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Abstract
The evidence on the processes underlying the hak@and vertical Simon effect is still
controversial. The present study uses experimentalipulations to selectively delay the
stages of response execution, response selectidnsamulus identification in three
experiments. A reduction is observed for both hmrial and vertical Simon effects when
response execution is delayed by a go-signal preget0D0-600 ms post-stimulus onset or
when a spatial precue is presented 200-400 ms ébdfer stimulus. When the overlap
between stimulus spatial code formation and respaetection is prevented by decreasing
stimulus discriminability, the horizontal Simon &ft decays, whereas the vertical Simon
effect does not change. Activation theories, whithpose a decay of the automatically
activated response ipsilateral to the stimulusniyapply to the horizontal Simon effect. In
contrast, translation theories, which propose tthateffect occurs when stimulus features are

translated into a response code, are more sutialalecount for the vertical Simon effect.
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Manual responses to stimuli appearing on the saeeas the responding hand
(corresponding condition) are faster and more atelthan those to stimuli appearing on the
opposite side (non-corresponding condition), eveemthe stimulus spatial position is
irrelevant for the task (Simon & Rudell, 1967). §iphenomenon is known as the Simon
effect (e.g., Simon, Hinrich, & Craft, 1970).

The Simon effect is a highly replicable phenomeaccurring under a variety of choice-
RT tasks (see Lu & Proctor, 1995, for a reviewhds been reported with auditory and visual
stimuli (e.g., Roswarski & Proctor, 2003), with taut-presses and wheel-rotation responses
(Guiard, 1983), with crossed and uncrossed handiguos (Wallace, 1971; Wascher et al.,
2001), with left and right stimuli presented in g@@me visual hemifield (Umilta & Nicoletti,
1985; Umilta & Liotti, 1987), with horizontal andextical stimulus-responses (S-R) set (i.e.,
horizontal and vertical Simon effects; De Jongngia& Lauber, 1994; Valle-Inclan &
Redondo, 1998; Vallesi, Mapelli, Schiff, Amodio,&milta, 2005; Wiegand & Washer,
2005). The present study aims to investigate whetinalar mechanisms underlie the
horizontal and vertical Simon effects.

Two main types of accounts have been proposedgiaiexthe standard (horizontal)
Simon effect: (i) translation theories and (ii)iaation theories. Translation theories
(Hasbroucqg & Guiard, 1991; Wallace, 1971) assuraelibth stimulus and response
positions are cognitively represented through cddes, left and right), that these codes are
matched during response generation, and that wiega its a mismatch between these codes,
this should be resolved, giving rise to a coseimis of RTs and accuracy. In contrast,
activation theories (e.g., Kornblum, Hasbroucq, €ntan, 1990; Simon, 1969) assume that
the irrelevant spatial code of a stimulus primesgruent response code. This automatically
generated code is thought to interfere with thesatton of the relevant response code, which

in turn derives from the task-relevant stimulugddea (e.g., colour or shape). With



HORIZONTAL AND VERTICAL SIMON EFFECTS 4

corresponding codes, the irrelevant code is assuofatilitate response selection, whereas
with non-corresponding codes a conflict has todselved, which delays responses (De Jong
et al., 1994; Umilta & Nicoletti, 1990; Zorzi & Utta, 1995).

Complementary to the activation theories is thep@mal-overlap hypothesis (Hommel,
1993; see also Kornblum, Stevens, Whipple, & Redql®®9), according to which the
response activation by a task-irrelevant spatidecgtarts with the presentation of the
stimulus, usually before the response activatiso@ated with the task-relevant code, and
then spontaneously decays over time. An implicabibiine temporal-overlap model is that
any experimental manipulation that increases thmpteal distance between formation of
task-irrelevant and task-relevant codes reduceSithen effect. A number of studies,
indeed, demonstrate that the Simon effect is retludeen stimulus attributes (e.g.,
discriminability, eccentricity, intensity) are maniated so that the overall processing time
(and RT) increases (Hommel, 1993, 1994; Waschateler, & Wauschkuhn, 1996), or
when response execution is experimentally delayaddiructions (e.g., Simon, Acosta,
Mewaldt, & Speidel, 1976). This empirical eviderstggests that automatic response
activation by the (irrelevant) spatial code decaysime elapses (e.g., Eimer, Hommel, &
Prinz, 1995; Hommel, 1993, 1994).

Additional evidence for the decay hypothesis derivem examination of the RT
cumulative distributions for corresponding and monresponding conditions (De Jong et al.,
1994; Rubichi, Nicoletti, lani, & Umilta, 1997; Siéfhet al., 2006; Vallesi et al., 2005). It has
been found that the Simon effect disappears, an exxerses, at the longest ranges (so-called
bins) of the two RT distributions. However, the a@gtiypothesis, as tested through RT
distributional analysis, has encountered empigsakeptions. Although it has repeatedly been
shown with regular horizontal S-R arrangementspthetulated decrease of the Simon effect

with longer RTs has not been observed when paaitgoperformed a Simon task with
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crossed hands, with acoustical stimuli or with icattS-R arrangements (e.g., Vallesi et al.,
2005; Wascher et al., 2001; Wiegand & Wascher, 2006see De Jong et al., 1994).
Moreover, the validity of the distributional anakyss an issue of debate (e.g., Roswarski &
Proctor, 2003; Zhang & Kornblum, 1997). When thaareces of the two underlying
distributions are considerably different (whichesfthappens), the assumptions of the bin
analysis are violated and the results might consattyibe invalid (see Zhang & Kornblum,
1997, for details).

Wascher and colleagues (2001; see also Wiegand sch¢a, 2005) proposed that
different types of mechanisms of S-R transmissamloe active during a Simon task,
depending on the experimental settings. With tigemomic hand position (i.e., horizontal,
parallel posture), an activation account would gpatcording to which stimulus spatial
parameters are processed within privileged visuonymathways, resulting in a facilitation of
the corresponding response for RTs in the shoatege. In contrast, with crossed hands or
vertical positions, the translation account (étasbroucq & Guiard, 1991) would apply, that
is the Simon effect is held to originate from iféeence between spatial codes during
translation of stimulus into response. This accaumild explain why the Simon effect can
manifest itself even with relatively long RTs. Howee, De Jong et al. (1994) found that the
vertical Simon effect can also decay. A possibésoa for this discrepancy might be that, in
De Jong et al.’s study (1994), also the responge Were coloured, which might have
generated a task with different cognitive demasuhsilar to that in the Hedge & Marsh study
(1975; type 5 ensemble in the taxonomy proposeddrgblum, 1994).

