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Visuomotor association learning involves learning to make a motor response to an arbitrary visual stimulus.
This learning is essential for visual search and discrimination performance and is reliant upon a well-defined
neural circuit in the brain that includes the prefrontal cortex and the hippocampal formation. In the present
study, we investigated the possible role of attentional processes during such learning using dual-task interfer-
ence. A motor, verbal, or perceptual concurrent task was performed during the learning/training block of a
simple visual discrimination task. Contrary to expectation, the dual-task groups showed improved learning and
learning-dependent performance compared with untrained control and non-dual-task trained groups. A second
experiment revealed that this effect did not appear to be due to increased arousal level; the inclusion of alerting
tones during learning did not result in facilitation. These findings suggest that the engagement of attention, but
not arousal, during the acquisition of a visuomotor association can facilitate this learning and its expression.

Learning to make a specific action in response to a
stimulus that does not specify the required response is
termed arbitrary visuomotor association learning. This
learning requires substantial cognitive flexibility, since
the meaningful relationship between stimulus and re-
sponse must be learned (Wise & Murray, 1999). Such
learning is subserved by a brain network that includes
the prefrontal cortex, the hippocampal formation, basal
ganglia, and premotor regions (Wise & Murray, 2000), in
addition to the visual cortices. We have previously found
(Roche & O’Mara, 2003) that this learning follows the tra-
ditional power curve and that exposure to an explicit train-
ing block in which the S—R association was learned led to

faster response times (RTs) in comparison with untrained
controls in a subsequent visual discrimination task. These
behavioral effects were mirrored by event-related poten-
tial (ERP) component changes, particularly larger P300
amplitudes after training; P300 amplitude is thought to re-
flect attention, memory, and other cognitive functions (for
a review, see Knight, 1990). Considerable work has been
carried out on the role of attentional deployment during
explicit memory as measured by recall or recognition (see,
e.g., Szymanski & MacLeod, 1996), implicit memory as
measured by stem or fragment completion, or object-
location priming (e.g., Musen & Viola, 2000), sensorimo-
tor learning (e.g., golf putting; Beilock & Carr, 2001), and
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associative cognitive tasks (e.g., Logan & Klapp, 1991).
In many of these studies, dual-task conditions have been
employed to manipulate attentional deployment during
training. However, relatively little work has been carried
out on the interaction of arbitrary visuomotor learning and
attentional systems or on the nature of such interactions.
In the present study, we investigated the role of attention in
learning: We hypothesized that the allocation of attention
to the stimulus during visuomotor learning is at least par-
tially involved in determining the strength of that learning.
This prediction is consistent with the established finding
(reviewed in Wulf & Prinz, 2001) that directing attention
to the effects of movements during training is beneficial
for subsequent performance.

Dual-task paradigms reveal the limitations of human
information-processing systems by combining two con-
current tasks to produce performance deficits (Hampson,
1989). The degree of impairment is dependent on the
combined attentional demands of the two tasks: A con-
current task requiring greater attention should produce
more severe disruption than one low in attentional de-
mands. Some theorists (e.g., Baddeley, 1986; Eysenck,
1982) explain dual-task disruption in terms of a central
attention processor that deploys limited resources to sub-
ordinate processing mechanisms that execute the tasks.
This is termed the resource model (Parasuraman, 1998;
Wickens & Kessel, 1980), and this view has been applied
to attention and vigilance in the past (Matthews & Davies,
2001; Smit, Eling, & Coenen, 2004; Warm & Dember,
1998). The dual-task methodology has been used exten-
sively to investigate the interaction between task diffi-
culty and resource allocation in sustained attention and
vigilance tasks (see Matthews & Davies, 2001; Matthews,
Davies, Westerman, & Stammers, 2000). The locus of this
executive processor of resources is likely to be frontal—as
Moscovitch (1994) noted—after observing dual-task defi-
cits on tasks that are frontally dependent, but not on tasks
that draw on the hippocampus/medial temporal lobe. If
visuomotor learning recruits the central executive, then
withdrawing attention from association learning because
of a dual task will impair acquisition and expression of
the learning; the greater the attentional demands of the
concurrent task, the greater the disruption will be. Corr
(2003) showed that procedural learning of spatial loca-
tion in a pointing task was disrupted to differing degrees
by two types of dual task (mental arithmetic or nonsense
syllable counting), whereas Frensch, Wenke, and Riinger
(1999) also found dual-task disruption when the concur-
rent task (tone counting) was performed during training
on a serial reaction task. However, Jiménez and Méndez
(1999) found no effect of a concurrent counting task on
learning in an SRT task that involved attending and re-
sponding to locations; these studies suggest that the na-
ture of the secondary task may be of vital significance
in determining the effects on performance. For this rea-
son, a number of different dual tasks were used in the fol-
lowing experiments. Importantly, Schubert et al. (1998)
found that either of the two motor dual tasks resulted in
impaired performance on an auditory classification task,
which was accompanied by reduced P3b amplitude—a

