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Sensory interactions in bilateral kinesthesia

ROBERTA D. ROBERTS AND GLYN W. HUMPHREYS
University of Birmingham, Birmingham, England

Three experiments are reported that examine the masking effect on the detection of kinesthetic targets from
noise presented simultaneously on the same hand or on a different hand as the target. Performance was facilitated
when noise on the two hands was correlated versus uncorrelated or when it occurred on just one hand. The data are
consistent with correlated input on the two hands being compared and used to reduce noise effects. Moreover, par-
ticipants ignored uncorrelated noise from nontarget hands when they knew in which hand the targets would occur.
There was no effect of shifts from uncorrelated to correlated noise 200 msec prior to targets, suggesting that such
bottom-up changes were insufficient to induce comparison across the hands. In contrast, shifts from correlated to
uncorrelated noise 200 msec prior to the target had performance at the same level as that with uncorrelated noise
throughout the trial. This result indicates that the loss of correlation was detected within this interval and that when
the target’s location was known, participants were then able to switch attention to the target hand. The interactions
between attentional filtering and the correlation on the processing of bilateral kinesthetic inputs are discussed.

Many of our interactions with our environment are ac-
complished with the use of both of our hands. Such use can
involve different movements of the two hands to achieve a
common goal, such as one hand stabilizing and turning an
object while the other hand explores the object’s surfaces
(Lederman & Klatzky, 1987). It can also involve actions in
which the movements of the hands are very similar; for in-
stance, when judging the weight of a large object, we might
lift and heft it with both hands. The coupled use of the arms
is often studied in the context of movement control—that
is, how we behave when we have to produce movements.
A common finding is that control of the arms appears to
be shared, or under a single command, when both arms
are being used together. For instance, research has shown
that although the movement of a single arm between two
targets on a table is well described by Fitts’s law in terms of
its speed—accuracy relationships (Fitts, 1992), this law no
longer applies under bimanual conditions. When the arms
are moved simultaneously to targets of different distances,
the movements are coordinated in time so that the hands
arrive at their respective targets together (Kelso, Southard,
& Goodman, 1979). This coupling across the hands per-
sists even when an obstruction is placed in the path of one
hand. The movement of the unobstructed hand is not only
temporally coupled to that of the obstructed one, but it also
shows a similar deviation in space, although with a lower
amplitude (Kelso, Putnam, & Goodman, 1983). Coupling
between the hands is not restricted to these relatively simple
pointing situations, but is also found under conditions in
which each hand may have a different functional task (e.g.,
one hand opening a drawer while the other reaches into it;
Perrig, Kazennikov, & Wiesendanger, 1999), as well as in
studies of bimanual force control (Serrien & Wiesendan-

ger, 2001a, 2001b). Researchers have suggested that such
temporal and spatial coupling between the hands facilitates
movement control by simplifying the organization needed
to control two tasks to that of controlling just a single unit
(Kelso et al., 1979).

Although the production of movement has an important
role in creating this coordination, note that the sensations
arising from these bilateral movements will, as a result, be
coordinated in their spatiotemporal properties. One must
ask whether the central nervous system might make use
of this sensory consequence of the coupling system. That
is, when we are presented with sensory inputs that are cor-
related in their changes over time, is there an assumption
of a common cause? Does correlation in sensations across
the hands change the way in which we process the sensa-
tions on each hand?

There are few studies of sensitivity to correlation in the
sensations received from the hands. We are aware of only
three such studies to date (Kitada, Kochiyama, Hashimoto,
Naito, & Matsumura, 2003; Roberts, Humphreys, & Wing,
2005; Wilson, Bingham, & Craig, 2003). The ability to
judge whether one or two separate objects rolled across the
surface of two fingers has been found to vary as a function
of the relative phase of the stimulation (Kitada et al., 2003).
A single cylinder rolled across the fingers with an in-phase
pattern was more likely to generate a “one-stimulus” judg-
ment than when the same cylinder was rolled across both
fingers with some rotation so that the fingers were stim-
ulated in an antiphase pattern. The perception of a single
stimulus was unaffected by whether it was one or two cylin-
ders rolling across the fingers, as long as the stimulation was
in-phase. When the antiphase movements across the fingers
were generated by two separate cylinders, participants were
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highly unlikely to report a single object. This difference in
sensation when using one as compared with two cylinders
is likely to have been due to higher, albeit negative, correla-
tions in the one-cylinder condition than in the two-cylinder
condition. The overall pattern of results suggests that the
level of correspondence between multiple touch inputs af-
fects the way in which we interpret these stimuli.

Note that the above results were found for the tactile stim-
ulation of two fingers on a single hand. However, relative
phase has also been shown to have a role in the way kines-
thetic inputs from both hands are processed. For example,
Wilson et al. (2003) demonstrated that we are more sensitive
to some rhythmic patterns between our limbs than to others.
Sensitivity to relative phase between the hands was investi-
gated by asking participants to track the movements of a set
of levers with their left and right index fingers. On each trial,
the levers moved through 8 sec of a sinusoidal pattern, with
the mean relative phase between the fingers of each hand
being 0°, 90° or 180°. Sensitivity to correspondence between
the hands was measured by introducing variability to the
mean relative phase and asking participants to rate the level
of this variability. The better that participants are able to en-
code mean relative phase, the easier it will be to discrimi-
nate deviations from this phase relation (Zaal, Bingham, &
Schmidt, 2000). Research found that variability discrimina-
tion was best when the movement of the two fingers was
in-phase. Performance declined with a 180° relative phase
difference between the fingers, but it was worst when rela-
tive phase was 90°. In addition, increases in frequency had
little effect on perception in the 0° condition, but they led to
increases in judgments of phase variability when the mean
relative phase was 180°.

These data suggest that people are most sensitive to the
phase relations that they are best able to produce. Rhyth-
mic movements of the two hands in untrained participants
are most stable when they are in-phase, less stable when
they are in antiphase (i.e., with a 180° phase lag between
the hands), and unstable (show greater variability) at other
phase relations (Kelso, 1984; Yamanishi, Kawato, & Su-
zuki, 1980). In-phase coordination of the limbs is unaf-
fected by increases in the frequency of the movement. In
contrast, antiphase movements become less stable with in-
creases in frequency, and under laissez-faire instructions,
antiphase movements switch to become in-phase. Thus, it
seems that sensitivity to phase relations across passively
displaced hands mirrors findings from situations in which
participants have to move their own hands.