Another source of evidence for different mechanismgerlying the horizontal and
vertical Simon effects derives from studies usiagekalised Readiness Potentials (LRPs), an
electrophysiological index of response selectioall@si et al., 2005; Wiegand & Wascher,

2005). With horizontal Simon tasks, early LRP shawse-activation of the response
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ipsilateral to the stimulus (suggesting automatgponse activation). In the case of
corresponding trials, the LRP continues to increasehe direction of the pre-activation was
correct. With non-corresponding trials, the LRPairs its polarity at around 200-300 ms, as
the pre-activated response is opposite to thainesjby the instructions. For the vertical
Simon task, instead, no early deflection in thengrdirection is observed during non-
corresponding trials. In this case, the LRP orsenly shifted in time with respect to
corresponding trials.

This finding is at odds with previous studies inieththe early LRP deflection in the
wrong direction was observed even with vertical fRngements (De Jong et al., 1994;
Stuermer, Leuthold, Soetens, Schroeter, & Somn@&2) although, when the vertical task
is directly compared to the horizontal one, thiled#ion is smaller in the former than in the
latter case (Valle-Inclan, 1996). Moreover, it bagn argued that the early LRP deflection
might be due to volume conduction from posteriolPHR eralizations elicited by horizontal
stimulus positions (Eimer, 1998; Valle-Inclan, 1998owever, using current source density
analysis, Praamstra and Oostenveld (2003) shovedditieralizations measured over
posterior and central electrodes may derive froffieidint sources (but see Praamstra, 2007,
for a more critical view on the use of LRP to comgpeertical and horizontal Simon tasks).

In the present study, Wiegand and Wascher’s proga88a5) of different mechanisms
underlying horizontal and vertical Simon effects baen investigated. The criticisms against
the distributional analysis and the electrophygjalal data were circumvented using a more
traditional approach. In particular, in experiméra go-signal paradigm was employed. The
aim of this manipulation was to explore the possitifferent outcome of selectively delaying
the response execution stage on the horizontavartidal Simon effects. In experiment 2, a
spatial precue technique was adopted to delaytéige ®f identification of the relevant

stimulus feature with respect to formation of thenslus spatial code. Because, the abrupt
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onset of the stimulus in the same place of theagaecue might have produced a new shift
of attention, preventing the Simon effect to defdigoletti & Umilta, 1994; Rubichi et al.,
1997; Stoffer & Umita, 1997), in experiment 3 theget stimulus was presented as a whole,
but the stage of stimulus identification was dethyath respect to formation of its spatial
code by making the discrimination of the task-ralgstimulus feature more difficult and
time-consuming.

Sturmer and colleagues (Sturmer et al., 2002; Sitidn_euthold, 2003) reported
findings supporting the existence of a processdhavely controls the automatic response
activation by the stimulus position in a Simon tagken a corresponding condition occurred
on the preceding trial, a typical Simon effectliserved on the next trial. Critically, when a
non-corresponding condition occurred on the preggttial, the Simon effect was
suppressed on the next trial. For this reason,heseto analyse the current data by sorting

the trials according to the correspondence condiiche previous trial.

Experiment 1

The aim of experiment 1 was to investigate whetherdocus of the vertical Simon effect
extends after the response selection stage. Tpunmse, a go-signal paradigm was
introduced, in which the response had to be withhkelil a go-signal appeared at stimulus
location, even though the stimulus was availabfereethe go-signal. The go-signal
procedure had previously been adopted by Simoh €9/ 6) to track the time-course of the
interference effect by the irrelevant spatial stusiwcode in the horizontal Simon task. As
results of their experiment 1 showed, the Simoectfflisappeared after a delay of 250 ms
between the stimulus onset and the presentatitimeajo-signal. To our knowledge, no

attempt has ever been made to study the same plkeoann the vertical Simon task.
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Method
Participants
All the participants were university students thaluntarily took part in the study and
did not receive any remuneration. Twelve partictpamolunteered in experiment 1. They
were 24 years old on average (range = 18-31; 4lé=nahll of them were right-handed
(writing hand) and had normal or corrected-to-ndmsion. All were naive about the

purposes of the experiment.

Apparatus and Materials

Participants were tested individually in a silentl @imly illuminatedrcoom. A personal
computer was used for stimulus presentation angbrese sampling. Visual stimuli were
presented through a 17-inch VGA-display at a distasf about 60 cm. Responses were
collected through the computer keyboard. All stimvére presented on a black background.
The fixation point, consisting of a white cross3(0x 0.3°), was presented in the center of the
screen. The target stimuli were unfilled red oregrequares (2° x 2°) presented along either
the horizontal or the vertical meridian with aneuicity of 6.5° visual angle from fixation
(center to center). A go-signal replaced the stisdibr 200 ms after a delay that varied
across four blocks (no-signal, 200, 400, 600 mkg delay was varied across blocks rather
than within blocks to avoid spurious preparatorfe@&s observed when the foreperiod varies
on a trial-by-trial basis (i.e., current and prangdoreperiod effects, see Vallesi, Mcintosh,
Shallice, & Stuss, 2009; Vallesi & Shallice, 200Vhe go-signal consisted of a white square

with the same dimension and eccentricity as thevesit stimulus.