component known to be affected by dual-task conditions.
The finding from our previous study (Roche & O’Mara,
2003)—that the present task seems to be indexed by the
P3b component—suggests that the inclusion of a concur-
rent task is likely to have an effect on this learning. How-
ever, unlike standard dual-task experiments in which the
concurrent task is performed during an ongoing cognitive
task, in the present experiment, we required participants
to perform the dual task during the repetition learning of
the S-R association.

We attempted to affect visuomotor response acquisi-
tion and expression by manipulating attention during the
acquisition of S—R pair learning. In Experiment 1, we ma-
nipulated attentional deployment to the association using
a concurrent task, with the goal of disrupting the learning
and its subsequent expression. The degree of attentional
engagement in the concurrent task was also varied. We
predicted that within motor, perceptual, and verbal dual-
task conditions, high attentional deployment tasks will
produce more profound disruption of learning than low
attentional tasks, where learning of the S—R association
is indexed by performance on the visual discrimination
task. Failure of the dual task to disrupt learning may indi-
cate that this learning task does not rely heavily on frontal
areas and perhaps relies on other portions of the circuit,
such as hippocampus or striatum.

EXPERIMENT 1
Method

Participants

The participants were 64 Trinity College undergraduate students
with an age range of 18 to 23 years (M = 20.3). All participants were
right-handed, had normal or corrected-to-normal vision, and were
randomly assigned to one of eight experimental conditions (n = 8
for each condition).

Materials

Visual stimuli. The stimuli (see Roche, Commins, & O’Mara,
2004; Roche & O’Mara, 2003) were line segments presented in
white on a black screen; each was 0.93° of arc long and 0.13° of arc
wide and was presented horizontally, vertically, or diagonally at a 45°
angle (forward slash or backslash) at the center of the monitor screen.
Each trial was preceded by an auditory orienting tone of 500 msec
duration and a central fixation point that remained on screen for
500 msec; the orienting tone and fixation point were always present
for both training and discrimination aspects of the task in Experi-
ments 1 and 2. The fixation point disappeared and the stimulus was
presented (the ISI between fixation offset and stimulus onset was
one screen refresh interval of 75 Hz). Visual stimuli remained on the
screen until a button-press response was made; the screen remained
blank for 1,000 msec before the next trial. Stimuli were generated
using a DOS-based TurboPascal program (Version 7) on a Dell PC,
which automatically recorded RTs and error rates. A color monitor
was used to display the stimuli, and the participants used a standard
PC computer mouse to make their responses (Figure 1).

Procedure

Participants were seated 100 cm from the screen in a slightly
darkened room with the computer mouse placed in their right hand
on a table in front of them. Three types of concurrent task were
used: motor, perceptual, and articulatory/verbal. These types were
selected in order to tax different aspects of attentional resources by
sharing or competing with stimulus modality (visual), motor output,
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Figure 1. (A) Stimulus presentation sequence and durations for one experimental trial. (B) Exper-
imental design for control and normally trained conditions (blank screens, tones, and fixation points
are omitted). Dual-task manipulations were employed during the training blocks.

and working memory capacity, respectively (Wickens, 1984). Each
of these tasks could also be manipulated to require relatively high or
low levels of attentional deployment, by varying task demands.

