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Abstract Can elderly adults automatize a new task? To
address this question, 10 older adults each performed
10,080 training trials over 12 sessions on an easy but novel
task. The psychological refractory period (PRP) procedure
was then used to evaluate whether this highly practiced task,
when presented as task 2 along with an unpracticed task 1,
could proceed automatically. If automatic, task 2 processing
should bypass the bottleneck and, therefore, not be delayed
while central attention is devoted to task 1, yielding little
dual-task interference. This is exactly what Maquestiaux,
Laguë-Beauvais, Ruthruff, and Bherer (Memory and Cog-
nition 36:1262-1282, 2008) previously observed for almost
all younger adults, even with half the training on a more
difficult task. Although extensive training reduced older
adults’ reaction times to only 307 ms, a value virtually
identical to that attained by Maquestiaux et al.’s (Memory
and Cognition 36:1262-1282, 2008) younger adults, the
highly practiced task 2 was slowed by 485 ms in the dual-
task PRP procedure. Such a large slowing in older adults is
striking given the easy tasks and massive amounts of prac-
tice. These findings demonstrate a qualitative change with

age, in which older adults lose the ability to automatize
novel tasks, which cannot be attributed merely to general-
ized cognitive slowing.

Keywords Attention . Practice . Age . Dual-task
interference

Despite declines in cognitive functioning, older adults often
can remain efficient in everyday life by relying upon rou-
tines—procedures automatized through extensive practice
over the lifespan (Bergua & Bouisson, 2008). But can
elderly individuals still automatize new routines? Or have
they lost this ability? These questions are of importance:
Little is known about automatization in old age, and older
adults often face the difficult challenge of mastering new
technology. The present study tackled these issues,
assessing whether older adults can perform a highly trained,
easy discrimination task without attention. From the cogni-
tive aging perspective, it is important to know whether age
effects mainly reflect overall slowing (Cerella, 1985) or spe-
cific cognitive declines above and beyond overall slowing
(Rush, Barch, & Braver, 2006). To this end, older adults
practiced a choice reaction time (RT) task until their baseline
performance was comparable to that of younger adults able to
automatize performance of an entire task.

One experimental approach for assessing task automatiza-
tion is to train individuals to perform two separate tasks
simultaneously; the signature of automaticity is the elimina-
tion of dual-task interference. To encourage automaticity, re-
searchers often present the tasks simultaneously and ask
participants to emphasize each equally. This approach has
revealed signs of automaticity in youth but none in old age
(Strobach, Frensch, Müller, & Schubert, 2012). However, this
paradigm prevents unambiguously determining whether the
two tasks are, in fact, processed in parallel (e.g., Ruthruff,
Johnston, Van Selst, Whitsell, & Remington, 2003). The
fundamental problem is that when both highly trained tasks
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are performed extremely quickly, it makes little empirical
difference whether they are automatized or not. One would
expect little observable interference either way.

Ruthruff, Van Selst, Johnston, and Remington (2006)
identified an improved approach for assessing task automa-
tization. This approach comprises two phases: massive
single-task training, followed by dual-task test sessions. In
the training phase, participants perform thousands of trials,
over multiple days, mastering one task only. In the dual-task
test phase, the psychological refractory period (PRP) proce-
dure is then used to probe for automaticity: Can the highly
practiced task (now task 2) proceed while attentional re-
sources are engaged by an unpracticed task 1? Using this
approach, Ruthruff et al. (2006) discovered a subset of
younger adults (4 out of 18) able to automatize task 2
performance. An optimized version of this approach—with
easier tasks and even more training—revealed that virtually
all younger adults could completely automatize task perfor-
mance (17 out of 20; Maquestiaux, Laguë-Beauvais,
Ruthruff, & Bherer, 2008).

The present study used a similar approach to determine
whether older adults can also automatize a novel task, if
given sufficient opportunity to approach the baseline perfor-
mance of younger adults. Before detailing our approach, we
first review the PRP procedure and the central bottleneck
model.

