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A number of studies have suggested that attentional control skills required to perform 2 tasks concur-
rently become impaired with age (A. A. Hartley, 1992; J. M. McDowd & R. J. Shaw, 2000). A. A.
Hartley (2001) recently observed that the age-related differences in dual-task performance were larger
when the 2 tasks required similar motor responses. The present study examined the extent to which
age-related deficits in dual-task performance or time sharingNin particular, dual-task performance of 2
discrimination tasks with similar motor requirementsN can be moderated by training. The results indicate
that, even when the 2 tasks required similar motor responses, both older and younger adults could learn
to perform the tasks faster and more accurately. Moreover, the improvement in performance generalized
to new task combinations involving new stimuli. Therefore, it appears that training can substantially
improve dual-task processing skills in older adults.
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How humans concurrently perform multiple tasks has been ardohnston & Van Selst, 2001). Others have reported that practice
important topic in cognitive psychology for several decades, andenabled participants to perfectly share their attention between two
this knowledge contributes to an understanding of the limits ofconcurrent tasks (Schumacher et al., 2001). Moreover, researchers
human cognition (Hazeltine, Teague, & Ivry, 2002). A major have observed substantial interindividual differences in the ability
source of debate in multiple task studies is whether the executioto coordinate two tasks. In fact, Ruthruff, Van Selst, Johnston, and
of two tasks can take place in parallel or whether it requiresRemington (in press) did show evidence of parallel execution of
task-switching strategies (Pashler & Johnston, 1998). Recentlyconcurrent tasks (bottleneck bypass) in some participants. Further-
researchers have assessed the effect of extensive practice on duabre, a dual-task deficit is also frequently observed in older adults,
task performance to better understand the basic cognitive mecha- group that manifests larger interindividual variability than
nisms underlying dual-task performance. Some researchers hay@unger adults. Both types of evidence (practice effects in younger
observed large practice effects on dual-task performance, but withadults and the studies of age-related deficits in dual-task perfor-
out evidence of parallel execution of concurrent tasks (Ruthruffmance) have led some researchers to suggest that dual-task per-
formance is heavily dependent on attentional control strategies,
which implies that learning an optimal strategy can improve dual-
task performance (Meyer & Kieras, 1997).
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Kramer et al.0s study is that a subgroup of older adults, trained ut only when the two tasks required manual responses (see also
a variable-priority (VP) condition, overcame their initial age- Hartley, 2001). Hartley and Little concluded that the age-related
related deficit in dual-task performance to a greater degree than dideficit observed in dual tasks was localized to response generation
participants trained in a fixed-priority (FP) condition. In the VP processes. Glass et al. (2000) also reported larger dual-task costs
training procedure, participants were required to vary their re{greater PRP effects) in older adults but concluded that the ob-
sponse priorities between the two tasks, whereas in the morserved age-related performance deficit had three sources: general
typical FP condition, attention was shared equally between thaslowing, process-specific slowing, and the use of a more cautious
tasks. The greater improvement obtained under the VP conditiotask coordination strategy.
suggests that learning to modulate attention may be crucial in the Although the extensive research of Hartley and Little (1999;
acquisition of task coordination skills. Hartley, 2001) suggests that older adults often show larger dual-
That dual-task performance is substantially improved throughtask deficits when both tasks require manual responses, exceptions
training in older adults is of major importance in the study of have been noted (Allen et al., 2002), which suggests that older
age-related deficits in cognition, as older adultsO difficulty inadults® dual-task deficits in some conditions could be partly ex-
performing concurrent tasks has often been reported in the litergplained by age-related differences in task coordination strategies,
ture (Hartley, 1992; Kramer & Larish, 1996; McDowd & Shaw, as Glass et al. (2000) proposed. In fact, Allen et al. (2002) reported
2000). A recent meta-analysis by Verhaeghen, Steitz, Sliwinskian age-equivalent PRP effect using a lexical-decision task, even
and Cerella (2003) showed evidence of age-related deficiencies with two tasks requiring a motor response. This could be explained
dual-task performance across a variety of dual-task paradigmduy the use of an efficient task coordination strategy by older adults.
However, the tasks Kramer, Larish, and Strayer (1995; KramerHowever, an alternative possibility is that the older adults per-
Larish, et al., 1999) used in their dual-task training studies werdormed the lexical-decision task in an automated fashion.
complex and involved a variety of perceptual, memory, and motor In a recent study, Maquestiaux, Hartley, and Bertsch (2004)
processes. It thus remains difficult to document which processesbserved that extensive practice did not allow parallel execution of
improved through training and the means by which older adultswo concurrent tasks in a PRP paradigm. However, it is possible
were able to improve to a greater extent than younger adults. Othat practice alone did not favor the development of efficient
the basis of previous studies of attentional control deficits in olderdual-task performance strategies. Indeed, such strategies may only
adults, one could tentatively suggest that participants in the VRlevelop when participants are explicitly trained, through individ-
group learned to quickly switch their attention from one task to theualized adaptive feedback and task prioritization instructions, to
other to overcome their initial dual-task deficit. Indeed, age-relatecconcurrently perform multiple tasks (Kramer, Larish, et al., 1999;
differences in performance on switching tasks are well docuKramer et al., 1995).
mented in the cognitive aging literature (Meiran, Gotler & Perl- The present study examines the extent to which training can
man, 2001). Moreover, in a different study, Kramer, Hahn, andmoderate age-related differences in dual-task performance with
Gopher (1999) showed that the age-related deficit in task switchtwo discrimination tasks, as typically used in PRP studies. We are
ing decreased substantially with practice. A switching task neveinterested in exploring the potential improvement when two con-
requires one to perform both tasks concurrently and instead coreurrent tasks require similar manual responses, a condition that has
sists of rapidly switching from one task to the other. According tobeen identified as problematic for older adults in PRP studies
the results of Kramer, Hahn, and Gopher (1999), an improvedHartley, 2001). PRP studies have provided valuable information
switching skill is one potential way older adults can overcomeon older adultsO task coordination ability. However, a limitation of
their difficulty in performing multiple tasks. the PRP paradigm is that the same task is prioritized throughout an
Some researchers argue (Pashler & Johnston, 1998) that tlexperiment. This task is often referred to as Task 1, as opposed to
most appropriate way to measure the interference between cof-ask 2, the execution of which should always succeed Task 1.
current tasks is to use a combination of simple tasks (e.g., identiThus, the fixed task order PRP paradigm might not be ideal for the
fying a letter and discriminating between a high and a low tone).development of task coordination strategies (Glass et al., 2000). In
In the psychological refractory period (PRP) paradigm, for in-one study, Schumacher et al. (2001) used an analog of the PRP
stance, the delay between the two reaction time (RT) tasks varieprocedure in which two discrimination tasks were treated as
allowing the measurement of the interference between the taskggually important and showed large improvement in dual-task
which provides a method by which to assess the extent to whiclperformance. We developed the experimental condition used in the
the modality of stimulus presentation, the cognitive processes usepresent study on the basis of Schumacher et al.Os (2001) procedure.
during task performance, and/or the response processes interfefa interesting aspect of this procedure is the use of three different
with one another. In the past few years, an increasing number dfial types: when participants performed only one of the two tasks
studies have used the PRP paradigm to investigate age-relatépure single-task trials), when participants responded to only one
deficits in overlapping task performance (Allen, Lien, Murphy, task in the dual-task condition (single-task trials mixed with dual-
Sanders, & McCann, 2002; Allen, Smith, Vires-Collins, & Sperry, task trials), and when participants actually executed two motor
1998; Glass et al., 2000; Hartley, 2001; Hartley & Little, 1999). responses to stimuli from two different tasks (dual-task trials).
Allen et al. (1998) were the first to report evidence of age-relatedComparing single-task trials performed in the mixed block with
deficit in time-sharing ability with the PRP paradigm. More re- single-task trials performed in the pure block provides a measure
cently, Hartley and Little (1999) reported that once they controlledof the different processing requirements in the two blocks. Schu-
for age-related slowing, older adults, compared with youngemacher et al. (2001) observed a difference in RT between the two
adults, showed more slowing of the second task when they had ttypes of single-task trials, likely because of the requirement to
perform it very close in time after the first task (larger PRP effect), prepare for and maintain multiple task sets in the single-task mixed
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as compared with the single-task pure condition. In the preserabilities (Kaufman Brief Intelligence Test), psychomotor speed (box com-