Control group (untrained). A mixture of stimuli (horizontal,
vertical, forward slash, and backslash) was presented on the screen;
participants monitored the stimuli for a predefined target (forward
slash) and responded by pressing the left mouse button with the
right index finger. The right mouse button was to be pressed with
the middle finger to any of the other stimuli (unpublished pilot
data from this laboratory showed that reversing the assignments of
button/finger-press responses to target—distractor stimuli resulted
in no behavioral effect on accuracy or RTs; therefore, the index
finger/left mouse buttonpress was always used for target stimuli in
these studies). Participants were instructed to give equal emphasis
to speed and accuracy of response. The target was present on 50%
of trials, and stimuli remained on the screen until the participant
responded. A trial block consisted of 100 trials. Each participant
performed one discrimination block.

Normally trained group. This group received a training block
prior to completion of the same visual discrimination task as the con-

trol group. During the training block, the participant responded to a
block of 70 presentations of the forward slash stimulus (later desig-
nated the target), using a right index finger press to the left mouse but-
ton. This was followed by a short rest period (3 to 5 min), which was
followed by one block of the visual discrimination task (100 trials).

Motor Dual Task 1: Slow tapping. All dual-task participants
were presented with the training and visual discrimination blocks, as
per the control and normally trained groups, with an additional task
added during the training block. Participants were instructed to give
equal emphasis to both tasks in all dual-task groups. Motor dual-task
participants were required to tap their right foot in time with a met-
ronome while they completed the training block. The low attentional
demand group was required to tap at a rate of 60 beats per minute
(“largetto”). Performance was monitored by the experimenter, who
instructed the participant to correct his or her behavior if the tapping
was not in time with the metronome. Identical to all dual-task condi-
tions, this training block again consisted of 70 trials.

Motor Dual Task 2: Fast tapping. Participants in the high
attentional demand motor group were required to tap their feet at
the faster rate of 160 beats per minute (“vivace”) during the training
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Figure 2. Comparison of response times (RTs) during the vi-
sual discrimination task following training with fixed (500 msec,
white bars) or variable (500, 750, 1,000, 1,250 msec; black bars)
for targets (A) and distractors (B). Fixed interstimulus interval
data are those reported for control and normally trained groups
in Experiment 1.

block, and then they completed the visual discrimination task (see
Liefooghe, Vandierendonck, Muyllaert, Verbruggen, & Vanneste,
2005, for a similar use of foot-tapping conditions).

Verbal Dual Task 1: Nonsense syllable production. The low
attentional demand group repeated the nonsense word blah at a rate
of once per second while they engaged in the training block. The ex-
perimenter instructed the participant to adjust his or her rate if it devi-
ated from 1/sec; the speaking rate was controlled by a metronome.

Verbal Dual Task 2: Random number generation. The high
attentional demand group for the verbal dual task had to generate
random numbers (from 1 to 9) at a rate of 1/sec during the train-
ing block. The experimenter monitored and corrected participants’
speech rates. The additional constraint that the numbers generated
had to be in a random sequence added a working memory com-
ponent to this task, suggesting increased attentional demands over
nonsense syllable production (see De Rammelaere, Stuyven, &
Vandierendonck, 1999).

Perceptual (and working memory) Dual Task 1: Asynchro-
nous flashes. The perceptual dual-task conditions required the par-
ticipant to respond to the stimulus on the screen during the training
block and count the number of times a light flashed distal to the
stimulus, giving this condition an additional working memory as-
pect. The light was placed near the periphery of vision, 200 cm from
the participant in the upper left quadrant of vision (elevated at a 45°
angle to the horizontal) such that an eye movement was not neces-
sary to identify a flash. In the low attentional engagement group, the

flashes occurred while the training stimulus was not on screen (i.e.,
during the blank screen, tone, or fixation point), allowing attention
to be switched between the screen and the flash. These were termed
asynchronous flashes. At the end of the training block, participants
were asked to report how many flashes (» = 50) they had observed.
This task resulted in the occurrence of a flash on average every
3.5 sec; this slower rate of presentation was used in the motor or
articulatory conditions, since it has been shown that the presentation
of infrequent stimuli is found to be most effective in engaging atten-
tion (see the sustained attention to response task, SART; Robertson,
Manly, Andrade, Baddeley, & Yiend, 1997).