The PRP effect

In the PRP procedure, participants perform two discrete
tasks, task 1 and task 2, each with a distinct stimulus and
distinct speeded response. Stimulus onsets are separated by
a variable stimulus onset asynchrony (SOA) ranging from
short to long (e.g., 15–1,000 ms). Typical instructions are to
respond quickly and accurately, particularly emphasizing
task 1 speed. PRP studies routinely reveal substantial
lengthening of task 2 RT (RT2) at the shortest SOA relative
to the longest SOA—typically, 300+ ms—called the PRP
effect.

Awell-established account of this robust PRP effect is the
central bottleneck model (Pashler & Johnston, 1989). The
key assumption is that task 1 and task 2 central stages are
performed in series due to a bottleneck at the central
“thought-like” processes deciding how to deal with the
current stimulus (e.g., response selection).

Bypassing the central bottleneck with practice

Ruthruff et al.’s (2006) approach of pairing an unpracticed
task 1 with a highly practiced task 2 maximizes the ability to
empirically distinguish between the presence of a bottleneck

and bottleneck bypassing (consistent with task 2 automati-
zation). If a central bottleneck is still in place, the task 2
central stage should be postponed until the task 1 central
stage is completed. Thus, if the task 1 central stage is
prolonged due to the complexity or novelty of task 1, as
evidenced by long task 1 RTs (RT1s), the bottleneck delay
should also be long, which, in turn, should produce large
PRP effects on task 2. In addition, the task 1 response should
almost always precede the task 2 response. The pattern
should be quite different, however, if task 2 automaticity
allows bottleneck bypassing. First, there should be little
PRP effect. Although some residual interference might still
occur (e.g., due to interference between task representations
in working memory; see Hazeltine, Ruthruff, & Remington,
2006), this interference should be negligible, as compared
with the typical PRP effect of 300+ ms. Second, because
baseline RT2 is much shorter (due to practice) than baseline
RT1, task 2 responses should frequently precede task 1
responses at short stimulus onset asynchronies (SOAs),
resulting in frequent response reversals.

Using this approach, Maquestiaux et al. (2008) found that
the majority of younger participants (17 of 20) were able to
bypass the central bottleneck. Participants were first inten-
sively trained on an auditory-vocal task (high vs. low tone
pitch) in six single-task training sessions totaling 5,040 tri-
als. Automaticity of this task was then assessed by transfer-
ring to a dual-task PRP procedure with the highly practiced
task as task 2 and an unpracticed visual-manual task (alpha-
numeric classification) as task 1. The data indicated task
automatization in almost all younger adult participants, with
abnormally small PRP effects on task 2 (166 ms) given the
long duration of task 1 (641 ms) and frequent response
reversals at the shortest SOA (66.1 %). In contrast, for the
three “nonautomatic” participants, the mean PRP effect was
493 ms (consistent with the long duration of task 1), and
response reversals were rare (only 1.2 % of short-SOA
trials).

Having identified a paradigm that effectively diagnoses
task automatization in younger adults, the next question is
whether task automaticity is also possible in old age. Using
this procedure, Maquestiaux, Laguë-Beauvais, Ruthruff,
Hartley, and Bherer (2010) found that the majority of older
adults (11 out of 12) failed to automatize task performance:
They produced large PRP effects on task 2 (541 ms) and
rarely reversed responses (8.3 % at the shortest SOA).
Although this study documented a quantitative decline in
dual-task performance with age, it cannot tell us whether
older adults are genuinely unable to automatize task perfor-
mance. The reason is that, following training, older adults’
RTs were more than 72 % longer than those of younger
adults in Maquestiaux et al. (2008; 530 vs. 308 ms). Perhaps
older adults simply require more training or easier tasks to
achieve the threshold of performance permitting task
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automatization. This position is loosely consistent with the
view that aging is primarily associated with a generalized
slowing (Cerella, 1985), rather than specific inabilities
(Rush et al., 2006) such as an inability to automatize.