article, we refer to this performance cost asaak-set costThe  pletion and digit copying), perceptual and mental speed (digit symbol,

difference in performance between the dual-task trials and th&eduential complexity), short-term and working memory (forward, back-

single-task trials in the mixed blocks provides a measure of thévard, and computation spans), and attention and executive function

processing necessary to perceive multiple stimuli and coordinat>"0°P- Trail Making A and B). In each age group, we randomly assigned

the execution of two responses. We refer to the associated RT cog rticipants to one of the. t.h ree conditions (VP or FP training or Co_ntrOI)'
. . ble 1 presents the participantsO performance on the psychometric tests to

as ad_ual'taSk F:OStSeparater es.tlmatlng task-set an_d dual'taSI_(iIIustrate the characteristics of the participant populations on different

costs is useful in both deconvolving the age-related differences iRggnitive abilities.

dual-task performance and examining the effectiveness of training

on age-related differences in preparing for and performing multi-stimuli and Apparatus

ple tasks. Indeed, previous research with the task-switching para-

digm has shown that older adults have considerable difficulty We used a Macintosh iMac for the training and transfer tasks. Partici-

when they need to be prepared to respond to multiple tasks, &&nts performed the tasks while comfortably seated in front of the com-

compared with a single task (Kray & Lindenberger, 2000; Mayr puter in a quiet room. Viewing distance was approximately 45 cm. At this
2001) ’ ’ " distance, visual stimuli subtended a vertical visual angle of 1.15; and a

L. horizontal visual angle of 0.76j. Letters and numbers appeared in white on
In the present study, we used the training procedures Kramer. g ! PP

. ) AR . ; d black background in all tasks, with the exception of one transfer task in
Larish, et al. (1999) used, with priority instructions (variable Vs. \yhich the letterx alternately appeared in yellow or green. We presented
fixed) and continuous, individualized adaptive performance feeduuditory stimuli via headphones equipped with a volume control so that we
back. These training procedures are consistent with the principlesould adjust volume level if needed, although it was set by default to a
Schmidt and Bjork (1992) articulated for efficient training and constant level.
learning: that is, that individuals be encouraged to pursue different The training tasks included an auditory discrimination task and a visual
ways to perform a complex task (i.e., the prioritization instruc- identification task, performed both separately and concurrently. The audi-

tions) and that the learners be presented with accurate and timelg"y task was to judge whether a tone was low or high in pitch (440 Hz vs.
performance feedback. 90 Hz; duration= 250 ms). The visual task was to identify which of two

As we have briefly discussed, previous studies that have Obl_etters 6 or C) was presented on the computer screen. We used two

d ior traini ffects for VP EP dual-task traini different task combinations as transfer conditions. In the within-modality
SErvVed superior training eflects for over ual-task training, o sy task, participants performed an auditory discrimination task that

have also done so with relatively complex tasks (Gopher, 1982, ,\ved a new set of sounds, a smooth sound (sine wave 550 Hz) and a
1993; Gopher, Armony & Greenshpan, 2000; Kramer et al., 1995;ough sound (triangle 550 Hz). Participants performed this task in combi-
Kramer, Larish, et al., 1999). In the present study, the tasks angation with a visual identification task that involved numbé&siids). We
stimulusbresponse mappings are straightforward and unambigalso designed a cross-modality transfer in which participants performed
ous. Thus, we do not know whether we will observe VP trainingtwo visual identification tasks: pattern discrimination (a solid or a striped
advantages with simpler tasks, such as those used here, which mgguare) and number discriminatiod gnd>5).

be less amenable to the development of sophisticated task coordi- Participants started each trial by depressing the space bar. At this time,
nation strategies. The individualized, adaptive feedback that wé fixation point (_an e_lsterlsk) appeared in the middle of the screen fpr 500
provide in both FP and VP training conditions may be sufficient toms: Then the stimuli for one or both of the tasks were presented either at

te effective | . Th ight view th tst dthe same time or with a 200-ms delay between tasks (see below). Partic-
promote efiective learning. 1hus, one might view the present stu Ypants responded with the index and middle fingers of the right or the left

as establishing a boundary condition (in terms of task complexity)nand’ one task per hand. Response hand to task mapping was counterbal-

on VP versus FP training differences. anced across participants and remained fixed throughout training. Partici-
pants controlled the length of the intertrial interval by triggering the next
Method trial, though a minimum intertrial interval was set at 500 ms.
Participants Procedure

Thirty-six older adults and 36 younger adults participated in the study. All participants completed a 1-hr neuropsychological testing session (see
The older adult sample was composed of 17 women and 19 men living imable 1), during which they also answered questions on health and demo-
the community, with a mean age of 70 yea&D(= 7) and 15 6D = 3) graphics. On the 2nd day, they completed a pretraining (described in the
years of formal education. The young group was composed of 24 womelRretraining Sessiosection) session that lasted about 1 hr. The participants
and 12 men with a mean age of 20 yee®®(= 1.5) and 14 $D = 1.4) in the VP and FP groups next engaged in the training protocol, which
years of formal education. All participants reported good health (on ainvolved five training sessions (detailed in tfieaining Sessionsection),
5-point scale, the mean score was 4.5 for older adults and 4.6 for youngesach of which took approximately 1 hr to complete. An additional session
adults), and none of them had undergone major surgery in the year prior twas needed for posttesting for all of the participants. The control partici-
testing. They also had no history of neurological disease and did not takpants did not take part in the training sessions. However, the same amount
any medications known to affect cognition. To exclude persons withof time elapsed between pre- and posttraining sessions for the control and
dementia, we had older participants complete a modified, extended versiofor the VP and FP group participants. The experiment, including pre- and
(Mayeux, Stern, Rosen, & Leventhal, 1981) of the Mini-Mental State posttesting as well as the five training sessions (for the FP and VP but not
Examination (MMSE; Folstein, Folstein, & McHugh, 1975). The modified the control participants), was completed within a 3-week period.

MMSE examination did not show any indication of impaired cognitive

abilities in the older group (mean score was 56, with a range of 53D57). WPretraining Session

screened participants for perceptual impairment by having them complete

questionnaires on auditory function and tests for near and far visual acuity. The pretraining session involved three combinations of dual tasks to
To characterize the participants, we also conducted tests of general mentastablish baseline performance for the training and transfer tasks (within-
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Table 1
Performance Scores on the Tests Measuring 1Q and Other Cognitive Functions
Older Younger
FP VP Control FP VP Control
Group M SD M SD M SD M SD M SD M SD

General mental ability

Kaufman Brief Intelligence Test 115.5 6.1 116.7 9.7 112.3 8.9 111.7 6.4 110.7 5.0 113.8 11.6
Psychomotor and mental speed

