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study was to evaluate the sources for age differences in dual-tasking and more
specifically: (1) whether they occur because of differences in attentional control skills, or
(2) whether the age-related decrement in dual-tasking is due to a general resource
reduction that would affect the ability to complete any demanding task. Methods: In two
experiments, young and older adults were required to combine an auditory digit span task
and a visuospatial tracking task, for which performance was individually adjusted on each
task. In Experiment 1, attentional control skills were measured by instructing participants
to deliberately vary attentional priority between the two tasks. In Experiment 2, resource
availability was measured by varying the level of difficulty of the visuospatial tracking task
in a parametric manner by increasing the speed of the target to be tracked. Results: Both
experiments confirmed the presence of a larger dual-task cost in older adults than in
young adults. In Experiment 1, older participants were unable to vary their performance
according to task instructions compared with younger adults. Experiment 2 showed that
the age-related difference in dual-task cost was not amplified by a variation in difficulty.
Conclusion: A marked age-related difference was found in the ability to control attentional
focus in response to task instructions. However, increasing resource demand in a
parametric manner does not increase the age-related differences in dual-tasking,
suggesting that the difficulties experienced by older adults cannot be entirely accounted
for by an increased competition for resources. A reduction in attentional control skills is
proposed to account for the divided attention deficit reported in aging.
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Effect of Age on Attentional Control in Dual-
Tasking. 

INTRODUCTION

Background/Study Context: The age-related differences in divided attention and attentional control have
been associated with several negative outcomes later in life. However, numerous questions remain
unanswered regarding the nature of these age differences and the role of attentional control abilities in
dual-tasking. The aim of this study was to evaluate the sources for age differences in dual-tasking and
more specifically: ( 1) whether they occur because of differences in attentional control skills, or ( 2)
whether the age-related decrement in dual-tasking is due to a general resource reduction that would
affect the ability to complete any demanding task. Methods: In two experiments, young and older adults
were required to combine an auditory digit span task and a visuospatial tracking task, for which
performance was individually adjusted on each task. In Experiment 1, attentional control skills were
measured by instructing participants to deliberately vary attentional priority between the two tasks. In
Experiment 2, resource availability was measured by varying the level of difficulty of the visuospatial
tracking task in a parametric manner by increasing the speed of the target to be tracked. Results: Both
experiments confirmed the presence of a larger dual-task cost in older adults than in young adults. In
Experiment 1, older participants were unable to vary their performance according to task instructions
compared with younger adults. Experiment 2 showed that the age-related difference in dual-task cost
was not amplified by a variation in difficulty. Conclusion: A marked age-related difference was found in
the ability to control attentional focus in response to task instructions. However, increasing resource
demand in a parametric manner does not increase the age-related differences in dual-tasking,
suggesting that the difficulties experienced by older adults cannot be entirely accounted for by an
increased competition for resources. A reduction in attentional control skills is proposed to account for
the divided attention deficit reported in aging.

Many studies have reported a higher dual-task cost in older adults compared with their younger
counterparts (Craik, [10]; Crossley & Hiscock, [13]; Hartley & Little, [21]; Li, Lindenberger, Freund, &
Baltes, [24]; Salthouse, Rogan, & Prill, [35]; Verhaeghen, Steitz, Sliwinski, & Cerella, [41]; Whiting &
Smith, [42]). This may be due to an impairment of attentional control, a skill that enables flexible
coordination and switching between tasks, both of which are necessary for goal-oriented behaviors. In
turn, it may reflect a general age-related resource reduction, as dual-tasking produces more competition
for limited resource capacities than single-tasking. The goals of this study were to evaluate the presence
of age-related differences in the ability to control attentional allocation in a divided attention task
(Experiment 1) and whether divided attention is due to a reduction in general resources available for
dual-tasking (Experiment 2).
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Attentional control is considered as being central to many theories of cognitive aging and is part of
numerous models of cognitive functioning (Braver et al., [ 7]; Braver & West, [ 8]; Salthouse, Atkinson, &
Berish, [33]). It is defined as a top-down executive process that enables complex goal-oriented
behaviors under attentionally demanding conditions (Milham et al., [29]). A few models have attempted
to better define this concept. In the model proposed by Braver et al. ([ 7]), goal maintenance is
considered a key mechanism of cognitive or attentional control, and a critical component for successful
performance in a wide variety of cognitive tasks. This is used to support and select the actions
necessary for complex behavior. For example, when participants are given task instructions in dual-
attention, goals must be actively represented and maintained in a form that can bias attention allocation
and response selection toward appropriate behavior. In this model, attentional control is particularly
important in situations with a strong competition for response selection, such as a complex dual-tasking
paradigm (Braver et al., [ 7]; Braver & West, [ 8]). This is empirically supported, as studies using factor-
analytic techniques (Engle, Tuholski, Laughlin, & Conway, [15]; Miyake et al., [30]) have shown that
attentional control is largely involved in both coordinative ability and dual-tasking.

