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The literature on divided attention and adult aging has not taken age differences
in single-task performance into account, and it has not been able to measure
divided attention independently of resource allocation strategies. Two experi-
ments are reported that,controlled for these factors. In the first experiment, young
( I 8-23 years) and old (57 -76 years) subjects made respon3es to two simultaneous

I visual displays. Stimulus durations were manipulated to equate single-task per-
I formances, and across different conditions subjects were induced to vary the way
I in which they allocated resources between the two displays. In the second ex-
I periment, respons€ time was the dependent variable; dual-task scores were as-

sessed relative to each subject's single-task scores. No significant age difference
in divided attention ability independent of single-task performance level was
found in either experiment. The existing literature must be reexamined in light
of these issues.

Whether older adults are less capable of
dividing their attention among two or more
simultaneous tasks than their younger coun-
terparts seems to be a question that would
inspire little controversy. Craik (1977) sum-
marized the prevalent position on this issue:
One of the clearest results in the experimental psychol-
ogy ofaging is the finding that older subjects are more
penalized when they must divide their attention, either
between two input sources, input and holding, or hold-
ing and responding. (p. 39 I )

Although the majority of the researchers
who have investigated this problem have
concluded that there is a significant age effect
on performance of divided attention tasks,
many of their findings may have alternative
interpretations. A closer inspection of the
available literature suggests that it is beset
with problems numerous enough to prohibit
defi nitive conclusions.

The first difficulty in this research lies in
the restricted number of experimental para-
digms that have been used to investigate di-
vided attention effects. Dichotic listenins
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tasks comprisb a rather substantial segment
ofthe research intended to discover whether
an age effect exists on divided attention tasks.
In the dichotic listening procedure, subjects
are presented with two simultaneous audi-
tory messages-one to each ear. The stimuli
typically consist of strings of digits or mon-
osyllabic words. The task of the subject is to
reproduce the two messages. Most re-
searchers report that there is an overall age-
related impairment on this task. However,
despite the frequency with which the para-
digm has been studied, there does not exist
a consensus about what processes are re-
sponsible for this effect.

The initial research in this area, from the
laboratories of Inglis and his colleagues (In-
glis & Ankus, 1965; Inglis & Caird, 1963;
Mackay & Inglis, 1963), suggested that the
locus of the age effect was a short-terrn mem-
ory deficiency of older adults. Using Broad-
bent's (1958) model of information process-
ing, they argued that if it was necessary to
hold the message from one ear in a storage
system while the message from the other ear
was being output, a memory deficit would
show up in impaired performance on the sec-
ond ear reported. Inglis's work confirmed this
hypothesis by showing that the performance
of older adults was worse than that of young
adults on the second channel reported, but
essentially equivalent on the first channel re-
ported.
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Craik (1965) reasoned that if no instruc-
tions were given to the subjects regarding
which channel to reproduce first, as was the
case in the studies by Inglis and Caird (1963)
and Mackay and Inglis ( 1963), it is likely that
subjects would commence with the channel
that was easier for them to recall. The su-
periority of a given channel may be the cause
rather than the effect of its prior reproduc-
tion. Craik found that when the recall order
was specified to the subjects there was an age
decline on both channels, although generally
there was a larger decrement on the second
channel.

Clark and Knowles (1973) argued that the
age deficit in dichotic listening is due to a
perceptual impairment. They suggested that
the critical comparison is not perforrnance
on the first channel versus performance on
the second, but how well subjects can repro-
duce the message in the left ear in relation
to their ability to reproduce the message in
the right ear. The right ear is typically the
dominant one, and stimuli presented to it
tend to be more accurately perceived, Any
perceptual impairments would be magnified
in the nondominant ear regardless of whether
its message was reported first or second.
Clark and Knowles systematically varied
whether the right or left ear was to be the
first channel reported. They found that per-
formance was generally lower on the second
channel, but this was equally true of both
young and old adults. Performance was also
lower in the left ear than in the right ear, and
this difference did increase as a function of
the age of the subjects. These data are sup-
portive ofthe hypothesis that perceptual pro-
cesses may be responsible for the age effect
in dichotic listening tasks. Other studies,
however (e.g., Craik, 1965; Inglis & Ankus,
1965) also manipulated which ear should
be reported first and did find significant
Age x Order interactions.

It is unfortunate that in the examination
of adult age differences in divided attention
ability there has been such an overemphasis
on a single methodology-particularly one
in which there is so much ambiguity about
the nature ofthe age effect. For a convincing
argument to be made that older adults are
less capable of dividing their attention than
younger adults, a wider range of paradigms
must be employed.
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A second issue that makes the existing lit-
erature on aging and divided attention less
than conclusive is that on a large variety of
laboratory tasks, younger adults perform
more capably than older adults. This is par-
ticulary true in tasks with a critical speed
element, where sizeable age differences are
almost invariably reported. Consequently,
there may be a problem interpreting many
divided attention results. In many dual-task
studies where subjects are given two or more
tasks to perform simultaneously, we would
expect to find significant age effects under
single-task control conditions. Given such
initial discrepancies, how much of an age
difference in performance should we expect
under dual-task conditions?