Procedure and Tasks
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Participants had to make fast and accurate chegmonses as a function of stimulus
colour in two consecutive tasks. In the horizotdak, stimuli could appear to either the left
or the right of the central fixation cross (50%lga&nd responses had to be given based on
colour. Half of the participants were required tegs the left key of the computer keyboard
(‘C) for the red square (left index finger) anckthght key (‘M’) for the green one (right
index finger), independently of stimulus side. Tpposite colour-key mapping was assigned
to the other half of the participants. In the \aatitask, stimuli could appear either above or
below the fixation cross (50% each) and responsge @xecuted by half of the participants
with the upper key (‘7’) to the red square andltdveer key (‘N’) to the green one. The
opposite colour-key mapping was assigned to therdtalf of the participants. Half of the
participants pressed the upper key with their rigtex finger and the lower key with their
left index finger. The position of the hands wasrerbalanced for the other half of the
participants.

The order of presentation of the horizontal andie@rtasks was also counterbalanced
across participants. In each task, 4 blocks ofidstwere presented (20 per each stimulus
colour-position combination). The delay betweegeastimulus and go-signal was
manipulated across blocks (no signal, 200, 40068dms post-stimulus onset), with the
order of block presentation randomized (a diffessguence for each participant). The total
trial duration was kept constant by shorteningfikation duration according to the
lengthening of the delay between target and goasi@huration of fixation: 1100, 900, 700 or
500 ms for no signal, 200, 400 and 600 ms, respegji

After this period, the target stimulus (colouredae) appeared to either the right or left
of fixation (50% each; horizontal task), or eitlaéove or below fixation (50% each; vertical
task). Participants had to refrain from respondingl the go-signal (a white square) replaced

the coloured square in all the blocks apart froertb-signal block. In the latter, participants
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did not wait for a go-signal to respond to the coéal square, but had to execute the response
in the moment they saw the target stimulus (ibe,dolored square itself). This block

provided a control condition for estimating theesof the Simon effect without a go-signal
delay. The time-limit for the response was 2000(2@® ms go-signal duration plus 1800 ms
blank). When a response was detected, an extr& bfe&200 ms was provided. Then the

program jumped to the next trial.

Data Analysis

An overall 2x4x2 ANOVA was initially carried outetuding task (horizontal vs.
vertical), go-signal delay (no signal, 200, 4000 ms) and preceding correspondence
(corresponding vs. non corresponding:1€s. NG,.1), as the within-subject factors, and the
Simon effect (RT difference in the non-correspogdis. corresponding trials, that is NC
Cy) as the dependent variable. The data from thetdsks (horizontal vs. vertical) were then
analysed separately. For each task, mean RTs walgsad through 4x2x2 repeated
measures ANOVAs, with go-signal delay (no sign@h,2400 or 600 ms), current
correspondence (@s. NG, and preceding correspondenceg-{@s. NG,.1), as within-subject
factors. The same analysis was performed for acguResponses faster than 100 ms or
slower than 1500 ms (i.e., typical cut-off valueghe literature on the Simon effect) and
anticipations given before the go-signal led toakelusion of the current trial. The latter
were analysed separately to ascertain whethecjpamits followed the instruction to wait
until the go-signal before responding. The Greesbeeisset correction was performed
when appropriate. All the significant effects wargher analysed by means of post-hoc

Newman-Keuls tests.

Results
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Simon effect for Horizontal and Vertical taskbe ANOVA comparing the two tasks yielded
several significant effects (i.e., go-signal dwati(3, 33) = 19.6, partiad2 =.64,p <.001,
preceding correspondendg(1, 11) = 27.2, partial’ = .71,p < .001; and their interaction:
F(3, 33) = 6.9, partial® = .39,p < .001), which will be presented in the subsequepagte
analyses, but the 3-way interaction was far frogmi§icance p > .99), demonstrating that

effects found with the two tasks were basically pamable.

Horizontal Task

RTs. Mean RTs are shown in figure 1. A go-signal delaymeffect F(3, 33) = 18.4,
partialn® = .63,p < .001] suggested that the RT decreased as adnoraftdelay duration
(397, 301, 266 and 258 ms). Polynomial contrastsveld a significant linear trend for this
factor [F(1, 11) = 28.2p < .001]. The preceding x current correspondenceantem [F(1,

11) = 11.1, partiah® = .5,p < .01] indicated that the Simon effect was presety after a
Ch-1trial (23 ms), whereas it disappeared after a N@al (-5 ms). No significant post-hoc
comparison was present for this interaction. Thaigoal delay x current correspondence
interaction F(3, 33) = 10.5, partial’ = .48,p < .001] was due to the Simon effect being
present in the no go-signal block (35 ms; .001) and disappearing after a go-signal delay
equal or longer than 200 ms (7, -8, 1 ms, for 1@ 200 and 600 ms go-signal delay,
respectively; n.s.).

The go-signal delay x preceding correspondencenecucorrespondence 3-way
interaction F(3, 33) = 6.4, partial® = .37,p < .01] indicated that the Simon effect decreased
as a function of the go-signal delay aftera €ial, from 64 ms for the no go-signal blogk (
<.001) to 31 ms for the 200 ms go-signal delaghlp < .01), to a non significant Simon

effect for the 400 and 600 ms delay conditionsafid 1 ms, respectively; n.s.). In contrast,
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no Simon effect was found after a NQrial for any go-signal delay, apart from a reeers

Simon effect for the 200 ms delay (-17 ms, post hec.05; for all the other delays, n.s.).

--- Insert figure 1 about here ----

Accuracy.Responses faster than 100 ms were 3%, responses shkan 1500 ms were
0.03%, anticipations given before the go-signalenNess than 1% overall (but see analysis
below). Percentage of correct responses for alBteeperiments is reported in Table 1. In the
ANOVA concerning accuracy, the preceding x cur@rtespondence interactiofR([L, 11) =
24, partiam® = .69,p < .001] replicated the results obtained with RTsuaacy was higher
for C, trials (97.1%) than for NCtrials (93.4%) after a G trial, while the contrary was true
after a NG.; trial (93.9 vs. 95.9%). No post-hoc effect reachignhificance. The go-signal
delay x preceding correspondence x current corregue interactiorH(3, 33) = 4, partial
n®=.27,p < .05] indicated that a significant Simon effect &mcuracy was obtained after a
Cy-1, for the no go-signal block only (8.3%;< .01), whereas no Simon effect was obtained
for all the other blocks (apf > .08).

