ISSN-L 1618-3169 · ISSN-Print 1618-3169 · ISSN-Online 2190-5142

Experimental
Psychology
www.hogrefe.com/journals/exppsy

Edited by
C. Stahl (Editor-in-Chief)
T. Beckers · A. Bröder · A. Diederich
K. Epstude · C. Frings · M. Osman · M. Perea
K. Rothermund · S. Shaki · M.C. Steffens
S. Tremblay · F. Verbruggen

Experimental
Psychology
Your article has appeared in a journal published by Hogrefe Publishing.
This e-offprint is provided exclusively for the personal use of the authors. It may not be
posted on a personal or institutional website or to an institutional or disciplinary repository.
If you wish to post the article to your personal or institutional website or to archive it
in an institutional or disciplinary repository, please use either a pre-print or a post-print of
your manuscript in accordance with the publication release for your article and our
‘‘Online Rights for Journal Articles’’ (www.hogrefe.com/journals).

Author’s personal copy (e-offprint)

Research Article

A Dual-Task Paradigm to Study the
Interference Reduction in the
Simon Task
Isabel Suarez, Franck Vidal, Boris Burle, and Laurence Casini
Aix-Marseille Université, CNRS, UMR 7291, FR 3C, Marseille, France
Abstract. Analyzing RT distributions in the Simon task reveals that congruency effects decrease for the longest RTs. Four experiments were
carried out to examine whether this decrease of the congruency effect with response speed was under a top-down control or due to bottom-up
mechanisms. We specifically manipulated the availability of attentional resources by requiring participants to perform a Simon task
concurrently to different secondary tasks. RT distribution analysis (in particular delta functions) was performed under both single-task and dualtask conditions. Results show that the reduction of the interference effect with time could be affected when the Simon task was performed
concurrently with a secondary task. Nonetheless, the type of the secondary task seems to be a critical factor. Therefore, the data suggest that the
mechanisms responsible for the reduction of the interference effect with time are under some attentional control but the exact nature of these
mechanisms remains to be explored.
Keywords: Simon task, interference control, attention, dual-task, RT distribution analysis

We are constantly dealing with different and complex stimuli from the environment. To behave successfully we need
to distinguish and select relevant stimuli from interfering
irrelevant ones which compete for control of action. Such
irrelevant stimuli may automatically activate an erroneous
response that we need to suppress. This ability has been largely described as response inhibition and is a key component of goal-directed behavior. It refers to the suppression
of prepotent response tendencies when they are automatically activated but inappropriate. This type of inhibition
is traditionally studied in paradigms known to activate concurrently competing response tendencies such as the Simon
task (Simon, 1969).
In a standard version of the Simon task, participants
have to choose between a left-and a right-hand key press
according to the color of a visual stimulus presented either
to the left or the right of a central fixation point. The performance, expressed both in terms of error rate and reaction
time (RT), is better when the required response corresponds
spatially to the stimulus location (congruent association)
than when it does not correspond (incongruent association),
even though this location is irrelevant. This effect is called
‘‘Simon effect’’ or ‘‘congruency effect’’ (Hedge & Marsh,
1975; Hommel, 2011; Simon, 1990).
A widely accepted interpretation of the Simon effect is
that the stimulus location automatically triggers a response
impulse in the ipsilateral hand by a fast route while the relevant stimulus color must be translated into the required
response according to the task instructions by a slower controlled route (De Jong, Liang, & Lauber, 1994; Kornblum,
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1994; Proctor, Lu, Wang, & Dutta, 1995). When the
stimulus-response association is congruent, the impulse
triggered by the irrelevant stimulus location activates the
required response, which facilitates response processing.
In contrast, when the stimulus-response association is
incongruent, the impulse triggered by the irrelevant location
activates the non-required response which competes with
the required one. This competition is thought to be at the
origin of a performance impairment (expressed as increased
RTs and error rates).
Besides those standard measures, a detailed analysis of
RT distributions revealed that congruency effect decreases
as RTs lengthen (De Jong et al., 1994). A convenient way
to visualize this effect is by using delta function, which
plots the size of the congruency effect as a function
of increasing RTs (for more details, see Ridderinkhof,
Scheres, Oosterlaan, & Sergeant, 2005 and below). In the
Simon task, delta functions turn negative-going as RT
lengthen, showing a decrease in the interference. This
decrease in congruency effect for the longest RTs
implies that the condition inducing the shortest mean RT
(congruent trials) is associated with the largest RT variance.
This intriguing result violates the general finding that RT
standard-deviation normally grows linearly with mean RT
(Schwarz & Miller, 2012; Wagenmakers & Brown, 2007;
Wagenmakers, Grasman, & Molenaar, 2005).
The nature of the processes leading to such a decrease
remains a matter of debate. Some authors as Ridderinkhof
(2002a) proposed that negative-going slopes could reflect
an active mechanism for suppressing the automatic activation
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due to the irrelevant dimension of the stimulus. But some
others proposed that the decrease of interference effects
at the end of the RT distribution might simply result from
a process of passive decay of the automatic response activation (Hommel, 1994). In the present study, we investigated
whether mechanisms responsible for this negative-going
slopes are under a top-down control or whether this
decrease of Simon effect with response time reflects
bottom-up processes. In this aim, we searched for boundary
conditions in which this decrease in congruency effect for
longest RTs did or did not occur. We reasoned that if
top-down mechanisms are at the origin of this unusual
negative-going delta functions, this decrease of congruency
effect with time should, at minimum, be sensitive to
attentional manipulation. Therefore, in the present study
we manipulated the availability of attentional resources to
investigate whether the decrease of congruency effect
depends on attention.
Performing two tasks at once instead of separately leads
to competition or division of attentional resources, provided
that the two tasks share common processes. By consequence, dual-task protocols that require the concurrent performance of two independent tasks have often been used to
investigate impact of limited attentional resources. Since
Navon and Gopher (1979), many dual-task studies have
demonstrated task performance impairments especially in
terms of response speed, and/or accuracy (Hazeltine,
Teague, & Ivry, 2002; Pashler, 1984; Schumacher et al.,
2001) when participants have to deal with additional task
requirements.
In the past, dual-task procedure in the Simon task has
already been used but mainly to study whether the activation of the response that spatially corresponds to the location of the stimulus was endogenously or exogenously
driven (Msseler, Koch, & Whr, 2005; Msseler, Whr,
& Umilt, 2006; Proctor & Lu, 1994) or to study the effect
of dual-task on sequential effects (Strmer, Leuthold,
Soetens, Schrçter, & Sommer, 2002). Here, we used it to
more deeply investigate the nature of mechanisms responsible for the decrease of interference for slower RTs. In
the present study, the same classic version of the Simon
task was used in all experiments: Participants had to press
a right or left response-key on the basis of the color of the
stimulus presented either on the right or on the left of a central visual fixation point, and the availability of attentional
resources was decreased by performing another completely
unrelated task simultaneously with the Simon task. By
comparing delta-function slope obtained in the Simon task
performed either alone as a single task (ST) or under dualtask condition (DT), we investigated whether mechanisms
responsible for congruency effect decrease was sensitive
to attentional limitations. If it was the case, the negative
going slope of the delta-functions should be affected in
the DT condition, and more specifically should decrease
or even increase into a more positive slope.
The predominant way to interpret dual-task performance is to consider that dual-task costs occur because
tasks must compete for access to a central pool of limited
resources that have to be shared between different tasks.
However it is also feasible that central interference depends
Experimental Psychology 2014