Box completion (correct

answers) 39.3 10.3 50.0 13.0 43.5 14.0 56.5 13.7 53.7 13.4 49.8 10.3
Digit copying (correct answers) 60.8 9.8 64.8 13.0 62.2 14.0 75.8 12.0 76.0 9.5 75.0 8.9
Digit symbol (correct answers) 33.9 8.2 33.3 8.3 33.2 7.3 49.9 10.0 48.4 7.2 46.9 7.5
Sequential complexity (correct

answers) 33.9 7.9 38.0 8.7 37.7 11.0 42.2 8.8 41.0 11.6 40.7 10.9

Short-term and working memory
Forward digit span 8.6 2.3 8.6 3.0 8.3 1.9 9.7 25 9.1 1.7 10.3 2.0
Backward digit span 6.8 1.9 6.7 1.6 5.9 2.0 9.4 3.8 6.4 1.7 8.5 2.8
Computation span 3.5 1.5 2.6 0.8 2.8 1.0 4.8 2.0 4.2 1.5 4.6 1.6
Attention and executive functions
Stroop test (correct answers) 33.7 7.5 35.2 7.9 349 8.9 52.2 14.0 52.2 11.6 49.3 10.0
Trail Making Test A (time in

seconds) 42.3 13.6 40.9 16.3 329 9.6 20.7 6.0 21.8 3.1 229 7.4
Trail Making Test B (time in

seconds) 86.2 22.0 96.0 39.0 76.6 17.0 39.7 9.0 441 10.6 51.4 23.7

Note. Scores represent number of correct answers, number of correct sequences (span tests), and time to complete the tasks (in seconds).
FP = fixed priority; VP = variable priority.

modality and between-modalities transfer conditions). We counterbalancelbw tone) and the letter discriminatioB ¢r C) tasks. Control participants only
the presentation order of the three task combinations across participantspmpleted pre- and posttest sessions. The training sessions were each com-
following a Latin square design, and kept it constant for a given participantposed of pure and mixed blocks of trials presented in an ABA design, similar
over the pre- and posttraining sessions. to the pretraining session (pureBmixedbpure). The training sessions differed
For a given task combination, participants completed four pure blocksrom the pre- and posttraining session in several ways. First, in each training
and two mixed blocks of trials, following an ABA design (two pure blocks, session, the participants completed two single-task blocks (20 trials in each
followed by two mixed blocks, followed again by two pure blocks). In a block) followed by eight mixed blocks of 80 trials. The session ended with two
pure block, participants performed only one of the two tasks. A pure blocksingle-task blocks of 20 trials each. Thus, at the end of each training session,
contained 20 single-task trials. Presentation order of the two pure blockshe participants had completed 80 single-task trials in the pure blocks (40 in
one with the auditory task and one with the visual task, was counterbaleach task), 320 (48 8 blocks) single-task trials in the mixed blocks, and 320
anced among sessions but remain fixed within a single session. In the pud0 X 8) dual-task trials in the mixed blocks. After five training sessions, the
block, we asked participants to respond as quickly and accurately a¥P and FP participants had completed a total of 400 single-task trials in
possible. During the mixed blocks, participants performed (a) the two tasksingle-task blocks, 1,600 single-task trials in the mixed-task blocks, and 1,600
concurrently or (b) just a single task. In a mixed block, a single-task trialdual-task trials in the mixed blocks.
differed from a dual-task trial simply in the presentation of one or two A second important difference between the training and pre-/posttraining
stimuli, with no further indication given to the participants. The order of sessions is that during the training sessions we provided instructions to
the single- and dual-task trials within the mixed-task blocks was unpre-induce different prioritization strategies. The training procedure involved
dictable. The presentation of single-task trials within mixed blocks offerstwo types of between-subjects conditions. A group of participants was
the advantage of discouraging a strategy of grouping the two responses drained in the VP condition, and another group completed the FP condition.
dual-task trials and also provides a measure of single-task performance im the VP condition, the participants were instructed to vary the attentional
the mixed-task blocks (in which participants needed to be prepared teriority devoted to the two tasks. Moreover, a 200-ms or a 0-ms delay
perform both of the tasks). The mixed blocks were composed of 40(stimulus-onset asynchrony [SOA]) could separate the onsets of the two
single-task trials (20 from the visual and 20 from the auditory task) and 40stimuli in the dual-task trials. SOA delay was fixed throughout a block of
dual-task trials (10 with each of the four stimulus combinations). Duringtrials. At the beginning of each mixed block, an instruction given to the
both single-task and mixed blocks in the pre- and posttest sessions, waarticipants indicated how their effort should be devoted to each task
provided no feedback except for a visual warning (yellow square appearingluring the block. We used three priority instructions, each of which was
on the top left portion of the screen with the words OBe carefulO) thatresented two times during an experimental session. The three priority
appeared when participants committed two sequential errors. In the mixethstructions were as follows: (a) respond to the tone first, (b) respond as
blocks, we instructed participants to complete the two tasks at the samfast as possible on both tasks, and (c) respond to the letter first. For the VP

time as fast and accurately as possible. group, each training session was composed of eight mixed blocks that
differed by SOA and task priority. Block presentation was randomized
Training Sessions within a training session. It is important to emphasize that although priority

instructions varied for Blocks 3 to 5 and 8 to 10, in Blocks 6 and 7 we
In the next five sessions, participants assigned to the VP or FP traininglways presented the equal priority instructions and always used a fixed
group engaged in the training program with the tone discrimination (high and-ms SOA. In the FP training condition, we asked the participants to
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equally emphasize both tasks. That is, in the FP training condition, alimedian) of the RT distribution for that task when it was performed in the
mixed-task blocks took the form of Blocks 6 and 7, with an FP instruction previous single-task trials during the whole mixed block. The nonpriori-
and fixed 0-ms SOA. For the purpose of comparing participantsO perfotized task was to be performed at the 75th percentile of the RT distribution
mance in comparable VP and FP conditions, data reported for trainindor that task when it was last performed in single-task trials. When
sessions involve performance recorded when priority instruction and feedinstructions indicated equal emphasis for both tasks, the criterion of good
back were equivalent among training groups (Blocks 6 and 7). performance was based on the 63rd percentile of the RT distributions of
Training sessions also differed from pre-/posttraining sessions in that thegach of the tasks when last performed in the single-mixed trials.
presented continuous, individualized adaptive feedback. Feedback indicators
were presented continuously on a histogram in the top left portion of the scre
depicting performance (speed) on the dual-task trials. The histogram contained
two bars, one bar for each task. The lleft bar showed performance in the tgsk All participants completed a posttraining session following the fifth
performed with the left hand, and the right bar showed the task performed with 5iing session. In the posttest session, participants completed the three
the right hand. The bars indicated the mean RT for each task in the previoys, ,yinations of dual tasks (i.e., the training tasks, within-modality transfer

five trials for the dual-task trials only. The bars appeared in red and changeflqxs and cross-modality transfer tasks), following the same order as in the
to yellow and then green to indicate progressively better (faster) performanc%.retrammg session.

Figure 1 shows an example of the screen display as it appeared to the
participant during a mixed block.
A line on the top of the histogram showed the criterion for good Results

performance, based on a percentile of the response distribution of the ) o )
single-task trials during the mixed block in each of the sessions. We 10 characterize our participant groups on their performance on a
continuously updated the criterion of good performance on an individuavariety of neuropsychological tests, we performed analyses of vari-
basis as the session evolved and the response distribution of the single-tagkce (ANOVAs) on the data presented in Table 1. The ANOVAs
trials changed. Moreover, the criterion varied according to the priorityinvolved age (older and young) and training (FP, VP, and control) as
instructions. If the instruction indicated prioritizing one task, the criterion between-subjects factors. We observed age-related differences in fa-
for good performance on the prioritized task was the 50th percentile (thgor of younger adults for box completioR(1, 66) = 9.0,p < .001;
digit copying,F(1, 66) = 24.0,p < .001; digit symbol substitution
tests,F(1, 66) = 61.0,p < .001; sequential complexity(1, 66) =
4.0,p < .05; forward digit spank(1, 66) = 4.8,p < .05; backward
digit span,F(1, 66) = 8.0, p < .005; computation spaifr(1, 66) =
. 19.0,p < .001; StroopF(1, 66)= 47.0,p < .001; Trail Making Test
High or Low A, F(1, 66) = 48.0,p < .001; and Trail Making Test B5(1, 66) =

Tone 60.0, p < .001. None of these tests showed a difference among
training groups or an interaction between age and training, which
suggests that the three different groups (FP, VP, and control) were

osttraining

Adequate Response to the tone first comparable on cognitive abilities.