This problem has several potential solu-
tions, but at the present time no study has
adequately resolved it. An experiment by
Lipps Birch (1978) offered one approach to
this issue. Her study examined age differ-
ences among children, but the theoretical is-
sues are similar. Lipps Birch found that the
older children were originally more compe-
tent on each of the measures under single-
task conditions. She then gave practice to the
younger children until their performance was
comparable to that of the older children.
When the subjects were put back into dual-
task conditions, no age differences were
found. This study seemingly argues against
any age-related divided attention effects in
children when differences in single-task per-
formance are controlled for. It is likely, how-
ever, that the initial practice given to the
younger subjects made the experimental
tasks more automatic (i.e., less attention-de-
manding) for them than they were for the
older subjects. As increased automaticity fa-
cilitates time-sharing, the practice trials may
have given too much of an advantage to the
younger children.

A second solution to this problem has been
to match subjects on single-task perfor-
mance. Although older adults may tend to
be inferior to younger adults on some par-
ticular measure, it is frequently possible to
find a selected sample of older subjeqts who
can perform at the level of a sample of youn-
ger subjects. This was the approach taken in
a dichotic listening study by Parkinson, Lind-
holm, and Urell (1980). They reasoned that
if the age effect in dichotic listening perfor-

manc€ is a shqt-la
non,-.,! slrould be g
agedifference \ rna
oard dtgrtsn tcq Ttnat when ilre1 aco
enect and the Ate x
ond ear) interrrion ,
ever, the problem wid
rng procedures is rha
;ects who are atypi€l
lupe.nor otaer suLjet
Jects) on thor variibtc
..o-ul.r... That therc is.oo between the Dgir
Wechsler Adulr Inietl
and rhe full_rale W19711 1gn6, suppon lo

It ma!. also be poes
rssue ofage differences

Tn:" rh_ro_ugh rhe r1.pe
emptol.ed. Dffercnces ioe controlled for b1.con
rore under experiment
score under control conrnan.testing for an abnol
<rt\.toed altention effect
.amin1 an-v- age-relabd rlect relative to each agr1under single_hsk condidpenormed this tlpe of ern rs experiment perfornx

:!lh fpararety and simutou.nd.the same panern
r+rtn absolute and relauvr
easrer.of the two tasks ttrralll larger loss of speed
rentron demands fior the r
:l:i"_** for rhe y.oung burrrerence was fiound in th
:T.rem:nr on rhe morc |
::l,L?rch .in. rhis srudy i\r'hether relative or ab,solut
:.1:* "1. no orher insrarx
:!pT. 9f anaty,ses har.e her
,TIibtq rhar differenr pan
tdent n'ith the two measunrequrred before it can besotute or relative analrsespnate.

,- l:.h3* the ideat sotutior
1_merelv-.t9 fi nd siruations

+:,:c.: ditr-erengg on sinsl
.iy-r p .quire difficutr ro :when it is done the hsks us



DIVIDED ATTENTION ABILITIES 653

mance is a short-terrn memory phenome-
non, it should be possible to eliminate the
age difference by matching subjects on a stan-
dard digit-span test. These investigators found
that when they accomplished this, the age
effect and the Age X Order (first ear vs. sec-
ond ear) interaction were eliminated. How-
ever, the problem with these types of match-
ing procedures is that they may select sub-
jects who are atypical of their age group (i.e.,
superior older subjects or inferior young sub-
jects) on those variables with which digit span
covaries. That there is a correlation ofabout
.66 between the Digit Span subscale of the
Wechsler Adult Intelligence Scale (WAIS)
and the full-scale WAIS IQ (Matarazzo,
1972) lends support to this line of reasoning.

It rnay also be possible to deal with the
issue of age differences in single-task perfor-
mance through the type of statistical analyses
employed. Differences in baseline may often
be controlled for by comparing each person's
score under experimental conditions to their
score under control conditions. Thus, rather
than testing for an absolute age difference in
divided attention effects, this procedure ex-
amines any age-related divided attention ef-
fect relative to each age group's performance
under single-task conditions. Talland (1962)
performed this type of analysis. Subjects in
this experiment performed two manual tasks
both separately and simultaneously. Talland
found the same pattern of age decrements
with absolute and relative measures. On the
easier of the two tasks there was a substan-
tially larger loss of speed due to divided at-
tention demands for the older subjects than
there was for the young, but virtually no age
difference was found in the divided attention
decrement on the more complicated tasks.
Although in this study it did not matter
whether relative or absolute scores were used,
there are no other instances in which both
types of analyses have been done, and it is
possible that different patterns could be ev-
ident with the two measures. More data are
required before it can be said whether ab-
solute or relative analyses are most appro-
priate.

