns may be sequentially presented to the same site, and
the subject required to combine them—a temporal inte-
gration task (Craig, 1982a, 1984). The two patterns may be
presented to separate sites, and the subject required to com-
bine or compare the two patterns-—a divided attention task
{Craig, 1985). In two other paradigms, the subject is required
to identify one of the two patterns and ignore the other. If
the two patterns are presented to the same site, this is typi-
cally considered a temporal masking paradigm (Bliss, Crane,
Link, & Townsend, 1966; Craig, 1982b, 1983, 1985; Craig
& Evans, 1987; Evans & Craig, 1986; Schindler & Knapp,
1976). If the patterns are presented to separate sites, the task
becomes one of selective attention (Evans & Craig, 1991,
1992; Evans, Craig, & Rinker, 1992; Rinker & Craig, 1994).

A recent study compared performance in the latter two
paradigms, temporal masking and selective attention (Craig
& Evans, 1995). It has generally been thought that rather
different processes are involved in temporal masking than
in selective attention. In a temporal masking paradigm, there
is only one location to which to attend; and, because of
this, selective attention was thought not to play much of a
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role. It was considered possible, however, that masking
might play some role in a selective attention paradigm
when stimuli are presented to separate sites (Evans &
Craig, 1991). Remote site masking in a pattern identifica-
tion task was considered a possibility, in part because stud-
ies have shown that detection of a target stimulus presented
to one site can be interfered with by the presentation of a
nontarget stimulus (masker) at another site. In some cases,
the two stimuli can be as distant as on opposite hands or
arms (Gescheider, Herman, & Phillips, 1970; Gilson, 1969;
Sherrick, 1964; Snyder, 1977).

In studies of selective attention with both visual stimuli
(Eriksen & Hoffman, 1973; Eriksen & Schultz, 1979) and
tactile stimuli (Evans & Craig, 1992), the possibility of
masking between a target pattern and a nontarget pattern
presented to separate sites has been addressed directly. If
in these studies performance declined due to masking, it
might lead to the erroneous conclusion that there was a
failure of selective attention. That is, performance might
decline because the nontarget masked the target, not be-
cause the subjects were attending to the nontarget. In this
paper, the term masking will be used to refer to interfer-
ence in the identification of a target pattern that occurs at
an early stage of processing. The interference is of the type
that distorts the representation of the target pattern. Such
a distortion could be the result of temporal integration of

‘the target pattern with the nontarget pattern (Evans, 1987;

Evans & Craig, 1986), distortion of features of the target
(Craig, 1989), deletion of target features (Evans & Craig,
1986), and so forth. Specifically excluded from this use of
the term masking is interference in the identification of a
target pattern when representations of both the target and
the nontarget are available, and the subject mistakenly re-
sponds with the nontarget pattern.

1190



To examine masking effects in the context of selective
attention, investigators have used a 4-to-2 paradigm. This
paradigm permits one to measure the extent to which
masking may interfere with the ability of subjects to iden-
tify a target pattern at one location in the presence of a
nontarget at a nearby location. In this paradigm, four stim-
uli are used. On each trial, one of the four stimuli is pre-
sented as the target stimulus, but only two responses are
provided. If, for example, the subjects receive either pat-
tern A or B, they are to respond “1.” If they receive C or
D, they are to respond “2.” On each trial, two stimuli—a
target and a nontarget stimulus—are presented. The non-
target is selected from the same set of stimuli as is the tar-
get. This pairing of the target and the nontarget creates
three different types of trials. The target and nontarget
may be physically different and associated with a differ-
ent response (response-incompatible, or Rl, trials). The
target and nontarget may be physically different and asso-
ciated with the same response (response-compatible, or
RC, trials). The target and nontarget may be physically
identical and associated with the same response (stimulus-
compatible, or SC, trials). For both visual (Eriksen & Hoff-
man, 1973; Eriksen & Schultz, 1979) and tactile stimuli
presented to different sites (Evans & Craig, 1992; Evans
etal., 1992), the finding has been that little interference is
seen on either SC trials or RC trials. There is often con-
siderable interference on Rl trials; that is, considerable in-
terference results from presenting a nontarget that is not
simply physically different from the target but physically
different and associated with a different response from
that with which the target is associated (RI trials). These
results have been used to argue that masking is not a
major factor in these studies of selective attention and that
both the target and nontarget are fully processed to the
point of evoking competing responses. Subjects err not
because the representation of the target pattern has been
interfered with but because they select and respond with
the nontarget.

In a recent study, the time course of selective attention
was examined with nontargets presented both before and
after the target. More interference was observed with trail-
ing as opposed to leading nontargets (Craig & Evans, 1995;
Rinker & Craig, 1994). The overall similarity of the inter-
ference function to temporal masking functions prompted
additional measurements using the 4-to-2 paradigm and
the same stimuli, but with the target and nontarget pre-
sented to the same location, a temporal masking paradigm.
The major finding from these additional measurements
was that nontarget stimuli that were physically different
from the target but associated with the same response as was
the target (RC trials) produced only modest interference;
whereas the same nontarget, associated with a response dif-
ferent from that for the target (RI trials), produced consid-
erable interference (Craig & Evans, 1995). In other words,
the results were similar to those obtained in the selective
attention task. In fact, performance on SC trials was very
similar to performance on RC trials. This result indicated
that much of what had been referred to as “masking” might
have been due to response competition and not to a phys-
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ically different stimulus (masker) altering the representa-
tion of the target at an early stage of processing.