Speed Left hand: High or Low The dependent variables of interest in the experimental tasks
Right hand: Bor C were RT and accuracy. We calculated RT from stimulus presen-

Too slow tation to the participantOs response. We did not include incorrect

responses in the RT analyses, and we also rejected trials if the RT
was longer than 3,000 ms or shorter than 100 ms. We calculated
accuracy as the percentage of correct responses in each condition.
We performed analyses with ANOVAs with two between-subjects
factors, age group (older vs. younger) and training group (VP, FP,
control), and three within-subject factors, task (auditory and vi-
sual), session, and trial type (single pure, single mixed, double
mixed). We decomposed significant interactions among these fac-
tors with simple effects. However, in the case of a significant
interaction with more than two levels of a repeated factor (e.g., five
training sessions, three trial types), we used repeated contrasts.
Such analyses provide a comparison of RT differences between
two consecutive levels of a repeated factor. We performed statis-
tical analyses of the data with SPSS (1997), which provides
adjusted alpha levels (GreenhousebGeisser) for within-subject fac-
tors to correct for violations of homogeneity of variance. We report
an effect as significant according to the adjusted alpha level when
requiredNthat is, when the MauchlyOs test of sphericity was sig-
nificant (SPSS, 1997). We also report effect sizes (eta squared).

Figure 1. Screen display as it appeared to the participant in mixed blocks N the first set of analyses, we explored participantsO perfor-
during the training sessions. The bars in the histogram show the feedback fRance during the five training sessions, across age and training
response accuracy in the dual-task trials, as a function of a response criteri@foups. We performed a second set of analyses to compare pre-
based on the distribution of the single-task trials of the mixed block. versus posttest performance in the training condition as well as the

High Bor
or C
Low
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transfer tasks. The same ANOVA model served for the two sets of With regard to the second question of interest, we observed a main
analyses, with the only difference that the session factor involvedsffect of training sessiof(4, 176)= 71.1,p < .001 ( > = .62), and
two levels in the pre- versus posttest analyses and five levels forepeated contrasts showed that RTs got shorter in each subsequent

training sessions. session s < .01). Moreover, a significant Trial Typ& Session
interaction,F(8, 352) = 21.0,p < .001 ( ? = .32), indicated that
Training Sessions training had a differential impact on the different trial types. Repeated

) ) . ) ~ contrasts showed that task-set cost decreased significantly between
RT analyses. This section summarizes the important findings gessions 1 and (1, 44)= 5.7,p < .05; between Sessions 2 and 3
when we compared participants of the two training groups within the,:(l 44)= 4.7,p < .05; and between Sessions 3 andFd, 44) =
five sessions of training in which they performed the tasks withs ; , — o5 byt did not decrease between the last two sessions. With

dlfferentlal pr_lorlty Instructions _(|.e_.,_ VP_and FPconditions) and regard to dual-task cost, we observed significant improvement in
received continuously updated, individualized performance feedback,

. ; . . ~performance only between Sessions 1 al 44)= 4.5p < .05,
The analyses reported in this section address three main questlorﬁ) y (2, 44) P

S. . -
The first question concerns the age-related differences in dual-tas fid between Sessions 3 andF4l, 44) = ll.l,.p = 05t I.S
. . Important to note, however, that there was no evidence of a differen-

performance, which we assessed through age-related differences |n )
trial types. In the presence of a significant effect of trial type or antlal ef'fect.of tralnlng type (FP vs. VP). . . .
interaction involving trial type, follow-up analyses indicate whether The th|er .questlon concerns age-related.dlff.erence n learning,
the effect concerned task-set cost, dual-task cost, or both. The secofigf©SS training and trial type. The AgeSession interactiorf(4,
main question asks whether training type (VP vs. FP) had the samg’6) = 3.1,p < .05 ( # = .07), was significant. However, this
impact on dual-task performance and, if so, whether the effect wateraction failed to reach significance after we controlled for
equivalent for task-set and dual-task costs. The third question i89e-related differences in general slowif¢}, 172)< 1. Thus, it
whether age-related differences emerged relative to the effect giPpears that the RTs of older and younger adults improved to the
training type and, if so, whether these differences were equivalerame extent as a function of training.
across trial types (task-set cost and dual-task cost). Accuracy analysis. Percentages of correct responses are

Figure 2a shows RTs as a function of the five training sessions. Thehown in Figure 2b. We analyzed these data with the same
graph shows the data collapsed across the two training conditions, VRNOVA model as used in the RT analyses. We obtained main
and FP, as statistically equivalent RT effects were observed in botkffects for trial typeF(2, 88)= 28.0,p < .001 (! ? = .39), because
training groups. In fact, there was no main effect of training condition,of a significant task-set cosg(1, 44)= 50.0,p < .001 ( 2 = .53).
F(1, 44)< 1,ns(! ? = .00); no Trainingx Session interactio(4, ~ There was no interactiobetween trial type and age. However, we
176)< 1,ns(! ? = .00); no AgeX Training interactionF(1, 44)<  observed a significant interaction between age and training Epe,
1, ns(! 2 = .00); and no interaction involving training. Data are also 44)=5.7,p < .05 ( 2 = .11). Simple effects further indicated that the
collapsed for the visual and the auditory task because of statisticallgp group of older adults produced a larger percentage of accurate
equivalent RT effects in the two tasks: task efféqt,, 44)< 1, ns responses (95%) overai(1, 45)= 5.2,p = .03, compared with the

(1% = .00); Taskx SessionF(4, 176)< 1, ns (! ?=.01). wWith  p group (91%). In younger adults, accuracy was equivalent among
regard to age-related differences in dual-task performance, we o Faining groups.

served several important results. First, we obtained main effects for With regard to the effect of training, the main effect of session

— 2 _
age,F(1,44)=39.8,p<.001 (“ = .48)._ Older adults_ were slower gvas significantF(4, 176)= 9.0,p < .001 ( 2 = .17). We found
than younger adults. Moreover, the main effect of trial type reached. ... . . .

L > Significant improvements in accuracy between the first two ses-
significance,F(2, 88) = 276.9,p < .001 ( = = .86). Repeated ions,F(1, 44)= 13.0,p < .001 ( 2 = .23). The effect of trainin
contrasts indicated that RT was longer in single-task trials performeg.ff ,d ' i I.t’p '.S "cztnT i I'I; (8. 352)= 2 Sg
in the mixed blocks (736 ms), interleaved with dual-task trials, com- ! erpbsaclzrzos_s gas yg_es.l eSfoI na i ypea (h' )=23, .
pared with single-task trials performed in the pure blocks (504 ms)P < ( o ). Simple e_ ects indicated t ‘f"t a_ccu_racy n
F(1, 44) = 207.8,p < .001 (2 = .82). This indicates significant creased significantly from the first to the last session in single-task
task-set cost in RT. We also observed that RT was longer in dual-tadki@!s: F(4, 176)= 5.0,p < .001, and dual-task trial§;(4, 176)=
trials (926 ms) compared with single-task trials within the mixed 7-0:P < :001, performed in the mixed block, whereas we observed
blocks (736 ms)F(1, 44) = 270.8,p < .001 ( 2 = .86). Thus, we O significant improvement in the single-task trials performed in
also observed significant dual-task cost. An important finding, how-he pure blocksF(4, 176)= 1.3. _ _ _
ever, is that we also obtained a significant AgéTrial type interac- An important finding relative to the third question, which con-
tion, F(2, 88)= 22.0,p < .001 ( 2 = .34). Older adults showed both cerns potential age-related differences in training effects, is that the
a larger task-set cost than younger ad#(4, 44)= 14.2,p < .001  improvement in accuracy differed among age groups, as indicated
(! 2 = .24; older= 326 ms, younge+ 173 ms), and a larger dual-task
cost, F(1, 44) = 26.0,p < .001 (2 = .37; older= 220 ms,

younger= 121 ms). Note that the Age Trial Type interaction was 1 Age-related differences in general slowing are well documented in