Perhaps the ideal solution to this problem
is merely to find situations in which there is
no age difference on single-task measures.
This is quite difficult to accomplish, and
when it is done the tasks usually turn out to

be ones with a high degree of automaticity,
they thus show no time-sharing effect in ei-
ther age group. It may be possible to find
tasks that have some dimension (e.g., stim-
ulus duration) that may be manipulated to
artificially equate the performance of sub-
jects of different ages. This strategy is em-
ployed in the present article.

The third difficulty with the current liter-
ature on age effects in divided attention is
closely tied to the baseline differences just
discussed. A number of studies not only fail
to address age differences in single-task mea-
sures but do not even collect data under sin-
gle-task conditions. It was previously argued
that even when these data are available, as-
sessing divided attention performance may
be difficult; without such data the task is im-
possible. For example, a study by Broadbent
and Heron (1962) had young and old sub-
jects perforrn a digit cancellation task that on
some trials was combined with an auditory
monitoring task. Because this experiment
had trials in which the cancellation task was
performed alone, it is possible to determine
the effect on that task of having to perform
a concurrent monitoring task. However, as
the monitoring task was never performed
alone it is impossible to determine what type
of divided attention cost there was on that
task. That the young subjects were better on
the monitoring task under dual-task condi-
tions than the older subjects may have been
due to their ability to divide their attention
between the cancellation and monitoring
tasks. Alternatively, it may have been due to
their superiority on monitoring tasks under
any conditions.

Subjects in an experiment by Kirchner
( 1958) made key presses in response to a pat-
tern of rapidly moving lights. In different
conditions responses were required to the
position of the current light ("no-back2' con-
dition), the position of the immediately pre-
ceding light ("one-back" condition), or the
second ("two-back") or third ("three-back")
preceding light. Viewing this as a dual-task
situation, the subject simultaneously had to
(a) respond to the appropriate light and (b)
remember the previous sequence of lights.
The "no-back" condition provided a mea-
sure for the responding task without simul-
taneously having to remember light se-
quences, but there was no comparable con-
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related to exposure duration. Consequently,
the performance of different age gtroups may
be equated by allowing the older subjects a
longer stimulus presentation than the youn-
ger subjects. Specifically, exposure durations
were determined individually for each sub-
ject such that they would be 80Vo-90Vo ac-
curate under single-task conditions. Subse-
quent age differences under dual-task con-
ditions therefore could not be attributed to
differences in initial performance level.

Another feature of the present study is that
it involved the construction of entire POCs
for each subject. Subjects were instructed,
under different conditions, to vary the em-
phasis given to each of the two tasks. Divided
attention ability could then be examined in-
dependent of allocation strategies.

Method

subjects. sixteen young adults (mean age, 19.8;
range, I 8-23) and I 6 older adults (mean age, 65. I ; range,
57-76)each participated in a single 90-min. session. The
young subjects were Introductory Psychology students
at the University of Missouri-Columbia who partici-
pated for extra coume credit but were also paid bonuses
o[ up to $5. The elderly subjects were members of the
Columbia community. They were paid $7 for their travel
and participation, and they also could earn up to $5 in
bonuses. None of the subjects were residents of nursing
homes or other care facilities. There were 5 males and
I I females in each age group. All subjects reported that
they were in good health.

Some psychometric data were collected lor each sub-
ject at the conclusion of the experimental session. Mean
raw scores on the Digit Symbol subtest of the WAIS
were 67.2 and 44.0 for the young and old subjects, re-
spectively, (30) = 6.69, p < .001. On the final 20 items
of the Vocabulary subtest of the WAIS, the young adults
had a mean score of 21.6, whereas the mean score for
the older adults was 32.3 (maximum score = 40),
( 3 0 ) : 3 . 5 3 , p < . 0 r .

Apparatus. The subjects sat in a darkened room, il-
luminated only by a small, shaded lamp. Stimuli were
presented on a Tektronix 606 (P-3 I phosphor) monitor
in front of them. They responded by pressing buttons
on two lO-key pushbutton telephone pads mounted next
to each other on a board. A PDP-I l/03 laboratory com-
puter was used to generate stimuli and to record and
analyze subjects' responses.

Procedure. Each trial consisted ofthe simultaneous
presentation of two visual arrays. For each array the
subject had to indicate the presence or absence ofa spe-
olied target. The computer ftrndomly determined whether
or not a target was to app€ar on each disptay. This was
determined independently for each array; target pres-
ence and absence were equally likely events.