Perceptual (and working memory) Dual Task 2: Synchro-
nous flashes. In the high attention condition, the light flashes oc-
curred in synchrony with the appearance of the training stimulus on
the screen; thus, participants had to attend to the light flash and the
stimulus on screen at the same time, and they also had to report how
many flashes (n = 50) they had observed at the end of the block.
Because the flashes were detectable by peripheral vision, no eye
movement was necessary, and attention could be divided between
the stimulus and the flash simultaneously.

Results

Fixed- Versus Variable-ISI Conditions

In order to ensure that training effects could not be at-
tributed to a rhythmic responding pattern that was induced
by the fixed interstimulus interval (ISI), pilot data were
collected for the normally trained and untrained control
conditions with a variable ISI condition. In these groups,
the ISI varied randomly among 500, 750, 1,000, and
1,250 msec. These variable ISI groups were compared
with the fixed ISI normally trained and untrained control
groups for Experiment 1. Figure 2 shows the comparison
of RTs for fixed and variable ISI conditions for normal
training and untrained/control groups. For both targets
and distractors, minimal differences were observed, and
where differences were found (e.g., for trained targets),
they indicated an enhanced rather than a diminished train-
ing effect in the variable condition. Target RTs were sig-
nificantly shorter in the trained conditions for variable
over fixed ISI (Tukey, p > .01). Therefore, rather than
being the result of a rhythmic responding strategy, the
training effects reported in this experiment may actually
be a conservative estimate of the possible training effects
that are due to the fixed ISI.

Fixed-ISI Dual-Task Conditions

Performance during training showed that all tasks were
performed with a high level of accuracy (mean absolute
errors = 4.13% =+ 0.41 SEM; control, 4%; trained, 3%;
Motor 1, 4%; Motor 2, 6%; Verbal 1, 3%; Verbal 2, 6%;
Perceptual 1, 3%; Perceptual 2, 4%). RTs for incorrect tri-
als were removed from RT analyses. These miss rates did
not differ significantly across conditions.

Training Blocks

Figure 3A shows mean RTs to the forward slash stimulus
during the training block for the normally trained group and
each of the experimental groups. In general, significantly
longer RTs were obtained for fast versus slow tapping,
asynchronous versus synchronous flashes, and random
numbers versus nonsense syllables; the shortest RT was
recorded for normal training (264 = 4.6 msec). A series
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Figure 3. (A) Mean response times (RTs) to target stimuli during training blocks for normally trained and dual-
task conditions. (B) Mean RTs to target stimuli during visual discrimination blocks in control untrained, normally
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of ANOVAs revealed significant overall RT differences
for each of the groups; in the motor dual task, RTs were
shorter for slow tapping (273 = 5.6 msec) than for fast
tapping [391 *= 1.2 msec; F(1,14) = 81.39, p <.001]; the
perceptual dual task produced shorter RT's to synchronous
(330 £ 2.6 msec) than to asynchronous flashes [350 =
9.5; F(1,14) = 23.59, p < .001]; for verbal, shorter RTs
were found for nonsense/blah (347 = 6.1 msec) than for
random number generation [422 = 12.3 msec; F(1,14) =
89.10, p < .001]. Tukey post hoc tests showed that all
groups differed significantly from each other with one
exception: The normal training and slow tapping groups
in the motor condition did not differ.

Visual Discrimination Blocks

With the exception of synchronous flashes, all dual-
task RTs were shorter than those of normal training over-
all. This pattern was maintained when the responses were
separated into RTs for target present and distractor/target-
absent trials (Figures 3B and 3C), again with the excep-
tion of the synchronous flashes group. In all cases, RTs to
target-present trials were shorter than those of target-absent
trials. All dual-task target RTs were significantly shorter
than the normally trained target RTs [motor, F(1,14) =
31.26, p < .0001; perceptual, F(1,14) = 6.34, p < .0001;
verbal, F(1,14) = 30.74, p < .0001]. Distractor RTs in
the dual-task groups tended not to differ from those of
normally trained or from each other except for fast motor
tapping, which was shorter than the others. All other dif-
ferences were significant at the .05 level, as was revealed
by Tukey post hoc tests.