- . _ cognitive aging studies (Madden, 2001). In the present study, we controlled
also significant after we controlied for general slowifg?, 86) for age-related slowing by conducting analyses of covariance (ANCOVAS)

3.7,_p < '05_ ¢ °= '08)'1 However, the task-set cost was statistically with baseline RT in the single pure trials averaged for the two simple tasks
equivalent in older and younger adults after we controlled for general, e first training session. In pre- and posttest analyses, we averaged RT
slowing, F(1, 43) = 1.2,ns (!? = .03), whereas dual-task cost separately for each task combination (training, within modality, and cross-
remained significantly larger in older compared with younger adultSmodality). In this study, we consider an interaction involving the age group
F(1, 43)= 6.0,p = .02 ( ? = .13). factor to be significant only if it was also significant in the ANCOVA.
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A) Reaction time improvement over five training sessions
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Figure 2. (A) Mean reaction time (ms) and (B) percentage of correct responses for older and younger adults
in the three trial types (single pure, single mixed, and dual mixed) as a function of the five training sessions.

by a significant Agex Session interactiori;(4, 176)= 4.7,p = Pre- Versus Posttraining Analyses
.002 (2 = .10). Simple effects indicated that only older adults _ ) o o
showed a significant benefit with training sessiéi{4, 184) = RT analysis. Average RTs in the pretraining and posttraining

12.0,p < .001, which we did not observe in younger participants, S€ssions are shown in Figure 3. Here, again, both VP and FP training
F(4, 184)= 1.0,ns procedures led to statistically equivalent improvement. Therefore, we
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pooled the VP and FP participants together to forniréiaing group modality transfer tasks) of Figure 4 show the task-set and the dual-
To quantify the effect of training regimen, we compared the improve-ask costs for the training and the control groups for older and younger
ment observed in the training group with the pre- and posttest peradults.
formance of the control group, which did not engage in the dual-task In the training task$,the significant Agex Training GroupX Ses
training regimen. We performed three sets of analyses for the trainingion X Trial Type interaction we observed was due to a different pattern
tasks (top panel of Figure 3), the within-modality transfer tasksofimprovement among older and younger adults in dual-task cost. In fact,
(middle panel of Figure 3), and the cross-modality transfer task€omparing the training group of older adults with their control partici-
(bottom panel of Figure 3), using the same ANOVA model as useghants showed a significant TrainixgSessiorx Trial Type interaction,
for training RT and accuracy data. We emphasize the major finding&(2, 68)= 27.9,p < .001 ( % = .45). We observed a Training Session
here to provide answers to three main questions. (a) Were theiiateraction in task-set cogi(1, 34)= 22.3,p < .001 ( % = .40). Simple
age-related differences in dual-task performance, and, if so, were theffects analyses indicated that this was due to a significant decrease of
effects equivalent on task-set and dual-task costs? (b) Did trainingask-set cost in the training group (465 to 240 1R€), 34)= 52.0,p <
lead to improvement in dual-task performance, and, if so, did age:001 ¢ = .60), which we did not observe in the control group (435 to
related differences emerge relative to the effect of training on task-sef66 ms),F(1, 34)< 1, ns(! 2 = .01). We also observed a Training
and dual-task costs? (c) Did any improvement observed during trairSession interaction in dual-task c@%tl, 34)= 11.3,p0 < .01 ( > = .25),
ing generalize to the transfer tasks? also because of cost reduction in the training group (338 to 21 F(ts),
Table 2 shows the main results of the ANOVAs performed on RT34) = 30.0,p < .001 ( % = .47) but not in the control group (287 to 294
and accuracy data. One can observe that the results were hightys), F(1, 34)< 1, ns(! 2 = .00).
consistent among the three task combinations. With regard to the When we compared the improvement observed in the training
question of whether there were age-related differences in dual-tasiroup with that observed in the control group for younger adults,
performance, one can see that older adults produced longer RTs thgiie results also indicated a Training SessionX Trial Type
younger participants, as indicated by a main effect of age. Respeinteraction,F(2, 68)= 13.2,p < .001 ( 2 = .28). As we observed
tively for the training task, the within-modality transfer task, and thewith older adults, the analyses with task-set cost showed a Train-
cross-modality transfer task, mean RTs were 1,026, 1,020 and 960 nigg x Session interactiorf(1, 34) = 27.1,p < .001 ( 2 = .44),
for older adults and 705, 715, and 688 ms for younger adults. Thevhich indicated a larger reduction of task-set cost in the training
main effect of trial type was also significant. RT was longer in thegroup (277 to 128 ms)(1, 34) = 121.0,p < .001 ( ? = .78),
single-task trials performed in the mixed blocks compared with thecompared with the control group (312 to 286 nfs{l, 34) = 2.9,
pure blocks (significant task-set cost). Moreover, RT was longer in theys (1 2 = .05). However, contrary to our findings for older adults,
dual- compared with the single-task trials performed within the mixedfor younger adults the reduction in dual-task cost was equivalent
blocks (significant dual-task cost). An important finding is that the petween the training (259 to 119 ms) and control (320 to 230 ms)
effect of trial type differed among age groups, as indicated by theyroups,F(1, 34)= 2.2,ns(! 2 = .06). Even though improvement
Age X Trial Type interaction. In general, both task-set cost andwas larger in the training grouf(1, 34)= 51.0,p < .001 ( 2 =
dual-task cost were larger in older compared with younger adults60), we observed unexpected improvement in control participants,
Respectively for the three task combinations (training, within-F(1, 34)= 10.0,p < .01 ( 2 = .24). Hence, these data suggest that
modality transfer task, and cross-modality transfer task), task-set cosgider adults, compared with their controls, benefited to a greater
were 402, 354, and 257 ms in older adults and 251, 233, and 200 n@fegree than younger adults from dual-task training.
in younger adults. The comparable dual-task costs were 282, 300, andThe third question of interest asks whether training effects
393 ms in older adults and 232, 221, and 277 ms in younger adultgeneralized to the within-modality transfer tasks and the cross-
We were also interested in whether the AgdTial Type interaction  modality transfer task3In the two task combinations, the effect of
was due to age-related difference in task-set cost or dual-task cost. Wigsining was qualified by a significant three-way Training
conducted ANOVAs separately on both cost scores. The analysegroupx Sessionx Trial Type interaction. In the within-modality
also shown in Table 2, indicate larger task-set and dual-task costs f@fansfer tasks, further analyses (see Table 2) showed a significant
older than for younger adults in the three task combinations. HowTraining x Session interaction in both task-set cost and dual-task
ever, after we controlled for general slowing, using baseline RT incost because of a significant reduction in the training group for

single-task pure trials (Within each task combination) as a goygriatqask_set cost (339 to 209 msj(1, 70) = 51.0,p < .001 ( 2 =
age-related differences in dual-task cost were no longer significant,
whereas the age-related difference in task-set cost remained signifi-—
cant in the training tasks and the within-modality transfer tasks. 2 In the training tasks, the results also indicated a significant XaSkssiorx