on the composition of particular tasks. This is the case in
content-dependent theories (Navon & Miller, 1987; Pashler,
1990). A well-known class of content-dependent theories
includes multiple-resources theory (Wickens, 1980, 1984)
in which interference is maximized when two tasks require
similar pools of resources. Wickens, Sandry, and Vidulich
(1983) proposed that dual-task interference depends critically on the interaction between the type of central code
(spatial vs. verbal), the type of input modality (auditory
vs. visual), and the output modality (manual vs. speech).
According to this multiple-resources theory, only tasks that
compete for the same pool of mental resources should interfere with one another, tasks that do not require overlapping
resources should not affect each other. Therefore, in the
present study, we used two different secondary tasks.
Initially we tried to maximize overlap between the Simon
task and a secondary visuo-motor tracking task which
requires visual stimuli, manual responses, and a spatial
code, similarly to the Simon task. Afterwards to generalize
our investigation, we used a duration-production task which
shares less characteristics with the Simon task but is known
to be extremely attention-demanding. Indeed, it has been
shown in a large amount of experiments that temporal processing relies upon an internal clock which needs attention
to function efficiently (for reviews, see Block, Hancock, &
Zakay, 2010; Brown, 1997; Burle & Casini, 2001; Casini &
Macar, 1997; Macar, Grondin, & Casini, 1994; Hicks,
Miller, Gaes, & Bierman, 1977; Thomas & Weaver, 1975).

General Method
Participants
All participants had normal or corrected to normal vision,
were paid for their participation and gave written, informed
consent to the experimental procedure, following the
Helsinki declaration (1964). The study was approved by the
‘‘Comit de Protection des Personnes Sud Mditerranne 1’’
(N 1041), in agreement with the French law.

Apparatus and Procedure
Participants were seated comfortably in a dimly lit soundshielded room, facing a black panel, which was located
1 m away and delivered stimuli used in both tasks.
Responses were given with devices specific to each experiment. All stimuli and responses were controlled by a
home-made computer program. RTs were recorded at the
nearest millisecond.
In all experiments participants performed three tasks (a
secondary task, a Simon task, and a dual-task) in a counterbalanced order across participants. A training session for
each task was performed by each participant to obtain more
reliable performance.
In the Simon task participants were required to press a
right or a left response button depending on the color (green
 2014 Hogrefe Publishing

Author’s personal copy (e-offprint)
I. Suarez et al.: Dual-Task Paradigm and the Simon Task

or red) of a light emitting diode (LED) located either on the
right or on the left of a central fixation point, as fast and as
accurately as possible. The color-response mapping was
balanced across subjects. For each color, there were two
types of trials: congruent (CG) trials (response side ipsilateral to stimulus side) and incongruent (IG) trials (response
side controlateral to the stimulus side).

Analysis of Results
In each of the three experiments we compared performance
obtained in single task condition (ST) and in dual-task condition (DT) for each task.
For the Simon task, a first 2-way ANOVA with the following design, 2 congruency conditions (CG vs. IG) · 2
attentional conditions (ST vs. DT), was performed on
RTs and accuracy rates. In addition to analyses of overall
performance (accuracy and mean RT), distribution analyses
were performed for error rates and for RTs. For chronometric analysis, the cumulative density functions (CDFs) of
correct trials were estimated for each participant and averaged through the so-called ‘‘vincentizing’’ procedure
(Ratcliff, 1979; Vincent, 1912): Single-trial RTs were rank
ordered for each type of trials separately (CG trials and IG
trials), and binned into quintiles of equal frequencies (same
number of trials). The mean of each bin was computed and
equivalent bins were averaged across participants. Deltaplots were constructed by plotting the difference between
incongruent and congruent bins, as a function of the mean
of incongruent and congruent bin values (for more information, see Burle, Possama, Vidal, Bonnet, & Hasbroucq,
2002; Ridderinkhof, 2002a). For distributional accuracy
analysis, we computed the so-called ‘‘conditional accuracy
functions’’ (CAFs): Correct and erroneous trials were
mixed together and the resulting distributions were vincentized as described above. Five bins (quintiles) were used in
the present set of experiments. For each bin, the proportion
of correct trials was computed along with the mean RT of
the bin. These couples of data were averaged per bin
through participants. This provides the mean accuracy as
a function of increasing RTs.
A 3-way ANOVA with the following design, 2 congruency conditions (CG vs. IG) · 2 attentional conditions (ST
vs. DT) · 5 quintiles, was performed on RTs and on error
rates. Indeed, although delta-functions are plotted for sake
of simplicity and comparability, all statistical analyses were
performed on the vincentized CDFs.
Since percentages cannot be submitted to ANOVA
directly, as the means and variances of percentages tend
to be closely related, error rates were arc-sine transformed
before being analyzed (Winer, 1970).

Experiment 1
The purpose of the first experiment was to investigate
whether mechanisms responsible for the decrease in
 2014 Hogrefe Publishing
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congruency effect with response speed was sensitive to
attentional limitations. In this aim we decreased attentional
resources available for the Simon task by requiring participants to perform the Simon task simultaneously to a visuomotor tracking task.
Our hypothesis was that 1/ the visuo-motor tracking task
should capture attention yielding to performance impairments in the Simon RT task under DT condition, and 2/
if mechanisms responsible for the decrease of interference
with time were sensitive to attention, the negative going
slopes should be reduced under DT condition.

