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Vibrotactile pattern isolation/integration

JAMESC. CRAIG
Indiana University, Bloomington, Indiana

Temporal integration has been cited as a major factor in temporal masking. Twoexperiments were
designed to examine the conditions under which temporal integration may aid or hinder the per
ception of vibrotactile spatial patterns. In Experiment 1, the subject's task was to discriminate be
tween pairs of patterns. Each pattern was composed of two temporally separated pattern elements.
When the task required the subjects to perceive the individual pattern elements, performance im
proved with temporal isolation-that is, performance improved as the temporal separation between
the elements increased. In a second task, when the discrimination could be based on either the over
all pattern shape or the pattern elements, temporal integration appeared to improve performance
that is, performance improved as the temporal separation decreased. In Experiment 2, an identifi
cation task was used. Several factors appeared to determine whether temporal integration aided or
hindered pattern identification. When pattern elements similar to those in Experiment 1were tested,
performance improved with increasing temporal separation (isolation). A single function was fit to
the discrimination (isolation) and identification (isolation) results. Whether temporal integration
aids or hinders pattern perception appears to depend on pattern shape, the pattern elements, and the
nature of the task

More than 20 years ago, Kirman wrote an influential
reviewarticle on the tactile communication ofspeech (Kir
man, 1973). In that review, he discussed a number oflim
itations on the perception ofcomplex patterns by the skin.
One ofthe major limitations is temporal masking, in which
a target pattern may be interfered with by the presentation
ofa second pattern in close temporal proximity to the first
pattern. In dealing with the issue of temporal masking,
Kirman considered two approaches to the communication
of information to the skin. In the first approach, investi
gators may try to minimize masking by separating pat
terns, either spatially, temporally, or both. In the second
approach, masking is viewed not so much as something to
be avoided but rather as reflecting processes by which.el
ements may interact and the relationships among these
elements revealed. Kirman was specifically concerned
with the communication ofspeech information to the skin
and, thus, considered how phonemes (the elements) might
combine to form higher linguistic units, such as words
and sentences. According to Kirman, the focus in com
municating information to the skin should shift from try
ing to devise stimulus conditions that isolate individual
elements and preserve their distinctiveness to examining
conditions in which these elements could combine and
form larger, identifiable perceptual units.

Twenty years later, Mahar and Mackenzie (1993), in
considering these ideas, framed the issue in terms of two
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competing views-isolation and integration. According
to the isolation hypothesis, accurate perception of tactile
patterns results when the mutual interaction between suc
cessive pattern elements is reduced or, in Kirman's (1973)
terms, when masking is minimized. The integration hy
pothesis takes the point of view that reducing temporal
and spatial separation between elements may aid pattern
perception by increasing temporal integration. The inte
grated pattern may be more perceptible, because particu
lar relationships between pattern elements are revealed.

There is considerable evidence that, when two spatial
patterns are presented in close spatial and temporal prox
imity, the result is an integrated pattern. For example, if
subjects are presented a vertical line down the middle of
their fingerpad, followed by a horizontal line, they may
report feeling a cross rather than two lines. The onsets be
tween two patterns must be as much as 70 msec apart be
fore subjects report perceiving two patterns and as much
as 121 msec apart before subjects report that the two pat
terns are perceived as discrete (Craig, 1996). Temporal in
tegration, as the term will be used in the present context,
is the process by which elements ofpatterns, presented in
close temporal and spatial proximity to one another,
form a single representation.

Temporal integration has been studied in several con
texts, including temporal masking. If a target and non
target pattern are presented in close temporal proximity,
subjects may be unable to correctly identify the target be
cause features of the target and the nontarget form a sin
gle pattern (Evans, 1987; Evans & Craig, 1986). Under
such circumstances, subjects will often respond that they
felt a composite pattern, a pattern that consisted ofthe fea
tures of the target and of the nontarget added together.
As the time between the two patterns increases, particu-
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larly to 100 msec, the amount ofmasking decreases, and
composite responses become less likely as well. If sub
jects are asked to judge the number ofline segments com
posing a target pattern, they show a marked tendency to
overestimate the number of line segments when a second
pattern is presented in close temporal proximity to the
pattern being judged. Presumably subjects are integrat
ing features from the target and the nontarget patterns,
which, in turn, leads to the overestimation of the number
oflines in the target pattern (Evans & Craig, 1986). Again,
as the temporal separation increases to 100 msec, the ten
dency to overestimate declines. These results indicate how
difficult it can be for subjects to process separately two pat
terns that have been combined by temporal integration.
In those situations in which subjects responded with
composite patterns, they knew that, on every trial, two
patterns were presented. Subjects also received trial-by
trial feedback. Yet, frequently they responded as though
they had received only one pattern. Similarly, subjects in
the estimation task also knew that two patterns were
being presented yet were unable to avoid overestimating
the number of lines in the target pattern. These results
also indicate how integration may reduce the accurate
perception of spatial patterns.