One anay contained four (.4" X .4") Xs located at the
(-orne's of an imaginary (1.7' X 2.4") rectangle on the

screen. The target was a small (.2') line extending from
the vertex ofone ofthe four Xs. The target could appear
on any one of the four Xs and could point in any of
four directions (up, down, left, right). On a trial in which
the target was to be present it was randomly determined,
with equal probabilities, in which of the 16 possible loc-
ations it would appear. The other array contained four
(.3' X .3") plus signs (+) located at the corners of an
imaginary ( l. I " X 1.4o) rectangle on the screen. The tar-
get in this array was also a small (.1") line extending
from the vertex of one of the four pluses. The target
could appear on any of the four pluses and could point
in any of four directions (northeast, southeast, south-
west, northwest). It was equally likely that a target would
appear in each of the I 6 possible locations on this array.
The two displays were concentric and were centered on
the screen. As the pluses were located more foveally than
the Xs, they were made smaller in an attempt to equate
the difficulty of locating the targets on the two displays.
Pilot data indicated thar this was successfully accom-
plished.

The subjects used the left-hand keyboard to indicate
their responses to the plus array. On each trial they
pressed the 9 key on the keyboard if they thought that
they saw a target and the 7 key ifthey did not. The right-
hand keyboard was used to indicate their responses to
the X array. The 9 key indicated the presence ofa target,
and the 7 key indicated that the target was absent. A
forced-choice procedure was used in this task to mini-
mize any respons€ bias efects.

The subjects were first given general instructions
about the nature ofthe task, and the displays were dem-
onstrated to them. This was followed by a block of 50
practice trials in which the arrays were simultaneously
presenled for one second, and the subjects had to in-
dicate the presence or absence ofa target on each display.

A tracking procedure was then employed to determine
for each subject what stimulus duration would result in
an accuracy of 8o9o-907o when full attention was given
to one of the two displays. For these trials the subjects
had to respond to one ofthe displays, and the stimulus
duration varied until the appropriate value was deter-
mined. For the fint block of this procedure, half of the
subjects in each age group responded only to the Xs.
The remaining subjects began by responding only to the
plus array. The initial stimulus duration for each gubject
was 800 msec. For the following 40 trials each time that
the subject was correct the stimulus duration was de-
creased by l0 msec for the next trial. Each time the
subject was incorrect the stimulus duration was in-
creased by l0 msec for the next trial. Beginning with the
4lst trial the subject's accuracy over the preceding 20
trials was calculated. Ifthis accuracy was 807o-907o, the
stimulus duration for the following trial remained the
same as the previous one. Ifthe accuracy for the last 20
trials was below 807o, the stimulus duration was in-
creased by l0 msec for the next trial. Iflhe calculated
accuracy was greater than 9OVo, the stimulus duration
was decreased by l0 msec. For each subsequent trial this
procedure was repeated with each calculation based on
the 20 immediately preceding trials. When l0 conse-
cutive calculations resulted in accuracy of 807o -9OVo,the
block ended. The average stimulus duration over the
final 20 trials was used as the estimate for that block.
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At the completion of this block, each subject performed
a second tracking block with the alternate display from
the one used for the first block. As in the first block, the
initial stimulus duration was set at 800 msec, and the
block continued until l0 consecutive calculations ofthe
accuracy of the 20 preceding trials yielded a value of
SOVo-909o. At the conclusion ofthat block, a rhird block
was run using the final duration estimate from the sec-
ond block as the initial stimulus duration. The final
block was run using the display type and duration es-
timate from the first block. This procedure assured that
the final duration estimates were relatively insensitive
to the value chosen for the initial exposure durations
(i.e., 800 msec).

At the conclusion ofthe four tracking blocks, the stim-
ulus duration estimates derived from the final block of
each stimulus type were averaged. The resulting value
was used as the stimulus duration for the experimental
trials for that subject.

In the experimental trials the subjects again were ex-
posed to both the plus display and the X display, and
they had to respond to both. There were five experi-
mental conditions, differing in the amount of emphasis
that should be given to each display. In order to facilitate
their resource allocation, bonus money for correct re-
sponses was offered in proportion to the desired em-
phasis for each display. In one condition (0/100) the
subjects were asked to devote their total attention to the
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Xs and none of their attention to the pluses, and in
another condition ( I 00/0) they were asked to attend only
to the pluses and to ignore the Xs. In both these con-
ditions they were paid l0 for each correct response for
the attended display and nothing fior the display not at-
tended. Although all conditions required respons€s to
both displays on every trial. in these two conditions the
subjects could merely guess for the unattended stimuli.
In intermediate conditions (70/30, 50/50, 30/70) the
subjects were asked to divide their resources between the
displays and were rewarded accordingly (e.g., in the 70l
30 condition they were paid .70 for each correct plus
and .30 for each correct X). There were l0 practice and
l0O experimental trials in each block; thus, subjects
could earn a maximum of $l for each block. For half
ofthe subjects in each group the order ofthe conditions
was l@/0, 70/30, 50/50. 30/70,0/10O. The other half
of each group received the conditions in the reverse
order.

Results and Discussion

Duration threshold data. The results of
the tracking prdure yielded stimulus du-
rations of 428.1 msec for the young subjecrs
and 644.4 msec for the older subjects. The
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difference between these means was signif-
icant, l(30) : 2.65,p < .05.