Method
Participants
Eighteen volunteers took part in the experiment (9 women
and 9 men, mean age: 25 years, range: 20–30 years).
Apparatus
Participants were seated facing a black screen that displayed a white vertical irregular moving curve and a cursor
(length: 30 mm, width: 5 mm) located in the middle of the
screen and used to track the curve. Two LEDs horizontally
aligned and spaced 2.5 cm apart were fixed to the screen on
each side of the cursor also serving as a fixation point for
the Simon task (Figures 1A and B). The two LEDs could
be red or green. In the visuo-motor task, participants used
a steering wheel (diameter: 15 cm) to maintain the cursor
on the curve. Two response buttons were fixed to the

(A)

(C)

(B)

(D)

(E)

RT task responses buttons

Figure 1. Experimental apparatus in Experiments 1–3.
(A) An example of moving curve. (B) Stimuli panel.
(C) Response device used for visuo-motor tracking and
Simon tasks in Experiment 1. (D) Response buttons used
for Simon task in Experiments 2 and 3. (E) Response
device used for the visuo-motor tracking task with feet in
Experiment 3.
Experimental Psychology 2014
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steering wheel (at 10:00 and 2:00 o’clock) and were used to
give responses in the Simon task (Figure 1C).

Results
Visuo-Motor Tracking Task

Procedure
Training Session
Participants performed one block of 12 trials for the visuomotor task and one block of 48 trials for the Simon task and
the dual-task. The procedure of the training session was the
same as the experimental session, the details are given in
the experimental session.

To evaluate performance of the visuo-motor tracking task,
for each trial we measured two variables: The error rate,
which was the number of times the cursor went off the curve,
and the error time, which was the time the cursor was outside
the curve. Paired t-tests were used to compare these variables
in ST and DT conditions. There was no difference between
attentional conditions for the error rate (t17 = 1.42,
p = .17) and for the error time (t17 = .87, p = .39).
Simon RT Task

Visuo-Motor Tracking Task (Experimental Session)

Mean RT and Accuracy

An irregular moving curve was displayed on the screen.
Participants had to track this curve with the cursor controlled by the steering wheel. Once participants had selfinitiated the trial onset by pressing one of the two RT
response buttons, the white cursor appeared in the middle
of the screen and the participants had to keep the cursor
on the curve that moved from right to left and vice-versa.
Participants performed 2 blocks of twelve 25 s trials.

Figure 2A illustrates mean RT as a function of attentional
conditions and for CG and IG trials. Participants were faster
in ST (349 ms) than in DT (369 ms) conditions, F(1, 17) =
6.67, p < .01, and they also were faster in CG trials
(345 ms) than in IG trials (373 ms), F(1, 17) = 95.03,
p < .001. In addition, the congruency effect was larger in
DT (33 ms) compared to ST (21 ms) as confirmed by the
significant Attention · Congruency interaction, F(1, 17) =
6.32, p < .05. Figure 2B represents mean error rate as a
function of attentional conditions and for CG and IG trials.
Error rates were not different between attentional conditions, F(1, 17) = 2.27, p = .14, but were larger in IG trials
(3.5%) than in CG trials (1.8%), F(1, 17) = 8.28, p < .01.
There was no interaction between the two factors,
F(1, 17) = .30, p = .58.

Simon Task (Experimental Session)
Participants had to briefly press one of the two response
buttons as quickly as possible with the left or the right
thumb according to the color of the LED. Participants initiated the trial onset by briefly pressing one of the RT
response buttons. As soon as they pressed it, a brief tone
of 600 Hz serving as a warning stimulus was delivered
and a small horizontal line similar to the cursor used for
the visuo-motor tracking task appeared on the screen serving as a fixation point. After a variable delay (ranging from
250 ms to 600 ms) following the warning signal, one of the
two lateral LEDs lighted up either in green or red. Participants performed 2 blocks of 96 trials each. Within each
block, there were 48 green and 48 red stimuli and for each
color, there were 24 congruent trials and 24 incongruent
trials.
Dual-Task (Experimental Session)
Participants were required to track the irregular moving
curve and to perform the Simon task simultaneously. Once
participants had self-initiated the trial onset by pressing one
of the two RT response buttons, the white cursor appeared
in the middle of the screen and participants had to keep the
cursor on the curve that moved from right to left and viceversa. During the 25 s of visuo-motor tracking, 8 trials of
the Simon task were presented. They were all initiated by
a sound, serving as warning signal. Participants performed
2 blocks of twelve 25 s trials. Congruent and incongruent
trials were distributed as in the Simon task.
Experimental Psychology 2014

Distribution Analysis
Figure 2C displays delta-plots for RTs in ST and DT conditions. As confirmed by the significant second-order interaction between Attention, Congruency, and Quintiles,
F(4, 68) = 3.72, p < .01, the evolution of the congruency
effect size with the quintiles was different in ST and DT
conditions. In ST, the Simon effect classically decreased
with the longest RTs whereas the Simon effect remained
stable across quintiles in DT. This is confirmed by the significant difference of the last slope values between ST and
DT conditions, F(1, 17) = 5.12, p < 0.05.
Figure 2D illustrates CAFs for IG and CG trials in ST
and DT conditions. Distributions of error rates were
different for CG and IG trials (Congruency · Quintile:
F(4, 68) = 22.98, p < .0001), but attention did not affect
this
interaction
(Attention · Congruency · Quintile:
F(4, 68) = .59, p = .67). One can note that the difference
in accuracy between IG and CG mainly comes from the
first quantiles.

Discussion
We investigated whether mechanisms responsible for the
decrease of congruency effect with time were impaired
 2014 Hogrefe Publishing
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Figure 2. Experiment 1. (A) Mean reaction time for congruent (white diamond) and incongruent (black diamond) trials
under single (ST) and dual-task (DT) conditions. (B) Mean error rate for congruent (white diamond) and incongruent
(black diamond) trials under single (ST) and dual-task (DT) conditions. (C) Delta functions showing Simon effect size
as a function of response speed (as expressed in reaction time (RT) quintile scores) under single task (gray triangle) and
dual-task (gray circle) conditions. (D) Conditional accuracy functions for congruent (CG) and incongruent (IG) trials
under single (ST) and dual-task (DT) conditions.
by restricted attentional conditions due to DT performance.
First of all, we found significant performance decrements in
the Simon task when performed under DT compared to ST:
Responses were much slower in dual-task condition. This
shows that performing the visuo-motor tracking task was
efficient to produce an attentional cost for Simon task performance. Moreover the congruency effect was larger in
DT compared to ST, which suggests that the control of
interference was more difficult when subjects performed
the visuo-motor tracking task simultaneously, even though
the strength of the automatic capture by the irrelevant position stimulus was similar in ST and DT as shown by CAFs.
Even more interesting for the present purpose, if the distribution analysis of RTs revealed the classically observed
decrease of the Simon effect with the longest RTs in ST,
this was not the case in DT, as confirmed by the significant
second-order interaction. In other words, the negative going
slope did not occur when the Simon task was performed
 2014 Hogrefe Publishing

simultaneously with a visuo-motor tracking task. These
results suggest that attentional load prevented the decrease
of congruency effect with response speed indicating that
mechanisms involved in the decrease of the Simon effect
depend on attentional resources and therefore seem under
top-down control.
Nonetheless, two points deserve further investigations
to more strongly assess our conclusions. First, it can be
noted that the Simon task was not strictly the same when
performed under ST and DT conditions. Indeed, under ST
the fixation point was a fixed cursor in the center of the
screen whereas under DT, the fixation point moved on
the line. Hence, in DT but not in ST, participants had a
left-right dynamic reference in the middle of the screen
which could have prevented a decay of the spatial response
code. Therefore, it seems important to make sure that the
ST/DT manipulation was not confounded with the difference of visual display. The second point is that the Simon
Experimental Psychology 2014
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task and the visuo-motor tracking task used the same effectors, namely the hands. It raised the question to know
whether the decrease of the interference effects for longer
RTs would be dependent on the effectors used or on more
general motor resources. Two supplementary experiments
addressing each one of these two questions have then been
carried out.