Perceptual sensitivity to relative phase has also been
demonstrated for visual stimuli. In a set of studies, Bing-
ham and colleagues (Bingham, Schmidt, & Zaal, 1999;
Bingham, Zaal, Shull, & Collins, 2001; Zaal et al., 2000)
carried out similar experiments using visual rather than kin-
esthetic stimuli. Participants rated the stability of the rela-
tive phase of two visual oscillators whose motion was either
based on actual human movement (Bingham et al., 1999) or
was computer generated (Bingham et al., 2001; Zaal et al.,
2000). The results mirrored those discussed previously. In
all cases, the movements were judged as being most stable
when the mean relative phase was 0° and, to a lesser extent,
180°. Participants found it difficult to judge the level of

variability at other phase relations, even reporting high lev-
els of variability when the relative phase of the stimuli was
invariant (Zaal et al., 2000). As was expected, judgments of
visual phase variability were affected by frequency when
the mean relative phase was 180° but not when it was 0°.

The results for kinesthetic stimuli suggest that people
are able to encode sensory correspondence across the
hands; however, in all the testing situations used hitherto,
participants were asked to focus on and report the bilateral
relationship. Using a more indirect approach in which the
coupling between the hands was not the main focus of the
task, we (Roberts et al., 2005) were able to demonstrate that
relationships across the hands can still affect perception.
In our study, participants were asked to localize a target
movement pattern in kinesthetic noise. The noise consisted
of a sequence of random movements of the index fingers.
The noise on the left and right index fingers could be posi-
tively correlated, negatively correlated, or uncorrelated.
Participants were asked to judge whether a short “up and
down” ramp movement (the target) occurred on the left or
the right index finger. Target and noise movements were
applied to passive observers (reducing the possibility that
perceptual judgments were based on anything other than
afferent information). Target localization was better in posi-
tively correlated noise than in negatively or uncorrelated
noise, whereas performance did not differ in the negatively
and uncorrelated conditions. Interestingly, there was some
dissociation between the ability to explicitly detect correla-
tions between the hands and the effect that such correlations
had on perception. Although the advantage for target dis-
crimination with positive correlation persisted with a phase
lag of 200 msec, explicit discrimination of correlation was
at chance when the noise was no longer in phase.

These results suggest that particular forms of corre-
spondence across our hands can have an important role
in shaping our perception, and that the effects are appar-
ent even when the manipulation between the stimuli is
implicit and cannot be explicitly reported. This does not
mean, however, that attention has no influence on our sen-
sitivity to correlation between kinesthetic inputs. The ef-
fects of attention were investigated in the present article.

There is some evidence that stimulation of a task-
irrelevant—and therefore, likely unattended—Ilimb affects
the active control of a contralateral limb. The coupling be-
tween a passively moved but task-irrelevant hand and an
actively controlled moving hand has been shown to affect
the ability to maintain rhythmic movement between an
active hand and both an active leg (Serrien, Li, Steyvers,
Debaere, & Swinnen, 2001) and an external, auditory met-
ronome (Ridderikhoff, Peper, & Beek, 2005, 2006). In-
phase and antiphase movements of a homolateral arm and
leg are less stable when the other arm or leg is passively
moved. These effects are strongest when the active limbs
are moved in antiphase (Serrien et al., 2001). Movements
of'the active hand in time to a metronome are also affected
by movements that are imposed on the passive hand but
are phase shifted relative to the metronome (Ridderikhoff
etal., 2005, 2006). It is possible that the inputs from the
unattended, passively moved limb automatically draw at-
tention and thus affect performance. On the other hand,
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some have suggested that these coupling effects might
have a spinal origin (Ridderikhoff et al., 2005). In either
case, impairments to performance caused by the inputs
from the task-irrelevant limb cannot be excluded.
Extending these findings from movement control to
perception, we investigated whether the effects of bilateral
correspondence on perceptual tasks persist when one hand
is no longer task relevant. This question was addressed in
the present set of experiments using the paradigm from our
previous study (Roberts et al., 2005). We examined whether
correlation across the hands affected target detection when
there was no longer a requirement to process the noise stim-
uli of both hands. Task relevance was manipulated by pro-
viding cues to the location of targets that were embedded in
kinesthetic noise with various bilateral relationships.

GENERAL METHOD

Equipment

Two linear motors (actuators; Digifade 1000 linear drives) were
used to move the participant’s index fingers up or down by flexion
and extension about the MCP joint (see Figure 1). The contact surface
of each actuator was slightly domed, smooth metal with a diameter
of 23 mm. There was 30 mm of spacing between actuator centers.
During the experiment, participants were seated in front of the actua-
tors with their forearms resting on a table surface. They were asked
to rest each index finger pad lightly on one of the two actuators. The
actuators held the fingers 18 mm above the surface of the table. The
rest of the hand remained flat on the table. The participants’ fingers
were secured to the actuators with a pliable fabric loop over the top of
the fingers in order to keep the finger pad in contact with the smooth
actuator surface. Participants lifted their toe or heel off of a set of foot
switches in order to indicate decisions about target signals.

Participants were asked to remain passive while their fingers were
displaced. This contrasts with the studies of Wilson et al. (2003) in
which participants actively tracked the movements of the manipu-
landa. Our aim was to study the interaction between the two sensory
channels in the absence of any other predictive mechanisms. To this

end, we used pseudorandom patterns of movements rather than the
more predictable sinusoidal movements that were used by Wilson
and colleagues. We anticipated that participants would experience
more difficulty in tracking pseudorandom movements. In addition,
an active tracking paradigm would make the noise stimuli the focus
of the task. When one hand was no longer task relevant, participants
might either experience difficulty tracking the movement on the
nontarget hand or actively track the movements, which may change
the way in which attention is distributed across the hands. To avoid
these issues, kinesthetic stimuli were applied to passive observers.

Noise Waveforms

In each experiment, a base set of noise waveforms was generated
in advance of data collection by a random selection of a series of
successive actuator positions in the range 0—10 mm. Before each
waveform was accepted in the base set, a check was made in order
to ensure that the lag-zero cross-correlation between noise wave-
forms for the two hands was less than (*.5). If this was not the case,
then a new noise waveform was generated and checked against the
cross-correlation criterion. A different base set of 20 waveforms was
produced for each of the experiments. During each trial, the noise
waveform was output by selecting the next end position in succes-
sion every 200 msec. Drive software, matched to the inertial and drag
characteristics of the actuators, generated a half-sinusoid position-
time function so that the actuator moved smoothly between the start
and target position. The average frequency spectrum of the resulting
motion of the actuator was uniform in the range of 1-6 Hz, with
smooth decrease below and above this range to zero power at 0 and
10 Hz. The autocorrelation function on average decreased smoothly
to 0 at lags of 200 msec and beyond, with a range of —.5to +.5. The
cross-correlation between the set of all basic noise waveforms was,
on average, 0 across all time lags, with a range of —.5 to +.5.