The second main question concerns the effect of training on dualFrial Type interactiorf(2, 136)= 3.7,p < .05 (! ? = .05). Analyses with the cost
task performance. As one can see in Table 2, the main effect gicores further showed that dual-task costs decreased from pretest to posttest to a
session was significant. However, the effects of training and sessioyeater extent in the tone discrimination task (311 to 172 ms) compared with the
were qualified by a Training< Sessionx Trial Type interaction, Icter discrimination task (289 to 224 m$x1, 68) = 7.0,p < .01, whereas
which suggests that the training regimen had a differential impact 0|mpr0vement in task-set cost was equivalent in the two tasks. It is important to note

. . 'Ehat this did not differ among training groups or age groups.
duak-task cost and task-set cost. Moreover, in the training task, the , RT analyses in the cross-modality transfer tasks showed a significant

f(_)ur-_v_vay Age>_< Tralnlr_lg X Sessionx _Trlal Type interaction was Training Groupx Task interactionE(L, 68)= 7.1,p< .01 ( 2 = .10). Simple
significant, which we did not observe in the transfer tasks (see Tablgects showed that in the training group, RT was shorter in the number
2). We conducted follow-up analyses to these interactions usingiscrimination task (797 ms) compared with the pattern discrimination task
task-set and dual-task cost. The top panel (training tasks), middi@3s ms), which we did not observe in the control groups. It is important to
panel (within-modality transfer tasks), and bottom panel (crosshote that this effect did not interact with training session or age.
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Figure 3. Mean reaction time (ms) for older and younger adults in the three trial types (single pure [SP], single

mixed [SM], and dual mixed [DM]), as a function of pretraining and posttraining session, for the training tasks

(upper panel), the within-modality transfer tasks (middle panel), and the cross-modality transfer tasks (lower
panel).
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Table 2
Results of the Analyses of Variance Performed on Reaction Time and Accuracy for the Three Task Combinations Used in the
Pretraining and Posttraining Sessions

Training task Within-modality transfer task Cross-modality transfer task

Task combination df F p< 12 df F p< 12 df F p< 12

Reaction time (ms)

Age group 1,68 59.8 .001 47 1,68 58.2 .001 46 1,68 439 .001 .39
Training group 1,68 15.1 .001 18 1,68 7.5 .01 10 1,68 0.2 ns .00
Session 1,68 141.0 .001 .68 1,68 76.7 .001 53 1,68 65.6 .001 49
Trial types 2,136 709.0 .001 91 2,136 663.0 .001 91 2,136 5709 .001 .89
Age X Trial Type 2,136 227 .001 25 2,136 22.0 .001** 24 2,136 13.8 .001 A7
Age difference on task-set cost 1,68 28.1 .001* 29 1,68 19.3 .001** 22 1,68 48 .05 .07
Age difference on dual-task cost 1,68 5.2 .05 .07 1,68 13.0 .001 .16 1,68 20.5 .001 .23
Training X SessionX Trial Type 2,136 410 .001** .38 2,136 9.8 .001** .13 2,136 119 .001** .15
Training X Session in task-set cost 1,68 41.0 .001* 38 1,68 7.7 .01 .10 1,68 2.7ns .04
Training X Session in dual-task cost 1,68 12.3 .001** 15 1,68 4.0 .05* .06 1,68 145 .001** .18
Age X Training X Sessionx Trial Type 2,136 6.0 .01 .08 2,136 0.9 ns .01 2,136 1.3 ns .02

Accuracy (%)

Age group 1,68 6.8 .01 .09 1,68 <1.0 ns .01 1,68 2.6 ns .04
Training group 1,68 <10 ns .00 1,68 <10 ns .00 1,68 52 .05 .07
Session 1,68 12.2 .001 15 1,68 4.8 .05 .07 1,68<1.0 ns .01
Trial type 2,136 14.6 .001 .18 2,136 14 ns .02 2,136 56 .01 .08
Age X Session 1,68 6.9 .01 .09 1,68 <1.0 ns .01 1,68 3.6 .06 .05
Age X Training X Session 1,68 4.6 .05 .06 1,68 11.0 .001 .14 1,68<1.0 ns .01

Note. To control for the general slowing effect, we performed analysis of covariance using mean reaction time in single-pure trials in each task
combinations as covariate.
*p<.05. **p<.01.

.42), and dual-task cost (257 to 204 nf3(1, 70)= 11.0,p <.001  younger adults, and these analyses showed a significantXAge
(! 2 = .04), which we did not observe in the control group: task-setSession interaction in the training task$1, 46)= 14.8,p < .001
cost (333 to 292 msf(1, 70)= 2.5,ns(! 2 = .04); dual-task cost (! 2 = .24), and the within-modality transfer tasks(1, 46) =
(288 to 294 ms)F(1, 70)< 1, ns (! 2 = .04). We observed the 11.6,p < .001 ( 2 = .20), as a result of a significant improvement
same pattern of results in the cross-modality transfer tasks, whictnh response accuracy for older adults: 87% to 96% in training
also showed a Training< SessionX Trial Type interaction.  tasks,F(1, 46) = 27.0,p < .001 ( 2 = .37); and 90% to 94% in
Although analyses with task-set cost did not show a Training  within-modality transfer taskg:(1, 46) = 16.0,p < .001 ( ? =
Session interaction (see Table 2), simple effects showed significanps). The percentage of correct responses did not change with
improvement in task-set cost in the training group (266 to 202 ms)session in younger adults: training tasks, 95% to 9B¢h, 46) <
F(1, 70)= 25.0,p < .001 ( * = .27), but not in the control group 1, ns(! 2 = .00); within-modality transfer tasks, 94% to 9381,
(236 to 208 ms)F(1, 70) = 2.4,ns (! ? = .03). The Training<  46) < 1, ns(! 2 = .02. In the control groups, the Age Session
Session interaction was significant for dual-task cost, as shown ifhteraction did not reach significanceNtraining taskg1, 22) <
Table 2. This was due to a significant decrease in dual-task cost il ns(/ 2 = .01); within-modality transfer task&(1, 22)= 3.3,ns
the training group (376 to 259 msly(1, 70) = 43.0,p < .001 (12 = 13)Nwhich suggests no differential changes in accuracy
(! = .38), which we did not observe in the control group (354 10 from pretraining to posttraining. For control participants, accuracy
354 ms),F(1, 70)< 1, ns (! 2 = .00).

Accuracy analysis. We analyzed the percentage of correct
responses with a statistical model similar to the one used with RT. *Accuracy analyses with the training tasks also showed two significant
Mean accuracy data obtained in pretraining and posttraining segnteractions effects, Age Taskx Sessionx Trial Type,F(2, 136)= 3.0,
sions are shown in Figure 5 for the training tasks (top panel), thé® = -05 ( ? = .04), and Training< Task X Sessionx Trial Type, F(2,

within-modality transfer tasks (middle panel), and the cross-136) = 3:3,p < .05 ('* = .05), which suggests that training effect and

modality transfer tasks (bottom panel). The main findings Withage—related difference in accuracy independently varied between the visual

regard to age, trial type, and training effects as well as interactionﬁnd the auditory tasks. However, because the Ag€raining interaction

. . ) - actor was not involved in these higher order interactions, we do not
involving these factors are summarized in Table 2. A general

L . - . onsider them relevant for the purpose of this study.
finding is that waining led to larger improvement in accuracy for 5 Accuracy analyses in the within-modality transfer tasks showed a-signif

older compared with younger adults. In fact, we observed a Sigiant agex Task interactionE(2, 68)= 5.0,p < .05 (! 2 = .07), because of
nificant Age X Training X Session interaction in both the training 4 arger discrepancy in accuracy between the auditory and the visual tasks in
task¢ and the within-modality transfer tasRsWe performed  younger adults, which we did not observe in older adults. It is important to note
further analyses comparing the two training groups of older andhat these effects did not change from pretest to posttest.
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Training tasks

W Training Pre-test M Training Post-test
O Control Pre-test N Control Post-test

1

Task-set cost Dual-task cost Task-set cost Dual-task cost

Younger Adults Older Adults

Within-modality transfer tasks

Task-set cost Dual-task cost Task-set cost Dual-task cost

Younger Adults Older Adults

Cross-modality transfer tasks

Task-set cost Dual-task cost Task-set cost Dual-task cost

Younger Adults Older Adults

varied from 90% to 93% and from 93% to 95%, respectively, for
older and younger adults in the training tasks and from 95% to
95% and from 91% to 94%, respectively, for older and younger
adults in within-modality transfer tasks.