Experiment 2
This experiment was aimed at testing whether the type of
fixation point could modulate the decrease of interference
with time. We compared delta-plots obtained in two Simon
tasks performed as a single task but using different fixation
points, either a static one or a dynamic one.

Method
Participants
Eighteen volunteers took part in the experiment (10 women
and 8 men, mean age: 25.9 years, range: 18–30 years old).
Apparatus and Procedure
Participants performed the Simon task in the same conditions as in Experiment 1 except that the fixation point
was either a static cursor as the one used in the Simon task
of the previous experiment or an irregular moving curve
(similar to the ones used in Experiment 1) located in the
middle of the screen. To respond, participants used two
response-buttons, one in each hand (Figure 1D). Participants performed two Simon tasks, one with each kind of
fixation point, in a counterbalanced order.

Table 1. Mean RT and error rate obtained in Experiment 2
Static fixation
point
CG

Dynamic fixation
point

IG

CG

IG

Mean RT (in ms) 358 € 42 379 € 41 355 € 36 383 € 43
Error rate
5%
7.5%
5%
8%

F(1, 17) = 0.001, p = .96). Values of mean RT and error
rates are summarized in Table 1.
Distribution Analysis
Figure 3 displays delta-plots in the two conditions of
fixation point. As confirmed by the absence of significant
second-order interaction Congruency · Fixation Point ·
Quintiles, F(4, 68) = 0.77, p = .54, we can observe that
the congruency effect decreased with quintiles with the
two types of fixation point (Congruency · Quintiles interaction with the static fixation point: F(4, 68) = 232.53,
p < .0001; Congruency · Quintiles interaction with the
dynamic fixation point: F(4, 68) = 28.5, p < .05). In addition, a comparison of the last bin slopes between the two
conditions revealed no significant difference, F(1, 17) =
0.37, p = .54.
These results suggest that the type of fixation point did
not influence mechanisms responsible for the negativegoing slope observed on delta-plots. Consequently, the
decrease of the Simon effect for longer RTs was not influenced by the nature of the fixation point, which suggests
that the absence of this decrease in the Experiment 1 was
probably due to the manipulation of the attentional load.

50
Static
Dynamic

Results and Discussion
Delta RT (ms)

A 3-way ANOVA with the following design, 2 congruency
conditions (CG vs. IG) · 2 fixation points (static vs.
dynamic) · 5 quintiles, was performed on RTs. For accuracy, only one 2-way ANOVA including 2 congruency conditions (CG vs. IG) · 2 fixation points (static vs. dynamic)
was performed.

40
30
20
10

Mean RT and Accuracy
Analyses revealed no difference in mean RT, nor in accuracy rate between the two conditions (RT: F(1, 17) =
0.09, p = .92; accuracy: F(1, 17) = 0.10, p = .74). And
for both indices, there were no significant Fixation
Point · Congruency interactions suggesting that the congruency effect had similar size whatever the nature of the
fixation point (RT: F(1, 17) = 2.01, p = .17; accuracy:
Experimental Psychology 2014
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Figure 3. Experiment 2. Delta functions showing Simon
effect size as a function of response speed (as expressed
in reaction time (RT) quintile scores) with a static (gray
triangle) and a dynamic (gray circle) fixation points.
 2014 Hogrefe Publishing
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Experiment 3
In this experiment, we investigated whether the decrease of
the interference effects for longer RTs would be dependent
on the effectors used or on more general motor resources.
The Simon task was performed simultaneously to a
visuo-motor tracking task performed with the feet instead
of the hands.

Method
Participants
Twelve volunteers took part in the experiment (7 women,
5 men, mean age: 26 years, range: 20–30 years old).
Apparatus and Procedure
Stimuli were identical to those in Experiment 1. Concerning responses for the Simon RT task, participants used
two response-buttons (Figure 1D), one in each hand, and
for the visuo-motor tracking task they put their feet on a
pedal (Figure 1E) and when they pushed with their right
foot, the cursor moved to the right of the screen and when
they pushed with their left foot, the cursor moved to the left
of the screen. The procedure was identical to Experiment 1
except that participants tracked the moving curve with their
feet and responded to the Simon RT task with two response
buttons held in their hands.