The possibility has been raised before that some portion
of the interference effect produced by a nontarget (masker)
might be due to subjects’ responding mistakenly with the
nontarget {Bliss, Crane, Mansfield & Townsend, 1966;
Craig, 1976; Evans, 1987). In these studies, the target and
nontarget were drawn from the same set of patterns; how-
ever, even in studies when the nontarget was not drawn
from the same set of patterns as was the target, it is possi-
ble that the nontarget was evoking target-like responses. In
one study of letter identification, the nontargets (maskers)
were randomly constructed, letter-like patterns (Craig,
1982a). In other studies, an “energy masker” was used,
which is generated by turning on all the pins in the tactile
array (Craig, 1978). With the letter-like patterns, it has
been argued that although the nontargets were not explic-
itly associated with particular responses, they are likely to
evoke letter responses. Hence, the interference they pro-
duce may be due in part to response competition. Energy
maskers produce less interference than pattern maskers,
presumably because they are less likely to evoke compet-
itive responses; however, even in the case of energy maskers,
it has been suggested that this nontarget generates edges
and angles (Craig, 1982b), features that might evoke a pat-
tern response. Although the results from earlier studies
showed that subjects might err by responding with the non-
target, the studies did not deal explicitly with the issue of
response competition and the extent to which subjects have
available both the target and nontarget (masker) at the time
at which they respond.

In most studies of temporal masking, a single function
is obtained, typically some measure of the accuracy of tar-
get identification plotted as a function of the temporal
separation between the target and masker. With the 4-to-2
paradigm, three functions are obtained, one from each of
the three types of trials. In the Craig and Evans (1995) study,
when stimuli were presented to the same site, the RI func-
tion, which showed the most interference, did not demon-
strate maximum interference when the nontarget trailed
the target (backward masking). In one condition, there
was slightly (nonsignificant) more forward than backward
masking, whereas in a second condition, the reverse was
the case. A consistent finding in pattern identification
tasks is that there is more backward than forward masking
(Craig, 1976, 1982b, 1985). The 4-t0-2 paradigm differs
in several ways from the usual temporal masking paradigm,
and it is possible that some of these differences might lead
to different temporal masking functions. Equally likely to
have produced the differences, though, is the nature of the
stimuli used in the Craig and Evans (1995) study. The stim-
uli were bar-like patterns that appeared to move across the
fingerpad. Identification was based on the direction of
motion in which the pattern appeared to be moving. It was
speculated that presenting a moving target and nontarget
in close temporal proximity to the same fingerpad might
generate apparent motion between the target and nontar-
get, which might, in turn, alter the temporal masking func-
tion (Craig & Evans, 1995).
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The present study was designed, first, to extend the ear-
lier findings—specifically, to determine whether response
competition was a major factor in temporal masking with
the types of stimuli that have generally been used in pre-
vious studies with spatial patterns. The majority of these
earlier studies used patterns in which pattern identifica-
tion was based on discriminating spatial features. If re-
sponse competition were evident only when the direction
of motion was the relevant stimulus dimension, its signif-
icance in explaining interference between spatial patterns
would be considerably reduced. A second aim of the pres-
ent study was to examine the nature of the representations
of the target and nontarget. To what extent do subjects
have both the target and nontarget available as responses?

EXPERIMENT 1

In Experiment 1, the stimuli were line segments pre-
sented in different locations on the tactile array. Although
generated on a vibrotactile array, the patterns were sta-
tionary in that they did not move across the display. These
are the types of patterns that have been used in many of the
previous temporal masking studies. The 4-to-2 paradigm
was used. The first issue to be addressed was whether these
stimuli would produce results similar to those obtained with
moving stimuli (Craig & Evans, 1995). The second issue
was the nature of the function relating the amount of in-
terference to the temporal separation between target and
nontarget. For Rl trials, would the function resemble those
typically seen in temporal masking studies—that is, more
backward than forward masking?

Most of the interference between a target and a nontar-
get occurs when the two stimuli are presented within
100-150 msec of one another, and it was upon this tem-
poral interval that we focused. However, in a previous study
(Craig & Evans, 1995), an unexpected pattern of results
was observed with the 4-to-2 paradigm at long temporal
separations. Specifically, increasing the time by which the
nontarget led the target from 100 to 500 msec resulted in
performance on SC and RC trials declining. It was specu-
lated that these results might be due either to the use of the
4-to-2 paradigm or to the nature of the stimuli themselves,
which were moving bar-like patterns. In Experiment 1,
measurements were made with stationary stimuli at both
brief and longer temporal separations between the target
and nontarget. The longer temporal separations were in-
cluded, to see whether, with stationary patterns as with
moving stimuli, target identification performance de-
clined at longer stimulus onset asynchronies (SOAs).

