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Abstract In many dual-task situations, responses to the sec-
ond of two tasks are slowed when the time between tasks is
short. The response-selection bottleneck model of dual-task
performance accounts for this phenomenon by assuming that
central processing of the second task is blocked by a bottle-
neck until central processing of Task 1 is complete. This as-
sumption could be called into question if it could be demon-
strated that the response to Task 2 affected the central process-
ing of Task 1, a backward response compatibility effect. Such
effects are well-established in younger adults. Backward com-
patibility effects in older (as well as younger) adults were
explored in two experiments. The first experiment found clear
backward response compatibility effects for younger adults
but no evidence of them for older adults. The second experi-
ment explored backward stimulus compatibility and found
similar effects in both younger and older adults. Evidence
possibly consistent with some pre-bottleneck processing of
Task 2 central stages also was found in the second experiment
in both age groups. For younger adults, the results provide
further evidence falsifying the claim of an immutable response
selection bottleneck. For older adults, the evidence suggested
that Task 2 affects Task 1 when there is stimulus compatibility
but not when there is response compatibility.

Keywords Aging . Dual task . Psychological refractory
period . Response selection . Response-selection bottleneck
model . Parallel processing . Backward compatibility effect

Under most circumstances, people cannot perform two tasks
at exactly the same time without interference, even when both
tasks are very simple. As the temporal overlap between the
two tasks increases, the time to perform the second task in-
creases monotonically. Conversely, in many situations for
each additional millisecond that the stimulus of the second
task is delayed after the onset of the stimulus of the first task
(the stimulus onset asynchrony or SOA), the reaction time
(RT) to the second task drops by 1 ms. By contrast, the RT
to the first task is largely unaffected by SOA. The slowing of
the second task at short SOAs often is called the psychological
refractory period (PRP) effect by analogy with the time after
firing when a neuron is unresponsive to further input (Telford,
1931; Vince, 1948; Welford, 1952). The PRP effect has been
replicated in a large number of experiments, thus deserving
the status of one of the few laws of contemporary cognitive
psychology. Pashler (1994, 1998) provides reviews and over-
views of the research and theory (also see Spence, 2008;
Tombu & Jolicœur, 2005).

The most successful account of the PRP effect is the
response-selection bottleneck (RSB) model, the principal te-
net of which is that central processing can be performed for
one and only one task at any particular time. Central process-
ing of one of the tasks must be delayed until central processing
of the other task is complete. This leads to the prediction that
each millisecond by which the arrival of the second task is
delayed will be 1 ms that it will not have to wait for the central
processing mechanism to become free. Central processing in-
volves processes of mapping a perceptually identified stimu-
lus onto an abstract program for the action required by the
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situation (Fagot & Pashler, 1992). These processes are usually
identified as response selection, although this is not intended
to rule out the involvement of other subprocesses. Even
though central processing is viewed as limited and serial; ear-
lier precentral stages (often thought to involve perceptual pro-
cesses) and later postcentral stages (often thought to involve
response-execution processes) are assumed to be more or less
unlimited and parallel, although there may be specific input
and output interference in sensory registration streams or mo-
tor effector streams. It has been demonstrated that versions of
capacity-sharing models, in which capacity can be allocated
flexibly to each of two tasks, can mimic the predictions of the
RSB (Tombu & Jolicœur, 2005). The RSB model is, in fact, a
special case of a capacity-sharing model with 100 % of capac-
ity devoted to one task at any one time.

The principal assumption of the RSB model is that there is
a bottleneck such that central processing can occur for only
one task at a time. Capacity-sharing models allow at least
some simultaneous processing. One kind of evidence of si-
multaneous processing would be a demonstration that manip-
ulations of Task 2—which is presumably blocked by the bot-
tleneck—affected Task-1 processing. In the two experiments
reported, we looked for this type of evidence. We then asked
whether the evidence was the same or different in younger and
older adults.

Experiment 1

Themost reliable demonstrations of parallel processing of two
tasks come from PRP experiments in which there is substan-
tial compatibility between the response in Task 1 (R1) and the
Task 2 response (R2) (Miller, 2006; Miller & Alderton, 2006;
Thomson, Watter, & Finkelshtein, 2010; Watter & Logan,
2006). In the simplest case, Watter and Logan (2006) had
R1 and R2 given by the same fingers of the same hand.
They observed that R1 was speeded when R2 was identical
but that R1was delayed when R2was different. The responses
need not be identical for such effects to occur. For instance,
Hommel (1998) found similar effects when R1 and R2 or R1
and S2 could be compatible: when R2 was a vocal response,
Bleft^ or Bright,^ and R1 was a manual response, left or right
key, and also when the color of S2 matched or did not match
the color name response given for R1. There is debate about
whether such backward compatibility effects are the result of
gradually strengthened episodic connections or the result of
the connection of R2 and S1 or R1 by the transient mapping
rules held in working memory (Ellenbogen & Meiran, 2011;
Hommel, 1998; Hommel & Eglau, 2002). Nevertheless, it is
clear that there is activation of R1 by aspects of Task 2, despite
the presumption that processing of Task 2 is blocked until the
completion of response selection in Task 1. At the same time,
the response-selection bottleneckmust have been in place still,

because the reaction time to Task 2 increased noticeably as
SOA shortened in each of the studies mentioned. According to
Hommel (1998), parallel response activation occurs at the
same time as serial response selection.

We are aware of only two studies that have examined
whether backward compatibility effects are affected by ad-
vancing age. Grabbe and Allen (2012) explored cross-task
compatibility effects using an approach different from PRP.
In this study, a color stimulus was first presented and followed
1300 ms later by an auditory cue to give a manual response
identifying its color. In the interim, a dot appeared and the
participant had to identify the direction of motion of the dot
also with a manual response. Responses to both tasks were
given with the same fingers of the same hand. In the critical
condition, the auditory cue and the moving dot appeared si-
multaneously (that is, the moving dot appeared 1300 ms after
the color stimulus). When both responses were given by the
same finger, there was facilitation; when the responses were
given by different fingers, there was inhibition. Younger and
older adults showed the same response-response compatibility
effects. In the procedure used by Grabbe and Allen, central
processing of the first, color task would likely have been
completed before the cue to give the response occurred.
Thus, the compatibility would have affected only the
execution of the response or its monitoring. In recent
research Allen, Lien, and Jardin (in press) explored compati-
bility effects with emotional stimuli using PRP. Task 1 was to
identify a facial expression of emotion as happy (positively
valenced) or sad (negatively valenced); Task 2 was to identify
three different sounds, one positively valenced (laugh), one
neutral (cork popping), and one negatively valenced (scream).
They found backward compatibility effects for both younger
and older adults. RTs on Task 1 were shorter when R1 and R2
were compatible in emotional valence and longer when va-
lence was incompatible.