The present study: Goals and predictions

We investigated whether older adults truly have lost the ability
to automatize, even when their single-task (baseline) perfor-
mance approaches that of younger adults. Our approach was
inspired by the observation that, by using easier tasks andmore
practice than Ruthruff et al. (2006), Maquestiaux et al. (2008)
increased the frequency of bottleneck bypassing in younger
adults, from 25 % to 85 %. Accordingly, 10 older adults were
tested exactly as in Maquestiaux et al. (2008), but with two
major changes to further facilitate automatization . The first
change was to double the amount of training on the auditory-
vocal task: 10,080 trials spread over 12 sessions, instead of
5,040 trials over 6 sessions. The second changewas to simplify
both the auditory-vocal and visual-manual tasks. The visual-
manual task (task 1 in the PRP test sessions) mapped digits and
letters compatibly onto the four responses keys (Maquestiaux
et al., 2008, mapped one category incompatibly). The auditory-
vocal task was simplified by using more discernible tone
pitches than in Maquestiaux et al. (2008; 80 vs. 3125 Hz
instead of 400 vs. 1800 Hz). In the present experiment, there
is no doubt that younger adults would have automatized task
performance, given that Maquestiaux et al.’s (2008) younger
adults did so with half the training on a more difficult task.
Consequently, we concentrated our efforts on testing a sample
of older adults.

Task automatization predicts small PRP effects and fre-
quent response reversals at short SOAs. If old adults cannot
automatize a novel task, however, we expect very large PRP
effects (>300 ms) and few response reversals.

Method

Ten older adults performed 15 sessions spread over 15
testing days (three 1-h sessions per week): 12 single-task
training sessions with an auditory-vocal task, followed by 3
dual-task PRP test sessions pairing the highly practiced
auditory-vocal task as task 2 with an unpracticed visual-
manual task 1.

Participants

The 10 older adults (M=65.6 years, SD=4.3 years, range: 59–
72 years, 5 women) were recruited from the greater Paris area.
Their mean level of education was 15.7 years (SD=3.0 years).
The lowest MMSE score was 29, observed for 2 individuals.

Stimuli

The visual stimulus was a black character drawn from the
set 1, 2, 3, 4, A, B, C, D. It subtended 1.49° vertically by
1.04° horizontally at a viewing distance of 46 cm. The
auditory stimulus was a tone—either 80 Hz (low) or
3125 Hz (high)—presented for 150 ms over headphones.

Procedure

Participants responded to the character by pressing the H, U,
I, or L key on a keyboard, using the fingers of the right hand
(except the thumb). The numbers and letters were mapped
compatibly onto the response keys from left to right (e.g., 3
and C were assigned to the I key). Participants responded to
tone pitch by saying either “haut” or “bas” (French for
“high” or “low”).

During the training phase, participants performed 12
sessions of 840 trials each on the auditory-vocal task. After
each block of 60 trials, feedback on average speed and
accuracy was provided. Participants were encouraged to
consistently improve their performance over time. During
the test phase, participants performed three PRP test ses-
sions, pairing an unpracticed visual-manual task 1 with the
highly practiced auditory-vocal task 2. Each test session
consisted of 20 warm-up dual-task trials followed by 384
experimental dual-task trials. These trials were a random
ordering of 16 repetitions of the 24 trial types produced by
a complete factorial cross of SOA (15, 65, 150, 250, 550,
and 1,000 ms) and task 1 response finger (first through
fourth). After each block of 48 trials, feedback on the
average speed of task 1 and the accuracy of both task 1
and task 2 was provided. Participants were instructed to
respond as quickly and accurately as possible to each task
while emphasizing task 1 speed.

In the two phases, each trial started with the presentation
of a black asterisk for 500 ms in the screen center, followed
by a random foreperiod of 100–250 ms (in 50-ms steps). In
the dual-task condition, the task 1 character appeared cen-
trally, followed by the task 2 tone after one of six randomly
selected SOAs. The task 1 character remained until a re-
sponse was registered or 2,500 ms had elapsed. In the
auditory-vocal single-task training condition, only the tone
was presented; its timing was yoked to the dual-task condi-
tion. After each trial, a message displayed for 500 ms indi-
cated whether each response was erroneous or correct. The
intertrial interval was 1,000 ms.