Procedure

Each trial lasted 4 sec, during which time the two actuators moved
each index finger with a noise waveform that was selected from the
base set. A target movement was either present or absent. In all of the
experiments, the target peak amplitude was fixed at 6 mm. This value
is the mean of thresholds found to give 79% correct performance in
previous localization experiments (Roberts et al., 2005). These thresh-
old values were found using adaptive procedures. The standard error of
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Figure 1. Experimental setup. The upper part of the figure shows the arrangement
of the hands. The lower part shows the left and right index fingers resting on a set of
actuators used to move the fingers. The movements of the right finger are shown by
the dashed line, those of the left finger by the solid line.
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this mean was 0.42 mm. Pilot testing for the present set of experiments
showed that this threshold value generated performance above chance
in the uncorrelated condition. The trials were presented in blocks with
equal numbers of target-present and target-absent trials in a block. The
order of target-present and target-absent trials was randomly deter-
mined. Targets were 1-sec long smoothed ramps with quartered-sine
onset and offset and were added to the noise waveform after 2 sec of
motion. At the start of each block of trials, participants were directed
to expect the target either at a specific hand (when the target location
was blocked and therefore certain) or at either hand (when the target
location was uncertain). In this latter case, on half of the target-present
trials, the target was on the left finger, with the remainder on the right
and the order randomly determined. In either case, at the end of a trial,
participants lifted either their right toe or right heel from a foot pedal
to indicate whether the target was present or absent. The participants
kept their eyes closed throughout the testing. Auditory feedback was
provided as to whether the response was correct.

Each trial, including time taken to make a response, lasted around
6 sec. The experiments were run using a single interval yes—no pro-
cedure. Differences in the proportion of correct responses in single
interval tasks may reflect both changes in sensitivity as well as dif-
ferent tendencies to give one response or another. Thus, signal de-
tection theory (SDT) measures of sensitivity (d”) and criterion (c)
(Macmillan & Creelman, 1991) were used to provide an index of
the participants’ ability to detect targets separately from their bias
toward reporting the target as being either present or absent. The d”
values were converted into proportion-correct values.

EXPERIMENT 1

We examined whether there was any difference in the
detection of a kinesthetic ramp on one finger when it was
masked by perfectly correlated, bilateral, kinesthetic noise
as compared with kinesthetic noise that was uncorrelated
across the fingers. Detection in these bilateral conditions
was compared with measures that were taken when the noise
was on one hand alone. We also examined whether the ef-
fects of correspondence in bilateral noise were sensitive to
the task relevance of both hands. The relevance of the inputs
from the two hands was manipulated by providing partici-
pants with differing information about the location of the
target. For the group of participants with knowledge of the
target location, only the finger potentially containing the
target was ostensibly relevant for completing the task. How-
ever, for the group without information about the location of
the target, the inputs from both fingers had to be monitored
for the target. Both groups of participants were given no in-
structions about the correlation in the noise signals.

Method

Participants. Thirty participants, 24 female and 6 male, took part
in this experiment after giving informed consent. Their ages ranged
from 19 to 37 years (M = 22, SD = *4.1). Twenty-seven partici-
pants were right handed, 3 were left handed for handwriting, and all
were paid for the time spent in the experiment. These participants
were not informed of the purpose of this study.

Procedure. Participants were presented with 4-sec-long noise
waveforms on either their left and right index fingers or one finger
alone. On half of the trials, a 1-sec smoothed ramp target was added
to the noise waveform of one hand (the target hand). All participants
were told that the target had an equal probability of being present or
absent. For half of the participants, the target hand would remain the
same for an entire block of trials, with the target appearing on one
hand during the first block and then switching to the other hand dur-
ing the second block. For the remaining 15 participants, the target
had an equal chance of appearing on the left hand as it did on the

right. In either case, participants had to decide whether a target was
present or absent. Target-present responses were made by lifting a
foot pedal under the toe of the right foot, and target-absent responses
were made by lifting a foot pedal under the right heel.

Target location known. Participants who were tested in the con-
ditions in which the target location was known experienced a total of
180 trials that were run in two blocks consisting of 90 trials each. In
one block, the target would only occur on the left; in the other, the
target would only occur on the right. At the start of each block of tri-
als, participants were told on which hand the target would appear. The
target location always coincided with the moving hand in the one-
hand condition; thus, targets were always presented in noise. In both
blocks, half of the trials contained targets and the other half did not.
The trials for the different noise (positively correlated, uncorrelated,
and unilateral) conditions were interleaved within each block.

Target location unknown. When the target location was un-
known, each participant was tested on a total of 240 trials that were
run in four blocks consisting of 60 trials each. On each trial, the target
could occur on either the left or the right finger. In the unilateral condi-
tion, this meant that half of the targets were presented on a finger that
was, apart from the motion created by the target, stationary. In all of
these blocks, half of the trials contained targets, and the other half did
not. The trials for the different noise conditions (positively correlated,
uncorrelated, and unilateral) were interleaved within each block.

Results

The mean proportion correct values for Experiment 1 are
shown in Figure 2. The data for the two groups of partici-
pants were analyzed independently for effects of stimulus
presentation order. Since neither group showed any effects
of stimulus order or interactions of stimulus order with
other factors, this factor was not included in subsequent
analyses. The data were analyzed using a mixed-design
ANOVA, with the within-subjects factor noise (positively
correlated, uncorrelated, and unilateral) and the between-
subjects factor target location (known and unknown).

There was a reliable effect of noise [F(2,56) = 6.955,
p < .01], but no main effect of target location [F(2,28) =
1.069, p = .310], and no significant interaction between
the two factors [F(2,56) = 0.881, p = .420]. Individual
comparisons revealed that target detection in positively
correlated noise was better than when there was uncor-
related noise [#(29) = 3.570, p < .01] and when there was
noise on one hand [#(29) = —2.872, p < .01]. In contrast,
there was no difference between target detection in un-
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Figure 2. Data from Experiment 1 showing bias-free propor-
tion correct in the target detection task with positively correlated,
uncorrelated, and unilateral noise conditions. Error bars show
one standard error.
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correlated noise and unilateral noise [#(29) = 0.685, p =
.499]. Knowledge of target location had no effect when the
noise was on one hand alone [#(28) = 0.404, p = .689] or
was correlated [#(28) = —0.031, p = .976]. However, the
effect of knowledge of the target location on performance
approached significance when the noise was uncorrelated
[#(28) = 1.762, p = .089; two-tailed].