In summary, the data from Experiment 1 reveal the fol-
lowing general pattern. (1) All training conditions (with
the exception of synchronous flashes) resulted in faster
RTs on discrimination than the no-training control con-
dition. (2) All dual-task conditions (except synchronous
flashes) produced faster responding during discrimination
than normal (single-task) training.

Discussion

In Experiment 1, we attempted to induce disruption
of arbitrary visuomotor learning by means of dual-task
interference during training; contrary to expectations, fa-
cilitation of performance of a subsequent related task was
found rather than disruption. With the exception of the
synchronous flashes condition, the dual-task training regi-
mens used here produced better transfer to the discrimi-
nation task than did the normal (single-task) training or
no-training control. It appears, therefore, that rather than
reducing the attentional deployment to the target stimulus
or the learning, the concurrent task may have increased
the amount of attentional resources directed toward the
stimulus (indexed by longer RTs during training), re-
sulting in faster execution of the S-R association during
discrimination, compared with those who were normally
trained or not trained at all.

Although this effect may be attributable to increased
attentional demands in the dual-task groups, it is also pos-
sible that the additional task demands in the dual-task con-

ditions resulted in elevated arousal level and that a more
generalized increase in physiologic response is responsi-
ble for the observed training gains. Experiment 2 attempts
to address this question.

EXPERIMENT 2

Experiment 1 reports a training effect that is enhanced
by most of the dual-task conditions used here. One cannot
assert with confidence, however, that this effect can be
attributed to attentional factors, since arousal level may
have also been automatically increased as task difficulty
was increased. The role of arousal level was therefore ad-
dressed in Experiment 2 by including three conditions in
which arousal was increased by an auditory tone that was
presented either phasically or tonically during training.
Previous research has demonstrated the eliciting effect of
auditory tones on physiological arousal as measured by
behavioral performance and skin response (O’Connell,
Belgrove, Dockree, & Robertson, 2004). We therefore
presented phasic tones at two densities—low-density pha-
sic, wherein a set of 18 random (phasic) auditory tones
was presented during the 70-trial training block, and
high-density phasic, in which a more densely spaced set
of phasic tones (50 tones per 70-trial training block) was
presented during training. The low-density condition was
similar in methodology to the O’Connell et al. study in
which infrequent/sparsely presented auditory tones were
presented in order to elevate physiological arousal levels.
The high-density condition was included in order to mir-
ror the number of stimulus events occurring during the
training block as was present in Experiment 1. In addi-
tion, a third condition, tonic, involved an auditory tone
being presented continuously throughout the training
block. We predicted that increasing arousal during train-
ing will facilitate acquisition and expression of learning
and that greater arousal-mediated effects will be evident
in the low-density phasic condition compared with the
high-density phasic condition.

Method

Participants

An additional sample of 40 participants was drawn from the same
participant pool as that of Experiment 1. Participants were randomly
assigned to one of five conditions (» = 8 in each condition).

Materials

The tasks were the same as those used in Experiment 1 and were
presented in the same way. Alerting stimuli were presented using a
tape recorder and consisted of a ringing tone played either randomly
(phasic) or continuously (tonic; see the following).

Procedure

Separate control and normally trained groups were collected for
the manipulation of arousal in order to attempt to replicate the train-
ing effect that was observed in Experiment 1. To investigate the
arousal hypothesis, three additional groups in which arousal level
was varied were tested.

Arousal Group 1: Tonic alerting. This group completed the
training block as per the normally trained condition, with the addi-
tion of a sustained alerting tone that was presented when the training
block began and that lasted for the duration of the block. The tone
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was a persistent ringing tone of 11 kbps, 88 Hz and was presented
from a tape recorder placed 80 cm from the participant at a volume
level of 78 dB. The visual discrimination block was then presented
in the absence of any alerting tones.

