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ABSTRACT:

Previous studies have reported that the horizontal arrangement of the stimuli in Simon
tasks elicits three different components: LRP, N2pc and N2cc. Although N2cc may play
a key role in Simon tasks, as it is involved in preventing responses based on stimulus
position, modulation of the N2cc component according to the experimental condition
was not previously investigated because of N2cc/LRP overlap in similar regions and
temporal window. The aim of the present study was to investigate how the Simon effect
modulates N2pc, N2cc and LRP components. With this purpose, participants had to
respond to an arrow according to its colour. Three conditions (depending on the
congruency between stimulus position and the required response) were analyzed:
compatible position (CP), incompatible position (IP), and neutral position (NP). The
LRP peak latency was delayed in IP with respect to CP and NP conditions. Lateralized
minus Neutral position (L-NP) subtractions were carried out to remove the common
motor activity and isolate the N2cc and N2pc components in the lateralized conditions.
The amplitude of N2cc in L-NP waveforms was larger in IP than in CP, in accordance
with the greater effort required to monitor the selection of the correct response in the
first condition. The eLORETA analysis also revealed more premotor activity between
150-200 ms in IP and CP than in NP, which was attributed to the N2cc component
present in IP/CP conditions. Evidence of functional dissociation between N2pc and
N2cc components was obtained since N2cc, but not N2pc, was affected by the

experimental conditions.

Keywords: Simon effect; event-related potential; spatial attention; premotor cortex;
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1. Introduction

The Simon task is a stimulus-response compatibility task (SRC) (Kornblum and
Stevens, 2002) in which participants must respond to spatially lateralized stimuli by
pressing one of two buttons. The response buttons are also lateralized in the same
spatial arrangement as the stimuli, with the position of the stimuli being irrelevant to the
task. In those cases in which the required response is on the opposite side to the
stimulus (incompatible condition), a type of interference known as the Simon effect is
produced (for reviews see Leuthold, 2011; Lu and Proctor, 1995; Simon, 1990). The
interference is manifested by a slower reaction time (RT) in the incompatible condition
than in the compatible condition in which the response side is ipsilateral with respect to
the stimulus position.

The locus of the Simon effect was established in the response selection stage
(Valle-Inclan, 1996) through the lateralized readiness potential (LRP). The LRP is an
event-related potential (ERP) associated with motor activity that enables distinction
between interference produced during motor stages and interference produced during
perceptual stages of processing (Gratton et al., 1988; for a review of different ways of
obtaining LRP, and its functional significance, see Eimer, 1998). However, it has been
shown that the location of the stimuli produces lateralized modulations that overlap with
motor activity.

When the stimuli are presented in a horizontal arrangement, the eccentric
location induces asymmetry in the exogenous ERP N1 (around 180 ms) (Valle-Inclan,
1996, Experiment 1). This asymmetry can extend to central regions, thus affecting
measurement of the LRP. To avoid such asymmetry, some researchers have presented a
non-target stimulus in the contralateral hemifield (Valle-Inclan, 1996, Experiment 2).

However, such stimulus configuration requires visuospatial selection of the relevant



stimulus, which elicits a component named N2 posterior contralateral (N2pc). N2pc is
observed at parieto-occipital electrode sites contralateral to the stimulated hemifield,
between 200 and 300 ms, and represents visuospatial processing of the relevant
stimulus (Luck and Hillyard, 1994; Woodman and Luck, 1999, 2003). N2pc may be
accompanied by a deflection of the same polarity at central electrodes (N2 central
contralateral- N2cc), which would hinder evaluation of the motor activity (Valle-Inclan,
1996 Exp. 2; Wascher and Wauschkuhn, 1996). N2cc was proposed to play an
important role in preventing cross-talk between the direction of spatial attention and the
manual response preparation (Praamstra, 2006; Praamstra and Oostenveld, 2003).