Results and Discussion
Same analyses as in Experiment 1 were carried out.
Visuo-motor Tracking Task
There was no difference between ST and DT for the error
rate (t11 = 1.68, p = .12), nor for the error time (t11 = 1.71,
p = .11).
Simon RT Task
Mean RT and Accuracy
Figure 4A illustrates mean RT as a function of attentional
conditions and for CG and IG trials. Participants were faster
in ST (361 ms) than in DT (385 ms) conditions,
F(1, 11) = 14.84, p < .01, and in CG trials (358 ms) compared to IG trials (388 ms), F(1, 11) = 28.96, p < .001.
Moreover, the congruency effect was larger in DT
(36 ms) compared to ST (23 ms) condition, as confirmed
by the significant Attention · Congruency interaction,
F(1, 11) = 10.88, p < .01. Figure 4B represents mean error
rate as a function of attentional conditions for CG and IG
trials. Error rates were not different between attentional
conditions, F(1, 11) = .35, p = 0.56, but were larger in
 2014 Hogrefe Publishing
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IG trials (5.03%) as compared to CG trials (1.9%),
F(1, 11) = 23.51, p < .001. There was no interaction
between the two factors, F(1, 11) = .40, p = .53.
Distribution Analysis
Figure 4C represents delta-plots as a function of quintiles,
in ST and DT conditions. As confirmed by the significant
second-order interaction Attention · Congruency · Quintiles, F(4, 44) = 6.49, p < .001, the Simon effect decreased
with RTs in ST, but remained constant across quintiles in
DT. This is confirmed by the significant difference between
ST and DT conditions concerning the last slope of the delta
function, F(1, 11) = 8.71, p < 0.01.
Figure 4D displays CAFs for IG and CG trials in ST and
DT conditions. For both attentional conditions, accuracy
rate was almost close to one in all quantiles for CG trials
whereas in IG ones, accuracy rates were smaller for the first
quintiles. The difference between CG and IG accuracy rates
was large for the shortest RTs and then decreased when
RTs lengthened in ST as in DT (Congruency · Quintile:
F(4, 44) = 16.52,
p < .0001;
Attention · Congruency · Quintile: F(4, 44) = 1.05, p = .39).
The results of the present experiment replicate data
obtained in Experiment 1: Performing a visuo-motor tracking
task concurrently with a Simon task prevent negative-going
slope to occur even when the two tasks involved different
effectors. Therefore, using a secondary task drawing attentional resources from a general pool of resources devoted to
motor responses seems sufficient to affect the decrease of
the interference effect with time, which suggests that the
mechanisms at the origin of this decrease interfere with mechanisms located at an upper level than execution ones.
To summarize, the combined data of these three experiments seem to suggest that mechanisms responsible for the
decrease of the Simon effect with response speed are under
top-down control. But as previously discussed, the visuomotor tracking task overlaps largely with the Simon task,
since it uses the same inputs, the same outputs and also relies
upon a spatial code. Therefore, one last step before generalizing our conclusion, is to check whether the absence of the
second-order interaction could also be found with a secondary task sharing less characteristics with the Simon task.
The processing of temporal information is known to be very
attention demanding and has been shown to interfere with a
lot of different tasks (for review, see Brown, 1997) suggesting that it draws general attention resources. Moreover, we
already found that simultaneously performing a choice reaction time task with a duration-production task yields a
decrease of performance in both tasks (Burle & Casini,
2001). We therefore performed a final experiment using a
duration production task as the secondary task.

Experiment 4
The purpose of this experiment was to investigate whether
the mechanisms responsible for congruency effect decrease
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Figure 4. Experiment 3. (A) Mean reaction time for congruent (white diamond) and incongruent (black diamond) trials
under single (ST) and dual-task (DT) conditions. (B) Mean error rate for congruent (white diamond) and incongruent
(black diamond) trials under single (ST) and dual-task (DT) conditions. (C) Delta functions showing Simon effect size
as a function of response speed (as expressed in reaction time (RT) quintile scores) under single task (gray triangle) and
dual-task (gray circle) conditions. (D) Conditional accuracy functions for congruent (CG) and incongruent (IG) trials
under single (ST) and dual-task (DT) conditions.
with response speed were sensitive to attentional limitations
irrespective of the secondary task used.

Method
Participants
Eighteen participants participated in the experiment (10
women and 8 men, mean age: 25 years, range: 20–30 years
old).

lateral ones could be red or green and the central one
was blue. The fourth LED (white) was 2.5 cm under the
central blue one (see Figure 5A). In the Simon task participants used their right and left thumbs to press one of two
response buttons fixed on a table in front of them
(Figure 5B). In the duration-production task they used their
knees to press a response device (Figure 5C) located
between their legs (Vidal, Bonnet, & Macar, 1991).
Procedure
Duration-Production Task Training

Apparatus
Participants were seated facing a black panel, which contained four light-emitting diodes (LEDs). Three LEDs were
horizontally aligned and spaced 2.5 cm apart. The two
Experimental Psychology 2014

The training session was made of two parts. The first part
consisted of 20 trials. The illumination of the white LED
indicating the beginning of the trial was followed by a tone
(600 Hz) sounded during 1,100 ms. When the tone ended,
 2014 Hogrefe Publishing
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Figure 5. Experimental apparatus in Experiment 4.
(A) Stimuli panel. (B) Device located between participant
knees to produce duration intervals. (C) Response buttons
for Simon task.

participants reproduced the duration of the tone by pressing
the response device with their knees. The blue LED was lit
during the whole time interval. When participants released
the knee pressure, an auditory feedback was delivered. Five
different feedbacks were used. If the produced interval was
correct (less than 7.5% longer or shorter than the target), the
word ‘‘correct’’ was delivered. If the produced interval was
too long or too short (7.5%–22.5% longer or shorter than
the target), either the words ‘‘Trop long’’ (too long) or ‘‘trop
court’’ (too short) were delivered. If the duration was excessively long or short (more than 22.5% longer or shorter) the
words ‘‘beaucoup trop long’’ (too much long) or ‘‘beaucoup
trop court’’ (too much short) were delivered.
After the first 20 trials, the second part of the training
was announced by the experimenter. In this part no additional model of target duration was delivered. Once the
white LED lit up, participants had to produce the target
duration (1,100 ms). As in the first part, an auditory feedback was delivered following each response. The participants continued until they produced 12 correct durations
throughout 15 successive trials. On average, 32.2 trials
(SD = 9.4) were necessary to reach the criterion.

The participants’ task was to maintain a key-press with their
knees for 1,100 ms. Trial onset was initiated by participants
once the white LED lighted. Participants had to maintain
the knee-press as long as necessary to time the required
duration. No feedback on performance was given. During
the duration production period the central blue LED was
lit, serving as a fixation point. Two seconds after the release
of the key the white LED lighted-up again, indicating that
the next trial could start. Participants performed one block
of 96 trials.

Simon Task (Experimental Session)
Participants were required to press the right or the left
response button depending on the color of the LED, as fast
and as accurately as possible. Once the white LED lighted,
participants initiated the trial onset by briefly pressing the
knee-device. As soon as they pressed it, the central blue
LED, serving as a fixation point and as a warning signal,
lighted up. After a variable delay (ranging from 250 ms
to 600 ms) following the warning signal, one of the two lateral LEDs lighted up either in green or red. Participants had
to briefly press a response button as quickly as possible
with the left or the right thumb according to the color of
the LED. After a delay of 300 ms following the response,
the white LED lighted up again and a new trial could be
initiated.
Within each block, there were 48 green and 48 red stimuli and for each color, there were 24 CG trials and 24 IG
trials. Participants performed 2 blocks of 96 trials each.

Dual-Task (Experimental Session)
In this condition, participants were required to produce the
1,100 ms target time duration and to perform the Simon
task simultaneously. Each trial was similar to the
duration-production task described above except that whilst
participants were producing the required duration with their
knees, after a variable delay (ranging from 250 ms to
600 ms) following the blue LED illumination corresponding to the onset of the produced duration, one of the two
lateral LEDs appeared and participants had to respond
appropriately as quickly as possible as outlined in the
Simon task.