Arousal Group 2: Low-density phasic alerting. The low-
density phasic alerting group was identical to the tonic, except that
the tone used was discrete, of 300 msec duration, and occurred ran-
domly 18 times (approximately 25% of trials—again, an infrequent
presentation of a stimulus was used, since it has been shown previ-
ously to be effective at eliciting arousal effects; O’Connell et al.,
2004) during the 70-trial block. The tone, volume level, and method
of presentation were the same as those used in the tonic condition.
Again, the discrimination block followed.

Arousal Group 3: High-density phasic alerting. The high-
density phasic alerting group was identical to the low-density group,
except that the tone that was used occurred randomly 50 times (in
order to be comparable to the number of stimulus events occur-
ring during the training blocks in the dual-task conditions of Ex-
periment 1) during the 70 trial block. The tone, volume level, and
method of presentation were the same as those used in the tonic
condition. Once again, the discrimination block followed.

Results

Fixed-ISI Versus Variable-ISI Conditions

Identical to Experiment 1, pilot data were collected for
the normally trained and untrained control conditions with
a variable ISI condition in order to ensure that training
effects could not be attributed to a rhythmic responding
pattern that was induced by the fixed ISI. Again, the ISI
varied randomly among 500, 750, 1,000, and 1,250 msec.
These variable ISI groups were compared with the fixed
ISI normally trained and untrained control groups for
Experiment 2. Figure 4 shows the comparison of RTs for
fixed- and variable-ISI conditions for normal training and
untrained/control groups for Experiment 2. For both tar-
gets and distractors, minimal differences were observed,
and where differences were found (e.g., for trained tar-
gets), they indicated an enhanced rather than diminished
training effect in the variable condition. Identical to Ex-
periment 1, target RTs were significantly shorter in the
trained conditions for variable than for fixed ISI (Tukey,
p > .01). Therefore, it again appears that the training ef-
fects reported in this experiment may also be a conserva-
tive estimate of the possible training effects elicited by the
fixed-ISI conditions.

Tonic Versus Phasic Noise Conditions

Training blocks. Shorter mean RTs were found for the
normal training block (250.7 = 7.3 msec) than for training
with random noise (295.2 = 13.1 msec) and for training
with continuous noise (298.7 £ 15.4 msec) [F(3,28) =
4.723, p = .009]. The normal training block RT differed
significantly from both noise conditions, but the random
and continuous noise conditions did not differ from each
other.

Visual discrimination blocks: High- versus low-
density phasic alerting. High- and low-density phasic
conditions were first compared in order to ascertain which
of the two-tone densities was more effective at eliciting
behavioral facilitation of performance that was poten-
tially attributable to elevations in physiologic arousal level
(Figure 5A). The results showed slower RTs to both tar-
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Figure 4. Comparison of response times (RTs) during the vi-
sual discrimination task following training with fixed (500 msec;
white bars) or variable (500, 750, 1,000, 1,250 msec; black bars)
for targets (A) and distractors (B). Fixed interstimulus interval
data are those reported for control and normally trained groups
in Experiment 2.

gets (518.26 = 29.15 msec) and distractors (523.29 =
26.66 msec) in the high-density condition (“Target 50”
and “Distractor 50”) than in the low-density condi-
tion (“Target 18” and “Distractor 18”) (targets, 437.2 =
6.5 msec; distractors, 492.3 = 6.4 msec). Furthermore,
there was no significant difference between RTs to targets
and distractors in the high-density condition [F(1,7) =
0.069, p = .798]. It would therefore appear that present-
ing a larger number of sporadic tones during the learning
block leads to decreased rather than increased levels of
physiological arousal and alerting, as indexed by behavior.
This may possibly be due to faster habituation to the tones
if they are presented more frequently, as compared with
the 18-tones condition. Furthermore, participants in the
50-tones condition did not show a difference in accuracy
of performance, reporting only 4% errors compared with
6% in the 18-tones condition.