It was not possible to derive a bias-free sensitivity value
for the unilateral conditions when the target was embed-
ded in noise and when it occurred on a motionless finger,
since there was no way to decide which of the target-absent
trials belonged to each condition. However, it is conceiv-
able that it was easier to detect targets that occurred on the
index finger without the noise waveforms. This possibility
is supported by the proportion-correct data, which showed
that there was detection of a larger number of targets when
they were on the motionless finger than when they were
embedded in the finger with the noise waveform [#(14) =
—1.515, p = .038; one-tailed] (unilateral targets in noise,
M = 0.53, SD = *=0.08; unilateral targets without noise,
M =0.67,SD = *0.03).

The criterion data are shown in Figure 3. These data
were analyzed using a mixed-design ANOVA, with noise
(positively correlated, uncorrelated, and unilateral) as the
within-subjects factor and target location (known and un-
known) as the between-subjects factor. There was an over-
all effect of noise on the criterion shown by participants
[F(2,56) = 18.524, p < .01]. There was no main effect of
target location on criterion [F(1,28) = 0.002, p = .965].
The interaction between noise and target location was sig-
nificant [F(1,28) = 9.470, p < .01].

There was a significant overall tendency to produce
target-absent responses when targets were embedded in
positively correlated noise [#(29) = 6.867, p < .01]. This
bias was unchanged by knowledge of the target’s location
[#(28) = —.827, p = .415]. With uncorrelated noise, the
criterion did not differ from zero when target location was
unknown [#(14) = —1.349, p = .199]; however, there was
a bias for target-absent responses when the target loca-
tion was known [7(14) = 4.169, p < .01]. This difference
was statistically significant [#(28) = —3.749, p < .01].
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Figure 3. Data from Experiment 1 showing averaged criterion
(¢) in the target-detection task with positively correlated, uncor-
related, and unilateral noise conditions. Negative values indicate a
bias for “target-present” responses, and positive values indicate a
bias for “target-absent” responses. One standard error is shown.

The reverse pattern of results occurred for participants’
response criteria when noise occurred on just one hand.
The bias for target-present responses emerged when the
target location was unknown [#(14) = 2.182, p < .05],
but there was no bias when the target location was known
[¢(14) = —1.145, p = .271]. This difference in criterion
was reliable [#(28) = 2.406, p < .05].

Discussion

There was a marked effect of correlation of noise on tar-
get detection. Proportionately, more targets were detected
when they were embedded in positively correlated noise
waveforms than when they were embedded in uncorrelated
noise waveforms. This effect is consistent with previous
findings (Roberts et al., 2005). Interestingly, positive cor-
relation in bilateral noise waveforms led to better target
detection than in unilateral noise waveforms. Overall,
there was no difference in performance when the noise
was uncorrelated than when it was unilateral. Furthermore,
knowledge of the location of the target had no reliable ef-
fect on performance in any of the noise conditions.

These findings indicate that the ability to separate a
target from noise was improved with an extra channel of
noise input, but only when the two channels of noise were
identical. This improvement resulting from a bilateral pat-
tern remained under conditions in which one hand was no
longer task relevant. That is, even when the target’s loca-
tion was known, people continued to process the inputs
from both hands rather than filtering out the inputs from
the nontarget hand.

Unexpectedly, having two sources of uncorrelated noise
did not lead to worse performance than when the target was
embedded in unilateral noise. When the target location was
known, only the hand potentially containing the target was
relevant for target detection. It follows that if, in the uncor-
related condition, noise from the nontarget hand was filtered
out, performance should be no different from that with noise
on one hand alone. This pattern was found in the data. Inter-
pretation of the data when the target location was unknown
is less obvious. Although there was a numerical change with
knowledge of target location in the uncorrelated condition,
this difference was not reliable. Performance in the unilat-
eral condition showed no change with knowledge of target
location. However, note that performance in this latter con-
dition reflects the detection of targets embedded in a noise
waveform, as well as those occurring on an otherwise mo-
tionless finger. This manipulation was used in order to en-
sure that participants were dividing their attention between
both fingers. Examining the noise and no-noise unimanual
conditions in isolation showed that performance was better
when the target was on a motionless finger than when it was
embedded in noise. When the target occurred in noise and
its location was unknown, performance was at chance lev-
els. This result contrasts with performance in similar noise
conditions when the target location was known, suggesting a
cost to attending to more than one location for a target. How-
ever, these conclusions should be tentative, since the values
in the unilateral, unknown condition cannot be adjusted for
bias and thus cannot be directly compared with those in the
other conditions.
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The participants in this experiment also showed reliable
preferences for one response over another. Those with
knowledge of the target’s location favored target-absent
responses in both the positively correlated and uncorre-
lated noise conditions, but showed no preference in the
unilateral noise condition. Participants without knowl-
edge of target location showed a preference for target-
absent responses in the positively correlated and unilateral
conditions, but no bias in the uncorrelated condition. It
is possible that these patterns of bias are particular to the
two groups and that changes in criterion with target loca-
tion simply reflect the use of a between-subjects design.
This possibility was examined in Experiments 2 and 3, in
which a within-subjects design was used.

Overall, the results of Experiment 1 provide little
evidence of the filtering of sensory inputs from a task-
irrelevant hand. There was no evidence of filtering when
the noise waveforms were positively correlated and per-
formance could be improved by attending to the inputs
from both hands. However, it was also the case when the
noise inputs were either uncorrelated or unilateral. We ex-
amined this lack of filtering in two further experiments
by changing the correlation in bilateral noise in the time
window in which a target could occur and observing any
effects of knowledge of target location on performance.

EXPERIMENT 2

Experiment 2 examined the possibility that the pro-
cesses that are taking place and giving rise to improved
target detection in the positively correlated condition
also occur when the noise is uncorrelated. To assess this
possibility, we compared performance with uncorrelated
noise throughout the presentation (as in Experiment 1)
with conditions in which a brief period of correlated noise
was added, prior to the target occurring (“drop-in” trials).
If performance in the positively correlated and uncorre-
lated conditions makes use of the same processes, then
there should be no filtering of the information on the non-
target hand when the target’s location is known, and this
should hold for both conditions. Moreover, target detec-
tion should improve with a short burst of correlated noise
during the period in which a target may occur.