In view of the strong tendency for patterns to be inte
grated, the issue raised by Kirman (1973) and by Mahar
and Mackenzie (1993) can be addressed, in part, by ask
ing whether there are stimulus conditions and tasks in
which integration improves performance and other stimu
lus conditions and tasks in which integration degrades
performance-that is, in which isolationaids performance.
As noted, when the task is one of identifying a target pat
tern in the presence ofa second, nontarget pattern, the gen
eral result is that target identification is interfered with.
It is likely that some of this interference effect results
from temporal integration ofthe target and the nontarget,
although other factors, such as response competition, may
be responsible as well (Craig, 1996;Craig & Evans, 1995).

It is more difficult to find tasks in which temporal inte
gration is helpful to pattern perception. One study that did
report improved performance for integrated patterns used
letters of the alphabet. In this study, the subjects attempted
to identify one of five letters ofthe alphabet (Craig, 1982).
The letters were divided in half, and the subjects were
presented the two halves ofthe letter sequentially. The tem
poral separations between halves ranged from 0- to more
than 200-msec stimulus onset asynchrony (SOA). Identi
fication performance was best at O-msecSOA, the point
at which temporal integration should be maximal, and
declined from there to 50-100 msec. Had the task been
to identify the individual letter halves-a typical masking
paradigm and one that favors isolation-performance
presumably would have been poor at 0 msec and would
have improved as the temporal separation increased.

One of the aims of the present study was to examine
integration and isolation with similar tasks and stimuli.
This aim is closely related to the study by Mahar and Mac
kenzie (1993). They developed tasks that they thought

might reveal the beneficial effects of integration and the
beneficial effects of isolation. The tasks involved tactile
patterns that were delivered to the forearm by means of
three tactile transducers. In one task, the subject was to
identify one of the pattern elements-specifically, to se
lect the vibrator at which the most intense stimulus was
presented. This task was designed to favor isolation; it
was predicted that greater temporal and spatial separa
tion of the pattern elements would improve performance.
The results supported this conclusion. The subjects' ac
curacy increased as temporal separation increased from
94 to 450 msec and as spatial separation of the tactile
transducers increased from 1.6 to 5.0 em.

The second task required subjects to discriminate be
tween pairs ofpatterns. The patterns were generated in a
manner similar to that in the first task. To perform this
task, the subjects simply indicated whether the pair of
patterns were the same or different, rather than identify
ing a particular pattern element. Because the subjects did
not have to focus on each of the three vibratory signals
composing the pattern and could instead attend to the
pattern as a whole, this task was thought to favor the in
tegration of stimuli. Hence, performance might be ex
pected to improve as temporal and spatial separation was
reduced. Contrary to the prediction, performance declined
with decreasing temporal separation, as it had in the iden
tification task. There was no significant effect of spatial
separation, although the results were in the direction of
decreasing spatial separation producing poorer rather
than better discriminability.

A second aim of the present study was to see the ex
tent to which one could view isolation as simply the mir
ror image of integration. Presumably, the extent to which
two patterns can be isolated is simply the extent to which
they are not integrated. Previous studies have not used
similar tasks and similar stimuli under conditions in
which these two processes might be evident. A third aim
was to see the extent to which the results obtained in a
discrimination task (Experiment I) that involved tempo
ral interactions could be used to predict the results in an
identification task (Experiment 2).

EXPERIMENTl

The rationale for Experiment I was to use a single task
(discrimination) that could be considered neutral with
regard to isolation and integration but to select condi
tions that favored either integration or isolation. As Mahar
and Mackenzie (1993) pointed out, discrimination does
not rely heavily on subjects' experience with particular
patterns. Also, discrimination tasks require no label for
the pattern, no verbal description of the pattern, and no
assumptions about what the pattern will feel like to the
subjects.

The first set ofmeasurements in Experiment I followed
the general framework suggested by Mahar and Macken
zie (1993): Set up a task in which increasing separation
between pattern elements might lead to improved dis-
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criminability between two patterns, presumably because
ofdecreased interference between pattern elements (iso
lation). Experiment I also included a second set of tasks,
in which the reverse might be expected to occur-de
creasing temporal separation (integration) might lead to
better discriminability.

Some specific information about the two tasks might
help clarify how they favored either isolation or integra
tion. In both tasks, the subjects attempted to discriminate
between pairs of patterns. Each pattern consisted of two
pattern elements. For both tasks, the same set of pattern
elements was used. Representations of these elements
are shown in Figure I. If Pattern Elements I and 2 were
presented simultaneously, the result would be a rectan
gular pattern. Similarly, Pattern Elements 3 and 4 and El
ements 5 and 6 form the same rectangular pattern. In the
first task, the subjects were presented with a pair of pat
terns that were separated by 750 msec. Each member of
the pair of patterns consisted of two pattern elements.
The elements were selected such that they always formed
a rectangle if presented simultaneously. In the first task,
the pattern elements were never presented simultane
ously but always with brieftemporal separations between
the two presentations. The subject was required to dis
criminate between the two patterns. A different trial con
sisted oftwo different pairs ofpattern elements. A same
trial consisted of pairs of identical pattern elements. A
representation of same and different trials is shown in
Figure 2, panel I. This task was designed to favor isola
tion of the pattern elements in that, if an integrated pat
tern is formed (a rectangle) and the pattern elements are
unavailable perceptually, subjects will be unable to dis
criminate between the two patterns.