The low-density (18-tones) condition may therefore
have come closer to achieving the desired elevation of
physiologic arousal than the high-density (50-tones) ver-
sion. It may be the case that more infrequent stimuli are
more effective than a greater density of alerting tones dur-
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Figure 5. Mean response times (RTs) to target and distractor stimuli during visual discrimi-
nation blocks in control, normally trained, and alerting noise random and continuous condi-
tions. Linked lines represent differences significant at p <.05; error bars represent =SEM.

ing the learning block. As such, the low-density condition
may provide a more valid attempt to investigate the effects
of arousal than the high-density condition; therefore, the
remaining analyses used only the low-density condition,
given that it was found to yield more comparable effects to
the dual-task conditions in Experiment 1, despite the lack
of parity in event density.

Visual discrimination blocks: Tonic versus phasic
alerting. Error rates across conditions were low: 6% for
the control group, 5% for normally trained, 6% for ran-
dom noise, and 5% for continuous noise. RTs for incor-
rect trials were again removed from RT analyses. Across
all groups, mean RTs for targets were shorter for targets
than for distractors [F(3,28) = 13.22, p = .0001]. Tukey
post hoc tests showed that this difference was significant
(p < .05) for normally trained (target, 429.3 = 6.0 msec;
distractor, 492.4 = 7.7 msec), random noise (target,
437.2 £ 6.5 msec; distractor, 492.3 = 6.4 msec), and
continuous noise (target, 441.2 = 6.1 msec; distractor,
513.5 £ 6.5 msec), but not the control group (target,
492.6 = 21.7 msec; distractor, 524.7 £ 9.7 msec). RTs

to distractors did not differ between any groups. RTs to
targets in the three trained conditions were significantly
shorter than target RTs in the control group (Figure 5B).

GENERAL DISCUSSION

The provision of a concurrent task during the training
of an S-R pairing resulted in speeded responding to that
pairing in the discrimination task that followed. This effect
does not appear attributable to generalized increases in
physiological arousal that were effected by the presence of
the dual task; thus, they may be learning specific. The lack
of difference between the arousal groups raises the possi-
bility that this task may not have successfully elicited the
desired effect of elevated arousal; this is unlikely, however,
since the comparison of the high- and low-density condi-
tions indicates that this less dense tone rate (18 during the
70-trial block) elicits greater arousal effects than does the
condition in which tone density equals the frequency of
dual-task stimulus events in Experiment 1 (50 during the
70-trial block). As such, we feel confident in asserting that
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the attempt to manipulate arousal in Experiment 2 was
indeed successful, albeit in the absence of a direct physi-
ological index of arousal such as galvanic skin response
recording. This finding may indicate that response selec-
tion learning in visual discrimination does not rely on a
limited capacity system organized by a frontally based
central executive or that resource deployment under dual-
task conditions increased rather than decreased attentional
deployment to the S-R learning during training.

In Experiment 1, providing a concurrent task for ex-
ecution during a phase of S—R learning led to enhanced
rather than impaired learning of the visuomotor associa-
tion, as indexed by mean RT to targets on the succeeding
discrimination task. This result was contrary to the predic-
tion that dual-task completion would siphon off resources
from learning the association and therefore lead to per-
formance deficits on discrimination. Interpretation of this
counterintuitive finding may be aided by considering that a
simple task that was largely devoid of cognitive evaluation
was used; it is therefore plausible that minimal attentional
engagement may be all that is required to perform this
task adequately. If so, the dual task may have raised the
level of attention devoted to both tasks rather than redi-
rect resources from one task to another. This suggestion
is supported by the fact that in both the motor and verbal
conditions, the concurrent task that was intended to gen-
erate a greater attentional load (fast tapping and random
number generation, respectively) led to shorter RTs than
did low-attention dual tasks (slow tapping and nonsense
utterance). This pattern was observed in the discrimina-
tion task but not in the training task, suggesting a more
complex relationship between the variables. The addition
of a dual task increased attentional allocation to both on-
going tasks, and this increase was uniform for both tasks.
It is possible that a function similar to the Yerkes—Dodson
curve (Yerkes & Dodson, 1908) determines performance
in this case: Tasks that have very low (S—R learning alone)
or very high (not tested here) resource demands may result
in poor learning, whereas intermediate levels of demand
(dual-task conditions used in Experiment 1) may lead to
improved performance. Further testing will be required to
evaluate this tentative hypothesis.