The first 1,800 msec of a drop-in trial were the same as
those of an uncorrelated trial; the noise waveforms on the
left and right fingers had a very low degree of correlation.
However, 200 msec before and up to 200 msec after the pe-
riod in which the target could occur, the noise movements of
the fingers became positively correlated. The waveform on
one of the two fingers (selected at random) was replaced by
a copy of the waveform on the other hand. Thus, for a period
of 1,400 msec (during which the 1-sec target could occur),
the noise movements of the two hands were positively cor-
related; then, 200 msec after the target, the movements of
the index fingers once again became uncorrelated.

Method

Participants. Eighteen participants, 14 female and 4 male, par-
ticipated in this experiment after giving informed consent. Their
ages ranged from 19 to 45 years (M = 24, SD = *6.3). Sixteen par-

ticipants were right handed, 2 were left handed for handwriting, and
all were paid for the time spent in the experiment. These participants
were not informed of the purpose of this study and had not taken part
in the previous experiment.

Procedure. The procedure was the same as that used in
Experiment 1.

Design. The noise waveforms could be positively correlated
throughout, uncorrelated throughout, or uncorrelated with a short
burst of positively correlated noise during the target period (the
drop-in condition). The participants were not informed of the dif-
ferent noise conditions.

Each participant was tested on a total of 360 trials that were run
in three blocks of 90, 90, and 180 trials. In one block of 90 trials, the
target would only occur on the left; in the other block of 90 trials, the
target would only occur on the right. In both of these blocks, partici-
pants were told in advance on which hand the target would appear
(target-known condition). In contrast, targets occurring during the
block of 180 trials could appear on the left or right hand, and par-
ticipants had no prior knowledge of target position (target-unknown
condition). For all blocks, half of the trials contained targets, and the
other half did not. The order of the location conditions (known vs. un-
known) was balanced across the participants. The trials for the differ-
ent noise conditions were randomly interleaved within each block.

Results

The proportion of correct responses averaged over par-
ticipants is shown in Figure 4. There was no main effect of
the order in which the different location conditions (known
vs. unknown) were run. In addition, there were no reliable
interactions involving location order. Consequently, all of
the following analyses reported were averaged across order.
The data were analyzed using a within-subjects ANOVA
with target location (known and unknown) and noise (posi-
tively correlated, uncorrelated, and drop-in) as factors.

There was a reliable main effect of noise [F(2,34) =
15.555, p < .01] and of knowledge of target location
[F(1,17) = 9.571, p < .01] on performance. The interac-
tion between noise and target location was not significant
[F(2,34) = 0.282, p = .721].

Target detection was better when the noise was posi-
tively correlated than when it was uncorrelated [#(17) =
3.961, p < .01], and performance with correlated noise
was better than that in the drop-in condition [#(17) =
5.375, p < .01]. There was no difference in performance
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Figure 4. Data from Experiment 2 showing bias-free propor-
tion correct for target detection with positively correlated, un-
correlated, and drop-in noise conditions. Error bars indicate one
standard error.
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Figure 5. Data from Experiment 2 showing averaged criterion
(c) for target detection in positively correlated, uncorrelated, and
drop-in noise conditions. Negative values indicate a bias for “target-
present” responses and positive values indicate a bias for “target-
absent” responses. One standard error is shown by error bars.

between the drop-in condition and the uncorrelated condi-
tion [t(17) = —0.497, p = .626]. Performance in both un-
correlated noise and the drop-in condition was affected by
knowledge of the target’s location [#(17) = —3.662, p <
.01, and #(17) = —2.050, p = .056, respectively]. In con-
trast, sensitivity to targets was unchanged by foreknowl-
edge of the target’s location in correlated noise [#(17) =
—1.134,p = .272].

The criterion data (shown in Figure 5) were analyzed
using a within-subjects ANOVA with target location (known
and unknown) and noise (positively correlated, uncorre-
lated, and drop-in) as factors. There was a reliable effect of
noise [F(2,34) = 23.901, p < .01], but not of knowledge of
target location [F(1,17) =.727, p = .406]. The interaction
between knowledge of target location and noise condition
was not significant [F(2,34) = 2.343,p = .111].

With positively correlated noise there was a preference
for signal absent responses [#(17) = 4.553, p < .01], both
when the target location was known and when it was un-
known [#(17) = 3.561, p < .01]. The bias did not change as
a function of target foreknowledge. In uncorrelated noise,
the bias was for target-present responses, both when the
target’s location was known [#(17) = —5.988, p < .01]
and when it was unknown [#(17) = —2.240, p < .05]. This
bias was greater when the target’s location was unknown
[#(17) = —2.450, p < .05]. In contrast, there was no bias
in either direction in the drop-in conditions, both when the
target’s location was unknown [#(17) = —0.769, p = .453]
and when it was known [#(17) = —0.277, p = .785].

Discussion

In agreement with the results of Experiment 1, targets
were easier to detect when they were presented in bilateral
noise that was positively correlated than in noise that was
uncorrelated across the hands. In addition, performance
in positively correlated noise was also better than that
in the drop-in noise condition. This result suggests that
participants did capitalize on the initial period of noise
during which the correlated and drop-in conditions dif-
fered. Although knowing where the target would appear
did not change performance when the noise waveforms
were positively correlated, it did affect performance in

both the uncorrelated and drop-in conditions. It was easier
to detect targets in the uncorrelated and drop-in condi-
tions when their locations were known than when they
were unknown. Although there was no reliable effect of
knowledge of target location in Experiment 1, there was
a numeric tendency for better performance when the tar-
get location was known than when it was unknown in
uncorrelated noise. The results of the present experiment
suggest that knowledge of target location may have af-
fected performance with uncorrelated noise in the first
experiment.

One account for the results of Experiment 2 is that in-
formation from the nontarget hand is filtered out when bi-
lateral patterns are not detected. Therefore, although there
is no filtering of inputs when the noise is positively cor-
related, the lack of any detectable pattern across the hands
leads to filtering of “irrelevant inputs” from the nontarget
hand. Thus, target detection in the uncorrelated and drop-
in conditions improves when noise from the nontarget
hand can be filtered out. This result leaves the question
of why the positive correlation in the drop-in condition
was not detected. One possibility is that filtering occurs
relatively soon after movement onset and that any subse-
quent correlation is not picked up. Alternatively, it may be
that detection of correlation in kinesthesia is a relatively
slow process requiring sampling of a series of signals over
time. The window over which this sampling takes place
may depend on factors such as the sensitivity to the move-
ment and positions of the fingers. With decreasing sensi-
tivity to stimuli, one may reasonably expect increasingly
noisy sensory representations. Central representations of
the finger movements will, in turn, be less correlated at
each time step than the original stimuli. However, over
time these representations will show high degrees of cor-
relation. In the drop-in condition, the onset of the target
occurs relatively soon (200 msec) after the noise becomes
correlated. This will have led to an effective decrease in
correlation between the two hands because of the small
sampling time and the presence of the target, making the
periods of correlation difficult to detect. It is possible that
with longer periods of correlated noise in the drop-in con-
dition, performance would have more closely resembled
that found when the noise waveforms were correlated
throughout a trial.