A further non-parametric Friedman ANOVA was con@ualcon the percentage of
anticipations (i.e., responses given before theigoal). The within-subject factor was go-
signal delay (200, 400, and 600 ms delays). Thadyais was significant [Chi Sqr. (N: 12, df:
2) = 14.6,p < .001], indicating that percentage of anticipasiancreased as a function of go-

signal delay (0, 2 and 3%).

--- Insert Table 1 about here ----

Vertical Task
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RTs.Also for the vertical task, the go-signal delafeef [F(3, 33) = 16.3, partial’ = .6,
p <.001] was due to RT decreasing as a functiaretsy duration (418, 315, 273 and 250
ms). Polynomial contrasts showed a significantdirteend for this factorq(1, 11) = 28.8p
< .001]. The current correspondence main effett,[11) = 29.5, partia}® = .72,p < .001]
denoted the presence of a significant Simon efieEt6 ms. The preceding correspondence
effect [F(1, 11) = 5.2, partiai.2 =.32,p < .05] was due to RTs being slightly but signifitig
shorter after a ¢ trial (317) than after an NG one (311).

These effects were qualified by the preceding xemurcorrespondence interactid(1,
11) = 25.7, partiah® = .7,p < .001], which indicated the presence of a signifiGimon
effect (37 ms) only after aG trial (Newman-Keulsp < .05), with no Simon effect after an
NC,.1 trial (-3 ms; n.s.). The go-signal delay x curremtrespondence interactioir(L.78,
19.61) =10.4, partia}® = .49,Adjusted p <.001] was due to the Simon effect being present
in the no go-signal block (42 mg< .001), reduced after a 200 ms delay (18 prss;05) and
absent after a longer delay (1 and 5 ms, for tiiead@ 600 ms delay, respectively; n.s.).

Similarly to the horizontal task, the go-signaladekx preceding correspondence x current
correspondence 3-way interactidf(3, 33) = 3.9, partial® = .26,p = .05] indicated that the
vertical Simon effect decreased as a function edigoal delay after a,G trial, from 79 ms
in the no go-signal blockp(< .001) to 47 ms for the 200 ms go-signal delayddam (p <
.01), to a non-significant Simon effect in the 40@ 600 ms delay conditions (for both, 10
ms; n.s.). In contrast, no Simon effect was fouter @n NG, trial for any go-signal delay

(5, -10, -8, 0 ms, respectively; n.s.).

Accuracy.Percentage of accurate responses is reported Ila TaBResponses faster than
100 ms were 5%, responses slower than 1500 msOM@3&6, anticipations were 1.6% (see

analysis below). Accuracy data are reported in @4ablThe go-signal delay main effeE(3,
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33) = 10, partiah® = .48,p < .001] indicated that accuracy increased as aifumacf go-
signal delay (92.8, 95.5, 97.4, and 98.4%, for‘tteego-signal”, 200-, 400- and 600 ms go-
signal delays, respectively), with the polynomiahtrasts for the linear trend being
significant F(1, 11) = 21.8p < .001]. The current correspondence effé¢i| 11) = 21.1,
partialn® = .65,p < .001] indicated a significant Simon effect, asumacy was higher after a
C, trial (97.4%) than after an N@rial (94.6%). The preceding x current correspamge
interaction F(1, 11) = 23.6, partial® = .68,p < .001] indicated that a significant Simon
effect was present after g.Ctrial (7.2%) while no Simon effect was preseneaéin NG.;
trial (- 1.5%). However, no post-hoc comparison sigsificant.

Similarly to the horizontal task, a further non-gaetric Friedman ANOVA was
conducted on percentage of anticipations. ThisyamsaWas significant [Chi Sqgr. (N: 12, df:
2) =17.2p <.001], indicating that anticipations increaseddunction of the go-signal

delay (0, 1 and 6%).

Discussion

Experiment 1 basically confirmed previous findimggcerning the Simon effect and the
sequential effects. The decrease of RTs at longigywal delays can be interpreted as a result
of inadequate response preparation for shorteyslééag., Gottsdanker, 1992). More
critically, experiment 1 demonstrated that the Siratiect decays as the go-signal delay
increases, disappearing with a 400 to 600 ms delaizh presumably is after response
selection and before response execution. This miaddr both the horizontal and the vertical
Simon tasks. This result suggests that also fovéinical Simon task, the Simon effect

decays when a long enough delay elapses beforenmssgxecution.

Experiment 2
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With the procedure adopted in experiment 1, thparese execution stage might have
begun before the onset of the go-signal. This pddgiis suggested by the analysis of
anticipations, which showed that anticipations éased significantly as a function of the go-
signal delay in both tasks, and more so from 2000@ms delay, namely when the Simon
effect disappears. In experiment 2, the procedrgegmted participants from starting the

response selection/execution stages before the m@pecified by the experimenter.

Method
Participants
Eighteen volunteers, all different from those parfmmg experiment 1, took part in
experiment 2. They were 24 years old on averaggéra 20-42; 12 females, all right-
handed, with handedness defined by writing hanthh&d normal or corrected-to-normal

vision and were naive about the purposes of thererpnt.

Apparatus and Materials

The apparatus was the same as that used in experlmehe same stimuli used in
experiment 1 were used also in experiment 2 batdifferent order. The go-signal of
experiment 1 (unfilled white square) was used sgadial precue in experiment 2 and was
presented for 0, 200, 400 or 600 ms before stimohset. The coloured stimuli were the
same as in experiment 1 but were presented attgrdtue for 200 ms on the horizontal or

vertical meridian, with the same eccentricity arm @s the precue.

Procedure and Task
The procedure of experiment 2 was similar to diaxperiment 1. However, a white

spatial precue was presented before the targetilsisnand no go-signal was required to give
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a response to this target stimulus. The duratidh@precue was manipulated across blocks
(0, 200, 400 and 600 ms pre-stimulus onset), witleioof block presentation
counterbalanced across participants. Like in erpent 1, the total trial duration was kept
constant by shortening the fixation duration asptezue duration became longer (1100, 900,
700, 500 ms, for a precue of 0, 200, 400 and 6QQespectively). Participants had to give a
fast and accurate response when the target stirfedieured square) replaced the spatial

precue. A 200 ms blank subsequent to the resp@pseated one trial from another.