Method

Subjects. The subjects were students at Indiana University. All
subjects were paid for their participation, and all had participated in
a number of related studies. In the first set of measurements, 5 sub-
jects were tested. In the second set of measurements, 8 subjects were
tested. Two of the latter subjects had participated in the first set of
measurements.

Apparatus. Details of the apparatus may be found in Craig (1980).
The apparatus consisted of a tactile display from the Optacon. This
144-element display was interfaced with a computer. The computer

controlled the tactile display and the duration and sequencing of the
tactile patterns, as well as a visual display that was used to present
instructions and feedback to the subjects. The computer was also
used to collect the subjects’ responses.

Stimuli. The stimuli were horizontal and vertical bar-like patterns.
For the first set of measurements, each pattern was created by turn-
ing on 18 pins for 26 msec. For the second set of measurements, the
duration was increased to 52 msec, the duration that was used in ear-
lier studies with moving stimuli (Craig & Evans, 1995). The stimuli
were presented at a moderate intensity using a driving voltage of 33 V
applied to the stimulators. The stimulators were driven at 230 pps.
The stimuli were generated by turning on the left-most or right-most
column of the array (top 18 rows) or the top three rows of the array
or Rows 16, 17, and 18. The four stimuli contacted the left, right,
top, or bottom of the distal portion of the left index fingerpad. Rep-
resentations of the patterns are shown in Figure 1.

Procedure. The procedure was very similar to that used by Craig
and Evans (1995). Each subject was tested individually. The subject
rested his/her left index finger on the tactile display. The subjects
were instructed that on each trial they would receive two stimuli. The
stimulus that they were to respond to, the target stimulus, would be
presented either first or second. A message on the CRT, which re-
mained on during a block of trials, informed the subjects which one
of the two stimuli, the first or second, was the target. Trials were
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Figure 1. Representations of the stimuli used in the 4-to-2 para-
digm in Experiment 1. Stimuli a and b were assigned response “1,”
and stimuli ¢ and d were assigned response “2.”



blocked by SOA, so that subjects knew that for a block of 50 trials
they would be attending to either the first or the second pattern and
were to disregard the other (nontarget) stimulus.

Subjects were instructed to categorize the four stimuli and re-
spond “1” if the target stimulus was either the right vertical or the
bottom horizontal pattern and “2” if the target was either the left ver-
tical or the top horizontal pattern. The subjects responded by press-
ing one of two response keys with the index and middle fingers of
the right hand. Accuracy was stressed, although the subjects were
aware that reaction times were being recorded.

On each trial a target and nontarget were presented. Within a block
of trials, target and nontarget patterns were selected randomly. Ap-
proximately one fourth of the trials were SC trials (identical target
and nontarget); one fourth of the trials were RC trials (physically dif-
ferent target and nontarget associated with the same response); the
remaining half of the trials were Rl trials (physically different target
and nontarget associated with different responses).

The subjects initiated each trial by pressing either one of the two
response keys. One second later, the stimulus sequence began. Fol-
lowing the presentation of the target and nontarget stimuli, the sub-
jects responded and received feedback via the visual display. A cor-
rect response was followed by the word “cORRECT” appearing on the
visual display. An incorrect response was followed by the word
“WRONG” appearing on the display. The subjects then initiated the
next trial by pressing one of the response buttons. To prevent any au-
ditory cues from the tactile displays influencing subjects’ responses,
the subjects wore earplugs and headphones through which white
noise was presented.

In the first set of measurements, six SOAs between the target and
nontarget were tested: —~ 152, —78, —26, +26, +78, and +152 msec,
where negative SOAS refer to trials in which the nontarget preceded
the target, and positive SOAs, the reverse. Each session consisted of
seven blocks of 50 trials cach. The first block of trials in each ses-
sion was one in which the target was presented by itself. For the re-
mainder of the session, the blocks of trials testing particular SOAs
were selected at random. Subjects were tested for four sessions.

Six SOAs were tested in the second set of measurements: —500,
— 100, —52, +52, +100, +500 msec. Subjects were tested for four
sessions.

Results and Discussion

The results from the first set of measurements pre-
sented in Figure 2 show the percentage of correct trials as
a function of SOA. In the absence of a nontarget, perfor-
mance was 98% correct. A two-way, repeated measures
analysis of variance (ANOVA) showed a significant effect
of SOA [F(5,35) = 12.42, p <.0001], a significant effect
of trial type [F(2,14) = 45.83, p <.0001], and a significant
interaction between SOA and trial type [£(10,70) = 7.02,
p <.0001]. To see whether the SC and RC tnials differed
from one another, these data were analyzed excluding the
Rl trial types. The results of this analysis indicated little or
no interference from physically different stimuli associ-
ated with the same response as that for the target. Specif-
ically, there was no main effect of trial type [F(1,4) =
5.12, p>.05]. There was a main effect of SOA [F(5,20) =
3.04, p < .05], but no interaction between SOA and trial
type [F(5,20) = 0.49, p > .05]. These results are in agree-
ment with the earlier results obtained with moving stimuli,
in that little interference is seen on either SC or RC trials
and considerable interference is seen on Rl trials. Perfor-
mance drops to chance levels, 50% correct, with a back-
ward nontarget. In addition the RI function resembles
temporal masking functions obtained in previous studies
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Figure 2. Resuits from the 4-to-2 paradigm. Percent correct for
three trial types—stimulus compatible, response compatible, and
response incompatible—as a function of the time between the
onset of the nontarget and the onset of the target (SOA). Negative
SOAs refer to conditions in which the nontarget precedes the tar-
get. Positive SOAs refer to conditions in which the nontarget fol-
lows the target. Error bars represent 1 SEM.