In the second task, the same pattern elements were used
as those in the first task, and subjects were again asked
to respond same or different to pairs ofpatterns made-up
of these elements. The major difference between the two
tasks was how same and different were defined. On a dif
ferent trial, pattern elements were selected such that at
least one member of the pair of patterns did not form a
rectangle. A different trial might present Elements 1 and
2, followed by I and 3. On a same trial, the pattern ele
ments formed a rectangle but, unlike the pattern elements
in the first task, the pattern elements differed from one
another. Therefore, the pattern elements were not identi-

cal on same trials but were identical on the dimension of
overall shape. For example, one pattern might be formed
from Elements I and 2 and the second pattern from Ele
ments 3 and 4. Because similar pattern elements and
temporal separations were used, the initial representa
tions of the patterns should be similar in the two tasks.
Whether integration aids or hinders discriminability may
depend on how same and different are defined (task de
mands) and on subsequent processing of the initial rep
resentations. In the second task, there were several ways
that the subjects could discriminate between these pairs
of patterns. It could be on the basis of the difference in
the pattern elements. Isolation would favor discrimina
tions on this basis. The subjects could also discriminate
on the basis of overall shape-rectangle versus nonrec
tangle. Several models of the processing of spatial pat
terns maintain that tactile patterns are subjected to a low
pass spatial filter. The resulting representation is a
blurred image of the original spatial pattern (Loomis,
1990). The finer spatial information will tend to be lost,
whereas the overall shape of the patterns will be pre
served. Integration would favor discriminations on this
basis. Also, it has been shown that spatial patterns com
posed offewer features-simpler patterns-are more eas
ily processed than are complex patterns (Craig, 1979;
Horner, 1991). To the extent that a single (integrated) pat
tern, such as the rectangle, is less complex than the two
pattern elements composing the rectangle, performance
would be expected to favor integration over isolation.

Method
Subjects. All of the subjects were students at Indiana Univer

sity. They received an hourly wage for their participation. All were
experienced in identifying tactile patterns. Nine of the subjects, 6
women and 3 men, participated in the first two sets of measure
ments. Seven of these subjects, 5 women and 2 men, participated
in the third set of measurements.

Apparatus. The apparatus consisted of four components: a tac
tile display on which the patterns were generated, a visual monitor
with which to communicate with the subject, a keyboard on which
the subject could respond, and a computer that was used to control
the stimuli, to record responses, and to provide information to the
subject. An Optacon-type display was used for generating the tac
tile patterns. The display consisted of 144 tactors arranged in a 6
column X 24-row array. Each tactor in the array could be made to
vibrate at 230 pps. The array measured 1.2 X 2.7 ern and fit
against the distal portion of the subject's fingerpad. The patterns
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Figure 1. Representation of the pattern elements. Twopattern elements were presented to create a pattern.



PATTERN A

VIBROTACTILE PATTERN ISOLATION/INTEGRATION 891

PATTERN B

Elements Elements
~ ~ ~ ~

___....I~ - - - -750 ms- - - - ~L--__----,~

SAME

__----JIlLJ2l GLJ2J _

I
DIFFERENT

__----JrlLJ2l I3LJ4l _

SAME

__---'IlLJ2l'-- ---'r3l-J4l'-- _

II DIFFERENT

__---'rlLJ2l rIL5J _

Figure 2. A representation of the experimental paradigm in Experiment 1 (discrimination). Each
ofthe two patterns, A and B, was made up of two pattern elements. The elements were presented at
various temporal separations. The time fines marked I are diagrams of the same and different trials
in the first set of measurements. The time fines marked II are diagrams of the same and different tri
als in the second set of measurements. The numbers 1, 2,3, and 4 refer to the pattern elements, as pre
sented in Figure 1.

were confined to the top 18 rows of the display (1.2 X 2.0 ern).
More details of the apparatus may be found in earlier publications
(Craig, 1980; Evans & Craig, 1992).

Stimufi. Representations of the pattern elements are shown in
Figure I. The pattern elements were presented for 26 msec.

Procedure. There were three sets of measurements. In all of the
measurements, the subject's task was to discriminate between two
patterns presented sequentially to the left index fingerpad. The
patterns were separated by 750 msec, as measured from the offset
of the trailing pattern element ofthe first pattern to the onset ofthe
leading pattern element ofthe second pattern (Figure 2). Each pat
tern consisted of two pattern elements presented for 26 msec.
These elements were presented in close succession. Thus, on each
trial, the subject received two pattern elements that composed the
first pattern and two pattern elements that composed the second
pattern. Approximately 50% ofthe trials were same and 50% were
different.