Data Analysis

An overall 2 tasks (horizontal vs. vertical) x 48pl cue durations (no precue, 200, 400
or 600 ms) x 2 preceding correspondence; (6. NG,.;) ANOVA was performed first, with
the Simon effect as dependent variable. Then,rasxzeriment 1, mean RTs as well as
percentage of correct responses were analysedgtintaww subsequent 4x2x2 ANOVAS,
separately for each Simon task (horizontal vsicajt The latter analyses employed spatial
cue duration, correspondence on the current @av§. NG,), and correspondence on the
preceding trial (g1 vs. NG,.1) as the within-subjects factors. Incorrect respsnRTs
outside the 100-1500 ms range, and anticipatiorengiluring the precue led to the exclusion

of the current trial from the RT analysis.

Results
Simon effect for Horizontal and Vertical Taskke overall analysis yielded the following
significant effects, that will be explained in theparate ANOVAs: spatial precug(8, 51) =
2.93, partiah® = .15,p < .05], preceding corresponden&€], 17) = 59.18, partial* = .78,p
< .001], spatial precue x preceding correspondefi(® p1) = 7.5, partial® = .31,p <

.001], and task x precue x preceding correspond@t(8e51) = 2.81, partiaf® = .14,p <
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.05]. The 3-way interaction is the key result athnalysis. Newman-Keuls post-hoc test
showed a significant reduction of the Simon effeatn the no precue condition to the 200
ms precue condition after g.¢trial in the horizontal taskp(< .05). In the vertical task, the
Simon effect was reduced in the 400 ms precue tondvith respect to the no precue

condition after a g trial (p < .05), whereas Simon effect after a;@ial in the 200 ms and

in the 400 ms precue conditions did not differ gigantly (p =.09).

Horizontal Task

RTs.The spatial precue effed(2.03, 34.66) = 7.01, partia,? =.29,p < .01] indicated
that RT decreases as a function of precue durédéb, 436, 416 and 402 ms). Polynomial
contrasts showed a significant linear trend fos thctor F(1, 17) = 34.94p < .001],
presumably because of an increasing advantageeyidlgd advance spatial precuing. The
processing time of the forthcoming stimulus conably benefited from the lengthening of
the spatial precue duration. The correspondeneetdfte., the Simon effed§(1, 17) =
10.29, partiah? = .38,p < .01) was due to RTs being shorter onarial than on an Ngone
(422 vs. 437 ms). The preceding correspondencetdfél, 17) = 8.33, partial’ = .33,p <
.01] was due to RTs being shorter after,a @ial than after an NC; one (425 vs. 435 ms).
The preceding x current correspondence intera¢B¢h 17) = 51.21, partial® = .75,p <
.001] indicates that the Simon effect was signiftaanly after a @, trial (45 msp <.01),
whereas it was reversed, although not significastlyafter a Ng; one (-20 ms). This effect
confirms previous results (Stirmer et al., 2002y18er & Leuthold, 2003).

The 3-way interactiorf(3, 51) = 5.64, partia}® = .25,p < .01] indicated that the Simon
effect was modulated by the precue duration ortlr&f G.1. With a G, trial, the Simon
effect decreased when the precue was presentedamee (32, 37 and 39 ms, for the 200,

400 and 600 ms precues, respectively) with regpeghen it was absent (72 ms). This was
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confirmed by polynomial contrasts demonstrating tha Simon effect with the no spatial
precue condition was larger than with all the ofprexcue conditions (afl < .01, see Figure
2). Conversely, with an Ng; trial, the Simon effect was significantly reverseith a no

precue condition (-26 mg,< .01) and absent after any spatial precue.

---Insert Figure 2 about here ---

Accuracy.Responses faster than 100 ms were 0.7%, respdoges than 1500 ms were
0.03%, and anticipations given before the go-sigreak 0.07%. Accuracy data are reported
in Table 1. The current correspondence effe(t,[17) = 4.4, partiail2 =.21,p =.05]
mirrored the Simon effect found in the RT analysidjcating that percentage of correct
responses was higher foy, @ials (93.3%) than for NQGrials (91.1%). The spatial precue x
preceding correspondence interactib(8] 51) = 2.8, partial® = .14,p = .05] suggested that
accuracy was higher after an NQhan after a ¢; trial in the no precue condition. This
pattern was reversed in the 200 ms precue conditidrabsent with longer precues.

However, no post-hoc comparison was significant.
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The preceding x current correspondence interagki¢h 17) = 46, partiah® = .73,p <
.001], similarly to the RT analysis, indicated tiia Simon effect was present only aftgr C
trials (accuracy Simon effect = 6.7%x< .05) while it was reversed after Ngtrials
(accuracy Simon effect = -3.2%; n.s.). The precpeeceding correspondence x current
correspondence interactioR(B, 51) = 5.8, partial® = .25,p < .01] indicated that, after G
trials, the Simon effect was observed for all lingt 600 ms precue (10.6%, 8.4% and 5.3%,
for the no precue, 200- and 400 ms precues, ragpbgctall p < .05). In contrast a non
significant reverse effect was observed after,N@als for any precue, apart for the 400 ms

precue condition, for which the reverse Simon éffeached significance (-5.1%< .05).

Vertical Task

RTs.As for the horizontal task, the effect of the sggirecue F(3, 51) = 12, partia:h2 =
41,p <.001] was due to the RT decreasing as a funcfignezue duration (448, 436, 411
and 405 ms). Polynomial contrasts showed a sigmfitnear trend for this factoF(1, 17) =
26.43,p < .001]. The correspondence effeE(], 17) = 28.6, partiaj® = .63,p < .001]
demonstrated a Simon effect betwegra@d NG conditions (435 vs. 415 ms). The preceding
x current correspondence interactiifl], 17) = 38.5, partial’ = .69,p < .001] was due to
the Simon effect being significant only after @;@ial (48 msp < .001), whereas it was
absent after an NG trial (-7 ms).