Alternatively, it is possible that the presence of the con-
current task helps to maintain some basal level of atten-
tion necessary for such a simple task. Since the learning
task used here is low in stimulation levels, it is somewhat
comparable to the type of “boring” vigilance/sustained at-
tention task that was employed by Davies and colleagues
(Matthews & Davies, 2001; Matthews, Davies, & Holley,
1993; Matthews et al., 2000). They reported that such
vigilance tasks induce a depletion of resources as they
progress, leading to performance decrements. It is pos-
sible that the presence of the dual task during the “boring”
training block serves to prevent this natural diminution of
resources by providing additional stimulation, resulting in
enhanced learning.

The exception to the above was the perceptual dual-task
condition. Counting asynchronously presented flashes ap-
peared to have the same effect as did the other dual tasks.

However, counting synchronous flashes produced no fa-
cilitation. Furthermore, the lack of dual-task disruption
in any condition strongly suggests that the central execu-
tive is not involved in this type of learning: Acquisition
of a simple S—R association through repetition may be
primarily implicit and independent of the need for a (fron-
tal) central processor. The recruiting of this executive by
the concurrent task may have had the effect of allocating
attention to all ongoing tasks, including a level greater
than the normal level applied to the S—R learning, thereby
facilitating its acquisition. Another alternative explana-
tion is that training under dual-task conditions facilitates
performance on another variable task (the discrimination
task) in comparison with training in isolation. It has been
previously shown that variable practice or practice in a
variable environment is more beneficial for transfer to
another variable task than massed practice. It is therefore
possible that massed training leads to impaired perfor-
mance in a nonmassed environment.

A concurrent task requiring greater attentional de-
mands appears to have a greater facilitatory effect than
tasks with lesser attentional demands. This result agrees
with the finding of Kramer, Larish, and Strayer (1995),
who observed more rapid and superior learning when the
training block of a task was variable (or dual) as opposed
to fixed priority. How this facilitation takes place is not
yet clear, although arousal and executive attention may
play important roles. It is possible that heightened arousal
(mediated by brain stem structures) or attention (emanat-
ing from frontal areas) that is due to the introduction of a
second task facilitates the structures that are suspected to
be responsible for arbitrary S-R learning. Experiment 2
showed that this effect was not caused by increased physi-
ological arousal—favoring an attentional explanation, as-
suming that the auditory tones increased arousal. Tones
have been used successfully in the past to increase arousal
level in a variety of tasks (Manly, Hawkins, Evans, Woldt,
& Robertson, 2002; O’Connell et al., 2004; Wilkins,
Shallice, & McCarthy, 1987). Note, however, that the
presence of the arousing tone in the training block could
have resulted in the inhibition of the stimulus, thereby
impairing the learning of the S—R association; further,
the absence of this tone in the subsequent discrimination
block could also have led to performance decrements (see
McDowd, 1997; Murphy, McDowd, & Wilcox, 1999).
These issues will require further investigation.

In conclusion, the experiments reported here reveal as-
pects of the relationship between visual discrimination
and executive attention. Although the small number of
participants in some conditions necessitates only cautious
interpretation of results, an interesting phenomenon has
nonetheless emerged. During the learning of the simple
visuomotor association required for response selection,
the provision of a second task to be performed simultane-
ously has an impact on the acquisition of this learning
and its subsequent expression in a related task. Specifi-
cally, the longer the RT to the target in the training block
(possibly indicative of longer processing time), the faster
the response to that target in a subsequent forced-choice
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discrimination block. One possible mechanism by which
this may operate might involve increased deployment of
attentional resources from a central processor, which is
otherwise surplus to requirements for this learning, though
alternatives are also possible. When the task is complex,
however, one could predict that the inclusion of the dual
task would result in impaired performance, indicating the
presence of the limited capacity central executive in chal-
lenging visual discrimination tasks.
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