In the first set of measurements-the measurements favoring
isolation-there were three possible patterns. One pattern was
formed by Elements I and 2, the second by Elements 3 and 4, and
the third by Elements 5 and 6. The pattern elements were presented
successively with SOAs of 26, 52, 100, and 300 msec. If the ele
ments were presented simultaneously, the three patterns formed
would be identical rectangles. On a same trial, the subject received
two patterns that consisted of identical pattern elements presented
in the same order-for example, 1,2 followed by 1,2. On a dif
ferent trial, the subject received two patterns that consisted of a
different pair of pattern elements-for example, 1,2 followed by
3,4 (Figure 2, panel I).

For the second set of measurements-the measurements favor
ing temporal integration-the patterns were generated out of the

same set of pattern elements, but same trials and different trials
were defined differently than they were in the first set of measure
ments. On a same trial, the pattern elements were selected such
that they formed a rectangle, but the two patterns always consisted
of different pattern elements-for example, Pattern Elements I, 2
followed by 3, 4. On a different trial, one of the two patterns was
created out of pattern elements that formed a rectangle, whereas
the other pattern was created out of pattern elements that did not
form a rectangle. The other pattern was composed of Pattern Ele
ments I, 3; 2, 4; or 4, 6, (Figure I). A representation of same and
different trials is shown in Figure 2, Panel II. SOAs of 0, 26, 52,
100, and 300 msec were tested. The pattern elements were 26 msec
in duration.

In a third set of measurements, the procedure that had been fol
lowed for the second set of measurements was modified in order
to improve discriminability and to increase the range ofperformance
levels. The duration of presentation was increased from 26 to
52 msec. The height of the patterns was reduced to eight rows in
order to make the four sides more equal in length. The task was
identical to that in the second set of measurements. SOAs of0, 52,
100, and 300 msec were tested.

For all sets of measurements, the subjects were tested individu
ally. Each was seated with his or her left arm resting on the table
in front of him or her. The subject's left index fingerpad contacted
the tactile array. The subject responded with his or her right hand,
using a keyboard with keys marked S for same and D for different.
The intensity of vibration was set at a comfortable level, 36 V to
the driving circuits, which produced a moderately intense pattern.
The trials were self-paced. The subject initiated a trial by pressing
a key on the keyboard. The first pattern was presented I sec later
and consisted of two pattern elements. After the second pattern,
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the subject responded and received feedback in the form of same
or different. Trials were blocked by SOA. The blocks of 50 trials
were tested in random order. The subjects wore earplugs and ear
phones, through which low-pass filtered noise was presented in
order to eliminate auditory cues from the tactile display. For the
first set of measurements, the subjects were tested for four blocks
oftrials; for the second set of measurements, for five blocks oftri
als; and for the third set of measurements, for four blocks of trials.

Results and Discussion
The results from the first two sets ofmeasurements are

shown in Figure 3. As in previous studies of discrimina
tion (Cholewiak & Craig, 1984; Craig, 1983; Horner &
Craig, 1989), the responses on same and different trials
were converted to d' and then maximum percentage cor
rect, P(C) max (McFadden, 1970). It is P(C) max that is
plotted as a function of SOA. For the first set of results
marked isolation, 2 of the 9 subjects were essentially at
chance, and the results from these 2 subjects were not used
in the data analysis. For the results marked integration,
the same 2 subjects were at chance or just above chance,
and the results from these subjects were not used in the
data analysis. The results from the first task, the one fa
voring isolation, show a clear improvement in discrim
inability as the temporal separation ofthe pattern elements
increases. A dashed line has been added that connects
the point at the 26-msec SOA to a point at 0 msec set at
50% performance. For pairs of patterns at O-msec SOA,
the same and different patterns are identical. Both pat
terns would be identical rectangles, and, therefore, per
formance would be at chance. A one-way analysis of
variance (ANOYA) showed a significant effect of SOA
[F(3,18) = 30.09,p < .0001]. The results shown in Fig-

ure 3 are typical of those reported in a number of studies
of temporal masking with spatial patterns: Performance
improves rapidly as the temporal separation is increased
to 100 msec and then more gradually with greater tempo
ral separations (Craig & Evans, 1987; Evans & Craig,
1986; Kirman, 1984). The information required for dis
criminating between the two patterns is contained in
both pattern elements. It is likely that the function shown
in Figure 3 (isolation) is the result ofmutual interference
between the two pattern elements and is attributable to
both forward and backward masking.

