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Attentional resources in dual-task performance
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In this study, the time-sharing interference paradigm, which involves the concurrent perfor-
mance of two activities, was used. Subjects performed unimanual tapping (a simple motor task)
simultaneously with discrimination of pronounceable four-letter nonwords or sets of four spa-
tially oriented lines (a cognitive task). In addition, two types of instructions, requiring global
or local processing, were given to the subjects. Interference was larger with the right unimanual
tapping (left hemisphere), and with the performance of the cognitive task during use of the local
strategy. The results seem to accord with Kahneman’s theory of limited attentional resources
and with the notions of hemispheric specialization and functional cerebral space.

The time-sharing interference paradigm, initially de-
veloped by Kinsbourne and Cook (1971), involves the
concurrent performance of two activities. It reveals the
lateralization of verbal output control in normal subjects.
The rationale for the vocal-manual interference method
relies on the assumption that when subjects perform two
unrelated tasks simultaneously, a situation involving in-
terference is created. Subjects perform better when the
two tasks are controlled by different cerebral hemispheres
than when they are controlled by the same hemisphere.
The time-sharing paradigm is based on the functional
cerebral distance principle (Kinsbourne, 1982; Kinsbourne
& Hicks, 1978; Kinsbourne & Hiscock, 1983). Accord-
ing to this principle, the greater the functional distance
between two cerebral loci, the less likely or severe the
contamination will be, and, therefore, the better able the
operator will be to perform both tasks simultaneously with
a relatively high level of efficiency.

The time-sharing paradigm has served to demonstrate
vocal-manual interference in children and adults when
there is competition between these two motor processes.
It is supposed that competition for the same neural
mechanisms of motor output is produced. The most com-
mon procedure has been the computation of the interfer-
ence of speech during unimanual tapping. The interfer-
ence is larger for the right hand than for the left. It is
thought that this asymmetry occurs because both tasks
compete for resources in the left hemisphere. Competi-
tion between a motor process and a cognitive process has
also been shown, even though the separation between
motor-motor and cognitive-motor is sometimes arbitrary
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(see Kinsbourne & Hiscock, 1983). In addition, some
tasks without obvious motor components have produced
asymmetric interference in manual performance (Hellige
& Longstreth, 1981).

When two tasks are performed at the same time, there
is some cost. The usual way to explain dual-task inter-
ference is to suppose that the two tasks make use of the
same limited resources, and that when the demand ex-
ceeds the existing supply, the processing of the two tasks
involves competition so that interference occurs (Navon
& Miller, 1987). The research on processing capacity in
terms of attentional resources suggests that if the degree
of similarity between the concurrent tasks is held constant,
the capacity to perform both tasks diminishes when the
difficulty of one or both of them increases. It is known
that difficult tasks require a larger cortical mass for the
propagation of activation than easy tasks do, and that
difficult tasks have larger attentional demands; easier or
more automatized tasks need less cortical mass for propa-
gation of activation.

In this study, unimanual tapping served as a simple mo-
tor task, while the cognitive task consisted of the discrimi-
nation of pronounceable nonwords and sets of four spa-
tially oriented lines. The nonwords differed in only one
of the four letters, and the sets of lines differed only in
the orientation of one of the four lines. In addition, two
types of instructions were given to the subjects, requir-
ing either global or local processing. Local processing re-
quires generally larger attentional demands (Neisser,
1967), so it was hypothesized that there would be less in-
terference in the global condition. The global precedence
literature (Broadbent, 1977; Miller, 1981; Navon, 1977)
suggests that perceptual processing proceeds from global
structuring toward analysis of more local details, with per-
ceptual priority for global forms. There are, however,
several boundary conditions for this phenomenon. Several
variables affect global-local dominance, such as stimu-
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lus size (Kinchla & Wolfe, 1979), sparsity of local ele-
ments (Martin, 1979), number and relative size of local
elements (Kimchi & Palmer, 1985), and integrality or
separability of the dimensions involved (Kimchi, 1988).
For a recent review, see Lasaga (1989).

METHOD

Subjects

The subjects were 16 female graduate students aged from 20 to 23
years. They were selected from 140 students who participated in an ex-
periment on the discrimination of nonwords and lines; 8 were very fast
and the other 8 were very slow in line discrimination. All were right-
handed, and without familial sinistrality. Their manual laterality quo-
tients ranged from 65 to 100, according to Oldfield’s inventory (Old-
field, 1971).