EXPERIMENT 3

In Experiment 3, we investigated whether the filtering
of a task-irrelevant hand is set up early in a trial. This in-
vestigation was done using a converse condition to the
drop-in condition of Experiment 2. Instead of uncorre-
lated noise with a brief burst of correlated noise (the drop-
in condition), the noise was positively correlated with a
short period of uncorrelated noise around the target period
(a “drop-out” condition). The first 1,800 msec of a drop-
out trial were the same as those of a positively correlated
trial. The noise waveforms on the left and right fingers
were highly positively correlated. However, 200 msec
before and up to 200 msec after the period in which the
target could occur, the positive correlation between the
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two hands was removed. The waveform on one of the
two fingers (selected at random) was replaced by another
waveform that was randomly selected from the base set.
Thus, for a period of 1,400 msec (during which the target
could occur), the noise movements of the two hands were
uncorrelated, and 200 msec after the target interval, the
movements of the index fingers once again became posi-
tively correlated.

At the start of a given trial, participants may detect that
the noise waveform is positively correlated for the two
hands. Regardless of whether this detection is implicit or
explicit (see Roberts et al., 2005, for evidence of implicit
detection of correlation), the target is then more easily
discriminated from the noise waveforms than if the noise
waveforms had been either bilateral but uncorrelated or
on one hand alone. Let us suppose that this improvement
occurs because in the context of positively correlated
noise, some form of comparison process is undertaken
(e.g., subtraction of the inputs of one hand from that of
the other). The effect of such a comparison process would
be to reduce the noise on the hand on which the target
appears. When no correlation is detected, any such com-
parison process may be stopped and, when the target loca-
tion is known, the inputs from the nontarget hand may be
filtered out. The drop-out condition creates a situation that
encourages participants to behave as if the noise wave-
forms are correlated, but for which there is no advantage
in comparing the signals on the two hands. For example,
subtracting the signals of one hand from the other will not
make the target any easier to detect. Instead, maintaining
this comparison process should mean that performance in
the drop-out condition is worse than that in the positively
correlated condition and that it is unaffected by cues to
target location.

Method

Participants. Eighteen participants, 13 female and 5 male, par-
ticipated in this experiment after giving informed consent. Their
ages ranged from 19 to 35 years (M = 22, SD = *=4.3). Fourteen
participants were right handed, 4 were left handed for handwriting,
and all were paid for the time spent in the experiment. These partici-
pants were not informed of the purpose of this study.

Procedure. The procedure used in this experiment was the same
as that used in Experiment 1.
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Figure 6. Data from Experiment 3 showing bias-free propor-

tion correct for target detection with positively correlated, uncor-
related, and drop-out noise conditions.
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Figure 7. Data from Experiment 3 showing averaged criterion
(c) for target detection in positively correlated, uncorrelated, and
drop-out noise conditions. Negative values indicate a bias for
“target-present” responses, and positive values indicate a bias for
“target-absent” responses.

Design. The noise waveforms could be positively correlated, un-
correlated, or they could drop out of correlation. The participants
were not informed of the different noise conditions.

Each participant was tested on a total of 360 trials that were run
in three blocks 0f 90, 90, and 180 trials. In one block of 90 trials, the
target would only occur on the left, and in the other block of 90 trials,
the target would only occur on the right. In both of these blocks, par-
ticipants were told in advance on which hand the target would appear
(known condition). In contrast, targets occurring during the block
of 180 trials could appear on the left or right hand, and participants
had no prior knowledge of target position (unknown condition). In
all blocks, half of the trials contained targets, and the other half did
not. The order of the location conditions (known vs. unknown) was
balanced across the participants. The trials for the different noise
conditions were interleaved within each block.

Results

The proportion of correct responses averaged across
participants is shown in Figure 6. There was no main ef-
fect of the order in which the different location conditions
(known vs. unknown) were run. In addition, there were
no reliable interactions involving location order. Conse-
quently, all of the following analyses were conducted with
performance averaged across order. The data were ana-
lyzed using a within-subjects ANOVA with target location
(known and unknown) and noise (positively correlated,
uncorrelated, and drop-out) as factors.

There was a reliable main effect of noise [F(2,34) =
23.187, p < .01], but no significant effect of knowledge
of target location on sensitivity [F(2,17) = 3.161, p =
.093]. There was, however, an interaction between noise
and target location [F(2,34) = 4.705, p < .05]. A sepa-
rate within-subjects ANOVA that compared performance
in just the uncorrelated and drop-out conditions revealed a
significant effect of target location [F(1,17) = 7.931,p <
.05] but not of noise [F(1,17) = 2.725, p = .117], and no
interaction between these factors [F(1,17) = 1.275,p =
.275]. With foreknowledge of target location more targets
were detected in uncorrelated noise [#(17) = —3.549, p <
.01; one-tailed]. This difference approached significance
in the drop-out condition [#(17) = —1.632, p = .061].
Thus, the drop-out condition did not differ from the uncor-
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related condition, and it was equally affected by knowledge
of target location. There was no effect of foreknowledge of
the target location with correlated noise [#(17) = 0.172,
p = .860].

The criterion data, shown in Figure 7, were analyzed using
a within-subjects ANOVA with target location (known and
unknown) and noise (positively correlated, uncorrelated,
and drop-out) as factors. There was a reliable effect of noise
[F(2,34) = 35.736, p < .01], but not of knowledge of tar-
get location [F(1,17) = 1.214, p = .286]. There was a sig-
nificant interaction between knowledge of target location
and noise condition [F(2,34) = 8.901, p < .01]. A sepa-
rate within-subjects ANOVA that compared performance
in just the uncorrelated and drop-out conditions revealed a
significant effect of target location [F(1,17) = 8.396, p <
.05] and of noise [F(1,17) = 5.011, p < .05], but no interac-
tion between them [F(1,17) = 428, p = .522]. There was a
reliable effect of foreknowledge of the target location with
correlated noise [#(17) = 2.455, p < .05].