The purpose of the first experiment reported was to explore
age differences and similarities in backward compatibility ef-
fects using a method more similar to conventional PRP pro-
cedures than that used by Grabbe and Allen (2012). In light of
the recent report by Allen et al. (in press), Experiment 1 fur-
ther explores backward compatibility effects using the PRP
procedures similar to those of Hommel (1998). We specifical-
ly selected tasks that used different response modalities to
reduce any greater output interference that older adults might
experience (Hartley, 2001; Hartley & Maquestiaux, 2007).

Method

Participants

Twenty-four younger adults (23 females) and 24 older adults
(15 females) participated in the experiment. The younger
adults averaged 20.33 years of age (SD = 1.28 years; range,
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18–21 years), reported 14.18 years of education (SD = 1.25),
rated their health at 8.83 (SD = 1.14) on a 10-point scale with
10 as excellent, and had a median measured visual acuity of
20/25 (range 20/20 to 20/40). The older adults averaged
76.28 years of age (SD = 5.80; range, 67–87 years), reported
16.22 years of education (SD = 2.59), rated their health at 8.02
(SD = 0.94), and had a median measured acuity of 20/34
(range 20/20 to 20/60). All participants had normal color vi-
sion, by self-report. All participants received a stipend of 10
USD for participation. Participants were tested at Scripps
College.

Tasks

The experimental procedures were controlled by programs
written in E Prime (Version 2.0, Schneider, Eschman, &
Zuccolotto, 2002) running on Intel Pentium computers.
Manual responses were made with button presses on a re-
sponse box (Serial Response Box Model 200a, Psychology
Software Tools); vocal responses were sensed by a voice-
operated relay in the response box via a microphone attached
to a microphone stand and positioned close to the participant’s
mouth.

Practice There were three components to the practice task.
The first was a color task that introduced what would become
the first task in the dual-task trials. On each trial, the letter B
appeared in gray to signal that a trial was beginning. It
subtended 3.63° in height by 3.03° in width at an approximate
viewing distance of 60 cm. It was centered on the screen of a
19 in (48.26 cm) diagonal black display. After 1000 ms, the
color changed to red or green. If the color was red, the partic-
ipant was to press the z key (labeled BRED^) at the left of the
keyboard with the left index finger. If the color was green, the
participant was to press the/key (labeled BGREEN^) at the
right of the keyboard with the right index finger. The partici-
pant was allowed 3000 ms to respond. Feedback about cor-
rectness was presented for 750 ms. The intertrial interval was
3000 ms. Colors appeared equally often, in random sequence.
The second component of the practice introduced a letter task
that would become the second task in the dual-task trials.
Once again, each trial began with the letter B presented in
gray. After 1000 ms, the B was replaced either by the letter
BL^ or the letter BR,^ also in gray. If the letter was L, the
participant was to say Bleft^ into a microphone placed near
the lips. If the letter was R, the participant was to say Bright.^
A clock was started when the L or R was presented and
stopped when the participant’s voice was sensed. The partic-
ipant was allowed 3000 ms to respond. If the voice was not
sensed, a message appeared saying BCould not hear you!^
After the response or the error message, the experimenter en-
tered the vocal response given and the participant received
feedback about the correctness of the response for 750 ms.

The intertrial interval was 3000 ms. The two letters appeared
equally often, in random sequence. The third component of
the practice combined the two tasks, namely the color task
(Task 1) and the letter task (Task 2), using the PRP procedure.
Once again, each trial began with a B in gray for 1000 ms,
whereupon the color changed to either red or green. After an
SOA of 50, 150, or 650 ms, the B changed to L or R. For each
task, 3000 ms were allowed for a response. Feedback about
correctness was provided for each of the responses for 750 ms.
The participant was instructed to respond to the color and then
the letter and to respond to both tasks as quickly as possible.
They were specifically cautioned not to wait to see what the
second stimulus was before responding to the first. On half of
the trials, the responses for the two tasks were compatible, the
color red calling for a left-hand response paired with the letter
L calling for a vocal response of Bleft^ or the color green
calling for a right-hand response paired with the letter R call-
ing for a response of Bright.^On the other half of the trials, the
responses were incompatible.

Dual task The experimental, dual-task trials were identical to
those in the third component of practice except that no feed-
back was provided.

Procedure

At the outset, informed consent was obtained and demograph-
ic information was collected. Visual acuity was measured at
the end of the session, using a Snellen chart at 20 ft (6.11 m).
Next were 24 trials in each of the three components of prac-
tice. Within each component, stimulus types occurred equally
often and were randomly ordered. This was followed by 6
blocks of 24 trials each of the dual task with ad lib rest after
each. Each of the six types of trials—compatible and incom-
patible stimuli combinedwith SOAs of 50, 150, and 650ms—
occurred four times in each block. The order of stimuli in a
block was random.

Results

We report analyses performed on data from the experimental
dual-task trials; practice trials were not analyzed. Analyses of
variance (ANOVAs) were performed on the median reaction
time (RT) to Task 1 (the color task), the proportion correct on
Task 1, the median RT to Task 2 (the letter task), and the
proportion correct on Task 2 as a function of age group (youn-
ger or older), response compatibility (Task 1 and Task 2 com-
patible and incompatible), and SOA (50, 150, and 650 ms).
Age group was a between-subjects variable and compatibility
and SOA were within-subjects variables. Median RTs were
used to reduce the influence of outlying observations. In the
cases of effects for which Mauchly’s test of sphericity was
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significant, the Greenhouse-Geisser correction was applied,
and the corresponding probability is reported.

Task 1 (color identification)

ANOVA on median Task 1 RT showed significant main ef-
fects of age group, F(1, 46) = 65.49, p < 0.001, η2 = 0.59, of
compatibility, F(1, 46) = 5.04, p = 0.030, η2 = 0.10, and of
SOA, F(2, 92) = 9.04, p = 0.003, η2 = 0.16. Older adults (M =
1264 ms, SE = 60 ms) were much slower than younger adults
(M = 578 ms, SE = 60 ms). Incompatible trials had longer RTs
(M = 935 ms, SE = 44 ms) than did compatible trials (M =
907 ms, SE = 42 ms). Paired comparisons using a Bonferroni
correction showed that RTs were shorter at 50 ms (M =
881 ms, SE = 37 ms) than at 150 ms (M = 910 ms, SE =
40 ms), which were, in turn, shorter than at 650 ms (M =
973 ms, SE = 54 ms). There also was an interaction of SOA
and age group, F(2, 92) = 12.13, p = 0.001, η2 = 0.21. The
interaction of age with compatibility and SOA approached
significance, F(2, 92) = 2.76, p = 0.072, η2 = 0.06.