The cross-modality transfer task did not show a three-way
Age X Training X Session interaction (see Table 2), as we
observed in the training and the within-modality transfer tasks.
However, older adults still showed a larger improvement in accu-
racy (96%D97%) in the cross-modality transfer task compared with
younger adults (95%D95%), though the Agé&ession interaction
also failed to reach a significant level.

Discussion

The goal of the present study is to assess the extent to which
training can improve dual-task performance in older and younger
adults. We trained participants to perform two discrimination tasks
concurrently, a tone and a letter discrimination task, both requiring
a manual response. We provided continuous, individualized adap-
tive feedback and priority instructions on a computer screen during
the training sessions. We assessed performance improvement at
pretraining and posttraining sessions in the training tasks. We also
assessed within-modality transfer and cross-modality transfer us-
ing new sets of stimuli in pretraining and posttraining sessions. We
used the transfer tasks to assess whether acquired task coordination
skills generalized to untrained stimuli, within and between modal-
ities. Moreover, we explored whether training would lead to a
significant improvement in three different trial types: pure single-
task trials, single-task trials mixed with dual-task trials, and dual-
task trials. Comparing performance in these three types of trials
allowed us to assess improvement in task-set cost (RT in mixed
single-task trials- RT in pure single-task trials) and dual-task cost
(RT in dual-task-trials— RT in mixed single-task trials).

The data obtained in the present study address three main
questions: (a) Is there a robust age-related difference in dual-task
performance? (b) Does training type (VP vs. FP) have a differen-
tial influence on reductions in task-set and dual-task costs, and are
these training effects similar for younger and older adults? (c)
Finally, do training effects transfer to different stimuli, within and
across modalities?

With regard to the first question, we observed larger task-set and
dual-task costs for older than for younger adults across the training
and transfer tasks used in the current study. We found age-related
differences in dual-task and task-set costs in all task combinations.
However, controlling for general slowing eliminated dual-task cost
but not task-set cost in pre- and posttraining sessions, whereas
during the five training sessions, age-related differences in task-set
cost but not dual-task cost were eliminated after we controlled for
speed. With regard to the second question, training led to reduc-
tions in RT for each of the three trial types and for the task-set and
dual-task costs for the training group but not for the control group.
However, the type of training (FP or VP) was not an important

Figure 4. Mean task-set cost and dual-task cost in older and youngeijeterminant of the magnitude of the training benefit. Younger and
adults at pretraining and posttraining session for the training tasks (Uppeg|der adults showed equivalent reductions in RT, whereas the older

panel), the within-modality transfer tasks (middle panel), and the cross

modality transfer tasks (lower panel).

adults showed larger increases in accuracy than younger adults as
a function of training. Finally, with regard to the third question, we
observed transfer effects to both within- and between-modalities
novel stimuli for the participants who served in the two training
groups.
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Figure 5. Percentage of correct responses produced by older and younger adults in the three trial types (single
pure [SP], single mixed [SM], and dual mixed [DM]), as a function of pretraining and posttraining session, for
the training tasks (upper panel), the within-modality transfer tasks (middle panel), and the cross-modality
transfer tasks (lower panel).
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A number of previous studies that have examined potentiatonditions demonstrated decreases in task-set and dual-task costs
age-related differences in divided attention have found evidencéeyond the stimuli and, in the case of the cross-modality transfer
for deficits for older adults (Hartley, 1992; McDowd & Shaw, condition, beyond the modality of stimulus presentation on which
2000; see Verhaeghen et al., 2003, for a meta-analysis). A novehey were trained. Thus, the transfer data suggest that participants
contribution of the present study is the dissociation between taskearned a somewhat generalizable set of skills that entailed the
set and dual-task costs attributable to the coordination of multiplebility to prepare to perform multiple tasks as well as the ability to
tasks. What our data suggest is that task-set costs may be more pérform multiple tasks concurrently. Whether such skills general-
a problem for older adults than dual-task costsNand hence it mayize beyond two-choice discrimination tasks is an important ques-
be important to separately examine these two types of performand#on for future research. Clearly, many previous studies either have
costs in future aging studies. The cost induced by the task contexbund very narrow transfer or have failed to observe any transfer
has also been identified as a problem for older adults in taskfrom one task to another (e.g., Ball et al., 2002). However, other
switching studies (see Mayr, 2001). In a typical task-switchingstudies in the literature suggest transfer of training, at least in
paradigm, participants complete two tasks, in separate trial blockdual-task paradigms, between quite different sets of stimuli and
(as in the pure block of the present study) and in switch blocks, irtasks (Kramer et al., 1995; Kramer, Larish, et al., 1999).
which, after a variable number of trials in one task, they must The transfer effects are also notable in that the magnitude of
rapidly switch to the other task. Although early task-switching transfer benefits was at least as large for older as for younger
studies with older adults suggested that age impairs the ability t@adults and, in the case of the accuracy measure, larger for the older
rapidly switch between tasks, incurring a specific switch costthan for the younger adult participants. This is quite an interesting
(longer RT on switch vs. nonswitch trials in the switch block), the finding, especially in light of the often reported observation of
age-related difference appears to be minimal if participants haveeduced training benefits for older adults (Baltes & Kliegl, 1992;
enough time to prepare for the switch, if working memory demandLindenberger & Baltes, 1995). However, it is important to note
is low, or if sufficient practice has been provided (Kramer, Hahn,that in most previous studies of potential age-related differences in
& Gopher, 1999; Meiran et al., 2001). However, researchers havéearning, participants were asked to practice tasks without the
repeatedly observed age-related RT differences when they hauenefit of individualized adaptive feedback, which was available
compared performance between switch blocks and pure task tridbr the training participants in the present study. Therefore, an
blocks (Cepeda, Kramer, & Gonzalez de Sather, 2001; Kray & mportant topic for future research is a systematic study of the
Lindenberger, 2000; Mayr, 2001). Thus, in both dual-task andpotential efficacy, for both younger and older adults, of different
task-switching paradigms, older adults appear to have more diffitraining protocols for enhancing learning and transfer.
culty preparing for multiple tasks than they do either switching In an effort to further evaluate the robustness of training and
between two tasks or performing multiple tasks concurrently.  transfer effects, we brought back as many participants as possible

An important issue in cognitive training is whether the benefit of 1 month after the conclusion of the study to evaluate retention.
training generalizes to different stimuli and tasks (Kramer & Unfortunately, given the number of participants who were unable
Willis, 2003; Schmidt & Bjork, 1992). In the present study, we to return for follow-up testing, one must view these results with
assessed transfer of task coordination skills in two conditionscaution. Fourteen older and 18 younger adults across the control
within-modality and cross-modality transfer tasks. We introducedand two training groups participated in the retention session. We
a new stimulus set for both the visual and the auditory discrimi-found that participants largely retained training (and transfer) gains
nation tasks in the within-modality transfer condition. Performanceacross the 1-month period and that retention was similar for young
improvements for the within-modality transfer task, when we and older adults. Thus, although the relatively small number of
compared the control group with the two (FP and VP) trainingparticipants in the retention session precludes strong conclusions,
groups, were quite similar to improvements observed for thethese data do suggest that learning and transfer effects were
trained stimuli. Both task-set and dual-task performance costs wenelatively robust. Of course, additional studies are needed to fur-
reduced for both the younger and the older training participants buther examine potential age-related differences in retention of ac-
not for the control group participants when we compared perfor-quired skills.
mance in the pre- and posttraining assessment sessions. FurtherFinally, some discussion is warranted concerning the similar
more, transfer benefits were similar for the two age groups, withtraining effects observed for FP and VP training protocols in the
the exception of accuracy, for which the older training grouppresent study. As discussed in the introduction, previous studies
participants showed larger improvements than the young adults.have found that VP training resulted in more substantial learning