Age-related differences in attentional control have been well documented (Braver et al., [ 7]; Braver &
West, [ 8]; Reuter-Lorenz, Festini, & Jantz., 2016; Salthouse et al., [35]; Verhaeghen, [39]). A meta-
analysis review conducted by Verhaeghen ([39]) showed that tasks involving coordinative ability such as
dual-tasking show more age-related differences than other executive control tasks, e.g., those involving
resistance to interference. Along these lines, Braver and West ([ 8]) proposed that aging is associated
with a decline in the ability to adequately control the top-down strategic processing needed in tasks that
involve conflicting perceptual or response demands. Dual-tasking is an interesting instance of a task
that requires attentional control, as it entails the coordination of the concurrent processing of different
streams of information and the ability to switch between different tasks that need to be completed. It is
thus possible that impaired control in top-down processing plays an important role in the difficulties in
dual-tasking observed in older adults.

In the present study, we measured attentional control skills with a dual-task paradigm that required
voluntarily changing the focus of attention in response to external demands. Various dual-task situations
that occur in everyday life require one task to be prioritized over the other such as having a conversation
with a passenger while driving a car in heavy traffic, planning and executing responses to avoid a
collision, or crossing the street while talking on a hands-free cell phone. In experimental conditions,
complying with priority instructions can be considered as requiring control over attentional priority
(Anguera et al., [ 3]; Belleville et al., [ 5]; Bier, de Boysson, & Belleville, [ 6]; Gopher, [19]; Kramer,
Larish, & Strayer, [23]). In these conditions, participants are asked to complete two tasks in combination
but are instructed to place more of their attentional priority on one of the two tasks. Age-related
differences were found in the ability to divide attention (Anderson, Bucks, Bayliss, & Della Sala, [ 2];
Craik, [10]; Craik, Govoni, Naveh-Benjamin, & Anderson, [11]; Craik & McDowd, [12]; Crossley &
Hiscock, [13]; Hartley & Little, [21]; Li et al., [24]; McDowd & Craik, [28]; Verhaeghen & Cerella, [40];
Verhaeghen et al., [41]; Wright, [43]). There is also an indication of an impairment in the ability to vary
attentional priority (Salthouse et al., [35]). In the study carried out by Salthouse et al. ([35]), younger and
older adults were given instructions and payoffs to vary their attentional emphasis among two visual
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memory tasks. In one of three experiments, the authors found that older adults had difficulties
modulating their attention as a function of emphasis instructions. This difficulty in changing attentional
focus as a function of external demands is indicative of a decline in attentional control capacities.
However, in experiments 2 and 3, older adults seemed to allocate their attention across emphasis
conditions in a similar fashion to their younger counterparts despite a less efficient performance in
divided attention (Salthouse et al., [35]). Here, the authors modified the dual-task paradigms in order to
reduce the response interference between both visual memory tasks, which could have reduced the
coordination requirement of the task and boosted the performance of older adults. Also, the size of the
groups was markedly reduced in both experiments 2 and 3, which could have diminished the statistical
power. Yet, the authors concluded that the age-related differences could be due to an increased
complexity of the situation rather than a problem in attentional allocation and could reflect a resource
reduction (Salthouse et al., [35]).

The hypothesis that divided attention and attentional allocation deficits may reflect sensitivity to task
demand is consistent with the hypothesis that cognitive aging is characterized by a reduction in
resources, which has a larger impact on more demanding than on less demanding tasks (Shallice, [36]).
As task demand increases, a resource ceiling is reached, leading to insufficient processing and age-
related decrement (Reuter-Lorenz & Cappell, [31]; Reuter-Lorenz et al., [32]). If this is the case, age-
related differences in dual-tasking should be sensitive to increasing the demand of the constituent tasks
or to modifying certain aspects of the task design.