Results
Simon Task and Dual-Task Trainings
Duration-Production Task
For the Simon task and the dual-task participants performed
one training block of 48 trials. Since for both tasks the procedure of the training session was the same as the experimental session, the details are given in the experimental
session.
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Mean produced duration was calculated for each subject in
each condition. Mean produced duration reflects overall
lengthening or shortening of produced time. Paired
t-tests were used to compare mean produced durations in
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Figure 6. Experiment 4. (A) Mean reaction time for congruent (white diamond) and incongruent (black diamond) trials
under single (ST) and dual-task (DT) conditions. (B) Mean error rate for congruent (white diamond) and incongruent
(black diamond) trials under single (ST) and dual-task (DT) conditions. (C) Delta functions showing Simon effect size
as a function of response speed (as expressed in reaction time (RT) quintile scores) under single task (gray triangle) and
dual-task (gray circle) conditions. (D) Conditional accuracy functions for congruent (CG) and incongruent (IG) trials
under single (ST) and dual-task (DT) conditions.
ST and DT conditions. Participants produced longer
durations in DT (1,318 ms € 159) as compared to ST
(1,238 ms € 163) (t17 = 2.51, p < .05). In DT condition
there was no significant difference in produced durations
between CG and IG trials (t17 = 1.39, p = .18).
Simon RT Task

confirmed by a significant Attention · Congruency interaction, F(1, 17) = 7.34, p < .01. Figure 6B shows mean error
rate as a function of attentional conditions for CG and IG
trials. Error rates were not different between attentional
conditions, F(1, 17) = .11, p = .73, but were larger in IG
(3.18%) than in CG (1.37%) trials, F(1, 17) = 12.85,
p < .01; there was no interaction between the two factors,
F(1, 17) = 0.31, p = .58.

Mean RT and Accuracy
Distribution Analysis
Figure 6A shows mean RT as a function of attentional conditions for CG and IG trials. Participants were faster in ST
(399 ms) than in DT condition (459 ms), F(1, 17) = 35.14,
p < .001, and second, as classically reported, they were faster in CG trials (415 ms) than in IG trials (444 ms),
F(1, 17) = 37.55, p < .001. Congruency effect was smaller
in DT (20 ms) compared to ST condition (36 ms) as
Experimental Psychology 2014

Figure 6C displays delta-plots for RTs, representing
the size of Simon effect as a function of quintiles in ST
and DT conditions. Despite a marginally significant
second-order interaction (Attention · Congruency · Quintile: F(4, 68) = 2.37, p = .06), the Simon effect decreased
when RTs increased as confirmed by a significant
 2014 Hogrefe Publishing
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Congruency · Quintile interaction in each attentional condition (ST: F(4, 68) = 6.26, p < .001; DT: F(4, 68) = 8.23,
p < .001). There was no significant difference between the
last slope values obtained under ST and DT conditions,
F(1, 17) = 2.47, p = .14.
Figure 6D displays CAFs for CG and IG trials, in ST
and DT conditions. The distributions of error rates were different for CG and IG trials (Congruency · Quintile:
F(4, 68) = 17.7, p < .0001, but this difference was not
influenced by attentional conditions (Attention · Congruency · Quintile: F(4, 68) = .61, p = .66). In ST as in DT,
accuracy was close to one for congruent trials whatever
the quantile concerned, whereas accuracy was quite low
for incongruent trials in the first quintiles.

Discussion
We investigated whether mechanisms responsible for the
decrease of congruency effect with time were impaired
when the Simon task was concurrently performed with a
duration-production task known to be very attentiondemanding. First of all, we found significant performance
decrements in both tasks when performed under DT compared to ST. In the duration-production task, produced
durations were longer under DT. This overproduction is
one of the most systematically observed results when duration-production is performed under attentional distraction
(Brown, 1997; Burle & Casini, 2001). In the Simon task,
responses were much slower when the Simon task was performed as DT compared to when performed as ST. Even if
there was no increased error rate in DT, the results show
that DT manipulation was efficient to produce substantial
cost on the attentional resources available for Simon task
performance. Nonetheless, despite this attentional limitation, RT distribution analysis showed a decrease in the congruency effect for longer RTs in DT comparable to the one
obtained in ST. Differently from what we observed in the
previous experiments, this finding suggests that attentional
manipulations, although sufficient in creating performance
impairments, did not prevent the decrease of the interference effect with time.
Moreover, it is worth noting that the CAFs revealed no
difference between ST and DT conditions, which suggests
that the strength of initial response capture by the irrelevant
stimulus location was not affected by DT manipulation.
Smaller overall congruency effects observed in DT can
therefore not be explained by a weaker automatic capture
of the irrelevant location stimulus in DT. This reduction
of congruency effect may perhaps be related to the lengthening of RTs in DT; indeed the response being delayed, the
suppression of the automatically activated response could
have more time to take place.
To conclude, it seems that in the present experiment, the
reduction of Simon effect for longest RTs was exempt from
the attentional manipulation, which suggests that the mechanisms responsible for this decrease would be dependent on
specific attention resources.
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General Discussion
Four experiments were carried out to investigate whether
mechanisms involved in the decrease of congruency effect
with time in the Simon task were under top-down control.
For this purpose, we specifically manipulated the availability of attentional resources by performing a Simon task
either as a ST or as a DT concurrently with different secondary tasks.
Our results showed that RTs lengthened in DT compared to ST in all tasks showing that the manipulation of
the availability of attentional resources was successful.
Moreover, when the Simon task was performed simultaneously with a visuo-motor tracking task, the delta functions
revealed that the interference remained constant as RTs
lengthened. This shows that it is possible to affect the
reduction of the interference effect by reducing available
attentional resources, which suggests that mechanisms
responsible for the reduction of interference with time
would be under attentional control. Therefore the present
data support ‘‘active’’ mechanisms at the origin of interference reduction. In their original study, De Jong et al. (1994)
proposed that negative-going slopes could reflect a
mechanism for inhibiting irrelevant position information
that strengthens over time. This idea was subsequently
developed into the activation-suppression hypothesis
(Ridderinkhof, 2002a, 2002b), which assumes that in the
Simon task the automatic activation due to the irrelevant
dimension of the stimulus can be actively suppressed. Since
this suppression takes time to build up, the Simon effect
disappears for longest RTs, as illustrated by the negativegoing slopes of delta functions. This activation-suppression
model and the associate negative-going slopes based on the
idea of a top-down control have received strong support
from several empirical data. For example, Burle, van den
Wildenberg, and Ridderinkhof (2005) varied the temporal
overlap between the onsets of the relevant and irrelevant
stimulus dimensions and they observed negative slope values, that is, a reversal of the interference effect, if the irrelevant information was presented before the relevant
information. The fact that long RTs were associated with
a negative interference effect is consistent with more effective suppression. More recently, Hbner and Mishra (2013)
used a similar procedure in two different conditions. Either
the delay between a spatial cue and the target was randomly
varied inside a block or each delay was presented in
blocked trials. They observed that the overall Simon effect
was larger when the delay was blocked but it remained
positive, suggesting that the strength of the selective
suppression can be adjusted strategically.
Nonetheless, the active nature of the underlying process
has been disputed, mainly by Hommel (1994) who proposed that the decrease of interference effects at the end
of the RT distribution might simply result from a process
of passive decay of the automatic response activation.
Although passive decay might potentially result in a reduction of interference effects with time, it is unlikely to
account for reversals of the Simon effect observed in some
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Table 2. Characteristics of the secondary tasks
Visuo-motor
tracking task