There was a tendency to respond “target-absent” when
the noise waveforms were in positively correlated noise,
both when the target location was known [#(17) = 6.436,
p < .01] and unknown [#(17) = 10.818, p < .01]. This
tendency decreased with foreknowledge of target location
[#(17) = 2.455, p < .05].

Discussion

The results again confirm that discrimination was bet-
ter when there was correlated noise on the two hands than
when the noise was uncorrelated. In this experiment, as
in Experiments 1 and 2, there was an advantage to know-
ing where the target could occur when the noise was un-
correlated bilaterally. This advantage suggests that given
foreknowledge of the target location, participants can ef-
fectively ignore uncorrelated noise that occurs on the non-
target hand across the trial. Performance in the drop-out
condition was similar to that in the uncorrelated noise con-
dition, also improving with knowledge of target location.
It is interesting that performance in the drop-out condition
was affected by foreknowledge. If participants compared
the noise on the two hands during the drop-out period,
regardless of whether they had foreknowledge about the
target location, then performance in the drop-out condition
could have been worse than when there was foreknowledge
of the target’s location in the uncorrelated condition.

Two alternative ways of interpreting these results are
that (1) the use of correlation occurs independently of the
focus of attention or (2) there is rapid switching of atten-
tion between the inputs presented to the two hands. In the
first case, processes responsible for the detection and use of
correlation may be independent of how attention is distrib-
uted. Participants may make use of correlation but also fil-
ter the inputs from one hand. When the noise is correlated,
the bilateral comparison process may contribute the most
to performance. However, when these cues are no longer
available, as in the drop-out condition, performance will
be primarily determined by the degree to which the noise
from the nontarget hand can be filtered out. This account
is in agreement with previous findings that temporally
lagged but positively correlated noise leads to improved

target discrimination. This improvement is observed even
though such lagged patterns cannot be explicitly discrimi-
nated from noise that is uncorrelated (Roberts et al., 2005).
Against this interpretation, there is no evidence of filter-
ing when the noise is positively correlated. If independent
filtering and comparison processes were both contributing
to performance, then target detection in correlated noise
should have shown effects of knowledge of target location.

An alternative account for the results of Experiment 3
is that participants may be sensitive to the change in cor-
relation during the drop-out period. When the target’s lo-
cation is known, they rapidly switch attention in the criti-
cal 200 msec prior to the target occurring, minimizing the
cost from the uncorrelated noise. This account suggests
that the filtering of task-irrelevant inputs may not be set
up early in the trial. The processing of inputs from the two
hands may instead change in a flexible manner, respond-
ing to any changes in bilateral patterns.

GENERAL DISCUSSION

Past research has shown that patterns of coordination
in the sensory inputs across the two hands are not only
detected but also shape the way in which those inputs are
perceived (Roberts et al., 2005). The present set of ex-
periments extended these findings by investigating how
perception with bilateral inputs might differ from that
with unilateral inputs, and whether the effects of bilat-
eral patterns in noise are modulated by the deployment
of attention.

In agreement with previous findings, it was easier to
detect the presence of a discrete, unilateral kinesthetic
target when it was accompanied by ongoing, bilateral
kinesthetic noise that was correlated than with noise that
was uncorrelated. This difference in performance was not
simply due to increased variation in uncorrelated trials.
Positively correlated noise led to an increase in detection
in comparison with a baseline condition in which the tar-
get was masked by noise occurring on one hand alone.
This result is consistent with the bilateral correspondence
between the hands affecting the way in which we interpret
the signals from each hand, leading to an improvement in
the ability to separate the discrete target from the ongoing
noise stimuli.

Improved performance with positively correlated noise
was consistently unaffected by whether both hands were
task relevant or not. This result was in contrast to perfor-
mance in the uncorrelated condition in which knowing
where the target would occur provided a distinct advan-
tage. The benefits of positive correlation were eliminated
when the noise was uncorrelated in the period running
up to the target, but were positively correlated during
the period in which the target could occur (the drop-in
condition, in Experiment 2). Performance in this drop-in
condition did not differ from the condition with uncor-
related noise on the hands. In both conditions, sensitivity
increased when participants had foreknowledge of the tar-
get’s location. Behavior was also measured in a converse
condition in which an initial period of correlated noise
was followed by 200 msec of uncorrelated noise prior to
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the target (the drop-out condition). In this drop-out condi-
tion, performance was still affected by knowledge of target
location. Knowing where the target could occur produced
similar levels of performance whether the bilateral noise
was either entirely uncorrelated or correlated with a burst
of uncorrelated noise during the target period.

Although the effects of noise (positively correlated and
uncorrelated) and foreknowledge on target detection were
consistent across all three experiments, their impact on
the biases was less clear cut. The tendency to favor target-
absent responses with positively correlated noise both
did (Experiment 3) and did not (Experiments 1 and 2)
vary with foreknowledge of target location. In contrast,
with uncorrelated noise, there was always a difference in
the criterion adopted when the target’s location was un-
known as opposed to when it was known, but there was
no systematic preference for one response over another.
Biases were small or absent with all other noise condi-
tions. This variability in response preference makes it
difficult to posit an explanation for biases shown in each
individual experiment. There is no obvious reason for the
biases found, since participants were informed that there
were equal numbers of target-present and target-absent
trials. Moreover, there was no reward for one response
over another.

On the whole, the sensitivity results show that there is
filtering of kinesthetic inputs from a hand that is task ir-
relevant. However, this use of filtering changes depending
on the level of correspondence between the inputs on the
hands. When the hands experience highly similar stimuli,
there is little filtering of inputs from a nontarget hand. In
contrast, when the inputs on one hand appear unrelated to
those on the other hand, inputs from the nontarget hand
are filtered, resulting in better detection of the target. The
most parsimonious account of the drop-in and drop-out
results is that rather than being rigidly engaged at the be-
ginning of a trial, filtering appears to operate in a flexible
manner, responding to ongoing changes in correlation.
When a previously high level of correlation is purposely
reduced before the onset of a target, irrelevant inputs are
then filtered and performance varies with foreknowledge
of target location. Conversely, detection of correlation
in previously uncorrelated inputs should give rise to less
filtering and an increase in sensitivity to discrete stimuli
appearing on only one of the hands. Although this last pre-
diction was not found with uncorrelated noise containing
a brief period of correlated noise (Experiment 2), it is pos-
sible that this may have been due to the use of bursts of
correlation that were too brief to be detected. The effect of
a decrease in correlation but not an increase in correlation
on target detection in the present experiments may reflect
differential sensitivity to the changes in correlation, de-
pending on the direction of change.