Some evidence suggests that the age-related differences in divided attention augment as task demand
increases (Hartley & Little, [21]; Huxhold, Li, Schmiedek, & Lindenberger, [22]; McDowd & Craik, [28]).
In these studies, difficulty or task demand has often been manipulated by using different types of tasks
that are considered to be of varying levels of difficulty (Huxhold et al., [22]; McDowd & Craik, [28];
Vaportzis, Georgiou-Karistianis,, & Stout, [ 3]; [ 1]). For instance, two studies showed that dual-task
conditions that combine automatized tasks for which older adults have accumulated experience (e.g.,
word recognition) increase the performance of older adults and reduce the age-related differences,
probably because highly practiced tasks require less resources (Allen, Lien, Ruthruff, & Voss, [ 1]; Lien
et al., [25]). McDowd and Craik ([28]) assessed whether task difficulty had an impact on the age-related
difference on dual-tasking by varying the types of tasks to be combined in their dual-task paradigm (e.g.,
pressing a key when hearing a word spoken by a female voice or detecting target words corresponding
to a certain category) or the number of choices involved in one of the tasks (e.g., two-, four-, and eight-
choice decisions). More recently, Vaportzis et al. ([38]) used a dual-task paradigm with conditions of
increasing difficulty by combining two digit recall tasks (forward [simple] and backward [complex] digit
recall) and two reaction time (RT) tasks (simple-choice RT and complex-choice RT) that were meant to
be of differing levels of difficulty. Both studies showed an age-related difference in dual-task costs, which
was amplified with increased task difficulty. However, in both studies, interpretation of the difficulty effect
is elusive, as tasks of different difficulty levels also vary in nature. Here, we propose to measure the
effect of task difficulty on divided attention by manipulating the properties of the two tasks in a
parametric manner and by adjusting the tasks so that differences in difficulty are equivalent in young
and older adults.
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This paper presents two experiments that were carried out to identify the source of the dual-tasking
difficulties in healthy older individuals relative to young adults. First, we evaluated the effect of aging on
attentional control by measuring the ability to vary attentional allocation as a function of task
instructions. Because dual-tasking is complex and may be explained by differences in resource
availability, we also measured whether increasing the level of difficulty of a dual-task would modulate the
age-related differences in dividing attention. We varied task demand of one of the constituent tasks by
manipulating the level of difficulty in a parametric manner. The demands of both tasks were individually
adjusted. This has consequences when comparing groups that differ in their ability to perform on one or
both constituent tasks. If healthy older adults have a reduced ability to perform one or both tasks
separately, it could create greater difficulty when combining the two tasks or when attempting to control
their attention. Thus, we controlled reduced performance ability by adjusting the tasks according to
individual levels of ability. In both experiments, young and older adults were required to combine an
auditory digit span task and a visuospatial tracking task, and performance was individually adjusted.
Experiment 1 measured the ability of young and older adults to vary their attentional priority between the
two tasks in response to specific instructions. Experiment 2 varied the level of difficulty of the
visuospatial tracking task by increasing the speed of the target to track as a function of individual
performance level. Healthy older adults were expected to have more difficulties than young adults in
controlling their attentional priority between the two tasks. It was also anticipated that older adults would
present a larger dual-task cost but that age-related differences would not be amplified by a variation in
difficulty.

EXPERIMENT 1

Methods

Participants
Forty-two subjects (21 young adults and 21 older adults) participated in Experiment 1. All participants
were recruited in the community through postings, advertisements in retirement centers, and
advertisements in magazines for seniors. Participants were included if they were French speaking,
community dwelling, living in the Montreal area, right-handed, and had normal or corrected-to-normal
hearing and vision. Exclusion criteria included alcoholism or substance abuse; presence or history of a
neurological disorder or stroke; and presence or history of a severe psychiatric disorder (e.g.,
depression, schizophrenia, bipolar disorder).

The two groups were matched on gender and educational level, and all participants completed the Mill
Hill Vocabulary Test (Gérard, [18]), a widely used francophone test in which subjects are asked to
identify the synonym of a target word among six choices. The characteristics of the 42 participants are
presented in Table 1. The two groups were comparable on educational level, F( 1, 40) = 0.71, p > .05,
performance on the Mill Hill, F( 1, 40) = 1.45, p = .42, and gender composition, χ ( 1) = 0.074, p = .63.2
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Table 1. Mean scores for age, education, and clinical measures

Variable Younger (n = 21)Older (n = 21)F χ p
Age 22.42 (2.9) 72.19 (3.4)
Gender 16 F, 5 M 14 F, 7 M 0.07.63
Education 14.79 (2.3) 14.21 (2.1) 0.71 .41
Mill Hill (/44)28.24 (3.2) 30.42 (5.4) 1.45 .42

3 Note. Standard deviations are given in parentheses.

Apparatus, Stimuli, and Procedure
The dual-task paradigm employed in this study was adapted from a dual-task paradigm originally used
by Baddeley and collaborators (Baddeley, Logie, Bressi, Sala, & Spinnler, [ 4]) and is part of the Batterie
d'Évaluation de la Mémoire Côte des Neiges (Chatelois et al., [ 9]). The paradigm involved a
visuospatial tracking task combined with a digit recall task. For the visuospatial tracking task, the subject
is instructed to follow a visual target moving on a computer screen with a rectangular cursor controlled
by a computer mouse. In case of tracking failure, the square target turns black, providing feedback to
the subject that the cursor was out of the target. In the digit recall task, participants are presented with a
series of digits in an auditory form and are asked to report them in the same order as presented. The
digits are presented at a rate of one item per second, and recall is done verbally. The tasks were carried
out in two conditions: a focused attention condition (where each task, tracking and span, was done on
its own) and a divided attention condition (where the two tasks were done concurrently).