In the cross-modality transfer condition, participants concur-and transfer effects than FP training for both younger and older
rently performed two different visual discrimination tasks with adults (Kramer et al., 1995, Kramer, Larish, et al., 1999). Re-
stimuli that were not used in the training tasks. The results weresearchers have attributed these differential training protocol effects
similar to those obtained for the within-modality transfer condi- to the requirement to constantly shift processing priorities between
tion. Both young and older adults in the training groups showedwo tasks in the VP but not in the FP training condition (in which
significant reductions in task-set and dual-task costs in the crosdioth tasks are treated with equal priority).
modality transfer condition. We did not observe such improve- Why, then, did we not observe superior training and transfer
ments for the control participants. The transfer effects are imporbenefits for the VP training strategy in the present study? One
tant in that they suggest that dual-task skills improved throughdistinct possibility concerns the nature of the tasks used in the
training and that learning, in the present study, entailed more thadifferent studies. In the present study, participants performed two-
specific stimulusBresponse mappings (Batsakes & Fisk, 2000; Hehoice auditory and visual discrimination tasks in which stimuli
& Scialfa, 2002). That is, participants in the VP and FP trainingwere presented discretely and at fixed temporal intervals. In pre-
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vious studies, in which VP benefits were larger than those ob- L., Kieras, D. E., & Meyer, D. E. (2000). Aging and the psychological
served for FP training, participants performed a combination of refractory period: Task-coordination strategies in young and old adults.
self-paced and force-paced tasks as well as tasks with more con-Psychology and Aging, 1571D595. _ _
tinuous processing requirements (e.g., two-dimensional manuéﬁopher, D'. (1982). A selective attention test as a predictor of success in
tracking, monitoring and resetting pointers on up to six separate gt training. Human Factors, 24173D184. o

gauges). Given these differences in the nature of the tasks acrogsct’i’z) T}ecr),f Ziéﬁgﬁ:)s-tglggsizgl :J,: Sttf,,”;?enr ;02".32rﬁgms'(té%l;ggtiﬁew
f;’sji'sesé"slt izotl::: EZstze\N(i:ffl]stehteh?/tF\’/?rZ:2ﬁlgr;:)orgttf:o?r?;?goi;ﬁs;izt— gnd performance XIV: §ynergies in gxperimental psychology, grtificial
NS . - . ! -~ intelligence, and cognitive neuroscien¢pp. 299D322). Cambridge,
ficial in settings in which there are many degrees of freedom in  pa: MIT Press.

how two tasks might be coordinated. Clearly, the coordinativegopher, D., Armony, L., & Greenshpan, Y. (2000). Switching tasks and
possibilities are fewer with two tasks in which stimuli are pre-  attention policiesJournal of Experimental Psychology: General, 129,
sented discretely, responses are discretely evoked, and timing is308D9309.

fixed than for tasks that are self-paced and continuous in naturddartley, A. A. (1992). Attention. In F. I. M. Craik & T. A. Salthouse
Another possibility is that the lack of VP and FP training effects (Eds.), The handbook of aging and cogniti¢pp. 3D49). Hillsdale,
was the result of the considerable amount of task coordination NJ: Erlbaum. _ _ _

practice that participants received in the mixed blocks switchingHartiey. A- A. (2001). Age differences in dual-task interference are local-
between tasks and single- and dual-task conditions. These execy-2€d [ response generation procesBegchology and Aging, 187054.
tive control challenges, coupled with the relatively simple nature 121ey; A A., & Little, D. M. (1999). Age-related differences and simi-
of the stimuli and responses, might have been sufficient to engen- larities in dual-task interferencdournal of Experimental Psychology:

. o . . General, 128416 449.
der the training effects that were specific to VP training with MOr€ aeltine, E., Teague, D., & Ivry, R. B. (2002). Simultaneous dual-task

complex tasks. Future studies are necessary to further examine theperformance reveals parallel response selection after pradtieenal of
relation between training flexible prioritization of tasks and task Experimental Psychology: Human Perception and Performance, 28,
characteristics. 527D545.

In summary, the present study is important in suggesting thaHo, G., & Scialfa, C. T. (2002). Age, skill transfer, and conjunction search.
even under conditions in which older adults have previously been Journals of Gerontology, Series B: Psychological Sciences and Social
shown to have the most difficulty in performing two discrimina- ~ Sciences, 57/P277DP287.
tion tasksNthat is, when both tasks require manual response&ramer, A. F., Hahn, S., & Gopher, D. (1999). Task coordination and
(Hartley, 2001; Hartley & Little, 1999)Ntraining has substantial aging:' Explorations of exgcutive control processes in the task switching
positive benefits on performance and leaming. Indeed, training paradigm Acta Psychologica, 105339 D378. . .
showed substantial and age-equivalent training and transfer bene-rzmelr' Al'( F. .& Larish, J. (1996). Tr_all(mgg for altl:entlogzl .Contrc:]: n
fits for both the ability to maintain multiple task sets and the ability ual-task settings. In W. Rogers, A. Fisk, & N. Walker (Ed&ging an

i skilled performance: Advances in theory and applicatifpis 83D112).
to perform multiple tasks concurrently. Such effects suggest that isdale. NJ: Erlbaum.

even older adults possess sufficient plasticity to learn new taskgramer, A. F., Larish, J. F., & Strayer, D. L. (1995). Training for atten-

and skills. tional control in dual task settings: A comparison of young and old
adults.Journal of Experimental Psychology: Applied,50D76.

Kramer, A. F., Larish, J. L., Weber, T. A., & Bardell, L. (1999).
Training for executive control. In D. Gopher & A. Koriat (Eds.),

Allen, P. A., Lien, M. C., Murphy, M. D., Sanders, R. E., & McCann, R. S. Attention and performance XVII: Cognitive regulation of perfor-
(2002). Age differences in overlapping-task performance: Evidence for mance: Interaction of theory and applicatiqpp. 6179652). Cam-
efficient parallel processing in older adul@sychology and Aging, 17, ~ Pridge, MAZ MIT Press. N N _
505D519. Kramer, A. F., & Willis, S. (2003). Cognitive plasticity and aging. In B.

Allen, P. A., Smith, A. F., Vires-Collins, H., & Sperry, S. (1998). The = RoSsS (Ed.)Psychology of. learning and motivatiqivol. 43, pp. 267D
Psychological refractory period: Evidence for age differences in atten- 302). New York: Academic Press.
tional time-sharingPsychology and Aging, 12185229. Kray, J., & Lindenberger, U. (2000). Adult age differences in task switch-

Ball, K., Berch, D. B., Helmers, K. F., Jobe, J. B., Leveck, M. D., ing. Psychology and Aging, 1326D147. ' o _
Marsiske, M., et al. (2002). Effects of cognitive training interventions Lindenberger, U., & Baltes, P. B. (1995). Testing-the-limits and experi-
with older adults: A randomized controlled tridlournal of the Ameri- mental simulation: Two methods to explicate the role of learning in
can Medical Association, 282271D2281. developmentHuman Development, 3849D360.
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