The central questions are whether a backward compatibil-
ity effect occurred and, if so, whether it was similar or differ-
ent for younger and older adults. The answers to these ques-
tions are reflected in the three-way interaction, so it was
decomposed even though it did not reach conventional signif-
icance. Younger adults (Fig. 1a) showed a significant effect of
compatibility, F(1, 23) = 7.76, p = 0.010, and a significant
interaction of compatibility and SOA, F(2, 46) = 8.42, p =
0.002. By contrast, older adults (Fig. 1b) showed only a sig-
nificant effect of SOA, F(2, 46) = 14.09, p < 0.001, with RTs
increasing monotonically with SOA. T tests were used to
compare incompatible and compatible RTs at 50, 150, and
650 ms SOA for younger and older adults separately. For
younger adults, incompatible and compatible RTs differed
significantly at 50 ms, t(23) = 4.42, p < 0.001, with a mean
difference of 60 ms (SE = 14 ms). The difference at 150 ms
was nonsignificant, t(23) = 1.77, p = 0.091, with a mean dif-
ference of 22 ms (SE = 12 ms), as was the difference at
650 ms, t(23) = 0.26, p = 0.80, with a mean difference of
3 ms (SE = 13 ms). For older adults, none of the differences
approached significance (p > 0.36), although at 50 ms SOA
the difference was 27 ms (SE = 30 ms). This was not signif-
icantly different from the younger adult mean of 60 ms, t(46)
= 1.01, p = 0.320.

ANOVA on the proportion of correct responses to Task 1
showed a main effect of age group, F(1, 46) = 4.63, p = 0.037,
η2 = 0.09, and of compatibility,F(1, 46) = 4.23, p = 0.045, η2 =
0.08. Younger adults (M = 0.97, SE = 0.01) were more accu-
rate than older adults (M = 0.95, SE = 0.01). Accuracy was
higher with compatible stimuli (M = 0.97, SE = 0.01) than
with incompatible stimuli (M = 0.96, SE = 0.01). There also
was a significant interaction of age group and SOA, F(2, 92) =
4.82, p = 0.012, η2 = 0.10. For younger adults, the proportion

correct increased from 50ms (M = 0.96, SE = 0.01) to 150 and
650 ms (for both M = 0.97, SE = 0.01). For older adults, the
proportion correct decreased from 50 ms (M = 0.96, SE =
0.01) to 150 and 650 ms (for both M = 0.95, SE = 0.01).

Task 2 (letter identification)

ANOVA of median RTs to Task 2 showed significant main
effects of age group, F(1, 46) = 17.60, p < 0.001, η2 = 0.28,
and of SOA, F(2, 92) = 164.69, p < 0.001, η2 = 0.78. RTs for
older adults (M = 1273 ms, SE = 61 ms) were considerably
longer than for younger adults (M = 908 ms, SE = 61 ms).
Paired comparisons for SOA showed a classic PRP effect with
RTs longer at 50 ms (M = 1226 ms, SE = 46 ms) than at
150 ms (M = 1158 ms, SE = 46 ms), which were longer than
at 650 ms (M = 888 ms, SE = 42 ms). The interaction of age
group and SOAwas not significant,F(2, 92) = 2.69, p = 0.097,
η2 = 0.06. The PRP effect (RT50 – RT650) was numerically
smaller in the older adults (M = 292 ms) than in the younger
adults (M = 383 ms). There were significant interactions of
compatibility and SOA, F(2, 92) = 6.81, p = 0.002, η2 = 0.13,
and of age group with compatibility and SOA,F(2, 92) = 3.79,
p = 0.027, η2 = 0.08. The three-way interaction is shown in
Fig. 2. Decomposition of the three-way interaction showed,
for the younger adults, significant effects of compatibility,
F(1, 46) = 9.67, p = 0.005, SOA, F(2, 92) = 154.01, p <
0.001, and of the interaction of compatibility and SOA, F(2,

a

b

Fig. 1 Task 1 reactions times in Experiment 1 as a function of
compatibility between Task 1 and Task 2 and stimulus-onset asynchrony
between tasks. Bars show standard errors

1340 Atten Percept Psychophys (2016) 78:1337–1350



92) = 12.07, p < 0.001. For the older adults, the only signifi-
cant effect was SOA, F(1, 46) = 48.37, p < 0.001.
Comparisons of incompatible and compatible RTs at each
SOA for the younger adults showed that the difference was
significant at 50 ms, with a mean difference of 75 ms (SE =
18 ms), t(23) = 4.25, p < 0.001, and at 150 ms, with a mean
difference of 34 ms (SE = 14 ms), t(23) = 2.44, p = 0.023, but
not at 650 ms, with a mean difference of −18ms (SE = 12ms),
t(23) = −1.53, p = 0.14. There were no significant differences
for older adults.

Analysis of the proportion correct on Task 2 showed only a
significant main effect of age group, F(1, 46) = 25.88, p <
0.001, η2 = 0.36, with accuracy slightly higher for younger
adults (M = 0.995, SE = 0.002) than for older adults (M =
0.980, SE = 0.002).

Discussion

For the younger adults, there were clear backward compatibil-
ity effects. At the shortest SOA, 50 ms, compatibility of the
Task 1 response with the Task 2 response shortened Task-1
RTs relative to incompatible conditions. There was a smaller,
nonsignificant effect at 150 ms SOA and almost no effect at
the longest SOA, 650 ms. The RSB model predicts that any
manipulation that affects Task 1 precentral or central process-
ing—such as the compatibility effects here—will carry over
onto the RT to Task 2 (see Pashler, 1994, Principle 1). If a
manipulation adds, for example, 50 ms to the processing of
Task 1, then Task 2 also must wait those additional 50 ms at
short SOAs. At long SOAs, however, Task 2 does not have to
wait for the bottleneck to open, because Task 1 central pro-
cessing would be complete and the Task 1 manipulation
should have no effect on Task 2. The result of the Task 1
carryover would be an overadditive interaction in Task 2 RT
such that the effects are greatest at sort SOAs. Such a carry-
over was observed in the younger adults. The mean difference
between compatible and incompatible RTs on Task 1 was
75 ms at 50 ms SOA; the difference for Task 2 was 60 ms.

The pattern of results for older adults was unclear. The
difference between compatible and incompatible conditions

at the shortest SOA (27 ms) did not differ significantly from
zero. Nevertheless, it was not significantly different from the
difference for younger adults (60 ms). There may be no back-
ward compatibility effect for older adults, or there may be a
real effect but one that is smaller than that observed in younger
adults with the reliability of the effects obscured by relatively
small sample sizes and large variability. We will return to this
issue shortly. Without a significant backward compatibility
effect, there was no reason to expect a carryover effect onto
Task 2 RTs, and none was seen. There was a PRP effect with
RTs to Task 2 at 50 ms SOA slower by 292 ms than at 650 ms.
There were two anomalous features to the results for the older
adults. First, Task 1 RTs increased by 199ms from 50ms SOA
to 650 ms SOA. For younger adults, Task 1 RTs were unaf-
fected by SOA, averaging across compatible and incompatible
conditions. For older adults, it may have been disruptive for
the second stimulus to arrive about the time execution of the
first response was commencing. Second, the PRP effect was
actually smaller in older adults (292 ms) than in younger
adults (383 ms). The average reaction time for older adults
with an SOA of 650 ms was 1427 ms. Thus, on many trials,
participants would still have been actively engaged in process-
ing Task 1 at the onset of Task 2. This would lead to a sub-
stantial underestimation of the true PRP effect in older adults.