As a preliminary phase to assess the speed of the participants' tracking task, the procedure started with
a familiarization process with mouse use and the tracking activity. During this phase, subjects simply
tracked the target moving at a very slow pace (0.2 and 0.4 pixel per seconds) in the horizontal, vertical,
and oblique axes until they reached perfect tracking performance under these particular conditions. Two
practice trials were done on each different axes and speeds. Then, each participant's baseline levels
were determined separately for the tracking and span tasks. Indeed, the speed of the visual target
chosen to test the participants as well as the length of the lists used in the span series were determined
individually for each person.

The baseline level on the tracking task was determined by using a modified version of the staircase
psychophysical procedure. Participants were required to track targets moving at different speeds for
10 seconds on each speed. The procedure was used to obtain a speed at which participants obtained
correct tracking about 70% of the time. Performance on tracking for a given speed corresponded to the
percentage of time spent on the target in a period of pursuit and was computed by the program after
each tracking trial. The staircase procedure began by assessing the participant at a slow pace (0.5
pixels per seconds) for which subjects usually reached a tracking performance above 90%. The speed
was gradually increased by 0.2 pixels per second until the participant reached a performance of 65%.

2
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The procedure then reversed (decreasing the speed of the target) until the participant reached correct
tracking 90% of the time. The presentation of ascending and descending series of speeds was repeated
until a similar threshold (65%–75%) was obtained on two consecutive series.

The baseline level of the digit recall task was determined by using the standard auditory digit span
procedure of the Batterie d'Évaluation de la Mémoire Côte des Neiges (Chatelois et al., [ 9]). One
practice trial preceded the task. This procedure consists of presenting four sequences of two items. If
the subject recalled at least two of the four sequences correctly, four sequences of one item longer (i.e.,
three items) were presented. The procedure continued until the participant failed to meet the criteria.
The longest sequence correctly recalled on at least half of the trials (i.e., two of the four trials) was used
as the digit span threshold for the participant. In the experimental phase, participants were asked to
recall 10 sequences of digits the length of which was one item less than their individually determined
digit span threshold.

In the experimental phase, participants were first familiarized with the dual-task condition by practicing
the two tasks together for two sequences of digits. Following the practice, participants performed the
two tasks in focused attention and divided attention (concurrently) where participants were asked to vary
their attentional priorities across three emphasis priority instructions (80% visual tracking, 50% visual
tracking, and 20% visual tracking). Accordingly, for the 80% visual tracking priority, participants were
asked to attribute 80% of their attention on the visual tracking task and only 20% of their attention on the
digit span task. In the 50% visual tracking priority, participants were asked to put an equal amount of
attention of both tasks. In the 20% visual tracking priority, participants were asked to attribute 20% of
their attention to the visual tracking task and 80% to the digit span task. Ten sequences of digits were
administered for each emphasis priority instruction. According to an ABBA design, participants
completed (A) one block in focused attention (tracking, digit recall), followed by (B) two blocks in divided
attention (2× [80/20, 50/50, 20/80]), and (A) one final block in focused attention (tracking, digit recall), for
a total of four blocks. Inside each divided attention block, the order of presentation of each emphasis
priority instructions were distributed within each subject using a Latin square design.

Results

Preliminary Analyses
Preliminary analyses with t tests were performed to compare young and older participants on their digit
span size and speed for which they obtained 70% correct tracking. For the span capacity, the analysis
revealed a smaller digit span size in older adults (M = 5.5) compared with the younger participants
(M = 6.2) (p < .001). Furthermore, older adults obtained a higher visual tracking threshold for the 70%
speed criterion (p < .001). Thus, older adults required slower moving targets to obtain performance
accuracy that was similar to that of young subjects.

Experimental Phase
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Dual-task cost scores ([focused − divided]/focused) were used as the dependent variable. This divided
attention cost represents the proportional loss of performance in the divided attention condition as a
function of performance in focused attention. Thus, this score controls for baseline performance and
provides a measure of divided attention performance. For example, if the participant recalls an average
of 6 digits in the focused attention condition and 5 digits in condition of divided attention, the dual-task
cost would be low ([6 − 5]/6 = 0.16), but if the same participant recalls 2 digits in divided attention, the
dual-task cost score would be higher ([6 − 2]/6 = 0.66). They were computed separately for the digit
recall and visuospatial tracking task for each emphasis priority (80% visual tracking; 50% visual
tracking; 20% visual tracking). Dual-task cost scores were analyzed with a mixed analysis of variance
(ANOVA) using emphasis (80% visual tracking, 50% visual tracking, or 20% visual tracking) and task
(digit recall; tracking) as within-subject factors, and group (young; old) as a between-subject factor.
Sensitivity analysis for the impact of potential nonsphericity was studied using the Greenhouse-Geisser
correction. Mauchly's test indicated that the assumption of sphericity was violated for Task × Emphasis
interaction, χ ( 2) = 8.1, p = .05, but not for the effect of emphasis, χ ( 2) = 1.2, p = .105. Therefore,
degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity. The correction
was not necessary in our case, as no differences were found in our conclusions and on the significance
of our results. We thus chose to report the results assuming sphericity.