Duration
production task

Negative-going slopes in DT
Yes
No
Stimulus modality
Visual
Visual
Response type
Limb movement Limb movement
Spatial central code
Yes
No
Stimuli with spatial code
Yes
No
Existing S-R linkage
Yes
No

studies (Burle et al., 2005; Wylie et al., 2010). An interference effect below 0 means faster response selection on
incongruent trials which would require an active process
of suppression of the incorrect response activation during
these trials. Our data also seem to speak against a pure
spontaneous bottom-up process. Indeed, if it were purely
spontaneous, and hence purely bottom-up, the reduction
should not depend on attentional processes, and interference decrease should always be present even in DT condition. Of course, our data do not show that a spontaneous
decay does not take place, but they rather suggest that a
spontaneous decay alone cannot explain the reduction of
the interference effect with increasing RT.
Nonetheless, if our results rather speak in favor of active
mechanisms under top-down control, it should be noted that
interference reduction was not observed in the Experiment
4 when participants performed the Simon task concurrently
to the duration-production task. The decrease of interference effects was able to take place in this experiment where
the effects of DT on RTs were the largest ones, demonstrating that the reason for the negative-going slopes to occur
was not due to a default in the manipulation of attentional
load. The most relevant hypothesis to explain differences
observed depending on the secondary task used is that
mechanisms responsible for the negative going slopes of
the delta-plot would depend on specific attentional
resources. According to the multiple resources theory first
proposed by Wickens and colleagues (1983), tasks that
compete for shared pools of mental resources should interfere with one another but should not affect other tasks that
do not require overlapping resources. In this line, the visuomotor task shares input modality, general motor resources
and the same spatial central code with the Simon task
(see Table 2), but the duration-production shared visual
stimuli and motor responses with the Simon task, therefore
resources coming from these two pools of resources would
not be crucial for mechanisms involved in the control of
interference, whereas resources needed to form the central
spatial code would it be more. More recently, extending
the idea of Wickens, some authors have also proposed that
interference between tasks can occur even when there is no
explicit overlap between the specific stimuli or responses
for the two tasks, but because the stimuli activate existing
linkages between input and output modalities (Hazeltine,
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Ruthruff, & Remington, 2006). According to this
hypothesis, the selection of a motor response to a visual
stimulus, as required by the Simon task, will engage a set
of central operations that differ from those engaged by
the production of durations, and the nature of the dual-task
interference will differ accordingly. In this case, the relevant feature of the secondary tasks would be an existing
linkage between visual stimuli and motor response, as it
is the case for the Simon task. Lastly, the visuo-motor
tracking task also involves stimuli with a spatial code,
which was not the case for the duration-production task,
therefore this characteristic of the stimuli could also be a
key characteristic needed by the secondary task to affect
the reduction of the Simon effect with time.
To conclude, the present work provided evidence that
mechanisms responsible for the decrease of interference
effect with time are affected by attentional manipulations,
giving arguments in favor of a top-down control of mechanisms involved. But in a second step, it raised the question
of the type of attentional resources needed by these mechanisms. In this line, finely varying the nature of the secondary task in order to determine which characteristics are
crucial to affect the slope of the delta function seems an
interesting way to get more information about the precise
nature of mechanisms held responsible for the decrease of
interference effects with time.
Acknowledgments
The authors warmly thank Mathhew Dyson for their help
with English. This work was funded by the Centre National
de la Recherche Scientifique (CNRS, France) and AixMarseille Universit. It was also partly funded by the
European Research Council under the European Community’s Seventh Framework Program (FP7/2007-2013 Grant
Agreement n 241077).

References
Block, R. A., Hancock, P. A., & Zakay, D. (2010). How
cognitive load affects duration judgments: A meta-analytic
review. Acta Psychologica, 134, 330–343.
Brown, S. W. (1997). Attentional resources in timing: Interference effects in concurrent temporal and non temporal
working memory tasks. Perception & Psychophysics, 59,
1118–1140.
Burle, B., & Casini, L. (2001). Dissociation between activation
and attention effects in time estimation: Implications for
internal clock models. Journal of Experimental Psychology:
Human Perception and Performance, 27, 195–205.
Burle, B., Possama, C. A., Vidal, F., Bonnet, M., & Hasbroucq, T.
(2002). Executive control in the Simon effect: An electromyographic and distributional analysis. Psychological Research,
66, 324–336.
Burle, B., van den Wildenberg, W. P. M., & Ridderinkhof,
K. R. (2005). Dynamics facilitation and interference in cuepriming and Simon tasks. European Journal of Cognitive
Psychology, 17, 619–641.

 2014 Hogrefe Publishing

Author’s personal copy (e-offprint)
I. Suarez et al.: Dual-Task Paradigm and the Simon Task