Evidence that sensitivity to changes in correlation may
depend on the direction of the change are found in audi-
tion. Indeed, as in kinesthesia, targets presented to one
ear have been shown to be affected by correlation in noise
presented to both ears. These findings come in part from
experiments in which participants are asked to lateralize
(Egan & Benson, 1966; Robinson & Egan, 1974) or detect

the presence of (Blodgett, Jeffress, & Whitworth, 1962;
Hirsh, 1948; Hirsh & Burgeat, 1958; Licklider, 1948;
Weston & Miller, 1965) a pure tone presented to one ear
(monaural target) in the presence of broadband noise pre-
sented to both ears (binaural noise). Generally, such ex-
periments show that the target intensity required to detect
a target (at a set level of performance) can be lowered
under certain interaural conditions—for example, when
the noise is binaural and positively correlated in com-
parison with when it is monaural (Blodgett et al., 1962;
Green, 1966; Hirsh & Burgeat, 1958; Weston & Miller,
1965; Wilbanks & Whitmore, 1968). This difference in
thresholds with the addition of noise to a nontarget ear
is known as the masking level difference (MLD). MLDs
have also been found when the thresholds for tones de-
tected in positively correlated noise are compared with
those measured for detection in noise that has a zero or
low correlation across the ears (corresponding to the un-
correlated conditions in the present experiments) (Egan &
Benson, 1966; Robinson & Egan, 1974; Weston & Miller,
1965; Wilbanks & Whitmore, 1968). Moreover, research
has shown that there is better detection of decreases than
increases in correlation (Boehnke, Hall, & Marquardt,
2002; Culling, Colburn, & Spurchise, 2001; Trittipoe &
Pollock, 1959), a result similar in kind to what we pres-
ently report (more rapid reaction to a decrease in correla-
tion than to the emergence of correlation). This difference
could be because in order to detect a temporal correlation,
signals must, by definition, occur over time, making the
detection of correlation slow. In contrast, the jump from
correlated to noncorrelated input may be detected from
the first disparate signal.

A further interesting comparison between this audi-
tory phenomenon and our findings in kinesthesia is that
the effects of noise on auditory target detection appear
immune to uncertainty about which ear will receive the
target. Egan and Benson (1966) compared target detec-
tion when the location of the target was restricted to one
side throughout a block with that when the target could
occur equally often on either ear. Detection in both posi-
tively correlated and uncorrelated noise showed very little
change with certainty of the target’s location. Even though
participants have foreknowledge of the target’s location, it
appears that they continue to process and use the informa-
tion from both ears regardless of the level of correlation
across the ears.

It is unlikely that processes involved in the handling of
multiple auditory stimuli would be those responsible for the
processing of multiple touch inputs, since there are funda-
mental differences between the different sensory systems.
For instance, at a very basic level, the set of sensory organs
in audition have a fixed relative location. We cannot change
the location of one ear without affecting the position of the
other. Furthermore, we are able to hear events that are both
distant and close to our bodies. By contrast, we can only
feel objects within our reach, which may be somewhat ex-
tended through the use of tools (Yamamoto & Kitazawa,
2001; Yamamoto, Moizumi, & Kitazawa, 2005). Further-
more, our hands and fingers can adopt a large number of
spatial configurations and show idiosyncratic patterns of
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movement when used in a sensory capacity (Lederman &
Klatzky, 1987). Such differences between the senses may
fundamentally affect not only the sorts of patterns that one
would expect across multiple sensory streams, but also the
way in which those patterns might affect perception. For
instance, a pair of correlated sounds may be localized at a
point midway between their true sources. This localization,
varying as a function of interaural differences in amplitude
or phase, facilitates the perception of a single source for
the correlated sounds. There is no evidence to suggest that
similar changes should be expected in kinesthesia. How-
ever, observe that the different sensory systems adopt a
similar general approach to the problem of parsing inputs
from multiple sources—that is, detecting and using coor-
dinated changes over time to create a stable and coherent
perception of moving objects or an event. Furthermore, the
differences between the modalities are informative about
the underlying processing mechanisms that govern percep-
tion in each modality.

In the present article, the signals are referred to as kin-
esthetic. This term has been commonly used to refer to the
perceptual experience of limb states, broadly encompass-
ing the sense of position, movement and loading of the
limbs. These sensations are mediated through the skin,
muscle and joint receptors (Gandevia, Hall, McCloskey, &
Potter, 1983; Gandevia & McCloskey, 1976; Refshauge,
Kilbreath, & Gandevia, 1998). Throughout this article, we
have discussed stimulation in terms of changes in position
over time. It is possible that participants rely on position
signals to accomplish the task, detecting and making use
of any correlations in these signals. However, it is also pos-
sible that signals indicating the rate of change of position
(velocity) were used to perform the task. This is particu-
larly relevant to the present task in which the fingers were
stimulated, since there is evidence that sensory receptors in
the muscles of the fingers are specifically tuned to detect-
ing changes in velocity. Muscle spindles have been shown
to respond not only to length but also to velocity (Edin &
Vallbo, 1990; Houk, Rymer, & Crago, 1981). Furthermore,
this sensitivity to velocity is also evident in area 3a in the
primary somatosensory cortex, an area receiving most of
its peripheral inputs from muscle spindles signaling muscle
stretch information (Jones & Porter, 1980) and thought to
play a role in integrating information within and between
different body part representations (Huffman & Krubitzer,
2001). Using single unit recordings, Wise and Tanji (1981)
examined how neurons in area 3a responded to ramp dis-
placements of the foot in unanesthetized monkeys. They
found that peak activity in area 3a was highly correlated
with the velocity of the imposed movement. Consider also
that this otherwise kinesthetic task may involve the use of
tactile cues. Acceleration is directly coupled to the actuator
forces, and these cues would translate into pressure on the
fingers. Thus, pressure variation may also have provided
a potential means for tactile input to contribute to perfor-
mance in this task.

We have shown that in kinesthesia, the effects of noise
on the detection of unilateral targets is reduced when cor-
related noise is present to both hands in comparison with
when the noise on each hand is unrelated or when only

unilateral noise occurs. Moreover, noise signals from a
task-irrelevant hand are filtered only in those conditions
in which there is a low correspondence between the hands.
This finding suggests a system in which the inputs for
both hands are continually and possibly preattentively
compared in order to take advantage of matching input.
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