The Emphasis × Task × Group interaction was significant, F( 2, 39) = 3.64, p < .05 (η  = 0.11). To
identify the source of the interaction, ANOVAs were computed separately for each group with the
variables emphasis and task. Considering the size of our sample and the homogeneity of the observed
standard deviation, decomposition of the interactions was conducted inside the analysis of variance,
which enables us to use all of the data available to estimate variance and the error of each comparison.

For the younger adults, a main task effect was found, F( 1, 20) = 7.54, p < .05 (η  = 0.27), which was
qualified by a Task × Emphasis interaction, F( 2, 19) = 5.19, p < .05 (η  = 0.20). Figure 1a shows the
divided attention cost for younger adults on each task as a function of emphasis instructions. Mean
comparisons revealed that the dual-task cost varies as a function of emphasis for both the digit span
and the visuospatial tracking tasks and goes in the opposite direction, as expected, as a function of the
changes in priority required by task instructions. For the visuospatial tracking task, F( 2, 19) = 3.98,
p < .05 (η  = 0.16), the dual-task cost in the 50% tracking (M = 0.04) emphasis instruction condition was
smaller than in the 20% tracking (M = 0.08) emphasis instruction condition (p < .05). For digit recall,
there was a smaller dual-task cost in the 20% tracking (M = 0.04) than in the 50% tracking (M = 0.15)
and 80% tracking (M = 0.13) (p < .05 in both cases), F( 2, 19) = 3.23, p < .05 (η  = 0.16). Figure 1a
shows that younger adults tend to prioritize tracking when asked to equate their attention, as dual-task
cost is smaller on tracking than on digit recall. When asked to shift their attention toward prioritizing
digits, their dual-task cost on digits dramatically decreases and their cost on tracking increases. When
asked to prioritize tracking, they can no longer improve their dual-task cost perhaps because it is
already quite low. Thus, attentional priority to both tasks can be modulated by instructions, but this can
be done to a larger degree for the digit recall task.

2 2

2

2

2

2

2
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Graph: Figure 1. Divided attention cost [(focused − divided)/focused] for each task as a function of
emphasis instruction (20%, 50%, 80% visual tracking) in divided attention for young (a) and older (b)
adults (error bars represent standard errors).

Figure 1b shows the divided attention cost for the older adults on each task as a function of emphasis
instructions. For the older adults, no main effect of emphasis, task, or Emphasis × Task interaction was
found (p = .45,.42, and.07, respectively; see Figure 1b). Note that because we had hypotheses
regarding the effect of emphasis, we decomposed the marginally significant Emphasis × Task
interaction, but this revealed no further significant effect. These results indicate that the dual-task cost in
older adults is comparable for the tracking and digit recall tasks and that it does not vary as a function of
task priority instruction.

Because we are interested in age differences, we also looked at whether the interaction results from
age-related differences in the dual-task cost as a function of emphasis and task. We found that the age-
related difference in dual-task cost is largest when participants are asked to prioritize digit recall (p < .01
on digit recall and p < .05 for tracking), the condition where younger adults decrease their dual-task
cost. When participants are asked to place equivalent attention on both tasks (50% tracking) or to
prioritize tracking (80% tracking), there is an age-difference on tracking only (p < .05 and p < .05,
respectively; see Figure 1a and b).

Discussion
In summary, results indicate that younger adults were better able to modify allocation priority as a
function of task instructions, as younger participants dramatically lowered their dual-task cost on the
digit recall task when the instructions required that this task be emphasized. On the contrary, older
participants were unable to control their attention, as they showed similar dual-task costs irrespective of
the emphasis instructions. Overall, these results indicate the presence of a marked age-related
difference in the ability to control attentional focus as a function of external demands. The difficulty in
responding to priority instruction may arise from the fact that this is a difficult task that places a high
demand on attentional resources. This will be tested in the following experiment by increasing the
demand of one of the two tasks and measuring if this increases the dual-tasking age-related difference.

EXPERIMENT 2

Methods

Participants
Forty-eight different subjects (24 young adults and 24 healthy older adults) participated in Experiment 2.
Participants were selected with the same criteria as mentioned in Experiment 1. Four participants (three
young adults and one older adult) were excluded due to technical failure in the recording of their
tracking performance. Therefore, a total of 21 young and 23 older adults were included in the analyses.
The characteristics of the 44 participants are presented in Table 2. The two groups were comparable on
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educational level, F( 1, 42) = 2.98, p = .76 (η  = 0.20), performance on the Mill Hill, F( 1, 42) = 1.88,
p = .65 (η  = 0.20), and gender composition, χ ( 1) = 0.052, p = .82 (η  = 0.20).