Accuracy data. Each subject produced an
accuracy percentage for both tasks under
each of five experimental conditions. The
means for the subjects in each group are il-
lustrated in Figure l. Inspection of this figure
reveals nearly overlapping functions for the
two age groups.

A separate analysis of variance (nNove)
was performed on each task with two levels
of age and five experimental conditions as
factors. For each task there was a significant
effect for condition: plus array, F(4, 120) :
105.20, p < .01 ; X anay, F(4, 120) : 109.57,
p < .01. For neither task was there a signif-
icant (p < .05) effect of age: plus array, F(1,
30) : 1.18; X array, l '(1, 30) : 2.72, or for
Condition X Age: plus array, F(4, 120):
1.79; X anay: F(4, 120) < l. These results
indicate that the performance of subjects did
vary with the instructional emphasis re-
quested of them, and that under all condi-
tions the older subjects performed as well as
the younger subjects. This traditional anal-
ysis indicates that with individual single-task
performance controlled for, there was no age
difference on dual-task performance.

DIVIDED ATTENTION ABILITIES
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OPTIMUM OIVIDED ATTEI{TIOI{
PEBFORMAI{GE

Figure 2. Sample performance operating characteristics. (Minimum and maximum performance occur
when full attention is devoted to one display. Intermediate points represent conditions in which attention
is divided between the two displays).

MAXIMUM PERFORMAI{8E
TASK 2

It has been suggested (e.g., Duncan, 1980)
that trials in which atarget is present on two
simultaneous displays are considerably more
difficult than trials in which a target occurs
on only one of the two displays. However
Salthouse and Somberg (1982) used tasks
which were similar to those in the present
experiment and found that trial type (i.e.,
Signal, Array l/Signal, Array 2; Signal, Array
l/No Signal, Array 2; No Signal, Array l/
Signal, Anay 2; No Signal, Array l/No Sig-
nal, Array 2) did not interact with either age
or practice. Therefore, it was considered un-
necessary to complicate the analyses in the
present research by including this additional
factor.

POC analysis. POC analyses were per-
formed to examine divided attention perfor-
mance independent of resource allocation
strategies. As each subject had a score on
each task under each of five conditions. POC
functions for individual subjects similar to
the group function in Figure I could be con-
structed.

Figure 2 illustrates the manner in which
the analyses were conducted. In this example
the five plotted points indicate the subject's
performance in the five experimental con-

Drvr0ED ATTET{Tt0it c0sr

FUI{CTIOilAt PEFf OBMA'{CE BEGIOIII
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ditions. The Functional Performance Region
(FPR) is the rectangular area that is delin-
eated by the maximum performance achieved
by the subject on each task (i.e., performance
under 100/0 and 0/100 conditions). It is that
region that defines the potential performance
levels ofthe subject. Ifthe subject has a per-
fect ability to divide attention between the
two tasks, performance on the three inter-
mediary conditions (30170, 50/50, 70/30\
should lie on the point at the upper right
corner of the FPR. To the extent that there
is a cost for dividing one's attention, perfor-
mance on those conditions will be below and
to the left of that corner. Thus, the size of
the region marked Divided Attention Cost
(DAC) is inversely related to one's divided
attention ability. The areas of the DAC and
FPR were calculated for each subject.

The mean divided attention costs, in units
of FPR, were 577.8 for the young subjects
and 565.4 for the elderly, respectively. This
difference did not approach statistical signif-
icance, (30) : .69. The duration adjustment
procedure was intended to assure that per-
formance of all subjects was comparable in
the I 00/0 and 0/ I 00 conditions. If successful,
one would not expect age differences in the
size of the FPR. This was the case: The FPR
values were 1,269.7 units for the young sub-
jects and 1,330.7 for the older subjects,
(30) : .32. It should therefore make no dif-
ference whether DACs are compared in ab-
solute terms or relative to each subject's FPR.
To confirm this, relative DACs were calcu-
lated by dividing each subject's DAC by his
or her FPR. The mean relative divided at-
tention costs were .47 for both young and old
subjects.

The major conclusion from this experi-
ment is that there was no difference in the
ability of young and old adults to divide their
attention between twb simultaneous tasks.
Figure I suggests a very high degree ofover-
lap between the functions for the two groups,
and indeed, no significant age differences
were found in two separate analyses.

Experiment 2

The purpose ofthe second experiment was
to determine whether the findings of Exper-
iment I would generalize to an experimental

BENJAMIN L. SOMBERG AND TIMOTHY A. SALTHOUSE

paradigm in which speed of response rather
than accuracy was the variable ofinterest. It
was argued that a criterion for an adequate
test ofage effects on a divided attention task
is that age differences in performance under
single-task conditions must be controlled.
The first experiment produced the result that
when such differences were equated there
was no age difference under dual-task con-
ditions. In the tachistoscopic task of Exper-
iment I performance of the two age groups
was equated by varying exposure duration.
This sort of manipulation is obviously im-
possible for reaction time tasks. However, in
reaction time tasks a way of controlling for
these initial differences is to use each subject's
single-task performance as a base and cal-
culate divided attention effects as a ratio of
dual-task performance. This allowsjudgment
of each subject's dual-task performance rel-
ative to his or her own baseline.