The slowing of Task-1 RTs with increasing SOA and the
absence of compatibility effects in the older adults could re-
flect response grouping, in which the response to the first task
is delayed until the second task is processed. We identified
seven older adults who could have been grouping responses
based on very short inter-response intervals and on frequent
instances of giving the response to Task 2 before that to Task
1.We determined IRI as the difference between the time stamp
for R2 and the time stamp for R1. Mean IRIs less than 150 ms
were considered very short and negative mean IRIs were con-
sidered to indicate reversed responding. We repeated the anal-
yses of Task 1 RTs with these individuals removed. In the
reanalysis, there were significant main effects of age group,
F(1,39) = 46.78, p < 0.001, η2 = 0.54, compatibility, F(1,39) =
5.26, p = 0.027, η2 = 0.12, and SOA, F(2,78) = 3.37, p =
0.050, η2 = 0.08. There were significant interactions of age
group and SOA, F(2,78) = 4.28, p = 0.027, η2 = 0.10, and of
age group, compatibility, and SOA, F(2,78) = 4.40, p = 0.019,
η2 = 0.10. Testing whether the observed backward compati-
bility effects (RTINCOMPATIBLE – RTCOMPATIBLE) were signif-
icantly greater than zero, the results for younger adults were,
of course, unchanged from the original analysis. For the older
adults, the differences from zero were nonsignificant at 50 ms
SOA (M = −13 ms, SE = 31 ms), 150 ms SOA (M = −21 ms,
SE = 43 ms), and 650 ms SOA (M = 26 ms, SE = 35 ms).
Comparing the compatibility effects for younger and older
adults, they were significantly greater for younger adults than
for older adults at 50 ms SOA, t(39) = 2.41, p = 0.021, but not
at 150 ms SOA, t(39) = 1.09, p = 0.091, or 650 ms SOA, t(39)

Fig. 2 Task 2 reaction times in Experiment 1 as a function of age group,
compatibility between Task 1 and Task 2, and stimulus-onset asynchrony
between tasks. Bars show standard errors
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= −0.90, p = 0.799. In Task 2, the pattern of results was
unchanged. With response grouping taken into account, the
results are consistent with the interpretation that a backward
compatibility effect was found in the younger adults but not in
the older adults.

Grabbe and Allen (2012) and Allen et al. (in press) found
backward compatibility effects of equivalent magnitude in
younger and older adults. We did not find a backward com-
patibility effect in older adults. We did find it in younger
adults, contrary to any claim that our manipulation was simply
too weak to produce an effect. A simple but not helpful expla-
nation for the difference in findings is that older adults show
backward compatibility effects in some situations but not in
others. Grabbe and Allen may have seen the effects of residual
motor effector activation as the same fingers of the same hand
were used for responding to the two tasks. The stimuli used by
Allen et al. which have naturally meaningful emotional sig-
nificance may have evoked parallel processing, whereas the
stimuli used here, which are given meaning only by experi-
mental instructions, did not. These are not parsimonious ex-
planations. That will have to await the accumulation of more
evidence about when older adults show backward compatibil-
ity effects and when they do not.

Experiment 2

In Experiment 1, we found evidence of a backward compati-
bility effect between responses in younger adults but not in
older adults. In Experiment 2, we explored compatibility be-
tween the stimuli for the two tasks, as did Grabbe and Allen
(2012). We made use of the Stroop (1935) effect, which evi-
dences very strong, automatic associations between color
names and colored stimuli. Aside from a general slowing,
there are no age-related differences in the Stroop effect
(Verhaeghen, 2014). In Experiment 2, Task 1 was to identify
the color of a patch by saying the color name. The stimuli for
Task 2 were color names that were either congruent or incon-
gruent with the Task 1 color, or they were color-irrelevant,
neutral words. To simplify responding, the actual task was to
identify by a button press the first letter of the word. We
expected that the Task 2 words would be read automatically
as soon as they appeared (Wheeler, 1970). Concerning Task 1,
we expected that with a short SOA (a high task overlap), the
color word would have a backward compatibility effect on the
naming of the color. Task-1 color naming should be speeded
by congruent Task-2 color words but should be slowed by
incongruent Task-2 color words. If automaticity of reading is
stronger in older than younger adults, we might expect to see
larger effects in the older adults.

As a result of Experiment 1, we expanded the instructions
not to group responses. We increased the number of SOAs to

allow a more fine-grained analysis of compatibility effects.
The amount of practice also was increased.

Method

Participants

The participants were 37 undergraduate younger-adult volun-
teers (23 females) and 24 older-adult volunteers (12 females)
from the local community. The younger adults averaged
19.71 years of age (SD = 1.15 years); they reported an average
of 13.86 years of education (SD = 0.88 years); the mean rating
of health was 8.38 (SD = 1.35) on a 10-point scale (10 was
excellent); their median Snellen visual acuity was 20/22
(range 20/15 to 20/40). The older adults averaged 76.54 years
of age (SD = 7.80 years); they reported an average of
16.81 years of education (SD = 2.68 years); they rated their
health 8.38 (SD = 1.29) on the 10-point scale; their median
Snellen visual acuity was 20/34 (range, 20/20 to 20/60). All
participants received a stipend of 15 USD. They were
screened for color blindness by self-report. Data from
two other individuals reporting color blindness were not in-
cluded in the analysis. Participants were tested at Scripps
College.

Tasks

Task 1 (color identification) Each trial in the color identifi-
cation task began with a dark screen with a white outline
rectangle at the center of the display, presented for 1,000 ms.
At an approximate viewing distance of 60 cm, the outline
rectangle subtended 16.70° in width by 5.24° in height.
After a fixed foreperiod of 1000 ms, the white outline rectan-
gle was filled with a color that was red, green, blue, or purple
(the background remained dark). The participant was
instructed to respond as quickly and accurately as possible
by speaking the name of the color. Latency was determined
from the onset of the color until a vocal response was sensed.
After the verbal response was sensed, at the end of the trial, the
participant was probed to identify the verbal response that had
been given by pressing a key on the computer keyboard with
the left hand. If no voice response was sensed, the message
BNo voice response detected^ was displayed for 750 ms. If a
response was sensed, the next screen provided feedback about
the correctness of the reported response for 1,000 ms. The
colors were randomized across trials.