Stimuli and Apparatus

The stimuli, printed in booklets, were four-letter Spanish nonwords
and sets of four straight lines of different orientation (horizontal, verti-
cal, and the two diagonals). One nonword or a set of lines appeared
as the reference stimulus in the left side of the booklet, and four search
stimuli appeared on the right side (two were the same as, and two different
from, the reference stimulus). The difference was a letter or a line orien-
tation.

The tapping apparatus had two metal plates, one on the right and one
on the left, which were connected to a counter; a stylus was provided
for tapping on the plates. The counter was programmed to register 20-sec
periods.

Procedure

One hundred and forty subjects took part in a group task, which con-
sisted of crossing out the nonwords and sets of lines that differed from
the reference stimuli. A sound each 20 sec marked their crossing-out
rhythm. The task lasted 2 min. The cognitive-task baseline was thus
established, and the fast and slow subjects were selected from this larger
sample.

To obtain the tapping-task baselines for each subject, the subject was
asked to tap as quickly as possible, first with the right hand and then
with the left. Once both baselines were obtained, each subject partici-
pated in the dual-task condition. The experiment began with right-handed
tapping while the left hand (the free hand) was pointed to the ‘‘differ-
ent”’ elements of the visual discrimination task. After 20 sec, the tasks
for the hands were reversed. There were two experimental conditions,
depending on the instructions. In the global condition, the subjects had
to point to the “‘different’” stimulus sets. In the local condition, the sub-
jects had to indicate with a pencil the components that differed in the
““different’’ sets. The subjects were asked to point, not to mark, in order
to avoid possible motor implications of the cognitive task. Half of the
subjects in each group (fast and slow) began with the global condition,
and the other half with the local condition. Within every 20-sec period,
there were as many trials as the subjects could complete.

RESULTS

Following previous procedures (e.g., those of Hughes
& Sussman, 1983, and White & Kinsbourne, 1980), tap-
ping rates were transformed into percentage-change scores
using the following formula:

[(tapscontrol — tapSconcurrent task)/ (tapscontrol)] X 100.

Cognitive scores were also transformed into percentage-
change scores by means of the same formula.

A mixed factorial design was used, with 2 (group: fast
or slow) X 2 (hand: left or right) X 2 (material: non-
words or lines) X 2 (strategy: global or local) X 2 (task:
tapping or discrimination) as factors. Group was a
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Figure 1. The interaction between type of strategy (global and lo-
cal) and task.

between-subjects factor. Analysis revealed a significant
main effect for group [F(1,14) = 6.64, p < .05], hand
[F(1,14) = 40.2, p < .001], material [F(1,14) = 77.03,
p < .001], and strategy [F(1,14) = 23.22, p < .001].
The following two-way interactions were also significant:
material X group [F(1,14) = 19.75, p < .001]; task X
group [F(1,14) = 4.81, p < .05]; hand X task [F(1,14)
= 14.17, p < .01]; material X task [F(1,14) = 86.26,
p < .01]; strategy X task [F(1,14) = 54.77, p < .001].
Finally, the three-way interaction of material, task, and
group was also significant [F(1,14) = 22.49,p < .001].
_ The strategy main effect showed that the global-strategy
interference was smaller than the local one (14.31% vs.
24.54%).

Figure 1 shows the strategy X task interaction; anal-
ysis of the global strategy with the Newman-Keuls test
showed that there was no significant difference between
tapping and discrimination, but that with the local strategy
the difference was significant, the interference being larger
in the cognitive task.

The hand main effect showed that the right-hand inter-
ference was always significantly larger than the left-hand
interference (24.38% vs. 14.48%). This result indicates
an asymmetry between hemispheres, with larger interfer-
ence when the left hemisphere was involved in the motor
task simultaneously performed in conjunction with the
cognitive task. Figure 2 shows the interaction between
hand and task. The Newman-Keuls test showed that the

36

5 MOTOR TASK —
o
Z %24 e COGNITIVE TASK & —=o
g ~
e 28_] ~
4 ~ ~
. 24 S
w -
o) ~
g 20 ~
< ~
=
z ~ <
w -
u 16 \:
@
w
o 12
T T
RIGHT LEFT

Figure 2. The interaction between hand (right or left) and task.



difference between motor and cognitive tasks was signifi-
cant when performance involved the right hand (17.42%
vs. 31.34%) but not the left.

