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Stroop or Simon effect often reflects more involvement of the
control system. In the prosaccade task, participants need to
direct their gaze toward the location of a peripheral cue (i.e.,
following a reflexive tendency), possibly requiring little cog-
nitive control. In the antisaccade task, participants need to
direct their gaze away from the location of a cue to its mirror
position (i.e., inhibiting the reflexive tendency and complete a
re-directed saccade), possibly recruiting more cognitive con-
trol compared with the prosaccade task.

Numerous studies have shown that the conflict control is
possibly domain specific or noncentralized; that is, there are
(partially) different cognitive control systems operate (in par-
allel) to deal with different types of conflict. This notion is



Moreover, in Experiment 1, we differentiated the Stroop
effect at the perceptual level and at the perceptual-response
level (see Methods for details; see also Chen et al., 2013; Chen

http://www.psychtoolbox.org/
http://www.psychtoolbox.org/


For the Stroop congruency, there were three conditions
(here we termed them as “S+R+”, “S−R+”, and “S−R−”).
The S+R+ (congruent) condition: the word-meaning and the
ink color were congruent, including “红” (“red”) in red ink,
“绿” (“green”) in green ink, “黄” (“yellow”) in yellow ink, and
“蓝” (“blue”) in blue ink. The S−R+ (semantically incongru-
ent) condition: the word meaning and the ink color were se-
mantically incongruent, but corresponding (potential) re-
sponse keys were the same, including “红” (“red”) in green
ink, “绿” (“green”) in red ink, “黄” (“yellow”) in blue ink, and
“蓝” (“blue”) in yellow ink. The S−R− (double incongruent)
condition: the word-meaning and the ink color were semanti-
cally incongruent, so the corresponding (potential) responses
keys,nditions

https://www.github.com/uzh/edf-converter


The saccade accuracy in each session was calculated as the
proportion of the correct saccade trial in all trials of that ses-
sion, and the saccade error rate (SER) was calculated as “1—

saccade accuracy.” The mean saccade latency (SL) in each
session was calculated as the mean latency of all correct sac-
cade trials in that session. The paired t tests between the pro-

Fig. 2 The relative distance (degree) of the gaze position from the screen
center after the onset of the cue (i.e., the trajectory of gaze position). The
positive/negative value of the relative distance indicated that the gaze
position was approaching/away from the target position (illustrated by
the horizontal dotted line, 13.4° from the screen center). a A typical
saccade pattern in the prosaccade session, that is, a successful prosaccade
(trial #20 in the prosaccade session of participant #1). b A typical saccade
pattern in the antisaccade session, that is, a failed antisaccade (trial #9 in

the antisaccade session of participant #1). cAn example of calculating the
proportion of overlapped areas in a prosaccade. The left and right vertical
dotted lines represent for the onset of the target and the response, respec-
tively. d An example of calculating the proportion of overlapped areas in
an antisaccade. e The trajectories of gaze position of all trials in the
prosaccade session for participant #1.f The trajectories of gaze position
of all trials in the antisaccade session for participant #1. SOA = stimulus
onset asynchrony between the onset of the cue and the onset of the target



and antisaccades were conducted based on the SER and the
SL to validate the success of the pro- and antisaccade
manipulations.

Stroop–Simon task performance (uncorrected) Omissions, tri-
als with incorrect response in the Stroop–Simon task were not
included when the mean reaction time (RT) of each condition
was calculated. Trials with RTs beyond three standard devia-
tions above or below the mean RT in each condition were
excluded (1.43% of total trials). The mean RT in each condi-
tion was then calculated based on the remaining trials. The







significant main effect of Simon congruency, F(1, 42) = 8.86,
p = .005, ηp

2 = .17, and, more importantly, a significant inter-
action between Simon congruency and SOA, F(1, 42) = 9.94,
p = .003, ηp

2 = .19. It is clear from Fig. 4a that while the
difference between the RTs for the congruent and incongruent
conditions did not reach significance when the SOA was
600 ms (649 vs. 646 ms), t < 1, this difference did when the
SOA was 200 ms (772 vs. 749 ms), t(42) = 4.00, p < .001, d =
0.61. To simplify, we subtracted RTs for the congruent from
RTs for the incongruent conditions (i.e., the Simon effects;
Fig. 4b) and conducted t tests for the Simon effects between
different SOAs. The Simon effect did not differ between the
200 ms and 600 ms SOAs in the prosaccade session (−9 vs. −5
ms), t(42) = 1.12, p = .270; in contrast, the Simon effect was
smaller when the SOA was 200 ms than 600 ms in the
antisaccade session (−23 vs. −3 ms), t(42) = 3.15, p = .003,
d = 0.48.

Reaction times (corrected) All significant interactions based
on uncorrected RTs were replicated in the results of corrected
RTs (see Supplementary Information for full results).
Figure



(EEG) signals (Eimer, 1995, 1999; Eimer & Schlaghecken,
1998; Wang et al., 2019) and the electromyogram (EMG)
signals (Burle et al., 2002; Wang et al., 2021



Data analysis

As in Experiment 1





effect after making a saccade should positively correlate with
the typical Simon effect in the simple Simon task over indi-
viduals. In contrast, this correlation should be negative if the
numerically smaller Simon effect in the current paradigm re-
flects less recruitment of cognitive control.

Method

Participants

A new group of forty-eight university students took part in
Experiment 3 (37 females, 18 to 26 years old, M = 20.73, SD =
1.87). Other criteria were the same as those in Experiment 1.