Task 2 (letter identification) Each trial in the letter identifi-
cation task began with a dark screen with a rectangle, 16.70°
by 5.24°, outlined in white and filled with gray, at the center of
the display, for 1,000 ms. After the fixed foreperiod, a word in
white was superimposed on the gray outline rectangle. The
word was either a word drawn from a set of color words
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(red, green, blue, purple) or from a set of color-unrelated
words (rap, grasp, bolt, pursue). The participant was
instructed to respond as quickly and accurately as possible
by pressing a button on a response box corresponding to the
first letter of the word, r, g, b, or p (using fingers of their right
hand). Labels were placed above the buttons. Following the
response, the correctness of the response was signaled for 1,
000 ms. The words were randomized across trials.

Dual task Each dual-task trial began with a dark screen with a
white outline rectangle, 16.70° by 5.24°, presented at the cen-
ter of the display for 1,000 ms. After the fixed foreperiod, the
outline rectangle was filled with one of the colors used in the
Color Identification task. After a stimulus-onset asynchrony
(SOA) randomly drawn from the set of 50, 100, 150, 200, 400,
600, and 1000 ms, one of the words from the Letter
Identification task was superimposed, in white, on the colored
rectangle. The participant was instructed to respond verbally
to the color as in the Color Identification task and manually to
the first letter of the word as in the Letter Identification task.
The instructions were to respond as quickly as possible, first to
the color and then to the letter, but without sacrificing accura-
cy and not to group responses. No feedback was provided. For
each task, 3000ms from the onset of the stimulus was allowed
for a response. The combinations of color, SOA, and word
were randomized across trials, with the result that the words
could be categorized as color words that were congruent with
the color of the filled rectangle, color words that were incon-
gruent, or non-color words unrelated to the color of the filled
rectangle (neutral condition).

Procedure

After the tasks were explained, the participant first completed
a practice session comprising three blocks with feedback on
each trial: 48 trials of the Color Identification task only, 48
trials of the Letter Identification task only, and 48 dual task
trials. Next, the participant completed six blocks of 48 exper-
imental dual task trials without feedback, with ad lib rest after
each block. The intertrial interval throughout was 1,000 ms.
Information for year of birth, education, and self-rated health
status was collected, and Snellen visual acuity was measured
after the experimental blocks.

Results

Analyses of variance (ANOVAs) were performed on median
dual task RTs for both tasks for trials on which both responses
were correct and on the proportion correct. Age group (youn-
ger or older) was a between-subjects variable; word type (con-
gruent, incongruent, and unrelated) and SOA (50, 100, 150,
200, 400, 600, and 1000 ms) were within-subjects variables.

Task 1 (color identification)Means of the median Task 1 RTs
are shown in Fig. 3a for each word type and SOA for each age
group. There were significant main effects of age group, F(1,
59) = 21.39, p < 0.001, η2 = 0.27, and word type, F(2, 118) =
12.84, p = 0.001, η2 = 0.18. RTs were shorter for younger
adults (M = 761 ms, SE = 44 ms) than for older adults (M =
1085 ms, SE = 55 ms). RTs were slowest when the Task 2
word was incongruent with the color on Task 1 (M = 955 ms,
SE = 36 ms), intermediate when the word was color-neutral
(M = 920 ms, SE = 35 ms), and fastest when the word was
congruent with the color (M = 894 ms, SE = 36 ms). Color
identification RTwas not affected by SOA, F(6, 354) = 0.90,
p = 0.492, η2 = 0.02. The interaction of word type and SOA
approached significance, F(12, 708) = 1.91, p = 0.084, η2 =
0.03. Examination of the simple main effects of word type at
each SOA showed significant effects at SOAs of 50, 100, 150
and 200 ms (Fs with df = 2, 118, respectively, 14.29, 6.60,
6.96, 5.10; ps < 0.008). Effects were not significant for SOAs
of 400, 600, or 1000 (Fs < 1). The interaction of age group
with word type and SOA did not approach significance, F(14,
826) = 1.06, p = 0.376, η2 = 0.02. Consistent with the nonsig-
nificant three-way interaction, the mean difference between
incongruent and congruent conditions for SOAs from 50 to
200 ms was comparable: 92 ms for the younger adults and
107 ms for the older adults.

Task 2 (letter identification)Mean RTs are shown in Fig. 3b.
ANOVAwith the same factors as for the analysis of the Color
Identification task showed significant main effects of age
group, F(1, 59) = 80.75, p < 0.001, η2 = 0.58, word type,
F(2, 118) = 74.60, p < 0.001, η2 = 0.56, and SOA, F(7, 354)
= 167.32, p < 0.001, η2 = 0.74. Younger adults (M = 1158 ms,
SE = 56 ms) were overall faster than older adults (M =
1965 ms, SE = 70 ms). Color-congruent trials (M =
1455 ms, SE = 45 ms) were faster than color-neutral trials
(M = 1579 ms, SE = 46 ms), which were faster than color-
incongruent trials (M = 1650, SE = 46 ms). RTs decreased
monotonically with SOA from 50 ms (M = 1803 ms, SE =
47 ms) to 1000 ms (M = 1241 ms, SE = 44 ms), a PRP effect
(RT50 – RT1000) of 562 ms. The interaction of age group and
SOA was not significant, F(6, 354) = 1.56, p = 0.158, η2 =
0.03. The PRP effect was numerically but not statistically
larger for younger adults (M = 584 ms) than for older adults
(M = 540 ms). Because the mean Task 1 RT for older adults
was longer than the longest SOA, the PRP effect might be
underestimated. There was a significant interaction of word
type and SOA, F(12, 708) = 2.58, p = 0.002, η2 = 0.04. To
explore this interaction, we calculated the simple main effect
of word type at each SOA. These were significant from 50 ms
SOA through 400 ms SOA with the largest Fs (2, 118) of
25.02 at 50 ms SOA and 32.75 at 100 ms SOA. From a
different perspective, the difference between incongruent
and congruent RTs (RT INCONGRUENT – RT CONGRUENT) was
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larger for SOAs of 50 (281 ms), 100 (293 ms), 150 (222 ms),
and 200 (197 ms) than for SOAs of 600 (69 ms) and 1000
(136 ms). The interaction of word type and SOA with age
group was not significant, F(12, 708) = 0.76, p = 0.694, η2

= 0.01.