-150

(Craig, 1976; Craig & Evans, 1987), whereas neither the SC
nor the RC function resembles such masking functions.

The second set of measurements is shown in Figure 3.
The percentage correct in the absence of a nontarget was
98%. The pattern of results is very similar to that shown
in Figure 2. An ANOVA showed a main effect of SOA
[F(5,35) = 12.42, p <.0001], a main effect of trial type
[F(2,14) = 45.83, p <.0001], and a significant interaction
between SOA and trial type [F(10,70) = 7.02, p <.0001].
In addition to replicating the effects shown in Figure 2, the
results show no evidence of performance declining at longer
SOAs, particularly at —500 msec, on either SC or RC tri-
als. These results indicate that previous results from using
moving stimuli that did show a decline at —500 msec for
these conditions (Craig & Evans, 1995) were likely due to
the nature of the stimuli that were used and not to the
4-to-2 paradigm.

One explanation for the fact that little interference is
seen on RC trials is that for these stimuli a physically dif-
ferent nontarget is not an effective masker; that is, it does
not interfere with the target at an early stage of processing.
When the nontarget is associated with a response that dif-
fers from the target (RI trials), interference increases—a
result that is consistent with a response competition ex-
planation. The implication is that representations of both
the target and nontarget are available, but the subject se-
lects the nontarget by mistake. Subsequent experiments
were designed to test aspects of this view of sequential
pattern identification.

EXPERIMENT 2

In Experiment 2, the numbers of stimuli and responses
were increased. One of the limitations of the 4-to-2 para-
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Figure 3. Percent correct for three trial types as a function of stim-
ulus onset asynchrony (SOA). Error bars represent 1 SEM.

digm is that with only two responses possible, an analysis
of which responses subjects choose is typically not defin-
itive. Subjects may err because responses associated with
both the target and nontarget are elicited, and subjects
have difficulty in deciding on the basis of temporal order
which is the target. On the other hand subjects may have
available a representation of only one of the two patterns.
Even if subjects were aware that the representation that
they had available was associated with the nontarget, not
the target, their choice would be to respond with the non-
target, which would be correct on some proportion of the
trials, or simply guess. With more stimuli and responses
available, it is possible to analyze subjects’ responses to
determine whether, when incorrect, subjects were more
likely to choose the nontarget rather than another stimulus.

Reaction time data from an earlier study (Craig & Evans,
1995) favor the view that subjects have both responses
available. Specifically, reaction times, based on correct
trials only, were longer on RI than on RC or SC trials. It
was argued that reaction times were longer on Rl trials be-
cause subjects have two representations available signal-
ing different responses. Choosing between these two re-
sponses lengthened the reaction times. If subjects had only
one response available, reaction times would presurnably
have been equal on RI, RC, and SC trials.

Increasing the number of stimuli and responses also pro-
vides a test of the generality of the results. Most studies of
temporal masking have provided subjects with more than
two responses. Before concluding that response competi-
tion is an important factor in a temporal masking para-
digm, it is important to make certain that limiting subjects
to two responses does not play a major role in producing
the effect.

Experiment 2 consisted of two sets of measurements. In
the first set, a 6-to-3 paradigm was used. Subjects were
presented with a set of six stimuli and provided with three
responses. By analyzing the incorrect responses, one can
see whether subjects were selecting the nontarget or were

simply guessing. In the second set of measurements, sub-
jects were required to make two responses on every trial.
The first response was the subject’s best guess as to the
target. The second response was the next best guess. Six
stimuli were presented, and six responses were provided.
An analysis of the first and second responses should indi-
cate whether subjects have representations of both the tar-
get and nontarget available when they respond. These mea-
surements specifically address the issue of replacement. If
the nontarget is replacing the target in such a way that the
subject has only one representation at the time of re-
sponding, then, if the first response is correct, the proba-
bility of selecting the target on the second response should
be at chance levels.

Method

Subjects. Six subjects were tested in the first set of measurements.
Five had participated in Experiment 1. The same 6 subjects were tested
in the second set of measurements.

Procedure. The procedure was similar to that used in Experiment 1.
The number of stimuli was increased to six. Representations of these
stimuli and the way in which subjects were instructed to categorize the
stimuli in the first set of measurcments are shown in Figure 4.

For the first set of measurements, six SOAs were tested: — 152,
—78, —26, +26, +78, and +152 msec. As in Experiment 1, each
session consisted of seven blocks of 50 trials, including one block in
which the target was presented by itself. Subjects were tested for 10
sessions. The subjects received trial-by-trial feedback indicating
whether or not their responses were correct.