Casini, L., & Macar, F. (1997). Effects of attention manipulation
on perceived duration and intensity in the visual modality.
Memory & Cognition, 25, 812–818.
De Jong, R., Liang, C. C., & Lauber, E. (1994). Conditional and
unconditional automaticity: a dual-process model of effects
of spatial stimulus-response correspondence. Journal of
Experimental Psychology: Human Perception and Performance, 20, 731–750.
Hazeltine, E., Ruthruff, E., & Remington, R. W. (2006). The
role of input and output modality pairings in dual-task
performance: Evidence for content-dependent central interference. Cognitive Psychology, 52, 291–395.
Hazeltine, E., Teague, D., & Ivry, R. B. (2002). Simultaneous
dual-task performance reveals parallel response selection
after practice. Journal of Experimental Psychology: Human
Perception and Performance, 28, 527–545.
Hedge, A., & Marsh, N. W. A. (1975). The effect of irrelevant
spatial correspondences on two-choice response time. Acta
Psychologica, 39, 427–439.
Hicks, R. E., Miller, G. W., Gaes, G., & Bierman, K. (1977).
Concurrent processing demands and the experience of timein-passing. The American Journal of Psychology, 90,
431–446.
Hommel, B. (1994). Spontaneous decay of response-code
activation. Psychological Research, 56, 261–268.
Hommel, B. (2011). The Simon effect as tool and heuristic. Acta
Psychologica, 136, 189–202.
Hbner, R., & Mishra, S. (2013). Evidence for strategic
suppression of irrelevant activation in the Simon task. Acta
Psychologica, 144, 166–172.
Kornblum, S. (1994). The way irrelevant dimensions are
processed depends on what they overlap with: The case of
Stroop- and Simon-like stimuli. Psychological Research, 56,
130–135.
Macar, F., Grondin, S., & Casini, L. (1994). Controlled attention
sharing influences time estimation. Memory & Cognition,
22, 673–686.
Msseler, J., Koch, I., & Whr, P. (2005). Testing the boudary
conditions for processing irrelevant location information:
The cross-task Simon effect. European Journal of Cognitive
Psychology, 17, 708–726.
Msseler, J., Whr, P., & Umilt, C. (2006). Processing of
irrelevant location information under dual-task conditions.
Psychological research, 70, 459–467.
Navon, D., & Gopher, D. (1979). On the economy of the
processing system. Psychological Review, 86, 214–255.
Navon, D., & Miller, J. (1987). The role of outcome conflict in
dual-task interference. Journal of Experimental Psychology:
Human Perception and Performance, 13, 435–448.
Pashler, H. E. (1984). Processing stages in overlapping tasks:
Evidence for a central bottleneck. Journal of Experimental
Psychology: Human Perception and Performance, 10,
358–377.
Pashler, H. E. (1990). Do response modality effects support
multiprocessor models of divided attention? Journal of
Experimental Psychology: Human Perception and Performance, 16, 826–842.
Proctor, R. W., & Lu, C.-H. (1994). Referential coding and
attention-shifting accounts of the Simon effect. Psychological Research, 56, 185–195.
Proctor, R. W., Lu, C.-H., Wang, H., & Dutta, A. (1995).
Activation of response codes by relevant and irrelevant
stimulus information. Acta Psychologica, 90, 275–286.
Ratcliff, R. (1979). Group reaction time distribution and analysis
of distribution statistics. Psychological Bulletin, 86,
446–461.

 2014 Hogrefe Publishing

13

Ridderinkhof, R. (2002a). Activation and suppression in conflict
tasks: Empirical clarification through distributional analyses. In W. Prinz & B. Hommel (Eds.), Attention &
Performance (Vol. XIX, pp. 494–519). Oxford, UK: Oxford
University Press.
Ridderinkhof, R. (2002b). Micro- and macro-adjustments of task
set: Activation and suppression in conflict tasks. Psychological Research, 66, 312–323.
Ridderinkhof, R., Scheres, A., Oosterlaan, J., & Sergeant, J.
(2005). Distribution-analytical techniques in the study of
ADHD: Delta plot analyses reveal deficits in response
suppression that are eliminated by methylphenidate treatment. Journal of Abnormal Psychology, 114, 197–215.
Schumacher, E. H., Seymour, T. L., Glass, J. M., Fencsik,
D. E., Lauber, E. J., Kieras, D. E., & Meyer, D. E. (2001).
Virtually perfect time sharing in dual-task performance:
Uncorking the central cognitive bottleneck. Psychological
Science, 12, 101–108.
Schwarz, W., & Miller, J. (2012). Response time models of delta
plots with negative-going slopes. Psychonomic Bulletin &
Review, 19, 555–574.
Simon, J. R. (1969). Reactions toward the source of stimulation.
Journal of Experimental Psychology, 81, 1974–1976.
Simon, J. R. (1990). The effect of an irrelevant directional cue
on human information processing. In R. M. Proctor & T. G.
Reeve (Eds.), Stimulus-response compatibility: An
integrated perspective (pp. 31–88). Amsterdam, The Netherlands: North-Holland.
Strmer, B., Leuthold, H., Soetens, E., Schrçter, H., & Sommer,
W. (2002). Control over location-based response activation
in the Simon task: Behavioral and electrophysiological
evidence. Journal of Experimental Psychology: Human
Perception and Performance, 28, 1345–1363.
Thomas, E. A., & Weaver, W. B. (1975). Cognitive processing
and time perception. Perception & Psychophysics, 17,
353–367.
Vidal, F., Bonnet, M., & Macar, F. (1991). Programming
response duration in a precueing reaction time paradigm.
Journal of Motor Behavior, 23, 226–234.
Vincent, S. B. (1912). The function of the vibrissae in the
behavior of the white rat. Behavioral Monographs, 1,
1–181.
Wagenmakers, E. J., & Brown, S. (2007). On the linear relation
between the mean and the standard deviation of a response
time distribution. Psychological Review, 114, 830–841.
Wagenmakers, E. J., Grasman, R. P. P. P., & Molenaar,
P. C. M. (2005). On the relation between the mean and
the variance of a diffusion model response time distribution.
Journal of Mathematical Psychology, 49, 195–204.
Wickens, C. D. (1980). The structure of attentional resources. In
R. S. Nickerson (Ed.), Attention and performance XIII (pp.
239–257). Hillsdale, NJ: Erlbaum.
Wickens, C. D. (1984). Processing resources in attention. In
R. Parasuraman & D. R. Davies (Eds.), Varieties of
attention (pp. 63–102). New York, NY: Academic Press.
Wickens, C. D., Sandry, D., & Vidulich, M. (1983). Compatibility and resource competition between modalities of input,
output, and central processing. Human Factors, 25,
227–248.
Winer, B. J. (1970). Statistical principles in experimental
design. New York, NY: Mc Graw Hill Book.
Wylie, S. A., Ridderinkhof, K. R., Elias, W. J., Frysinger,
R. C., Bashore, T. R., Downs, K. E., . . . van den
Wildenberg, W. P. M. (2010). Subthalamic nucleus stimulation influences expression and suppression of impulsive
behavior in Parkinson’s disease. Brain, 133, 3611–3624.

Experimental Psychology 2014

Author’s personal copy (e-offprint)
14

I. Suarez et al.: Dual-Task Paradigm and the Simon Task

Received January 9, 2014
Revision received March 21, 2014
Accepted June 3, 2014
Published online November 10, 2014

Experimental Psychology 2014

Laurence Casini
Laboratoire de Neurosciences Cognitives
Ple 3C, Case C
3 place Victor Hugo
13331 Marseille cedex 3
France
Tel. +33 4 1355-0941
Fax +33 4 1355-0958
E-mail laurence.casini@univ-amu.fr

 2014 Hogrefe Publishing