Also in the vertical task, the 3-way interacti¢i(3, 51) = 4.14, partial’ = .2,p < .05]
was due to the Simon effect being modulated byygeiration only after G conditions
(see Figure 2). After a/G trial, indeed, the Simon effect decreased whermptbheue was
presented at least 400 ms in advance (28 and 40rrtise 400 and 600 ms precues,
respectively) with respect to when it was prese2@@ ms before the stimulus or was absent

(67 and 58 ms, for the 200 ms and no precue, ragpbg. Planned comparisons
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corroborated this observation, demonstrating t@tSimon effect with no precue was larger
than with any precue (gl < .001) apart from the 200 ms precue (n.s.). Moredher Simon
effect with the 200 ms-precue was larger than Weh400 and 600 ms precues (ak .01).
Conversely, after an NG trial the Simon effect was always absent indepethgef precue

duration (-6, -14, -1, -10, for no precue and 200) and 600 ms precues, respectively; n.s.).

Accuracy.Responses faster than 100 ms were 0.5%, respsiose= than 1500 ms were
0.02%, and anticipations given before the go-sigreak 0.03%. Accuracy data are reported
in Table 1. The current correspondence effe¢t,[17) = 8.9, partiail2 =.34,p <.01] was
due to the percentage of correct responses bagnghior G (93.6%) than for Ngtrials
(90%). The spatial precue x current correspondarteeaction F(3, 51) = 5.9, partia}’ =
.26,p < .01] was due to the Simon effect being present with no precue condition (9.7%,
p < .01). The preceding x current correspondenceaot®en F(1, 17) = 8.9, partiail2 = .34,

p <.01] was in the same direction as the RT ressiltge it indicated a regular Simon effect
after G,; trials (4%), and an inverted Simon effect after,N@ials (-4%), but post-hoc

comparisons were non-significant.

Discussion
In experiment 2, a slight reduction in the sizéhaf Simon effect was evident only when
the preceding correspondence factor was consideved, with the horizontal task. A precue-
latency shift was observed in the occurrence afdduction from the horizontal to the
vertical task. With the horizontal Simon task, whiea preceding trial had a corresponding
condition, a reduction of the Simon effect was obseé after a precue-target delay of 200 ms
or longer. In contrast, with the vertical Simonkias delay of 400 to 600 ms was necessary to

observe a comparable decrease.
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However, the failure to find clearer evidence fog tlecay of the Simon effect might be
attributed to the nature of the experimental mdatpan. Perhaps the spatial code decays
soon after the onset of the spatial precue batagain formed when the stimulus appears, as
its abrupt onset in the peripheral visual field Ydoproduce a new automatic shift of
attention. Note that an attentional shift is inddealight to cause the Simon effect (e.qg.,
Melis, 2001; Nicoletti & Umilta, 1994; Rubichi ek a1997; Stoffer & Umilta, 1997). This
second attentional shift, and the re-activatiothefspatially compatible response, would
prevent the Simon effect from completely disappepaven after a precue of 600 ms. A new
paradigm was then adopted in the experiment 3hiciwthe automatic attentional re-
orienting is avoided, but formation of the stimusymatial code and the response selection

stage still remain separated.

Experiment 3

In experiment 3, stimulus discriminability was mauidated through an image processing
procedure, which made the identification of thensius relevant feature (i.e., colour) more
difficult, and therefore delayed the stimulus digsgnation stage. With the horizontal Simon
task, similar experiments have already been coeduéts a typical result, RTs are delayed
by about 100 ms and the Simon effect is reduced figh to low discriminability (e.g.,
Hommel, 1994). This pattern has been held to indiasspontaneous decay of the automatic
response-code activation. To our knowledge, noystiad adopted a similar manipulation
directly to compare the decay of the compatib#itfect in the horizontal and vertical

versions of the Simon task. This was the aim okexpent 3.

Method

Participants
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Fifteen volunteers that did not overlap with thenpées of the two previous experiments
participated in experiment 3. They were 24 yeatisonl average (range = 18-29; 5 females).
All the participants were right-handed (writing lddnand had normal or corrected-to-normal

vision. All were naive about the aim of the study.

Apparatus and Materials

In order to increase the interval between formatibthe task-irrelevant stimulus spatial
code and of the task-relevant stimulus featurejraber of changes were introduced in
experiment 3. For the high-discriminability blockise target stimuli were 4x4 bright red-
and-black or green-and-black checkboards subteradingual angle of 1.4°. For the low-
discriminability blocks, 90% of the pixels formirige squares of identical checkboards were
randomly replaced by black and white pixels. Inllbezontal task, the stimuli were
presented one at a time and in random sequenceyxapately 3.3° to the right or left of a
central fixation cross on a constantly light gregkground. In the vertical task, the same
stimuli were presented approximately 3.3° abovieadow fixation. A 4x4 black-and-white
checkboard was also used as contralateral fillee. Stimulus and filler were displayed for
176 ms, and then replaced by a grey blank screel3#/ ms. The fixation cross was
constantly displayed against the background. Trhe for the response was 1500 ms. The

inter-trial interval was 1000 ms.

Procedure and Task

Participants were encouraged to maintain fixatsong to react to the stimuli as fast and
accurately as possible. There were 2 tasks (hdakwes. vertical) x 2 discriminability (high
vs. low) combinations, administered in four sepakdocks. The order of presentation of the

blocks was chosen randomly, provided that eachngivder would occur for one participant
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only. The associations between stimulus coloursragponse keys and the way they were
counterbalanced were the same as in the previQesiexents. For each experimental block,
a practice run of 10 trials and 2 experimental mvege administered. During each
experimental run, each colour x position combimati@s presented 25 times in a
randomized sequence, for a total of 100 trialsepgerimental run (200 in total). After the

first experimental run, a short rest was allowed.

Data Analysis

Responses faster than 100 ms or slower than 15@hdhanticipations led to the
exclusion of the current trial. The design of expent 3 was simpler than that of the
previous experiments. Consequently RTs and errers analysed through single omnibus
2x2x2x2 repeated measures ANOVAs, with tasks (botel vs. vertical), colour
discriminability (high vs. low), current correspante (G vs. NG) and preceding

correspondence (G vs. NG,.1), as within-subject factors.