In the second set of measurements, the same set of six stimuli was
used, but the subjects were trained to give a unique response, from
1 to 6, for each stimulus. In addition, on every trial, the subjects were
required to respond twice. The first response was their best guess as
to what target had been presented. The second response was their
second best guess. The subjects were prevented from selecting the
same pattern for both their first and second responses. The subjects
received feedback following the second response, informing them
which target had been presented. Two SOAs, one with the nontarget
leading the target and one with the nontarget trailing, were selected
for testing—specifically, —26 and +78 msec. These two SOAs were
selected for testing because the levels of performance at these two
SOAs in previous measurements had been comparable. Each testing
session consisted of alternating blocks of 50 trials testing the two
SOAs. A testing session comprised six blocks. The subjects were
tested for eight sessions.

Results and Discussion

The results from the first set of measurements are
shown in Figure 5. The percentage correct for each trial
type is plotted as a function of SOA. The percentage cor-
rect for target identification in the absence of any mask-
ing stimuli was 94%. An ANOVA showed a main effect of

-SOA [F(5,25) = 7.94, p <.0001], a main effect of trial type

[F(2,10) = 192.05, p <.001], and a significant interaction
between SOA and trial type [F(10,50) = 7.42, p <.0001].

The results were further analyzed, as they were in Ex-
periment 1, to see whether SC and RC trials differed from
one another. Unlike in the results in Experiment 1, there
was a significant effect of trial type [F(1,5) = 24.72,p <
.01]. There was no significant effect of SOA [F(5,25) =
1.55, p> .05}, nor was there any significant interaction be-
tween trial type and SOA [F(5,25) = 1.01, p > .05]. The
fact that performance on RC trials is significantly below
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Figure 4. Representations of the stimuli used in the 6-to-3
paradigm.

that obtained on SC trials shows that the presence of a phys-
ically different nontarget, even one associated with the same
response as that for the target, may interfere with target
identification. This type of interference should be classi-
fied as “masking” and is presumably the result of altering
the representation of the target. The fact that in Experi-
ment | with four stimuli there was no difference between
SC and RC trials suggests that as either the number or the
complexity (or both) of the stimulus set increases, so does
the possibility of masking.
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As in Experiment 1, the more significant interference is
seen on the Rl trials, where performance levels are 15%—
40% below the performance levels on RC trials. The sim-
ilarity of the results to those obtained in Experiment 1
indicates that even with an increased number of stimuli
and number of responses, response competition continues
to appear to play an important part in temporal masking
paradigms.

The fact that more interference is evident on RI trials
than on RC trials indicates that the subjects have available,
and are attempting to respond with, a representation of the
nontarget. A further analysis of the responses on RI trials
lends support to this contention. The responses on Rl trials
were analyzed to answer the following question: When re-
sponding incorrectly, did subjects respond randomly with
one of the two possible responses, or did they select the
nontarget more often than the remaining incorrect re-
sponse? The percentage of RI trials on which subjects se-
lected the nontarget response versus the remaining response
(other) is shown in Table 1. The fact that more than twice
as many responses were nontarget responses as opposed to
other responses offers strong support for the contention
that subjects err by responding with the nontarget.

In the second set of measurements, there were six stim-
uli and six possible responses. These measurements ad-
dressed a second issue concerning the information that sub-
Jjects have available when they respond. Specifically, does
the nontarget simply replace the target, or are representa-
tions of both available? The measurements addressed this
issue by allowing the subjects two responses on each trial.
Single pattern performance was relatively good (90% cor-
rect), but there was a considerable amount of interference.
The results of the first-response measurements are shown
in Table 2. These results show, as expected, that the most
likely response is the correct response; however, correct
performance in the presence of nontargets drops to half of
what it was in the absence of nontargets. Also, as expected,
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Figure S. Results from the 6-to-3 paradigm. Percent correct for
three trial types as a function of stimulus onset asynchrony (SOA).
Error bars represent 1 SEM.
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Table 1
Percentage of Nontarget Versus Other Responses
on Incorrect Trials

SOA
Responses —152 —78 —26 +26 +78 +152
Nontarget 72 71 62 73 74 71
Other 28 29 38 27 26 29

Note—SOA, stimulus onset asynchrony (in milliseconds).

the nontarget responses are above chance and the responses
involving the remaining four patterns—the ones not pre-
sented on a particular trial (other)—are below chance.
When incorrect, a large proportion of the responses are
nontarget responses. For example, in the —26-msec con-
dition, 40% of the incorrect responses are nontarget re-
sponses, whereas chance would be 1 in 5 or 20%. A chi-
square test was performed on the incorrect responses. It
showed that the number of nontarget responses at both
SOAs exceeded that expected by chance (p <.001).