Proportion correct ANOVA on the proportion of correct re-
sponses in the Color Identification task (Task 1) produced a
significant effect of age group, F(1, 60) = 9.51, p = 0.003, η2 =
0.14, with younger adults significantly more likely to respond
correctly (M = 0.99, SE = 0.01) than older adults (M = 0.93, SE
= 0.02). ANOVA on the proportion of correct responses in the
Letter Identification task (Task 2) showed a significant main
effect of word type, F(2, 120) = 23.40, p < 0.001, η2 = 0.28,
with accuracy higher for color-congruent trials (M = 0.99, SE
= 0.002) and for color-neutral trials (M = 0.98, SE = 0.004)
than for color-incongruent trials (M = 0.95, SE = 0.008).
Although the main effect of age group was not significant,
F(1, 60) = 3.47, p = 0.538, η2 = 0.05, there was a significant
interaction of age group and word type, F(2, 120) = 6.19, p =
0.011, η2 = 0.09. The interaction occurred because older adults
(M = 0.93, SE = 0.02) were significantly less accurate than
younger adults (M = 0.97, SE = 0.01) for color-incongruent
trials, whereas there were no age differences for color-
congruent or color-unrelated words.

Task 1 carryover

As we noted in the Discussion of Experiment 1, the RSB
model predicts that any manipulation that affects Task 1
precentral or central processing—such as the Stroop ef-
fects—will carry over onto the RT to Task 2. The question is
whether at short SOAs, the effects of color-word congruency
on Task 2 were any larger than what would be predicted by the
carryover from Task 1, that is whether the overadditive inter-
action is larger than would be expected from the carryover of
the congruency effect from Task 1 alone. To address this ques-
tion, we calculated the effects for congruent combinations
(congruency effect, RTNEUTRAL – RTCONGRUENT) and for in-
cong ruen t comb ina t i ons ( i n congruency e f f e c t ,
RTINCONGRUENT – RTNEUTRAL) both for Task 1 and Task 2
for SOAs from 50 to 200 ms (i.e., the SOAs for which the
average congruency effects were large).We then performed an
ANOVA on the difference between the Task 2 and Task 1
effects (see Thomson & Watter, 2013, for a similar
approach). There were no significant effects: There was no
effect of age group, type of effect (congruency or
incongruency), or SOA, and no interactions of those factors.
The overall difference (M = 74ms, SE = 10ms), however, was
significantly greater than zero, F(1, 59) = 54.69, p < 0.001.
That is, the Task 2 congruency and incongruency effects were
significantly larger than would be predicted from Task 1 car-
ryover alone.

Discussion

Effects on task 1

In contrast to Experiment 1 in which younger but not older
adults showed backward response compatibility effects, in
Experiment 2 both age groups showed backward stimulus
compatibility effects, effects that did not differ in size. This
shows that reading the words comprising the Task 2 stimulus
could proceed in parallel with Task 1 processing. The finding
is at odds with that of Grabbe and Allen (2012) who did not
find stimulus compatibility effects, a fact to which we will
return in the General Discussion.

Effects on task 2

There was an interaction of congruity effects with SOA in
Task 2 RTs. Moreover, the effects were larger than would be
predicted if they were simply the result of carryover of the
effects of congruity on Task 1. This raises the question of
whether the larger effects might reflect the presence of simul-
taneous processing, processing of the central stage of Task 2
before central processing of Task 1 was complete. To put this
possibility in perspective, we need to review evidence sugges-
tive of simultaneous processing.

a

b

Fig. 3 Reaction times to color Task 1 (panel a) and the letter Task 2
(panel b) in Experiment 2 as a function of age group, congruency
between Task 1 and Task 2, and stimulus-onset asynchrony. Bars show
standard errors
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One class of situations in which some have argued that
simultaneous processing or at least partial bottleneck bypass
is possible is that of tasks involving word reading, such as
phoneme judgment, word recognition, and lexical decision
tasks (Allen et al., 2002; Cleland, Gaskell, Quinlan, &
Tamminen, 2006; Gaskell, Quinlan, Tamminen, & Cleland,
2008; Lien et al., 2006; Rabovsky, Álvarez, Hohlfeld, &
Sommer, 2008). For most adults, reading is an easy and ex-
tremely well-practiced task, so much so that it might be
thought of as nearly reflexive or automatic. The hundreds of
demonstrations of the Stroop (1935) phenomenon, in which
the presence of an irrelevant color word facilitates or interferes
with the naming of a displayed color, confirm this (MacLeod,
1991). If the second of two tasks involves or can be facilitated
by reading, can central processing on that task begin before
central processing on the first task is complete or must it wait
until the central bottleneck has cleared? To address this ques-
tion, McCann, Remington, and Van Selst (2000) gave a pitch
discrimination as the first task and a lexical decision or word
naming task as the second task with SOAs between the tasks
of 100 to 800 ms. High-frequency words were responded to
more quickly than low-frequency words, but this slowing
combined additively with the slowing due to decreasing

SOA. They interpreted this result to mean that the effect of
word frequency, and therefore the effects of visual word pro-
cessing generally, must come after the RSB (see also Pashler,
1994, Principle 4).

Subsequent experiments have obtained different results
(Allen et al., 2002; Cleland et al., 2006; Gaskell et al., 2008;
Lien et al., 2006; Rabovsky et al., 2008), reporting instead that
the effects due to word reading are smaller at very short SOAs
than they are at long SOAs, at which there should be little
interference between the tasks. For example, in a lexical deci-
sion task, high- and low-frequency words are identified as
words faster than nonsense strings are identified as nonwords,
but the difference between high- and low-frequency words
was smaller at short SOAs than at long SOAs (Allen et al.,
2002; Cleland et al., 2006; Lien et al., 2006; Rabovsky et al.,
2008). That is, there was an underadditive interaction with
RTs for high- and low-frequency words converging with de-
creasing SOA. Ruthruff, Allen, Lien, and Grabbe (2008)
found that good readers showed this interaction whereas poor
readers did not. McCann et al. (2000) had found some evi-
dence for underaddivity but discounted it. The RSB model
postulates three stages: an early, precentral perceptual stage
(labeled P in Figs. 4 and 5), a central-processing stage (C),

Fig. 4 Case 1: Aspects of Task 2 processing that escape the bottleneck are perceptual processes. SOA, Stimulus Onset Asynchrony; Pn, Precentral stage
of Task n; Cn, Central processing stage of Task n; Rn, postcentral Response execution stage of Task n. Time on a trial runs from left to right

Fig. 5 Case 2: Aspects of Task 2 processing that escape the bottleneck are central processes. SOA, Stimulus Onset Asynchrony; Pn, Precentral stage of
Task n; Cn, Central processing stage of Task n; Rn, postcentral Response execution stage of Task n. Time on a trial runs from left to right
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and a late, postcentral response-execution stage (R).
Underadditive effects are a signature in the RSB model of
Task 2 precentral, perceptual processes being performed in
parallel with Task 1 precentral or central processing (see
Pashler, 1994, Principle 3). It is a correct inference that the
presence of an underadditive interaction means that some as-
pects of reading of the word (Task 2) must have taken place at
the same time as the precentral or central stages of processing
of Task 1. Some aspects of word reading must be automatic in
the sense that they are not subject to the capacity limitations
imposed by the central response-selection bottleneck. Are
those central aspects of Task 2 processing or are they
precentral?