The results from the second task, the one favoring
integration, show performance declining as SOA in
creases from 0 to 100 msec (Figure 3, integration). Beyond
100 msec, performance appears to rise again. Out to
100 msec, the two functions shown in Figure 3 appear to
mirror one another. This is to be expected iftemporal in
tegration is affecting the pattern elements-in one case,
hindering discrimination and, in the other case, aiding it.
The ANOYAshows a significant effect ofSOA [F(4,24) =

9.70,p < .0001].
As noted before, Mahar and Mackenzie (1993) found

only decrements in performance as the time between pat
tern elements decreased, even under conditions that
might be expected to favor temporal integration. One
reason for their findings might be the time intervals that
they tested. The briefest interval that they used was
94 msec. For the purpose ofcomparison with the present
results, the results from their integration condition were
converted to P(C) max from the d' values that they re
ported. P(C) max at the 94-msec SOA was 70% correct;
at 205 msec, 76%; and at 450 msec, 76%. In the integra-
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Figure 3. The results from the discrimination measurements showing maximum percentage
correct as a function ofthe stimulus onset asynchrony (SOA)between pattern elements. The func
tion labeled isolation represents the results from the first set of measurements. A point at 50% cor
rect has been added at the O-msec SOA to indicate what chance performance would havebeen, had
the two pattern elements been presented simultaneously. The function marked integration repre
sents the results from the second set of measurements.
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tion function shown in Figure 3, the percent correct at
the 100-msec SOA was 61%, increasing to 66% at the
300-msec SOA. Over a comparable range of SOAs, per
formance improved in a similar manner for both the pres
ent data and Mahar and Mackenzie's results. To the ex
tent that temporal integration is a low-level process that
affects the initial representation of vibrotactile patterns,
one would expect to see similar results even with quite
different stimulus configurations. Mahar and Mackenzie
observed that, had they been able to examine briefer
SOAs, they might have seen an increase in performance
levels and found support for the improvement of pattern
perception by temporal integration. The present results
support this observation.

The range of performance in the second set of mea
surements was fairly limited. The percent correct at 0 msec
was 74%, decreasingto 61% correct at 100msec. As noted,
in an attempt to improve discriminability and to increase
the range of performance levels, a third set of measure
ments was made with a modified set ofpatterns. The re
sults from these measurements-also favoring integra
tion-are shown in Figure 4. One of the subjects was at
chance, and her data were not included. The range of
performance was increased slightly, from 82% correct at
omsec, dropping to 64% correct at 52 msec. The overall
function is similar to that seen in Figure 3, integration.
The major difference is that the duration over which in
tegration appears to operate has decreased from 100- to
52-msec SOA.

For the integration data, the increase in performance at
the longest SOA is ofparticular interest. Ifthe difference
is reliable, it suggests that the subjects changed the way
in which they performed this discrimination task as a
function of the temporal separation between pattern ele
ments. Beyond 52-to-100-msec SOAs-the approximate

temporal interval over which integration is seen-sub
jects may attempt to perform the task by attending to the
individual pattern elements. As in the isolation task, the
greater temporal separation would lead to better dis
criminability. The Tukey HSD test on both sets of data
provided partial support for this view. For the first set of
integration data (Figure 3), there was no significant dif
ference between the results at 100 msec and those at
300 msec (p = .07); however, for the second set of inte
gration data (Figure 4), there was a significant difference
between the results at 100 msec and those at 300 msec
(p < .05).

The main findings from Experiment 1 are (1) that there
are conditions under which the discrimination of tactile
spatial patterns appears to be aided by temporal integra
tion, (2) whether or not integration or isolation benefits
discrimination depends on the patterns and pattern ele
ments and the temporal separation between pattern ele
ments, and (3) that the integration and isolation func
tions appear to mirror one another at brief SOAs.

EXPERIMENT 2

The aim ofExperiment 2 was to see the extent to which
the discrimination results from Experiment 1 could be
used to predict results in an identification task. In one
set of measurements in Experiment 2, the subjects iden
tified spatial patterns composed of the same set of pat
tern elements as those in Experiment 1. The pattern ele
ments, the way in which the elements were combined,
and the resulting patterns to be identified are shown in
Figure 5. Presenting subjects with two pattern elements,
such as those used in Experiment 1, should produce the
same initial representation, whether the task is discrimi
nation or identification. Integration should be maximal
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Figure 4. The results from the third set of discrimination measurements showing maximum
percentage correct as a function of the stimulus onset asynchrony between pattern elements.
The patterns were similar to those used to produce the integration results shown in Figure 3.
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• • • • • • • • • • • o co o 0 o This difficulty might lead to poor performance at 0 msec
with the rectangular patterns, with performance improv-

oMsec SOA Pattern Elements
ing at longer SOAs, when the identification can be based
on the pattern elements.