The data from the second-response results are shown in
Table 3. To analyze these data, the trials were divided into
three types, depending on the nature of the first response—
that is, on whether the subject’s first response was that for
the target, the nontarget, or one of the other four responses.
For example, at —26 msec SOA, when the first response
was associated with the target, 29.9% of the second re-
sponses were associated with the nontarget and 70.1% of
the second responses with one of the other patterns. An
examination of Table 3 shows that in all cases the subjects
were above chance in selecting cither the target or the non-
target in preference to making one of the other responses.
A chi-square test showed that the number of responses for
the patterns presented (either target or nontarget) ex-
ceeded that expected by chance (p < .001). This was the
case whether the first response was associated with the
target or the nontarget, or was one of the other responses.
When their first response is incorrect, subjects do not re-
spond randomly. Moreover, it does not appear as though
the nontarget replaces the target, but rather subjects have
available both the target and nontarget when they respond.

EXPERIMENT 3

A larger and more complex set of patterns was used in
Experiment 3: 10 letters of the alphabet. Increasing the
number of patterns from four to six (Experiment 1 to Ex-
periment 2) resulted in a significant difference between
the SC and RC functions, which was presumably a result
of an increase in masking. A further increase in size of the
pattern set to 10 might enhance the difference between SC
and RC functions, if the number of patterns was a major
factor in determining the amount of masking. Also, in
much of the previous work on spatial pattern perception and
on masking, letters have been used as the target patterns
(Loomis & Lederman, 1986). Letters have been used be-
cause subjects already know the response code and be-
cause letters are varied and complex enough so that sub-
jects have to base their identification, at least in part, on

spatial codes (Vega-Bermudez, Johnson, & Hsaio, 1991).
Previous studies have suggested that masking may involve
alteration of the spatial features of the target pattern
(Craig, 1989; Evans, 1987; Evans & Craig, 1986). The
larger set of patterns might provide a greater opportunity
for masking and also test the generality of the findings
from Experiments 1 and 2.

Method

Subjects. Eight subjects were tested. Six had not participated in
any of the previous experiments.

Procedure. The stimuli were the first 10 letters of the alphabet,
excluding I, J, K, and L, which are relatively easy to identify (Craig,
1979). The 10 letters were mapped onto five responses: A or B was
1;CorD,2;EorE 3; Gor H, 4; and M or N, 5. The subjects were
provided with a card showing the letters and response categories to
use in responding. The subjects received feedback as to whether
their responses were correct or incorrect.

As before, pairs of patterns were selected at random, one pattern
as target and the other as nontarget. Random selection was necessary
so that the nontarget conveyed no information about the target. This
random selection resuited in an average of 10% of the trials being SC
trials, 10% RC, and 80% RI. The procedure was similar to that used
in Experiment 1. Four SOAs were tested: —152, —52, +52, and
+152 msec. The subjects were tested for five blocks per session and
21 sessions.

Results and Discussion

Single letter performance was 72% correct. Performance
in the presence of nontargets is presented in Figure 6. The
pattern of results is very similar to that seen in Experiment 1,
with SC and RC performance similar to one another and R1
performance considerably poorer. The ANOVA showed a
significant effect of SOA [F(3,21) = 7.26, p < .01}, asig-
nificant effect of trial type [F(2,14) = 121.75, p <.0001],
and a significant interaction [F(6,42) = 5.83, p <.001].

Table 2
First Response in Two-Response Paradigm
Target Nontarget Other
SOA % Chance% % Chance% %  Chance %
—26msec 453 17 217 17 33.0 67
+78 msec 439 17 29.6 17 26.5 67

Note—SOA, stimulus onset asynchrony; %, percentages by condition;
Chance %, percentages expected by chance.

Table 3
Second Responses in Two-Response Paradigm

Second Response

First Target Nontarget Other
Response %  Chance% % Chance% %  Chance %
—26-msec SOA
Target 29.9 20 70.1 80
Nontarget 41.6 20 58.4 80
Other 42.8 20 23.8 20 33.2 60

+78-msec SOA
Target 36.2 20 63.8 80
Nontarget 37.5 20 62.5 80
Other 32,6 20 36.9 20 30.5 60

Note-—%, percentages by condition; Chance %. percentages expected
by chance; SOA, stimulus onset asynchrony.
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Figure 6. Results from Experiment 3 with letter patterns. Per-
cent correct for three trial types as a function of stimulus onset
asynchrony (SOA). Error bars represent 1 SEM.

The SC and RC data were subjected to a separate ANOVA
which showed no effect of SOA [F(3,21) = 1.48, p> .05],
no effect of trial type [F(1,7) = 4.03, p > .05], and no sig-
nificant interaction between SOA and trial type [F(3,21) =
0.21, p > .05]. Increasing the set size and the complexity
of the patterns does not increase the difference between
SC and RC trials. It appears that there is little masking and
that the major source of interference with these patterns is
response competition. These results suggest that in read-
ing with the Optacon performance is limited less by mask-
ing and more by response competition. At high reading
rates, processing the order of the letters may be more of a
problem than the representation of the individual letters.