Table 2. Mean scores for age, education, and clinical measures

Variable Younger (n = 21)Older (n = 21)F χ p
Age 23.33 (7.22) 65.95 (6.19)
Gender 13 F, 8 M 15 F, 8 M 0.05.82
Education 13.81 (2.20) 12.04 (4.18) 2.98 .76
Mill Hill (/44)22.19 (2.46) 25.62 (3.13) 1.88 .65

4 Note. Standard deviations are given in parentheses.

Apparatus, Stimuli, and Procedure
The tasks used (tracking, digit recall) were the same as in Experiment 1. The baseline level was
assessed using the same staircase procedure, but the goal of the procedure for the visual task was to
obtain three different speeds of varying difficulty levels. The procedure identified speeds for which
participants performed at 90% (easy speed), 70% (moderate speed), and 50% (difficult speed) correct
tracking. Performance on tracking for a given speed corresponded to the percentage of time spent on
the target in a 15-second tracking period and was computed by the program after each tracking trial.
The procedure started by assessing the participant at a slow pace (0.5 pixels per seconds) for which
subjects usually reached a tracking performance above 90%. The speed was then gradually increased
by 0.2 pixels per second until the participant reached a performance of 70% and 50%. The procedure
then reversed (decreasing the speed of the target) until the participant would reach 90% correct
tracking. The presentation of ascending and descending series of speeds was repeated until stable
performance was obtained. Stable performance was defined as the time at which similar speed was
obtained for each threshold target (50%, 70%, 90%) on three consecutive series. This determined three
speeds for each participant, for which his/her performance was 90%, 70%, or 50% correct.

The baseline level of the digit recall task was determined in the same manner as in Experiment 1,
except that participants were asked to recall 15 sequences of digits, the length of which was one item
less than their individually determined digit span threshold.

In the experimental phase, participants were first familiarized with the dual-task condition by practicing
the two tasks together for two sequences of digits. Following the practice session, participants
performed the two tasks in focused attention and divided attention, where participants were instructed to
perform both tasks as best as they could, but to try to maintain performance on tracking. This was done
to reduce the likelihood of interindividual variability in the trade-off pattern. Tracking was performed
using the three speeds determined previously. According to an ABBA design, participants completed (A)
one block of focused attention (digit span, tracking), followed by (B) two blocks of divided attention (2×

2

2 2 2

2
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[90%, 70%, 50%]), and (A) one final block of focused attention (tracking, digit recall), for a total of four
blocks. The order of presentation of the speed was varied across subjects using a Latin square design.
Accuracy was recorded for both tasks.

Results

Preliminary Phase
Preliminary analyses with t tests were performed to compare young and older participants on their span
size and speed for which they obtained 90%, 70%, and 50% correct tracking. The span capacity of the
healthy older adults (M = 6.05) did not differ from that of their younger counterparts: (M = 6.38) (p = .38).
However, older adults obtained higher visual tracking thresholds for each speed criterion (p = .001,.051,
and.028, for the 90%, 70%, and 50%, respectively). Thus, older adults required slower moving targets to
obtain a performance similar to that of the younger subjects.

Experimental Phase
As in Experiment 1, dual-task cost scores ([focused − divided]/focused) were used as the dependent
variable. They were computed separately for the digit recall task and the visuospatial tracking task.
Divided attention cost scores were analyzed with a mixed ANOVA using tracking speed (90%; 70%;
50%) and task (digit recall; visuospatial tracking) as within-subject factors, and age (young; old) as a
between-subject factor. As in Experiment 1, sensitivity analysis for the impact of potential nonsphericity
was studied using the Greenhouse-Geisser correction. Mauchly's test indicated that the assumption was
not violated for either tracking speed effect, χ ( 2) = 5.4 p = .067, or Tracking Speed × Task interaction,
χ ( 2) = 0.91 p = .634. We report the results assuming sphericity as the Mauchly's tests were not
significant and no differences were found in our conclusions and on the significance of our results. As in
Experiment 1, for the error terms, decomposition of the interactions was conducted inside the analysis
of variance, which enables us to use all of the data available to estimate variance and the error of each
comparisons.

Figure 2 shows the dual-task cost for both young and older participants on each task (digit recall; visual
tracking). There was a main effect of tracking speed, F( 2, 42) = 10.46, p < .001 (η  = 0.20), indicating
higher divided attention cost as the level of difficulty increased. This effect was qualified by a Tracking
Speed × Task interaction, F( 2, 42) = 7.07, p < .001 (η  = 0.14). Decomposition of the interaction
indicated that the difficulty effect was present in both tasks but was larger for digit recall (p < .001) than
for the tracking (p = .04) task. The group effect was not significant. The Task × Group interaction was
marginally significant, F( 1, 42) = 3.48, p = .06 (η  = 0.07). None of the other interactions reached
significance.