Results

Trials with RTs between 100 ms and 2,500 ms were ana-
lyzed. These RT cutoffs led to the removal of 1.16 % of
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single-task trials and 0.57 % of dual-task trials. Trials with
errors were excluded from RT analyses. The first dual-task
session was considered practice; only the second and third
sessions were analyzed.

Training phase

Figure 1 shows the steady shrinking of mean auditory-vocal
RTs from 482 ms (SD=52 ms) in session 1 to 307 ms
(SD=37 ms) in session 12, F(11, 99)=52.63, p<.001 (par-
tial η2=.85).

The value of 307 ms attained by older adults in session
12 matches that attained by Maquestiaux et al.’s (2008)
younger adults with half the training on a more difficult
tone task (M=308 ms, SD=57 ms), t(28)<1, indicated by
the dashed line in Fig. 1. Meanwhile, this mean RT is much
shorter than that produced by Maquestiaux et al.’s (2010)
older adults (M=530 ms, SD=144 ms), shown by the dotted
line in Fig. 1.

The mean error rate was 1.45 % (SD=.50 %) and stable
across training sessions, F(11, 99)<1.

Dual-task test phase: RT

Figure 2 shows mean RT on the highly practiced task 2
(upper panel) and the unpracticed task 1 (lower panel)
across SOAs, averaged across the last two dual-task test
sessions. The PRP effect, computed as the RT2 difference
between the 15-ms SOA (M=1,020 ms, SD=237 ms) and
the 1,000-ms SOA (M=535 ms, SD=149 ms), was very
large (485 ms) and, thus, consistent with nonautomaticity.

Mean RT1 was 770 ms (SD=182 ms) and was influenced
by SOA, F(5, 45)=6.89, p<.001 (partial η2=.43). Post hoc
comparisons showed that RT1 was shorter at the five
shortest SOAs (M=749 ms) than at the 1,000-ms SOA
(M=880 ms, SD=298 ms). The onset of a task 2 stimu-
lus closely following the task 1 stimulus may have increased
the sense of urgency to quickly get task 1 out of the way.

Alternatively, preparation may have waned at longer-than-
usual SOAs.

Dual-task test phase: Response reversal rate

The response reversal rate was small overall (5.6 %) but
somewhat larger at the two shortest SOAs (10.2 %) than at
the two longest SOAs (1.5 %), F(5, 45)=4.70, p<.01 (par-
tial η2=.34). The rarity of response reversals at short SOAs
argues against task automatization; because task 2 was
performed rapidly after practice, it should almost always
have finished before the slower, unpracticed task 1 in a race
without a bottleneck delay. We will later propose that 2 of
the 10 individuals sometimes bypassed the bottleneck,
largely accounting for the observed response reversals.

Dual-task test phase: Task 1 and task 2 error rates

The mean task 1 error rate was 2.5 % (SD=1.3 %) and was
stable across SOAs, F(5, 45)=1.65, p=.17 (partial η2=.15).
Mean task 2 error rate was 1.6 % (SD=.8 %) and was
influenced by SOA, F(5, 45)=3.00, p=.02 (partial η2=.25).
Post hoc comparisons showed that the task 2 error rate was
larger at the 65-ms SOA (M=2.50 %, SD=1.97 %) than at the
1,000-ms SOA (M=0.96 %, SD=0.96 %). No other compar-
ison was significant.

Discussion

Our goal was to determine whether older adults can still
automatize task processing. To this end, 10 older adults
were provided with 10,080 training trials (spread over 12
sessions) on a novel task. Our specific goal was to enable
them to achieve a very high degree of mastery, similar or
superior to that of the younger adults in Maquestiaux et al.
(2008), who automatized performance and bypassed the cen-
tral bottleneck. Having roughly equated baseline performance,
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an inability to bypass could not simply be attributed to overall
cognitive slowing.