Stimuli and procedure

Experiment 3 had a main section and an additional section (the
sequence of these two sections was counterbalanced across
participants). The main section of Experiment 3 was the same
as Experiment 1 with the following exceptions. The Stroop–
Simon stimuli were replaced with the Simon stimuli (i.e.,
white letter “Q” and “P”, 2.2° × 2.2°) presented 13.4° left or
right to the center of the screen (Fig. 1). Participants were
asked to identify the letter and pressing the “Q” key on the
keyboard using the left hand (if the target was “Q”) or the “P”
key using the right hand (if the target was “P”). Thus, the main
section of Experiment 3 had a 2 (Saccade type: prosaccade vs.
antisaccade) × 2 (Simon congruency: congruent vs. incongru-
ent) × 2 (SOA: 200 ms vs. 600 ms) within-participants design.
There were 240 trials distributed in five blocks for either the
pro- or antisaccade session (i.e., 10 blocks with 480 trials in
total). The sequence of the pro- and antisaccade sessions was
counterbalanced across participants. There were 16 practice

trials before each session. Eye-tracking was performed for
the main section of Experiment 3.

In the additional section of Experiment 3, participants were
asked to complete a simple Stroop task and a simple Simon
task, with the sequence of these two tasks counterbalanced
across participants. Eye-tracking was not performed for this
section. In the simple Stroop task, the “Cue” and the “Blank”
in the trial structure of Experiment 1 (see Fig. 1) were re-
moved, and the target color word was presented at the center
of the screen. Participants were asked to identify the color of
the color word. The setting of the color-key mapping and
other properties of target stimuli were the same as
Experiment 1. Thus, the simple Stroop task had a one factor
(Stroop congruency: S+R+, S−R+ vs. S−R−) within-



Additional section For the simple Stroop and Simon tasks,
omissions, trials with incorrect response were excluded from
the RT analysis. Trials with RTs beyond three standard devi-
ations above or below the mean RT in each condition were
excluded (1.59% and 1.27% of total trials for the Stroop task
and Simon task, respectively). The one factor (Stroop congru-
ency: S+R+, S−R+ vs. S−R−) repeated-measures ANOVA on
RTs and ERs for the simple Stroop task, and the paired t test
(congruent vs. incongruent) on RTs and ERs for the simple
Simon task were conducted.

Correlation analysis To examine whether the Simon effect
after making a saccade could reflect conflict control process-
ing similar to the processing for typical Simon effect, we con-
ducted correlation analyses between the Simon effects in the
two situations. In addition, to replicate the results in
Experiment 1 and test whether the control of eye movement
and the conflict control share a (part of) common mechanism,
we conducted correlation analyses between the antisaccade
performance and the performance in the simple Stroop task
and the simple Simon task.

Results

Main section: Saccade task performance

The SER was lower (3.28% vs. 19.33%) and the SL was
shorter (186 vs. 399 ms) in the prosaccade session than in
the antisaccade session, SER: t(47) = 9.37, p < .001, d =
1.35; SL: t(47) = 16.65, p < .001, d = 2.40, consistent with
the typical pattern observed for the pro- and antisaccade tasks.

Main section: Simon task performance

The 2 (Saccade type: prosaccade vs. antisaccade) × 2 (Simon
congruency: congruent vs. incongruent) × 2 (SOA: 200 ms vs.
600 ms) ANOVA was conducted on RTs, corrected RTs, and
ERs of the Simon task. To directly test our prediction and
simplify the report of results, we focused on the Simon effect
and its interaction with other factors (full results can be found
in the Supplementary Information).

Reaction times (uncorrected) Similar to Experiment 1, the
interaction between Simon congruency and SOA was signif-
icant, F(1, 47) = 5.06, p = .029, ηp

2 = .10, although the main
effect of Simon congruency was not, F < 1. Importantly, the
three-way interaction between Simon congruency, SOA, and
Saccade type was significant, F(1, 47) = 4.49, p = .039, ηp

2 =
.09, which showed a pattern similar to Experiment 1 (Fig. 7
vs. Fig. 4). It is clear from Fig. 7a and b that the Simon effect
did not differ between the 200 ms and 600 ms SOAs in the
prosaccade session (3 vs. 6 ms), t < 1; in contrast, the Simon
effect was smaller when the SOA was 200 ms than 600 ms in

the antisaccade session (−10 vs. 7 ms), t(47) = 2.70, p = .010,
d = 0.39.

Reaction times (corrected) The analysis of corrected RTs rep-
licated the pattern above (Fig. 7c and d), with a significant
interaction between Simon congruency and SOA, F (1, 47)
= 8.13, p = .006, ηp

2 = .15, a significant three-way interaction
between Simon congruency, SOA, and Saccade type, F (1,
47) = 4.11, p = .048, ηp

2 = .08, and a nonsignificant main
effect of Simon congruency, F < 1.

Error rates The analysis of ERs partly replicated the patterns of
RTs, showing a significant interaction between Simon con-
gruency and SOA (Fig. 7e), F(1, 47) = 6.34, p = .015, ηp

2 =
.12. Planned t tests showed that the ER in the incongruent
condition was higher than in the congruent condition (3.61%
vs. 1.53%) when the SOA was 600 ms, t(47) = 5.31, p < .001,
d







SOA was long, and this effect was more pronounced after
making an antisaccade than after making a prosaccade.



It is noteworthy that the decline of response control over
time after making a saccade was observed for both the Stroop
effect at the SRC level and the Simon effect, but this temporal
decline was further modulated by Saccade type only for the
Simon effect. It seems that the response conflict involved in
the Stroop effect and in the Simon effect are somewhat differ-
ent, which is reminiscent of the evidence that no interaction or
correlation was found between the Stroop and the Simon ef-
fect (e.g., Hedge et al., 2018; Hommel, 1997; Kornblum,
1994; Rouder & Haaf, 2019). For the Stroop effect, the task-
irrelevant stimulus dimension (i.e., the word meaning) is as-
sociated with a stimulus–response mapping, and the response
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