- EXPERIMENT 4

The results from Experiments 1, 2, and 3 suggest that a
considerable portion of the interference between succes-
sive, spatial patterns is due to response competition, not to
masking. The stimuli tested ranged from very simple pat-
terns (Experiment 1) to fairly complex spatial patterns
(letters in Experiment 3). With simple, highly identifiable
patterns it is perhaps not surprising that little masking
might be seen. It is more surprising that no masking was
seen with letters. Single-letter identification was well below
100% correct. Letters, however, may not provide the most
sensitive indicator of masking. Letters are highly redun-
dant. Even if certain parts of a letter are obscured, there
may be sufficient information to correctly identify the pat-
tern. In several earlier studies, a set of patterns was used
that required that each feature of the pattern be perceived
for the pattern to be correctly identified (Evans, 1987;
Evans & Craig, 1986). Considerable interference was seen
with these patterns. In Experiment 4, four of these patterns,
consisting of two line segments each, were used. The pat-
terns were constructed in such a way that both line seg-
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ments and their spatial positions needed to be perceived
correctly for one to identify the pattern.

Method

Subjects. Five subjects were tested. All had participated in pre-
vious experiments.

Procedure. The procedure was similar to that used in Experi-
ment 1. The major difference was the change in the set of patterns.
Representations of the patterns are shown in Figure 7. The patterns
were constructed so that the positton of both line segments had to be
correctly perceived in order to produce a correct response. The two
patterns in each category were grouped so that they shared neither
of the two features of the other patterns. If the subject perceived only
one of the two line segments in a pattern, the pattern would likely re-
semble one of the two patterns from the other category—an incor-
rect response. The pattern set was designed to reveal masking effects
should they exist. Six SOAs, ranging from —152 to +152 msec,
were tested. The subjects were tested for four sessions.

Results and Discussion
The results are shown in Figure 8. Single pattern per-
formance was 88% correct. Performance in the presence

: 1
a b

2
c d

Figure 7. Representations of the stimuli used in Experiment 4.
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of a nontarget differed from that found in Experiments 1,
2, and 3. With this pattern set, RC performance is consid-
erably below SC performance and much more similar to
RI performance. An ANOVA performed on the overall re-
sults showed a significant effect of SOA [F(5,20) = 4.17,
p <.01], a significant effect of trial type [F(2,8) = 59.79
p <.0001}, and a significant interaction between SOA and
trial type [F(10,40) = 2.93, p <.01].

The most important difference between the earlier func-
tions and the ones shown in Figure 8 is the reduced per-
formance seen on RC trials. In Figure 2, the average dif-
ference between SC and RC trials was 5%. The comparable
figure for the more complex patterns in Experiment 4 is
22%. It is clear that, with this pattern set, physically dif-
ferent patterns produce much more interference than that
seen with the other pattern sets. An ANOVA on the data
from the RC and Rl trials supports the observation that RC
and RI performance levels are similar. There was no sig-
nificant effect of trial type [F(1,4) = 4.21, p>.05]. There
was a significant effect of SOA [F(5,20) = 5.67, p <.01].
There was no significant interaction between SOA and
trial type [F(5,20) = 1.88, p > .05].

With this pattern set, it appears that masking plays a
major role in producing interference. Performance levels
on RI trials are close to chance levels, 50% correct. It is
possible that a larger set of patterns would produce lower
levels of chance performance and might allow one to see
differences between RC and RI performance. If masking
is the sole reason for lowering performance on RC trials,
then, logically, performance can only drop as low as
chance levels. If the representation of the target is totally
obscured, subjects could only guess among available al-
ternatives. On the other hand, if response competition is
playing some part, performance could go lower than chance
as the subject attempts to respond with the nontarget.

As noted above, masking might be seen with the pat-
terns used in Experiment 4 because both of the line seg-
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Figure 8. Results with more complex stimuli in 4-to-2 para-
digm. Percent correct for three trial types as a function of stimu-
lus onset asynchrony (SOA). Error bars represent 1 SEM.

ments making up the patterns need to be perceived in
order for one to correctly categorize the patterns, and fail-
ure to perceive one of the line segments would likely re-
sult in the target pattern’s resembling a pattern from the
incorrect category. Temporal integration could also be play-
ing a role with these patterns. If the target and nontarget
are integrated to form a single pattern, the target might be
difficult to identify (Evans, 1987; Evans & Craig, 1986).
On RC trials, both patterns a and b would be presented
(Figure 7) or ¢ and d. The pattern resulting from the tem-
poral integration of a and b is identical to the pattern pro-
duced by the temporal integration of ¢ and d. The fact that
identical patterns would be produced on RC trials with stim-
uli from Category 1 or Category 2 might result in a con-
siderable number of errors, as indeed there are. Temporal
integration could also be playing a role in the results from
Experiments 1, 2, and 3. If the integrated patterns, con-
sisting of the target and nontarget, were reasonably sim-
ple, such as those that would be generated in Experiments
1 and 2, subjects might learn to identify them. This strat-
egy would be particularly helpful on RC trials on which
the temporal order of the target and nontarget was irrele-
vant, since both signal the same response.