Because one set ofmeasurements in Experiment 2 fol-
Figure 5. Representations of the patterns and pattern elements in lowed an isolation function, we repeated the earlier set of

Experiment 2 (identification). letter measurements that had followed the opposite func-
tion, an integration function. In this replication, we wanted

at briefSOAs and decline to lOO-msec SOA, and isolation to follow a procedure that more nearly matched that with
should reflect the opposite function. However, it is likely the rectangular patterns. In the earlier study with the let-
that further processing of the initial representation and ters BEMRW, the patterns were divided in half in four
the effect that this has on identification performance different ways-along the horizontal axis, the vertical
would be affected by a number of additional variables. axis, and the two diagonals. Dividing the patterns in these

In an identification task, subjects must relate the ini- ways and randomly selecting which half was presented
tial representation ofthe pattern to a representation stored first produced eight different patterns for each letter, ex-
in long-term memory. All other things being equal, one cept when the two halves were presented simultane-
would expect that more familiar patterns would be eas- ously-that is, at the O-msec SOA. At the O-msec SOA,
ier to identify than less familiar patterns. In fact, that is the patterns could be generated in only one way. The re-
one reason that Mahar and Mackenzie (1993) suggested suits, as noted before, were that identification perfor-
using a discrimination task-it avoids some of the prob- mance was best at the O-msec SOAand declined gradually
lems associated with the differential experiences that with increasing SOA (Craig, 1982). This result supported
subjects may have had with patterns. The nature of the the idea that temporal integration can benefit pattern
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perception. It could also be argued, however, that perfor
mance at the O-msec SOA was superior to performance
at the other conditions-that is, the longer SOAs- be
cause, at these longer SOAs, there were more possible
patterns (eight) to be learned. To provide a better basis
for comparison with rectangular patterns, the measure
ments from the earlier study were repeated, while the num
ber of possible patterns at each SOA, including 0 msec,
were kept constant.

A third set of measurements were taken to examine
how well the subjects could identify the pattern elements
that composed the patterns in the first two sets of mea
surements. At longer SOAs, beyond the limits of tempo
ral integration, subjects have to process the pattern ele
ments individually. The relative distinctiveness of the
pattern elements should predict how well subjects iden
tify the patterns at these longer SOAs.

Method
Subjects. The subjects who were tested in Experiment 2 were

similar to those in Experiment I. For the letter patterns in the first
set of measurements, 4 women and I man were tested. With the
rectangular patterns, 3 women and 3 men were tested. In the third
set of measurements, which involved the identification of pattern
elements, 7 subjects, 5 women and 2 men, were tested.

Apparatus. The same apparatus as that in Experiment I was
used in Experiment 2.

Procedure. A major difference in procedure between Experi
ments I and 2 was that the subjects were required to identify the
patterns rather than to discriminate between two patterns. The sub
jects initiated each trial and, I sec later, received a pattern. In the
first two sets of measurements, the pattern was composed of two
pattern elements. The pattern elements were presented succes
sively at SOAs of 0, 26, 52, 100, and 300 msec. The trials were
blocked by SOA. Each block consisted of50 trials. The five SOAs
were tested in random order during each session. Each set of pat
terns was tested for six sessions. The subjects responded by press-

ing keys marked with visual representations of the patterns. The
subjects received trial-by-trial feedback in the form of the word
correct or of the number of the correct pattern, if they were incorrect.

Two sets of patterns were tested. In the first set, five letters,
BEMRW, were tested. These were the same five letters that had
been tested in an earlier study of temporal integration (Craig,
1982). They were selected because they were among the most dif
ficult letters to identify (Craig, 1979). The pattern elements for
each letter were created by dividing the letter in halfalong the pos
itive diagonaL

In the second set of measurements, the patterns (Figure 5) were
generated from the pattern elements in Experiment I. As in the
first set ofmeasurements, the subject's task was to identify which
one of the patterns had been presented. For both sets of measure
ments, the two elements making up the patterns were always pre
sented in the same order.

In the third set ofmeasurements, the subjects identified the pat
tern elements. One stimulus set was formed by using the 10 pattern
elements that made up the letters BEMRW. The other stimulus set
was formed by using the 6 pattern elements in Experiments I and
2 (Figure I). The subject's task was to identify which pattern ele
ment had been presented. The subjects responded by means of a
keypad labeled with visual representations of the pattern element.
On alternate blocks of trials, the subjects were presented with ei
ther the letter elements or rectangular pattern elements. The ele
ments were present singly for a duration of26 msec. Trial-by-trial
feedback was provided. The subjects were tested for six 50-trial
blocks for each stimulus set.

Results and Discussion
The data from the letter patterns are shown in Fig

ure 6. These results replicate the results from the earlier
study (Craig, 1982). Performance drops off fairly rapidly
from the 0- to the 100-msec SOA and then more gradu
ally out to 300 msec. A one-way ANOVA showed a sig
nificant effect ofSOA [F(4, 16) = 22.93,p < .0001]. These
results are what one would predict if, as SOA decreases,
subjects were increasingly able to combine the pattern
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Figure 6. The results from the letter patterns (BEMRW), showing the percentage of correct
identifications as a function ofthe stimulus onset asynchrony between pattern elements.
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elements into a single percept by means of temporal in
tegration. At the same time, interference between the two
pattern elements will also be increasing as SOAdecreases.
That is, if the subjects were asked to identify one of the
pattern elements rather than the patterns themselves, per
formance in this task should be poor at brief SOAs.