Informal pilot data revealed that on the
tasks chosen for this experiment it was vir-
tually impossible for a subject to systemati-
cally vary the relative emphasis given to the
two tasks. Therefore only one dual-task con-
dition could be run, and the subjects were
given no instruction about how much im-
portance should be attached to each task.
This usually creates a problem of not being
able to separate differences in divided atten-
tion ability from differences in resource al-
location strategies. This problem is particu-
larly severe when the two dependent vari-
ables have dissimilar scales. If, for example,
divided attention costs older subjects two
units more than the young on Task A, but
costs the young one unit more than the old
on Task B, it is fair to say that the older adults
are penalized more by the demands of di-
vided attention only if a unit on Task A is
worth more than iralf a unit on Task B. How-
ever, since the present experiment uses the
same real-time measurement scale for each
of the two concurrent tasks, it is reasonable
to assume that any loss in performance on
one task will be compensated for by an equal
gain in performance on the other task.

Method t,

Subjects. Sixteen young adults (mean age, 18.6;
range, I 8-20) and I 6 older adults (mean age, 68.7; range,
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60-82) participated in a single l-hr. experimental ses-
sion. The subjects were chosen from the same popula-
tion as in Experiment 1, but none had participated in
that experiment. Older subjects were paid $5 for their
travel and participation, whereas young subjects received
extra cours€ credit. Each group contained 6 males and
l0 females. All subjects reported that they were in good
health, and all were right-handed.

Mean raw scores on the WAIS Digit Symbol subtest
were 7l.l for the young adults and 44.4 for the older
adults, t(30) : 6.43, p < .001. Mean scores for the final
20 items on the WAIS Vocabularly subtest were 19.5
and 29.5 for the young and old subjects, respectively;
(30)  :  3 .51 ,  p  <  .01 .

Apparatus. The apparatus in this experiment was
identical to that in the previous experiment except that
visual stimuli were displayed on a Hewlett-Packard
Model l3l lA screen and subjects received auditory sig-
nals through a set ofKoss PRO/4AA headphones.

Procedure. Two different tasks. manual reaction time
(RT) and repetitive keying (key), were perfbrmed either
separately or concurrently. In the RT task, the word
ready apryared on the screen to initiate each trial, and
at a random tim€ within a 30-sec interval a single au-
ditory signal was presented. The subject responded to
the signal by depressing a button on the left keyboard
with the index finger of the left hand. Each block con-
sisted of I 0 such trials. The key trials began with a seven-
digit number appearing on the screen for 3 sec. It was
then replaced by the firsr digit in the sequence, which
served as a cue for the subject ro begin entering the
sequence ofdigits on the right keyboard with the fingers
of the right hand. As the subject entered each dig,it, it
was rcplaced on the screen by the next digit in the se-
quence. Immediately upon completion of the sequence
the first digit in the sequence reappeared on the screen,
and the subject repeated the sequence. A trial consisted
of four runs through the sequence, but only the final
three were used in the analyses. There were l0 trials in
each block. The amount of time between successive re-
sponses was recorded as the interkey interval (IKI). Two
different sequences were used in the experiment (2486359
and 7614853). but each subject retained the same se-
quence throughout the session.

In the dual-task condition, the subject had to enter
the digit sequence with the right hand while responding
to the auditory signals with the left hand. The experi-
mental s€ssion began with two blocks oleach task alone,
with half of the subjects in each age group beginning
with the key task and halfbeginning with the RT task.
This was followed by four dual-task blocks and finally
two more blocks of each task alone. Inspection of the
data revealed a sizeable practice effect between the first
and second key blocks. Therefore the fint key block was
considered practice, and to retain counterbalancing,
both the fint and final key blocks were excluded from
subsequent analyses.

Results and Discussion

The mean reaction times for the young
and old subjects were 231 msec and 260
msec, respectively, in the single-task condi-

tion, and 401 msec and 509 msec, respec-
tively, in the dual-task condition. For the re-
petitive keying task the mean interkey inter-
vals were 254 msec and 403 msec in the
single-task condition for the young and old
subjects, respectively. The comparable values
in the dual-task condition were 281 msec and
450 msec, respectively. Identical 2 (age) x 2
(condition) ANovAs were perfonned on the
data from the two tasks. For the RT task,
there were significant (p < .05) effects of age,
F(1, 30) :  l4. l  l ,  condit ion, F(1, 30) :
257.67, and Age X Condition, F(1, 30):
9.36. For the key task, there were also sig-
nificant (p < .05) effects of age, F(1, 30):
25.47, condition, F(1, 30) :75.25, and Age
X Condit ion, F(1,30):4.27. The absolute
amount by which the older subjects were
slowed in dual-task conditions was greater
than the amount by which the younger sub-
jects were slowed. This analysis, which is the
one traditionally used to argue for age-related
divided attention effects, in no way takes age
differences under single-task conditions into
account.