Graph: Figure 2. Divided attention cost [(focused − divided)/focused] for both younger and older
participants on each task (digit recall, visuospatial tracking) as a function of tracking speed (90%, 70%,
50%) (error bars represent standard errors).
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Since we had a priori hypotheses regarding the impact of age on both tracking and digit recall
performance, further analyses were carried out in order to identify the source of the interaction. Figure 3
shows the overall dual-task cost for each task for younger and older adults. Older adults were found to
have a higher dual-task cost than younger adults on the visuospatial tracking task (M = .09 vs. M = .03;
p = .05) but not on the digit recall task (nonsignificant [ns]). Furthermore, younger adults had a higher
dual-task cost on the digit span task (M = .11) than on the visuospatial task (M = .03) (p < .01), whereas
dual-task cost was equivalent for the two tasks in older adults (ns).

Graph: Figure 3. Divided attention cost [(focused − divided)/focused] for each task, averaged for all
three tracking speeds (90%, 70%, 50%) for the young and older adults (error bars represent standard
errors).

Discussion
In summary, dual-task cost increases when increasing the tracking speed. This indicates that the dual-
tasking cost is partly explained by a competition of resources. Importantly however, increasing difficulty
does not modify the age-related differences, which implies that difficulties experienced by older adults
cannot be entirely accounted for by an increased competition for resources. There were also some other
interesting findings from this experiment. Particularly, there was a marginally significant Group × Task
interaction. This comes from the fact that younger adults obtained a higher dual-task cost on the digit
span task compared with the tracking task, whereas older adults showed a similar dual-task cost on
both tasks. This is likely related to the fact that instructions required that participants maintain their
performance on the tracking test and that only younger adults were able to comply.

GENERAL DISCUSSION
The present study assessed conditions that produce dual-task difficulties in healthy older individuals
relative to young adults. The main objectives were to evaluate ( 1) whether they occur because of
differences in the ability to control attentional allocation in a divided attention task, or 2) whether the
age-related decrement in dual-tasking reflects reduced resources, a condition that should be particularly
detrimental to demanding tasks. In two experiments, young and older adults were asked to combine
auditory digit recall with a visuospatial tracking task, for which performance was individually adjusted on
each task. Experiment 1 measured the ability of young and older adults to vary their attentional
emphasis between the digit recall and visual tracking tasks in response to priority instructions. In
Experiment 2, the level of difficulty of the visuospatial tracking task was varied in a parametric manner
by increasing the speed of the target to track and by adjusting the tasks so that differences in difficulty
were equivalent in young and older adults.

Our first objective was to assess whether age differences in dual-tasking occur because of differences in
the ability to control attentional allocation. Attentional control is defined as the ability to exert conscious
top-down monitoring and control over attention. It is highly involved when the individual is engaged in
divided attention tasks. We hypothesize that this is particularly the case when external demands require
that participants actively manipulate, control, and switch their attentional allocation. We thus assessed
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the capacity of older adults to modulate their attentional allocation priority as a function of instructions as
a direct link to attentional control skills. Engaging appropriate, controlled attention abilities should result
in a differential dual-task cost as a function of emphasis instructions.

The results from Experiment 1 indicate marked age-related differences in the ability to vary attentional
allocation. In this experiment, participants were asked to vary their attentional emphasis between the
two tasks in response to instructions that required different prioritization. Results indicate that the
younger adults were better able to modify allocation priority as a function of task instructions, particularly
for digit recall. Also, the younger participants dramatically lowered their dual-task cost on the digit recall
task when the instructions required that the memory task be emphasized. The outcome is strikingly
different for the older adults. Indeed, the older participants had similar dual-task costs on both the digit
span and tracking tasks, regardless of the emphasis instructions. This suggests that they were unable to
control their attention. The results are consistent with a previous study by Salthouse et al. ([35])
(Experiment 1 of three) in which specific instructions and payoffs were given to the participants as a
function of the level of attention required on each task. Overall, these results indicate that healthy older
adults have marked difficulties in controlling their attentional focus as a function of external demands.
Note that some of the results from Experiment 2 also support a deficit in attentional control. In this
experiment, younger adults obtained a higher dual-task cost on the digit span task compared with the
tracking task, which is consistent with our instructions that emphasized maintaining performance on the
tracking test. By contrast, older adults showed a similar dual-task cost on both tracking and recall. This
suggests that the younger adults complied with the instructions requiring them to focus on the
visuospatial tracking task, whereas the older adults did not.