In an earlier study with these five letters, the pattern
elements could be presented in anyone ofeight different
combinations for each letter. The similarity of the pre
sent results, in which there was only one combination of
pattern elements for each letter, to the earlier results in
dicates that the number of combinations of pattern ele
ments does not affect the temporal integration function.
Equating the number of combinations of pattern ele
ments at the O-msec SOA (one) with the number at the
longer SOAs (one) has no noticeable effect on the tem
poral integration function. The higher performance level
at 0 msec does not appear to be due to the subjects hav
ing to learn fewer combinations when the pattern ele
ments are presented simultaneously.

The results from the second set ofmeasurements, shown
in Figure 7, present quite a different picture than do those
from the first measurements. Here, as expected, perfor
mance improves with increasing SOA. The ANOVA
showed a significant effect of SOA [F(4,20) = 9.46,p <
.001]. The tasks for both sets ofmeasurements appear to
be the same-to identify a spatial pattern composed of
two pattern elements-yet the functions differ from one
another.

The function relating percent correct to the time be
tween pattern elements appears to be similar to the iso
lation function in Figure 3 that was generated in a dis
crimination task. One of the goals of Experiment 2 was

to see the extent to which identification performance
could be predicted by discrimination performance when
the same pattern elements were used. To compare the
two functions, the results were reanalyzed, and the change
in percent correct from the O-msec condition was calcu
lated. Specifically, the differences between the percent
correct at the O-msec SOA in the discrimination (isola
tion) task (assumed to be 50% correct, or chance) and at
the remaining four SOAs were calculated. Similarly, the
differences between the percent correct at the O-msecSOA
(53% correct) in the identification task (Figure 7) and at
the remaining four SOAs were calculated. These changes
in percent correct were plotted as a function of SOA and
are shown in Figure 8. The logarithmic regression func
tion provides a reasonably good fit to the data (r = .95).
The results indicate that, for both discrimination and
identification, percent correct is a linear function of the
logarithm ofthe temporal separation between the pattern
elements. The similarity between the two functions sup
ports the idea that temporal integration is a low-level pro
cess. The initial representation of the pattern elements
does not change as a function of the task. It is the same
for a discrimination task as it is for an identification task.

The results with the rectangular patterns (Figure 7) are
consistent with the view that the overall shape ofthe pat
terns is an important determinant of performance. At
brief SOAs, the pattern elements are integrated to form
four rectangles that are similar in shape to one another.
At 300-msec separation, it is unlikely that temporal in
tegration is contributing much to the identification ofthe
pattern. Thus, performance should be based on the dis
tinctiveness of the pattern elements. Identification per
formance with the rectangular patterns rose to 86% cor-
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Figure 7. The results from the patterns represented in Figure 5, showing the percentage of cor
rect identifications as a function ofthe stimulus onset asynchrony between pattern elements.
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A single function has been fit to the data (r = .95).

rect, at the 300-msec SOA (Figure 7), whereas, with the
letter patterns, performance fell to 40% correct (Fig
ure 6). The results from the third set ofmeasurements, in
which the subjects identified the pattern elements, are
consistent with the view that the distinctiveness of the
pattern elements determines performance at the longer
SOAs The percent correct for the letter halves was 37%,
and for the rectangular pattern elements, it was 76%. At
longer SOAs, the subjects appear to be basing their iden
tification decision on the individual pattern elements and
not on the integration of the elements, at least not at a
sensory level. It is possible that the information about
the two elements might be combined at a later stage of
processing and that that leads to improved performance.

In addition to considering the distinctiveness of the
pattern elements, one needs to consider the distinctive
ness of the patterns formed from the integration of the
pattern elements. Pattern sets can be created such that, at
the G-msecSOA, identification is nearly impossible; yet,
when divided into pattern elements, identification per
formance might be quite good. Suppose that a set ofrec
tangular patterns differed only by the location of a gap
created by just a single tactor. At the O-msec SOA, the
patterns would be virtually indistinguishable; however,
the pattern elements could be selected so that each pat
tern was associated with quite distinct pattern elements,
such as (1) the top and bottom of the rectangle and (2) the
left and right sides. Both patterns would also differ by
the location ofthe one-tactor gap; however,only at longer
temporal separations between pattern elements would it
be likely that subjects would be above chance in identi
fying such patterns.