Results

RTs.RT results are shown in Figure 3. The discrimiliglmain effect F(1, 14) = 71.1,
partialn® = .84,p < .001] indicated that RTs in the low-discriminatyicondition were
longer than those in the high-discriminability cdioh (550 vs. 435 ms). The presence of the
Simon effect (i.e., current corresponding main@ffe(1, 14) = 59.6p < .001) was better
qualified by the preceding x current correspondéntaaction F(1, 14) = 40.4partialn? =
.81, p < .001], which confirmed that the Simon effect iegent only after corresponding
trials (47 ms, post-hoc tegt< .01) and not after non-corresponding trials (4 past-hoc

test, n.s.). The task x current correspondencesictien [F(1, 14) = 5.4partia|n2 =.28,p<
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.05] indicated that the Simon effect was largethim vertical task than in the horizontal one
(32 vs. 19 ms, respectively).

More relevant for the present purposes, the tadikctiminability x current
correspondence interactioR([L, 14) = 6 partialn® = .3,p < .05] indicated that the Simon
effect was modulated by stimulus colour discrimifigh for the horizontal tasks only (29 vs.
9 ms, for high and low-discriminability, respectiiye Conversely, no change was observed
in the magnitude of the Simon effect for vertiaaks (29 vs. 35 ms, for high and low-
discriminability, respectively). This was statistlly corroborated through planned
comparisons, indicating that the Simon effect wgsicantly reduced from the high- to the
low-discriminability condition in the horizontals [F(1, 14) = 6.2, partial® = .31,p= .05],

but not in the vertical taskp & .43).

--- Insert Figure 3 about here ---

Accuracy.Responses faster than 100 ms were 0.07%, RTs Itmgye1500 ms were
2.1%, and anticipations given before the stimulusetd were less than 0.02%. Accuracy data
are reported in Table 1. Accuracy was higher ferftarizontal task than for the vertical one
[88.9 vs. 86%; task main effed¥(1, 14 = 8.6, partial® = .38,p = .01], for high- than for
low-discriminability [92.3 vs. 82.7%:; discriminaljl effect: F(1, 14) = 13.2, partiaj® = .48,

p < .01], for corresponding than for non-correspogdmmals [90.7 vs. 84.3%; correspondence
effect: F(1, 14) = 24.6partialn® = .64,p < .001].

Moreover, the task x discriminability interactid®(L, 14) = 9.5, partial’ = .4,p < .01]
indicated that accuracy was higher in the horiadhtn in the vertical task, but only with
low-discriminability (85.7 vs. 79.6%, but post-hi@st,p = .06), whereas no difference
between the two tasks was observed with high-amoebility (92.1 vs. 92.5%). The

accuracy Simon effect was significantly higherhe vertical task than in the horizontal one
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[8.7% vs. 4.1%; task x current correspondenceactem:F(1, 14) = 8.7partialr|2 =.38,p=
.01]. The preceding x current correspondence iotemra[F(1, 14) = 28.5partia|n2 =.6,p<
.001] parallels the RT results, as the Simon efi@caccuracy was present after @, @ial

(10.5%,p < .01) and disappeared after an/N©ne (2.4%p = .36).

Discussion

In experiment 3, a lengthening of the stimulus riismation stage was obtained by
rendering stimulus discriminability more demandihgthis way, the stage of task-irrelevant
spatial code formation and that of task-relevantgus color identification were temporally
separated. As a result, with horizontal S-R arrareggs, the magnitude of the Simon effect
was reduced in this condition with respect to dkdgscriminability condition. This effect
replicates data from the literature (e.g., Homrh®84). The novel finding of experiment 3 is
that, in the vertical task, the Simon effect did decrease with stimuli that were difficult to
discriminate.

This pattern can be accounted for by Wascher alhelagmes’ hypothesis (Wascher et al.,
2001; Wiegand & Wascher, 2005; see also Valleal.eP005), according to which, the
horizontal and vertical Simon effects originatenfrowvo different mechanisms. The
horizontal Simon effect is attributed to the autémactivation of the response corresponding
to the stimulus spatial code, due to the presehpewleged visuomotor pathways. The
automatic activation of this path, also callegconditional wayDe Jong et al., 1994), is held
to decay over time (e.g., Hommel, 1994). The Simfbect occurs only if this unconditional
way is active, while it diminishes as its activatidecays. The manipulation adopted in the
present experiment 3 has conceivably prolongedtiheulus identification stage, thus

allowing the automatic activation to decay.
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This explanation does not apply to the resulthefuertical Simon task, in which no
decrease in the magnitude of the Simon effect wasd as a function of stimulus
discriminability. The results obtained for the veat task can be explained by means of the
translation account (e.g., Hasbroucq & Guiard, 198dcording to which, the conflict
between the (irrelevant) stimulus spatial codetaedesponse occurs in the stage in which
the stimulus relevant feature (its colour, in therent experiment) is translated into a
response. On this account, if the identificationhef stimulus-relevant feature is delayed, the
response selection is consequently postponedntiousg the conflict between the relevant
and irrelevant response codes forward in time,stifichermitting the emergence of a Simon

effect with longer RTs.

General Discussion

The aim of this study was to discriminate betwesgivation and translation accounts of
the Simon effect obtained with the horizontal aedical S-R arrangements. This issue has
been addressed before by means of RT distributenmallysis and electrophysiology. Some
studies (e.qg., Vallesi et al., 2005; Wascher eR&l01) show evidence in favour of activation
and decay accounts for the horizontal Simon effebgreas translation accounts seem to be
more suitable for the vertical Simon effect. Howgkis evidence is controversial (e.qg.,
Praamstra, 2007; Roswarski & Proctor, 2003). Hexeuged a more traditional approach,
namely the manipulation of stimulus and responsamaters in order to influence the
various processing stages involved in a Simon task.