If we suppose that some aspects of a task such as word
reading can avoid the bottleneck, then there are two possibil-
ities or cases. Case 1 is that those aspects are part of perceptual
processing; Case 2, which we will describe next, is that those
aspects are part of central processing. The model for Case 1 is
shown in Fig. 4. Our example concerns low-frequency and
high-frequency words, but the conclusions generalize to any
situation in which there are harder and easier conditions. For
consistency, we have called the two conditions harder and
easier in Figs. 4, 5, and 6. The predicted results from this
model are shown in the left panel of Fig. 6. Because of the
cognitive slack (McCann & Johnston, 1992), while Task 2 is
waiting for the central processor to become available, the ef-
fect of word frequency is wholly or partially absorbed at short
SOAs but remains at long SOAs. This is seen as an
underadditive interaction of word frequency and SOA with
the differences between harder and easier conditions
narrowing as SOA decreases. This is precisely what was seen
in the experiments summarized above.

An alternative scenario is that central processing in the two
tasks can overlap, which we call Case 2. The model for Case 2
in which the aspects of processing that can escape the bottle-
neck are part of central processing is shown in Fig. 5. Central
processing of Task 2 begins before central processing of Task
1 is complete and processing of the easier condition (e.g.,
congruent conditions) begins earlier than that of the harder
condition (e.g., incongruent conditions). The predicted results

for this model are shown in the right panel of Fig. 6. The
overadditive interaction is such that the difference between
harder and easier conditions increases with decreasing SOA.
There is evidence consistent with Case 2. Pashler, Carrier, and
Hoffman (1993) found that when Task 2 required a saccade to
a peripherally appearing target, PRP effects were greatly re-
duced relative to a condition in which a central cue indicated
the location of a peripheral target. Hartley, Seaman, and
Maquestiaux (2015) confirmed this finding and showed that
it was true for older adults as well. Hartley et al. further
showed the same result in both age groups when Task 2 re-
quired a body tilt in the direction of a peripheral target. In each
of these experiments, there was still a small but significant
PRP effect, indicating that some part of Task 2 processing still
proceeded serially. The procedures of Pashler et al. and
Hartley et al. arguably involved some natural connection be-
tween the Task 2 stimulus and response—what Greenwald
(1972; Greenwald & Shulman, 1973) has termed ideomotor
compatibility. Ideomotor compatibility is a special case of
stimulus–response compatibility in which Ba stimulus corre-
sponds to sensory feedback from its required response^
(Greenwald, 1972, p. 52): for example, when the required
response is to say Bright^ in response to the auditorily present-
ed stimulus Bright.^

There has been considerable debate about whether ideomo-
tor compatible tasks can completely bypass the response-
selection bottleneck, leading to apparently perfectly parallel
processing (Greenwald, 2003, 2004, 2005; Lien, Proctor, and
Allen, 2002; Lien, Proctor, & Ruthruff, 2003; Lien, McCann,
Ruthruff, & Proctor, 2005), but there is no disagreement that
they result in smaller PRP effects than non-ideomotor com-
patible tasks. The important point is that in Experiment 2, Task
2 stimuli and responses were not ideomotor compatible. There
is no natural connection between a word and pressing an
arbitrarily-assigned key to identify the first letter.

Lien et al. (2005) proposed a model equivalent to Case 2,
the engage-bottleneck-later model, in which an early substage
of response selection can proceed before the bottleneck is
released. This model was an attempt to explain PRP effects
that were smaller than predicted by the standard response

Fig. 6 Predicted results for harder (e.g., lexical decisions for low-frequency words) and easier (e.g., high-frequency words) conditions from Case 1
(processes avoiding the bottleneck are perceptual) and from Case 2 (processes avoiding the bottleneck are central)
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selection bottleneck model when the stimuli and responses on
Task 2 were ideomotor compatible.

We can conclude from this review that the results for Task 2
RTs in Experiment 2 were consistent with Case 2, but not with
Case 1. This would lead us to conclude that central processing
in Task 2 was not fully postponed until central processing of
Task 1 was complete. There is, however, a competing expla-
nation. Suppose that central processing of Task 2 is fully post-
poned until central processing of Task 1 is complete. Suppose
also, though, that activation of R1 persists for a short time. At
short SOAs, the argument goes the activation of R1 could lead
directly to the activation of R2, even though central processing
was completely separate. A difficulty with this explanation is
that R1 is to name a color, whereas R2 is quite different: to
press a key corresponding to the first letter of S2. However, we
could assume that the activation of R1 speeds or slows the
processing of the word and that affects the response selection
for the letter. In fact, that would mean that the activation of R1
was affecting central processing—response selection—of
Task 2. Our tentative conclusion is that the results for Task 2
in Experiment 2 were consistent with some simultaneous cen-
tral processing of the two tasks. It is important to emphasize
that the only evidence for parallel processing is that the effect
of congruity was 74 ms larger than predicted by carryover
from Task 1. This one piece of possible evidence for partial
bypass of the response-selection bottleneck is very different
from the apparently complete bypass seen in younger adults
given very extensive training (Maquestiaux, Laguë-Beauvais,
Ruthruff, & Bherer, 2008; Ruthruff, Van Selst, Johnston, &
Remington, 2006).

General discussion

Backward compatibility effects

We found backward response-compatibility effects in younger
but not older adults in Experiment 1. We found similar back-
ward stimulus-compatibility effects in both age groups in
Experiment 2. Grabbe and Allen (2012) and Allen et al. (in
press) both found backward compatibility effects in older
adults with manipulations of the compatibility of R2 and R1.
As we have noted, understanding the source of the difference
in results will require further research.

In Experiment 2 of Grabbe and Allen (2012) S2—a dot
whose direction of movement had to be discriminated—was
either in the same color as S1 (compatible stimulus) or a dif-
ferent color (incompatible stimulus). Task 1 was to discrimi-
nate the color of the stimulus. However, participants had
1300 ms in which to process Task 1 before the onset of S2.
Quite possibly R1 was fully selected and loaded for execution
before the arrival of S2 so that competing information might
have no effect. The procedures of their Experiment 2 are not

readily comparable with those of our Experiment 2, so differ-
ences in results should not be surprising. Again, at this point
we can say that older adults show backward stimulus-
compatibility effects in some but not all situations in which
younger adults show them.

Effects that slow processing are typically larger in older
adults. For example, in a meta-analysis, Verhaeghen (2014)
found that the average incongruity effect in the Stroop task
(RTINCONGRUENT – RTNEUTRAL) was 254 ms for younger
adults but 479 ms for older adults. Older adults are slower
overall, so one might expect such effects to be amplified pro-
portionally. Verhaeghen showed, however, that when baseline
(neutral condition) slowing of older adults was taken into ac-
count, age differences vanished. Because older adults were
much slower in these experiments, that makes it particularly
striking that the backward compatibility effects were not only
not larger in older adults but were in fact similar (Experiment
2: younger adult mean effect = 92 ms; older adult, 107 ms) or
smaller (Experiment 1: younger adult mean effect = 60 ms;
older adult, 6 ms).