GENERAL DISCUSSION

In theory, temporally separated pattern elements al
ways contain sufficient information to perceive a spatial
pattern. Any stimulus manipulation that leads to greater
distinctiveness of the pattern elements should improve
the perceptibility ofa pattern, all other things being equal.
Studies of masking have shown that increasing the tem
poral separation between two patterns (and, by exten
sion, pattern elements) reduces mutual interference and
increases the perceptibility of the patterns (Craig &
Evans, 1987; Evans, 1987; Evans & Craig, 1986). This
being the case, the major question is, why does perfor
mance improve under some circumstances in which the
temporal separation between pattern elements is re
duced? One answer is that reducing the temporal sepa
ration between pattern elements increases the likelihood
that the elements will be integrated into some kind of
perceptual whole. For this reason, the focus of the pre
sent study has been on temporal integration, and the
question has been rephrased to ask, why does temporal
integration improve pattern perception? One reason is
that subjects may have greater familiarity with the pat
terns presented as a whole than with the pattern ele
ments. Another reason may be that less complex pat
terns-those composed of fewer line segments-are, in
general, easier to identify and discriminate than more
complex patterns (Craig, 1979; Horner, 1991). Thus, for
the letters, the integrated pattern would be simpler than
the tWD patterns treated separately: The two pattern ele
ments contain more line segments than does the integrated
letter. When the letters were divided, two line segments
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were often created from a single line segment. Ofcourse,
the same is true for the rectangular patterns, where inte
gration led to poorer performance. Identification perfor
mance at the O-msec SOA for the rectangular patterns
was poor (53% correct), as compared with identification
performance with the more complex letter patterns at the
O-msec SOA (68% correct). Thus, although the rectan
gular patterns might appear to be simpler than the letters,
performance on these patterns is, in fact, worse. With the
rectangular patterns, integration produces patterns that
are similar in overall shape and, thus, difficult to identify.
Also, the tendency to perceive a closed figure-the Ge
stalt principle of closure-will cause difficulty in dis
tinguishing among the possible patterns.

The importance of shape and the principle of closure
might also help to explain the discrimination results. For
the discrimination results shown in Figures 3 and 4, the
briefest SOAs produced rectangular-shaped patterns. If
these were visual stimuli, one might assume that the rect
angle was a simpler figure and, thus, more readily per
ceived than the elements composing the pattern. The ten
dency to perceive a rectangle when the pattern elements
were presented at brief temporal separations would im
prove performance when the task was to discriminate a
rectangular from a nonrectangular shape (Figure 3 [inte
gration] and Figure 4). By the same token, when the task
was to discriminate one rectangular pattern from another
on the basis of the elements making up the rectangle, the
tendency to perceive a rectangle would hinder discrim
inability (Figure 3 [isolation]).

One might expect temporally integrated patterns to be
easier to perceive than temporally isolated patterns, be
cause the number of patterns to be learned is reduced.
As the fingerpad is moved across a spatially extended pat
tern, the number of pattern elements could conceivably
be quite large. A raised letter, a Braille pattern, or the
edge ofa key could be broken down into a number ofdif
ferent pattern elements. Temporal integration would tend
to yield a single percept, easier to encode, easier to re
member. Having said that, the results from the letter
identification task (Figure 6) offer little support for the
idea that reducing the number ofelements improves per
formance at nonzero temporal separations. As noted be
fore, in an earlier study, each letter was divided into eight
possible pairs ofpattern elements (Craig, 1982). The ear
lier results showed no lower levels of performance; in
deed, they showedsomewhat higher levelsofperformance,
at nonzero SOAs, than those presented in Figure 6, where
each letter was divided into only one pair of pattern ele
ments. One way to view these results is that, at the briefer
SOAs, subjects are in effect dealing with a single, inte
grated pattern. The number ofelements is irrelevant, be
cause the same integrated pattern is produced by all pat
tern elements.

In considering how the present results might apply to
haptic exploration in general, several points need to be
kept in mind. First, the pattern elements are highly re-

producible in the laboratory setting but are more highly
variable in haptic exploration. As the finger is moved
over an object, the patterns will change, depending on the
orientation of the fingerpad relative to the object. Slight
changes in orientation can produce large changes in how
the pattern elements are generated sequentially across
the fingerpad. Also, the rate at which the hand is moved
will change the temporal separation between pattern el
ements. What is likely to be more stable in such explo
rations is the spatial pattern itself. Thus, the highly re
producible patterns generated in the laboratory may lead
to better performance with the temporally separated pat
tern elements and, in turn, lead to an underestimation of
the effectiveness of temporal integration.

The general issue of integration/isolation developed
out ofa concern with temporal masking. The task in stud
ies of temporal masking typically forces a subject to at
tempt to isolate the target from the nontarget, and, thus,
it is not surprising that temporal masking functions re
semble isolation functions (Kirman, 1973; Mahar &
Mackenzie, 1993). Several studies have also suggested
that, in addition to integration's interfering in target iden
tification, response competition may also cause interfer
ence (Craig, 1995; Craig & Evans, 1995). According to
a response competition view of interference, both the tar
get and the nontarget are processed to the point of evok
ing responses. The subject errs by responding with the
wrong pattern. Response competition as a mechanism
implies that subjects can isolate the target and nontarget
sufficiently, so that subjects can respond with either one.
It has been suggested (Craig, 1996; Mahar & Mackenzie,
1993) that the integrated percept retains a relatively faith
ful representation of both the target and the nontarget:
As noted before, subjects often respond with a composite
pattern, not simply randomly. Such an integrated pattern
may contain sufficient information for identifying either
the target or the nontarget. The time course of response
competition-maximum at brief temporal separations
and much reduced beyond IOO-msec SOAs-paraliels the
integration/isolation function in the present study. In short,
the present results are consistent with current views of
temporal masking.
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