In experiment 1, a go-signal was used to delayoresp execution by a variable interval.
As a result, the Simon effect decreased as thg deleeased, for both the horizontal and
vertical Simon tasks. Thus, in both tasks, thdau@nt stimulus spatial code decays if

response execution is delayed over time. In exparir, we investigated the hypothesis that,
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in either task, the spatial stimulus code decajsrbeesponse selection. If that is the case,
the Simon effect should not occur if the resporetecsion stage is delayed with respect to the
formation of the spatial stimulus code. To this anspatial precue was shown with a
variable interval before the stimulus, that is lpefany response could be selected.

However, this had only a small influence on the&ihon effect, as the decrease could
be detected only when the preceding trial was spording. In that case, the horizontal
Simon effect decreased with a precue-target ddl2p@ ms or longer, while the vertical
Simon effect was reduced with a delay of 400 mismger. We interpret the result as due to
the attentional shift towards the target aftealisupt onset, although its spatial position had
been already signalled by the spatial precue. inkespretation derives from evidence
showing that an attentional shift is a critical dion for the occurrence of the Simon effect
(e.g., Rubichi et al., 1997).

In order to avoid a possible secondary shift adrgton, in experiment 3 the time interval
between the formation of the stimulus spatial caxle the response selection was prolonged
through a manipulation of the discriminability bkttask-relevant stimulus feature, namely
its colour. With low-discriminability, a reductiaf the RT Simon effect was obtained for the
horizontal version of the task only, replicatingults obtained with comparable
manipulations (e.g., Hommel, 1993; 1994). On theeohand, no change in the size of the
Simon effect was observed for the vertical tasks Tinding fits well with Wiegand and
Wascher’s (2005) view that different mechanismsegsiain the horizontal and vertical
Simon effects.

Although analyses on accuracy data not always sti@wgmificant results, the effects
found in accuracy were generally in the same doeds those found in RTs, thus ruling out

any explanation of the present results in termspekd-accuracy trade off.



HORIZONTAL AND VERTICAL SIMON EFFECTS 28

The horizontal Simon effect has been traditionattgounted for by postulating an
automatic activation of a visuo-motor pathway bg task-irrelevant spatial code, soon after
stimulus onset. This activation has been demorestrat decay over time (e.g., Hommel,
1994). The present results confirm this accountp@®asing the interval between the
formation of the stimulus spatial code and the @asp selection reduced the Simon effect.
However, a different account should apply to theieal Simon effect, as the same
manipulation did not affect its size. As demonsgian the current study, the locus of the
vertical Simon effect follows the stage in whicle #timulus spatial code is formed and
probably precedes response preparation. A plausiatge for the vertical Simon effect is that
of response selection, as predicted by the traoslatcount put forward by Hasbroucq and
Guiard (1991).

A possible limitation of the study is that the REasure is not always as sensitive to
capture response conflict as other measures (&&). In a recent study, initial angle of
pointing movements was recorded together with RTsorizontal and vertical versions of
the Simon task (Buetti & Kerzel, 2008). Resultsvsld the classical pattern of decreasing
Simon effect with longer RT bins in the horizor&anon task, and a stable Simon effect
across RT bins with the vertical Simon task. Howeiwgtial movement angles across RT-
bins showed a similar pattern for vertical and bamtal Simon tasks, suggesting similar
mechanisms. This possible dissociation betweendR@iother measures was not
investigated here. This prevents us from drawingnst conclusions about the divergence of
results concerning the Simon effect in the two SeB, although the evidence presented here
is in favour of the view that S-R correspondencthenSimon task may affect partially
different processing stages depending on the $j&fRaarrangement.

In summary, the findings of the present study goesdistance towards a further

understanding of the mechanisms underlying spatiahtion, and in particular towards



HORIZONTAL AND VERTICAL SIMON EFFECTS 29

resolving the contradiction between translation activation theories with regard to the
Simon effect. As proposed by Wiegand and Wascl@#5R, either account may well explain
the Simon effect, depending on the task conditsuth as, for instance, whether this
compatibility effect has been obtained with theiramtal or vertical arrangements of stimuli

and responses.
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Tables
Table 1. Percentage of correct responses in thep@rments of the study, according to task
(horizontal, vertical), current correspondence citimeh (Cn = corresponding, NCn = non
corresponding), preceding correspondence condifiom-1 = corresponding, NCn-1 = non

corresponding), and manipulations specific to eaxperiment (first column on the left).

Experiment 1 Horizontal task Vertical task
Cha NCi.1 (O] NCi.1
G NG G NG G NG G NG,
0 98 90 94 95 99 86 92 94
Go-signal 200 100 94 93 98 99 91 96 96
delay (ms) 400 97 94 95 95 99 96 96 99
600 94 96 93 95 100 95 99 100

Experiment 2

Ch1 NCh1 Ch1 NCh1

G NG G NG G NG G NG,

0 95 85 90 94 98 84 95 90

Spatial precue 200 98 89 89 94 95 88 90 93

duration (ms) 400 96 91 90 95 92 88 90 91

600 94 91 92 92 97 91 93 95
Experiment 3

Cn-1 NCn-1 G1 NCh.1

G NG G NG G NG G NG,

Color No 95 88 94 92 96 87 94 92

degradation Yes 89 82 86 86 89 72 82 76
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Figure Captions
Figure 1. Mean RTs as a function of correspondence in theenottrial, correspondence in
the preceding one, and the go-signal delay, inrexeat 1. Upper panel A refers to the
horizontal task, lower panel B refers to the vaitiask. Vertical bars denote Standard Errors
of the mean. £and NG = corresponding and non corresponding conditiorteercurrent
trial, respectively; G;and NG, = corresponding and non corresponding conditiornbe

preceding trial, respectively.
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Figure 2. Mean RTs as a function of correspondence in theenottrial, correspondence in
the preceding one, and spatial precue duratioexperiment 2. Upper panel A refers to the
horizontal task, lower panel B refers to the waidttask. Vertical bars denote Standard

Errors. See Figure 1, for an explanation of ther@ahtions used.
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Figure 3.Mean RTs as a function of correspondence in theenttrial and of colour
discriminability, in experiment 3. Panels A andeBer to the horizontal and vertical tasks,
respectively. Vertical bars denote Standard Er@ysnd NG, indicate corresponding and

non corresponding conditions in the current triespectively.
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