The present experimental conditions were favorable for
the development of task automatization. First, auditory-
vocal RT was reduced to only 307 ms after training (ex-
tremely fast for older adults), equivalent to the 308-ms mean
RT produced by Maquestiaux et al.’s (2008) younger par-
ticipants. Nevertheless, when this highly practiced auditory-
vocal task became task 2 in the dual-task procedure, a large
PRP effect of 485 ms resulted. This value is more than
double the 216-ms PRP effect produced by Maquestiaux et
al.’s (2008) younger participants. Had older participants
bypassed the bottleneck and, therefore, performed the tasks
in parallel, the highly practiced task 2 should have very
frequently finished first. In contrast, the observed response
reversal rate at the 15-ms SOA (10.1 %) was much lower
than that of the younger adults (56.3 %). Taken together, the
evidence indicates that older adults were generally unable to
automatize dual-task performance, even under extremely
favorable conditions.

Equating older and younger adults’ baseline performance

The task 1 performed by older adults was easier than that
performed by younger adults in Maquestiaux et al. (2008).
This relative ease, however, could not fully compensate for
slowing with age; mean RT1 for older adults (M=770 ms,
SD=182 ms) was longer than that for Maquestiaux et al.’s
(2008) younger participants (M=646 ms, SD=105 ms), F(1,
28)=5.67, p<.024, (partial η2=.17). Might additional re-
source usage by task 1 explain the apparent lack of autom-
atization of task 2 in older adults? Of course, if massive
practice truly automated task 2 processing, then the com-
plexity of task 1 should not matter. Nevertheless, to address
this possibility, we used two approaches to “equate” task 1
performance of younger and older adults.

In our first approach, we selected the data of the 5 fastest
older adults on task 1. Mean RT1 did not differ between
these 5 fastest older adults (M=632 ms, SD=55 ms, range:
547–693 ms) and the 20 younger adults (M=646 ms,
SD=105 ms, range: 516–902 ms), t(23)<1. We also note
that baseline task 2 performance (i.e., at the 1,000-ms SOA,
with minimal overlap in task processing) did not differ
between the fastest older adults (M=426 ms, SD=75 ms,
range: 334–529 ms) and Maquestiaux et al.’s (2008) youn-
ger adults (M=371 ms, SD=93 ms, range: 237–599 ms),
t(23)=1.21, p=.239.

Despite equating baseline performance on task 1 (as well
as on task 2), PRP interference was about twice as large for
older adults (M=430 ms, SD=177 ms, range: 258–627 ms)
as for younger adults (M=216 ms, SD=159 ms, range: −10–
528 ms), t(23)=2.65, p<.02. In addition, the mean response
reversal rate at the shortest SOA was still smaller for older
adults (M=14.3 %, SD=16.3 %) than for younger adults
(M=56.1 %, SD=34.6 %), t(23)=2.60, p<.02. These results
are inconsistent with the claim that task 1 processing was
responsible for the age differences in the ability to automa-
tize entire task processing.

Our second approach incorporated data from our entire
sample of older adults. Figure 3 shows, for each age group,
the mean PRP effect (top panel) and mean response reversal
rate at the 15-ms SOA (bottom panel) against mean RT1 for
each of the three dual-task test sessions. This figure shows that,
even when comparing points with the same RT1 value, older
adults show larger PRP effects and fewer response reversals.
For example, mean RT1 was not significantly different be-
tween older adults in session 3 (M=758 ms, SD=172 ms) and
younger adults in session 1 (M=762ms, SD=156ms), t(28)<1.
We also note that mean RT2 at the longest SOA did not differ
between older adults in session 3 (M=509 ms, SD=131 ms)
and younger adults in session 1 (M=448 ms, SD=126 ms),
t(28)=1.24, p=.224. Nevertheless, PRP interference was 82 %
larger for older adults in session 3 (M=497 ms, SD=155 ms)
than for younger adults in session 1 (M=273 ms, SD=166 ms),
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t(28)=3.55, p<.01. Likewise, the response reversal rate at the
15-ms SOAwas much smaller for older adults in session 3
(M=5.6 %, SD=5.8 %) than for younger adults in session 1
(M=47.7 %, SD=33.2 %), t(28)=3.94, p<.001. Once again,
the failure of older adults to automatize task processing cannot
be explained by slower execution of task 1.