Figure 3 depicts the relationship between
performance on the two tasks for each age
group. It is possible to calculate the arith-
metic mean of the divided attention cost as
7z([RT dual - RT alone] + UKI dual - IKI
alonel). In terms of Figure 3, this may be
represented as the mean length of the two
dashed lines extending from the point that
represents single-task performance to the
horizontal and vertical coordinates of the
point that represents dual-task perfbrmance.
Woodworth ( 1938) argued that the geometric
mean may be a more meaningful way to
combine dual-task scores. He pointed out
that if an individual has no divided attention
ability at all, it would be possible to com-
pletely ignore one task and to perform the
other task at a level equal to the single-task
performance. The resulting combined dual-
task measure (using an arithmetic compu-
tation) would be equal to half of the average
of the two tasks when they were performed
alone, and this would not accurately repre-
sent the subject's lack of time-sharing pro-
ficiency. Therefore, Woodworth reasoned,
geometric means may be a more reasonable
way of expressing combined dual-task per-
formance. In terms of the present experiment
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this may be expressed as ([RT dual - RT
alonel2 + UKI dual - IKI alonel2)r/2. These
values are depicted as the solid diagonal lines
in Figure 3. Both divided attention cost mea-
sures were calculated for each subject. The
mean values for the young and old subjects
were 98 and 146, respectively, for the arith-
metic computation, and 172 and 257, rc-
spectively, for the geometric computation.
The age differences were significant for both
the arithmetic and the geometric values,
(30) : 2.09, p < .05, and t(30) : 2.03, p <
.05, respectively.

To take initial age differences on single-
task measures into account, it is necessary to
look at divided attention costs relative to sin-
gle-task performance. The arithmetic com-
putation for the average single-task perfor-
mance is 7z(RT alone + IKI alone). In Figure
3 these values are represented as the mean
length ofthe horizontal and vertical dashed
lines extending from the axes to the points
indicating single-task performance. The geo-
metric respresentation of single-task perfor-
mance is ([RT alone])2 + UKI alonel2)r/2; it
is illustrated in Figure 3 as the length of the
diagonal lines connecting the origin to the
points indicating single-task performance.
Relative divided attention costs were then
calculated as ratios ofeach subject's divided

attention costs to the average single-task per-
formance for that subject. The mean arith-
metic ratios were .41 and .44 for the young
and old subjects, respectively. Mean geo-
metric ratios were .52 for the young subjects
and .56 for the old subjects. In neither case
did the age difference approach statistical sig-
nificance, (30) < I in both cases.

In this experiment the absolute cost for
divided attention was larger for the old sub-
jects than for the young. When initial differ-
ences in single-task performance were con-
trolled by examining dual-task performance
relative to each subject's single-task perfor-
mance, however, there was no age difference.
The similarity of the relative divided atten-
tion cost measures in the two age gfoups is
quite consistent with the results of the first
experiment and provides some generaliza-
bility of those findings.

General Discussion

This study has argued that a significant
amount of the literature that has purported
to have demonstrated an adult age difference
in the ability of individuals to divide their
attention among two or more simultaneous
tasks has failed to take several important con-
siderations into account. The present exper-
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performance data. The 100/0 and 0/100 con-
ditions fulfill this requirement in Experiment
l. Although these conditions did require re-
sponses for both arrays, the subjects were in-
structed to completely ignore one array. That
accuracy on the "unattended" display was
at chance level (50.2Vo across both ages and
conditions) indicates that the subjects prob-
ably did not allocate any effort to those stim-
uli. In Experiment 2 there were conditions
in which each task was performed alone.

The final issue discussed was the necessity
to separate effects due to divided attention
limitations from effects due to resource al-
location strategies. The technique of exam-
ining entire trade-off functions rather than
single data points eliminated this ambiguity
in the first experiment. In the second exper-
iment the comparable unit assumption sug-
gested that ifa subject sacrificed performance
on one task, it would be directly compen-
sated for by an equal gain in the other task.
Thus, regardless of the way in which a subject
allocated resources between the two tasks. the
mean performance would be the same. One
way of evaluating this assumption is to com-
pare the variances of the two tasks. If the two
tasks really do have comparable scales of
performance, then it would be expected that
their variances were similar. The pooled vari-
ances for the key and RT tasks in this ex-
periment were 7,156.4 and 7,410.5, respec-
tively. The parity ofthese values is supportive
of the comparable unit assumption, and it
therefore seems justifiable to use the mean
of the two tasks to represent dual-task per-
formance.