The more complex patterns used in Experiment 3, ten
letters, provide a more stringent test of a temporal inte-
gration model. The model would have to maintain that pairs
of different letters within a category, such as A and B,
when integrated into a single pattern, are as readily iden-
tified as pairs of identical letters. The model needs to
maintain this, because performance on RC trials is nearly
identical to performance on SC trials (Figure 6). It seems
unlikely that complex patterns formed by combining A
and B or C and D or G and H would be as easily identified
as pairs of identical letters. Perhaps only certain letter pairs
on RC trials, such as EF and MN, combine to form inte-
grated patterns that are simple enough to be as readily iden-
tified as the integrated pairs of identical letters. The re-
sults from the RC and SC trials in Experiment 3 were
analyzed to determine whether there were large differ-
ences between the letter pairs EF and MN and the remain-
ing three pairs of letters. There was a slight decline in per-
formance on RC as compared with SC trials for both
groups of letters, but this decline was almost the identical
for the two groups of letters: 2.6% for EF and MN, and
3.1% for AB, CD, and GH. These results suggest that tem-
poral integration is not playing a major role in the letter
identification task. Because temporal integration appears
to be a pervasive phenomenon with tactile spatial patterns,

it is possible that it is playing a role with some of the pat-

tern sets in the present study. Additional measurements
with other pattern sets will be necessary in order to deter-
mine how significant that role is.

GENERAL DISCUSSION

The present results indicate that when a sequence of
patterns is presented to the same location a major difficulty
in identifying a target pattern is response competition.
Representations of the patterns—both target and nontar-



get—are available, but subjects err by selecting the wrong
response. Previous results have also shown that subjects
may respond with a nontarget (masker) (Evans, 1987).
What the present results show is that such “masker re-
sponses” may be very likely under certain circumstances.

The amount of interference that results from response
competition is reflected in the difference in performance
levels between the RC and RI functions. The decrement in
performance on RI trials is due, presumably, to subjects’
making nontarget responses. This decrement appears to be
greatest when the target and nontarget are separated by
150 msec or less and greater when the nontarget trails by
50 msec rather than leads by 50 msec. The temporal course
of the response competition effect is very similar to that
seen in temporal masking functions in general. To the ex-
tent that many temporal masking functions have a re-
sponse competition component, such a similarity is to be
expected. For example, when the target and nontarget
(masker) are drawn from the same set of patterns, much of
the interference may be due to response competition, and
the function relating performance to the temporal separa-
tion of target and nontarget might well resemble the func-
tion obtained from measures of response competition.
However, even when targets and nontargets are drawn
from different sets of patterns or an energy masker is used,
thus reducing the amount of response competition (Craig,
1982b), the shape of the interference function remains
about the same. The general conclusion is that the time
course of masking and the time course of response com-
petition are similar.

In the absence of the results of Experiment 4, one might
be tempted to assert that nontarget stimuli do not mask tar-
get stimuli—that is, that they do not interfere with target
stimuli at an early stage of processing. The results of Ex-
periment 4 demonstrate that such masking does take place
and can lead to a significant reduction in performance.
The stimulus conditions in Experiment 4 are identical to
the conditions in Experiments 1, 2, and 3, with the excep-
tion of the set of patterns that was used. Hence, it may be
that the nontarget is altering the representation of the tar-
get in the earlier experiments even in conditions in which
performance levels are unaffected. What this suggests is
that more subtle measures of performance might reveal ef-
fects of nontarget stimuli, even when identification accu-
racy is unaffected. One might find changes in the kinds of
confusions that subjects make or changes in reaction
times. It might be possible to increase the number of pat-
terns within a category to three or more. With an increase
in the number of nontargets signaling the same response,
one could ask subjects to both categorize and identify the
target stimulus. Certain combinations of targets and non-
targets on RC trials might lead to good categorization but
poor identification performance. Such a result would sug-
gest that the nontarget is altering the representation of the
target but not enough to cause subjects to miscategorize it.

The present results have implications for neurophysio-
logical studies that have examined how tactile spatial pat-
terns are represented in the nervous system. These studies
have produced reconstructed neural images based on both
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peripheral recordings and central recordings in SI (Phil-
lips, Johansson, & Johnson, 1990; Phillips, Johnson, &
Hsiao, 1988). At present, researchers have examined in-
teractions only between relatively simple patterns; how-
ever, as both stimulus control and recording techniques
become more sophisticated, it should be possible to pre-
sent pairs of spatial patterns in rapid succession to the
same area of skin. Reconstructed neural images may pro-
vide information about how the spatial image of a target
pattern is altered and at what level in the nervous system
such an alteration takes place.

Previous studies of temporal masking have stressed how
the representation of a target pattern is changed as a result
of close temporal proximity to a nontarget (masking) pat-
tern. The discussion in earlier studies has focused on the
lack of a clear representation of the target or an altered
representation of the target. If the target representation
were altered at an early stage of processing, performance
would be poor because the target does not evoke a correct
response. To improve performance one would concentrate
on ways to improve the representation of the target. On the
other hand, if, as the present results suggest, the target is
capable of evoking a correct response and performance is
poor because the wrong response is selected, the focus
shifts to a consideration of ways to improve response se-
lection. One way to improve response selection would be
to provide subjects with information about the sequence
of patterns that is to be presented. [t may be that modest
amounts of information in the form of redundancy,
schemas, or knowledge about an object would provide
major gains in pattern identification.
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