Probing for older bypassers

Was a small subset of older adults able to bypass the central
bottleneck (i.e., to automatize task performance)? An exam-
ination of individual performance indicates that 2 older
adults had much smaller PRP effects (258 and 287 ms) than
did the other 8 older adults (M=538 ms, range: 368–
627 ms). Also, their response reversal rate at the shortest
SOA (32.0 %) was seven times higher than that for the other
older adults (4.6 %). Using RT1 and RT2 data from long-
SOA trials, and assuming stochastic independence, we esti-
mated that these 2 participants would have completed task 2

before task 1 on 91.6 % of the trials if they had performed
the tasks in parallel. This value is about three times larger
than the observed rate of 32.0 %. It might therefore appear
that these participants bypassed the bottleneck on about one
third of trials. A closer examination, however, suggests that
they bypassed on more than one half of trials. These 2
participants often emitted task 1 and task 2 responses as a
couplet; specifically, 38.1 % of their trials at the three
shortest SOAs had an interresponse interval between −100
and +100 ms. Critically, RT1 was no longer at these three
shortest SOAs than at the longest SOA (actually, RT1 was
19 ms shorter), suggesting that the task 2 response was
prepared first (i.e., automatically) but then was withheld
until the task 1 response was also ready—a kind of covert
response reversal. Note that such a grouping strategy would
elevate RT2 at short SOAs, largely accounting for the mod-
est PRP effects of these 2 participants (see Maquestiaux,
2008, for further discussion of diagnosing individual differ-
ences in bottlenecking vs. bypassing).
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It is noteworthy that the 2 bypassers (59 and 63 years old)
also happened to be among the very youngest in our sample
(the remaining participants averaged 66.8 years, range: 61–
72 years). In sum, bottleneck bypassing appears possible in
old age, under very favorable conditions, yet it is still very
uncommon.

Conclusions

In conditions boosting older adults’ single-task perfor-
mance to the level of younger adults, only 2 of 10 older
participants automatized task performance. This propor-
tion is smaller than the proportion of younger individ-
uals able to do so in Maquestiaux et al. (2008; 17 out
of 20), χ2(1, N=30)=12.13, p<.001, even though those
younger adults received half the practice and faced more
difficult versions of the tasks. Furthermore, the bypassers
were among the youngest of our older adult sample.
This failure with age for a majority to automatize a
novel task is striking given the concatenation of several
favorable conditions (massive training, easy tasks with
just a few stimuli and responses, the absence of input
conflicts and output conflicts). Given the rarity of new
automatization in older adults, despite RTs nearly iden-
tical to those of younger adults, we conclude that pro-
cessing speed is not the critical factor. This proposal
argues against Logan’s (1988) instance theory, which
postulates that RT shortening with training necessarily
leads to a gradual shift from slow algorithmic process-
ing to fast memory-based processing. Rather, from this
perspective, training allowed younger adults to shift toward
memory-based processing, while older adults merely sped up
algorithmic processing.

One lingering ray of hope is that older adults’ failure to
reach task automatization may reflect greatly increased con-
servatism regarding processing overlap, which can possibly be
remedied with strong incentives (see Glass et al., 2000; Touron
& Hertzog, 2004). Further research is needed to explore this
conjecture and ways to induce older adults to automatize.

Old age appears to be associated with a loss in the ability to
automatize task performance: Even highly practiced tasks
continue to recruit attentional resources. We propose that task
automatization of novel, complex tasks in real-world settings
may be generally out of reach for most older adults. A prac-
tical implication of the present findings is that adaptive tech-
nology aimed at helping older adults in everyday life

functioning should be designed to rely upon routines devel-
oped earlier in life, not upon developing novel ones.

Author Notes This work was supported by a CNRS-PICS grant to
F.M. and A.D.
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