As the above discussion demonstrates. the
two studies reported here substantially meet
the suggested criteria for divided attention
research. The first experiment was designed
specifically to address the difficulties that
have plagued previous research. In Experi-
ment 2, some assumptions were required, but
the similarity of the results in the two ex-
periments suggests that they are quite rea-
sonable ones. It may thus be concluded that
in these pain oftasks, at least, no age-related
divided attention effect was found. The sug-
gestion is that there are other processes (e.g.,
memory or perceptual impairments) that are
responsible for the poorer performance of
older subjects on individual tasks. However,
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iments were designed to address these issues,
and therefore it is necessary to see how well
the problems were overcome.

First, it was suggested that there should be
an increase in the number of experimental
paradigms used to study divided attention
effects. Although it is impossible to satisfy
this goal completely in a single study, the
simultaneous visual displays used in Exper-
iment I are unique in the research of adult
age differences and contribute to the range
oftasks that have been investigated. The sec-
ond experiment was designed specifically to
generalize the findings of the first experiment
to a situation in which speed of response was
being measured.

The second issue discussed was that most
studies have found an age difference on single
task measures, making dual-task perfor-
mance difficult to interpret. In the first ex-
periment in this study a duration adjustment
procedure was used to find stimulus dura-
tions fior each subject that would produce
compa.rable performance levels for single-
task conditions. Accuracies for the 100/0
condition (83.6Vo for the young subjects;
84.3% for the older subjects) and the 0/100
condition (85.l%o for the young subjects;
85.3% for the older subjects) attest to the suc-
cess of this procedure.

. In making comparisons among pOCs, it
is essential that all subjects perform exactly
the same task. It might be argued that giving
older subjects a longer stimulus duration
than younger subjects altered the nature of
the task and thus invalidates the comparison
of POCs. Although this is probably a matter
of interpretation, we feel that this procedure
did not change the task but merely estab-
lished comparable baselines from w-hich di-
vided attention effects could be measured.
The results of this experiment suggest that
it is because of a failure to make this sort of
manipulation that so much of the previous
literature has suggested that older adults are
less able to divide their attention than youn-
ger adults. The fact that the second experi-
ment, in which baseline differences were ton-
t-rolle$ by examining relative age effects, pro-
duced similar results providei support'for
this conclusion.

Another issue that was raised was that
many studies do hot even collect single-task
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given these initial performance discrepan-
cies, older individuals are just as capable as
younger adults at processing additional in-
formation. Given the conclusion of much of
the earlier work, the results of these experi-
ments are rather surprising. The present re-
sults are nevertheless quite clear, and the ear-
lier conclusions were based on research that
is difficult to evaluate because of the uncon-
trolled factors described earlier.

It was pointed out that one way that age
differences in single-task performance have
previously been controlled for, as in a study
by Parkinson, Lindholm, and Urell (1980),
was to match subjects on single-task mea-
sures. It was argued that this procedure may
have selected subjects who were atypical of
their age group, and it may thus have ob-
scured real age differences in divided atten-
tion ability. In the present study subjects
were not selected on any psychometric vari-
able; however, it was found that in both ex-
periments the older subjects had significantly
higher WAIS vocabulary scores than the
younger subjects. Although it is possible that
this difference may partially account for the
finding of no agO difference in divided atten-
tion performance, two factors make this an
unlikely hypothesis. First, the subjects in this
experiment demonstrated the typical pattern
of performance on single-task measures. The
older subjects were slower on the reaction
time tasks and required a longer tachisto-
scopic duration to achieve an accuracy com-
parable to that ofthe younger subjects. It was
only on dual-task performance relative to
these baselines that the age effect disap-
peared. Second, it was found that the WAIS
Vocabulary scores were uncorrelated with
divided attention measures. In the first ex-
periment the correlation between WAIS Vo-
cabulary score and divided attention cost was
.12 for the young subjects and -.11 for the
old subjects. In the second experiment the
correlation between the vocabulary score and
the relative divided attention cost was .18 for
the young and -.15 for the old.

A second major contribution of this study
. is methodological. Although the arguments
here have been couched in terms of adult age
differences, they may be applied to any in-
dividual difference comparisons. There are
many practical as well as theoretical needs
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for measures of divided attention ability, and
the methodology described here provides a
way of obtaining that information.

The question of controlling for differences
under single-task is of particular relevance
when one is concerned with measuring be-
tween-group differences in divided attention
ability. Either the experimental conditions
must be manipulated so that the initial per-
formance under single-task conditions is
equivalent for all groups, or some type of
data transformation (e.g., the use of relative
scores) must be employed. In the absence of
these, between-group comparisons may be
meaningless.

The difficulties associated with the con-
founding of divided attention limitations
with resource allocation strategies is an issue
any time that divided attention performance
is assessed. The method that is usually em-
ployed is to collect only a single data point
for each subject under dual-task conditions.
In this situation it is often uncertain whether
two points differ because of divided attention
limitations or whether they are actually two
points on the same POC function. Only when
enough data have been collected so that the
entire POC function may be constructed can
differences be unambiguously interpreted.
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