Age-related difficulties in dividing attention and controlling attentional focus could be due to the fact that
these are demanding tasks. Thus, our second objective was to assess whether the age-related
differences in dual-tasking reflect a reduction in resources available for demanding tasks. One
innovation was to vary the level of difficulty of one of the two tasks in a parametric manner rather than
manipulating task difficulty by varying the type of the tasks, as has been done in previous studies
(Huxhold et al., [22]; McDowd & Craik, [28]; Vaportzis et al., [38]). We found that dual-task cost
increases when varying tracking speed, which indicates that our design was sound and that the
manipulation of speed increased the difficulty in dual-tasking. This also indicates that dual-task cost is
partly explained by a competition at the resource level. Nevertheless, we found no age-related
differences as a function of demand, as both young and older adults exhibited similar patterns of dual-
task cost changes with increased levels of difficulty. Interestingly, these results are coherent with a
previous study that used a similar paradigm (Logie, Cocchini, Della Sala, & Baddeley, [26]). Young and
older adults were asked to simultaneously complete a visual tracking task and a digit recall task. In one
of the experiments, the demand for the tracking task changed within five levels of demand, ranging from
well below to well above individually determined thresholds. Consistent with our results, no interaction
was found between age and task demand. Interestingly, the effect of task difficulty was larger for digit
recall than for tracking, which is in line with our instructions to maintain performance on the tracking test.
The absence of a difficulty effect on the age-related divided attention cost suggests that difficulties
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experienced by older adults cannot be entirely accounted for by an increased competition for resources.
It is not due to a general difficulty effect, but that it is more difficult to complete two tasks than one.

It is important to mention that our design individually adjusted the difficulty level of each task. We believe
that, when interested in manipulating conditions, it is particularly important to understand the
mechanisms accounting for cognitive aging. For instance, age-related differences are found on a
number of cognitive tasks, and finding a larger dual-task cost may result from the combination of tasks
that are more difficult for older adults than younger adults (Allen et al., [ 1]: Lien et al., [25]). In the
majority of the studies showing a larger dual-task cost in older relative to young adults, individual
differences in single-task performance were not individually adjusted (see Verhaeghen et al., [41]).
Because we used individually assessed levels of difficulty and compared performance against each
individual's own baseline, differences in baseline performance were unlikely to affect the results.
Moreover, setting the difficulty level at each individual's performance capacity ensured that results could
not be described as participants having reached a ceiling performance on one of the tasks.

In spite of the fact that we adjusted performance, we found a larger dual-task cost in older relative to
young adults. All conditions of Experiment 1 produced larger dual-task costs in older versus young
adults on tracking or on tracking and digit recall. The effect was present in Experiment 2, although it was
marginally significant and only present on the tracking performance. These results are coherent with
studies reporting an age-related dual-task cost, even after comparing single-task performance across
groups (Hartley & Little, [21]; Logie, Sala, MacPherson, & Cooper, [27]; Salthouse, Fristoe, Lineweaver,
& Coon, [34]). Our finding supports the conclusion that individual differences in the constituent tasks
among young and older adults are insufficient to account for the age-related increase in dual-task cost
and lends further support to our hypothesis of age-related differences in attentional control skills.

Overall, the combined results found in Experiments 1 and 2 suggest that dual-task difficulties in healthy
older adults may arise from their reduced ability to control their attentional abilities. This suggests that
task designs that limit the demand in attentional control skills or training programs that improve those
skills could reduce the dual-tasking deficit found in older adults. For instance, Grabbe and Allen ([20])
showed that the dual-task performance of older adults was improved when providing greater
environmental support through response code compatibility. A number of studies have also shown that
training attentional control improves the divided attention capacities of older adults (Bier et al., [ 6];
Kramer et al., [23]).

It is important to address the limitations of the present study. First, Experiment 2 might have been
underpowered, as the Group × Task interaction was only marginally significant. Importantly, however,
sample size proved sufficient to reveal other robust effects, and Experiments 1 and 2 showed consistent
findings. An additional limitation found in our study is the fact that we did not vary the levels of difficulty
and task instructions within the same experiment. Although this was done to reduce the complexity of
the design and analyses, it reduced our ability to infer whether difficulty has an additive effect on the
ability to control attention. Furthermore, our use of the term control is based on the hypothesis that
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modifying one's attention requires control capacities and that the change in performance as a function of
task instruction reflects such capacities. Indeed, it is based on an interpretation that the performance we
observed actually reflects control processes. Finally, attentional control relies on a set of different
executive processes, and as we did not include any additional executive measures, it is not possible to
determine whether there is a relationship between performance on our tasks and performance on other
executive capacities.

In conclusion, our findings provide some important information on dual-task performance in healthy
older adults. First, older adults are less able to control their attention in response to external instructions.
Because a dual-task paradigm requires attentional allocation, difficulties in attentional control may be a
critical factor in age-related dual-task deficits. It may also contribute to the attentional difficulties that
older adults experience in their daily lives and of their potential negative outcomes, such as falls
(Faulkner et al., [16]; Gaspar, Neider, & Kramer, [17]) or automobile collisions (Daigneault, Joly, &
Frigon, [14]). Second, the age-related differences in dual-task performance cannot be accounted for by
a simple reduced-resource hypothesis, as varying the difficulty level of the tasks did not increase the
age-related difficulties in dual-tasking. Finally, our results were found using a design that individually
adjusted task demand, indicating that the effect goes beyond performance reduction in constituent
tasks. The present study indicates that attentional control is a significant factor in explaining the age-
related difference in dual-task cost.
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