Parallel processing

An anomalous finding in both of the present experiments was
that the PRP effect was not significantly different in older and
younger adults (in fact it was numerically smaller in older
adults in Experiment 1). In most reports, the PRP effect is
significantly larger in older adults (Hartley & Little, 1999) as
in the Stroop effect, but this is not always the case (Allen et al.,
in press; Hartley, 2001, manual-verbal responses; Hartley &
Little, 1999, Experiments 3 and 6; Hartley et al., 2015) One
likely possibility is that the size of the PRP effect was
underestimated for older adults. Because mean RT to Task 1
was greater than the longest SOA, onmany trials at the longest
SOA participants would still have been processing Task 1
when the S2 arrived and Task 2 processing would be post-
poned. A second possibility is that in the present experiments,
older adults were engaging in more parallel processing.
Because their RTs to Task 1 were very long, this may have
allowed more time to carry out processing of Task 2 at the
same time. Note that this need not imply they were carrying
out central processing of the two tasks at the same time. The
RSB model countenances precentral processing of Task 2
while Task 1 is being processed, what we called Case 1.
Parallel processing of this sort could reduce the size of the
PRP effect.

Allen et al. (2002) followed by Lien et al. (2006) proposed
a measure of general savings that reflected the extent to which
any parallel processing is being carried out in a dual-task
situation. The equation for general savings due to parallel
processing is

RTT1−LONG þ RTT2−LONG− SOAþ RTT2−SHORTð Þ ð1Þ
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where SOA is the shortest SOA, RTTn-LONG is the RT at the
longest SOA for Task n, and RTTn-SHORT is the RT at the
shortest SOA. The logic of Eq. 1 is that, if there were no
parallel processing at all, we would expect the time from the
onset of the Task 1 stimulus (S1) to the response to Task 2
(R2) to be

S1 to R2 ¼ RTT1−LONG þ RTT2−LONG: ð2Þ

If there were perfectly parallel processing, then it would be

S1 to R2 ¼ SOA þ RTT2−LONG: ð3Þ

The amount of parallel processing that is possible, then,
would be

RTT1−LONG þ RTT2−LONG− SOA þ RTT2−LONGð Þ
¼ RT1−LONG−SOA:

ð4Þ

Finally, the proportion of the possible parallel processing
that was observed with the shortest SOA of 50 ms would be

RTT1−LONG þ RTT2−LONG−RTT2−SHORT−50
RTT1−LONG−50

: ð5Þ

We calculated the measure in Eq. 5 for both Experiment 1
and Experiment 2. For Experiment 1, proportional parallel
processing scores were calculated for both compatible and
incompatible conditions. ANOVA was performed with age
group as a between-subjects factor and compatibility as a
within-subjects factor. Older participants who appeared to
have been grouping were excluded from the analysis. The
analysis showed a significant effect of age group, F(1, 39) =
20.39, p < 0.001, η2 = 0.33, with proportional parallel process-
ing much higher in older adults (M = 0.62, SE = 0.07) than in
younger adults (M = 0.18, SE = 0.07). There also was a main
effect of compatibility, F(1, 39) = 9.35, p < 0.001, η2 = 0.18,
with greater parallel processing for compatible responses (M =
0.46, SE = 0.05) than for incompatible responses (M = 0.34,
SE = 0.06).

If slowed processing of Task 1 confers an advantage,
then it should be seen not only in older adults but in
slower younger adults as well. Consequently, because
we had a relatively large number of younger adults in
Experiment 2, we split them into faster and slower
groups by standardizing the RTs to each of the two
tasks at the longest SOA, summing those z scores,
and splitting at the median sum. For Experiment 2, an
ANOVA of parallel processing scores as a function of
condition (incongruent, neutral, and congruent stimuli)
and group (faster younger adults, slower younger adults,
or older adults) found a significant main effect of
group, F(2,58) = 3.49, p = 0.04, η2 = 0.11, with older
adults (M = 0.35, SE = 0.10) displaying significantly
more parallel processing than faster younger adults

(M = −0.06, SE = 0.10) and with slower younger adults
(M = 0.19, SE = 0.10) intermediate. There also was a
significant main effect of type with congruent conditions
(M = 0.28, SE = 0.07) showing more parallel processing
than incongruent (M = 0.04, SE = 0.08), with neutral
conditions (M = 0.16, SE = 0.07) intermediate. Slowed
processing does appear to allow for more parallel pro-
cessing. In sum, it is at least possible that higher levels
of parallel processing contributed to smaller-than-
expected PRP effects in the older group. Arguably, the
prebottleneck, perceptual stage of Task 2 was being per-
formed in parallel with Task 1.

Conclusions

Because there is so little evidence concerning backward com-
patibility effects in older adults, any conclusions must be cau-
tious and preliminary. Age differences in response compati-
bility effects have been sometimes found (Allen et al., in
press) and sometimes not (Experiment 1). When response
compatibility effects have been found, they are of equivalent
magnitude in younger and older adults. Age differences in
stimulus compatibility effects have been sometimes found
(Experiment 2) and sometimes not (Grabbe & Allen, 2012).
When stimulus compatibility effects have been found, they are
of equivalent magnitude in younger and older adults. We
might then argue that when compatibility involves direct re-
sponse facilitation (in response compatibility) or highly prac-
ticed associations (in stimulus compatibility), effects will be
seen in older adults. With so little evidence, that argument is
ad hoc if not circular. We did find evidence in Experiment 2
consistent with the possibility that some aspects of central
processing of Task 2 were performed in parallel with Task 1.
There was an effect of the color in Task 1 on the color word in
Task 2 that was larger than could be accounted for by carry-
over from Task 1 to Task 2. If this reflects a bypass of the
response-selection bottleneck, it is only partial. Some situa-
tions in which one or the other or both of the tasks are simple
and very extensively practiced show indications in younger
adults that the bottleneck can be completely bypassed
(Maquestiaux et al., 2008; Ruthruff et al., 2006). Older adults
failed to show these indications even after very extensive
training (Maquestiaux, Laguë-Beauvais, Ruthruff, Hartley, &
Bherer, 2010; Maquestiaux, Didierjean, Ruthruff, Chauvel, &
Hartley, 2013). Older adults do show evidence of partial by-
pass when Task 2 stimuli and responses are ideomotor com-
patible (Hartley et al., 2015) or very strongly associated
(Experiment 2, possibly), and the magnitude of the effect is
the same as in younger adults (Hartley et al., 2015). This does
converge with the ad hoc explanation that we offered for the
discrepancies between our results and those of Grabbe and
Allen (2012) and Allen et al. (in press).
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