The fast group showed larger interference than the slow
group (24.42% vs. 14.43%). The group X task interac-
tion showed that whereas the slow group did not exhibit
mean significant differences between tasks, for the fast
group there was a larger difference in the cognitive task
than in the motor task (34.48% vs. 14.37%). The group
X material interaction showed that the two groups differed
only in line but not in word discrimination, with the in-
terference for the fast group being larger (20.29% vs.
0.96%), because the selected groups were the two ex-
tremes in the line task. The three-way group X task X
material interaction showed that the fast-group difference
between the motor task and the cognitive task occurred
only for nonwords, whereas the slow group showed this
difference only for lines.

DISCUSSION

Our results suggest that local processing demands more attentional
resources, because the reduction in task performance was larger when
the subjects used the local strategy than when they used the global one.
It is interesting that the interference was larger in the cognitive than
in the motor task. The motor-task interference was not modified by the
change in strategy. In our data, there was no significant difference be-
tween motor and cognitive interference, and only the cognitive inter-
ference increased with the larger amounts of attentional demands in the
local strategy . Following the functional cerebral distance principle, the
motor task is more easy and automatic, with minimum cortical propa-
gation after a certain amount of practice. The cognitive task with the
local strategy requires more attentional demands and cortical propaga-
tion than it does with the global strategy. In the cross-talk between the
respective regions, an increment is produced in the side in which atten-
tional demands are also increased.

Right-hand interference is larger than left-hand interference. This
asymmetry seems to show that the most important competition between
motor and cognitive processes takes place in the left cerebral hemisphere.
There is no difference between the motor and cognitive reduction in
left-hand tapping (right hemisphere), but there is a significant differ-
ence in right-hand tapping (left hemisphere). Again, interference in-
creased in the cognitive task when tapping was performed with the right
hand. We are faced with a well-known finding in the cerebral hemispheric
specialization literature (Bradshaw & Nettleton, 1981); the type of
material and the mode of processing in the cognitive task were espe-
cially analytical, which necessitated more left-hemisphere involvement.

In summary, our data seem to accord with Kahneman’s (1973) no-
tion of limited attentional resources, appearing as an interference be-
tween concurrent tasks that involve competition for central resources.
Even though Hirst (1986) has stated that several studies provide evi-
dence against the idea that dual-task decrements result from resource
competition and some experiments have shown that resources must ex-
pand with practice, task interference is a robust phenomenon that can-
not be eliminated. There was interference when the tapping was per-
formed with the right hand and when it was performed with the left;
both hemispheres seem to have been implicated. But the interference
was larger in the left hemisphere (right unimanual tapping), during per-
formance on the cognitive task and use of the local strategy. This inter-
ference fits with the notions of hemispheric specialization and the prin-
ciple of cerebral functional space. Finally, the differences between
groups, with less interference shown in the slow group, suggest that
there are subject parameters like those put forth by Navon and Gopher
(1979). In any case, it is necessary to distinguish between dual-task in-
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terference effects and the asymmetry of this effect (see Kamhi & Master-
son, 1986). Some tasks are associated with small asymmetry and large
interference, and others with the opposite. Friedman and Polson (1981)
recommend using tasks that utilize resources from one or the other
hemisphere, because otherwise the interpretation of the results can be
difficult. We did not find significant interaction between hand and type
of material, which could mean that the two types of stimulus materials
(nonwords and oriented lines) were processed by the same hemisphere.
Furthermore, it would be necessary to take into account all the methodo-
logical issues related to the dual-task paradigm (Green & Vaid, 1986),
should one want to reduce the risk of error in the interpretation of the
results.
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Announcement

30th Annual Meeting of the Psychonomic Society
Atlanta, Georgia
November 17-19, 1989

The 30th Annual Meeting of the Psychonomic Society will be held in Atlanta, Georgia, November 17-
19, 1989. The meetings will begin Friday morning and continue until Sunday at noon. The headquarters hotel

will be the Hyatt Regency.

The program and hotel reservation cards will be mailed to members and associates in September. A copy
of the program will be published in the November issue of the Bulletin of the Psychonomic Society.

For further information, please contact the secretary-treasurer of the Society: Michael E. Rashotte, Depart-
ment of Psychology, Florida State University, Tallahassee, FL 32306-1051 (Telephone: 904-644-2040; BIT-

NET: Rashot@FSU).
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