The N2cc wave was first interpreted as volume conduction from posterior areas,
i.e. from N2pc activity (Valle-Inclan, 1996 Exp. 2; Wascher and Wauschkuhn, 1996).
However several studies evidenced that N2pc and N2cc were different components.
Oostenveld et al. (2001), using a biophysical model, showed that the amplitude recorded
in central electrodes in the temporal window of the N2pc was too large to be explained
through volume conduction from N2pc sources. Also, in the mentioned study, as well as
in other studies (Praamstra and Oostenveld, 2003; Praamstra and Plat, 2001), peaks of
activity were found at central and at parieto-occipital regions through source
reconstruction techniques, indicating the existence of two different components.
Moreover, Van der Lubbe et al. (2001) showed that lateralization at central electrodes
did not occur parallel to the N2pc, suggesting different sources of activity for central
and parieto-occipital waves. Finally, some studies showed a functional dissociation
between N2pc and N2cc since both were differentially affected by the experimental
manipulations of the tasks (see Praamstra, 2006; Praamstra and Oostenveld, 2003).

The scalp distribution of the N2cc, as well as the conditions under which it was

elicited, suggested that N2cc was associated with activation of the dorsal premotor



cortex (dPM) (see Praamstra and Oostenveld, 2003). In fact, the dPM was involved in
selection of movements according to learned associations in spatial tasks (Rushworth et
al., 2003). Also dPM was considered a region where visual and motor signals interact
(Wise et al., 1996; Wise et al., 1997; for a review on dPM, see Abe and Hanakawa,
2009).

In order to prevent overlap between N2pc / N2cc and the motor activity, some
researchers have used a vertical arrangement of stimuli and responses (de Jong et al.,
1994; Stirmer et al., 2002; Valle-Inclan, 1996, Experiment 3). Using this arrangement,
N2cc and N2pc are not elicited. Nonetheless, in our opinion (see also Leuthold, 2011),
it is important to examine the N2cc in the Simon task, as it might reflect a mechanism
of cognitive control.

The present study involved a Simon task with lateralized stimuli. The positions
of the stimuli were compatible (compatible position, CP), incompatible (incompatible
position, IP) or central (neutral position, NP) with respect to the required response, and
the stimuli were presented in a horizontal arrangement to determine whether the
location modulated only motor processes (analyzed via LRP) as maintained in previous
studies (de Jong et al., 1994; Sturmer et al., 2002; Valle-Inclan, 1996, Experiment 3) or
also other cognitive processes, specifically the visuospatial processing of the relevant
stimulus (which has been related to N2pc) and the cognitive control that prevents the
execution of the response based on stimulus position (which has been related to N2cc).

In order to clarify the existence of these effects, two procedures were carried out
to isolate the N2cc and N2pc components from the motor activity. Firstly, the NP
waveform was subtracted from the CP and the IP waveforms, as central stimuli elicit
LRP but not N2cc and N2pc components. Also, analyses were carried out in order to

discard that the differences in motor activity between lateralized and NP conditions



affected to these Lateralized — Neutral Position (L-NP) waveforms. Secondly, the CP
and the IP conditions were compared with the NP condition by means of eLORETA
source analyses (Pascual-Marqui, 2007, 2009).

In the waveforms in which N2cc and N2pc were isolated (i.e. when the motor
activity is subtracted), we expected to find a larger N2cc amplitude in the IP than in the
CP condition, as the cognitive control to monitor the selection of the response based on
the relevant dimension (the colour of the arrow) should be greater in the IP than in the
CP condition. Using e-LORETA estimations, it was expected to find higher activity on
premotor areas during the N2cc time interval in the CP and IP than in the NP. We did
not expect to find any differences in the N2pc component between CP and IP, as the
Simon effect does not appear to take place in the visuospatial processing of the relevant
stimulus. Therefore, another aim of the present study was to provide new evidence of
the functional dissociation between N2pc and N2cc components. Finally, with respect to
the modulation of the motor activity by the stimulus position, we expected to find
longer LRP peak latency in the IP than in the CP and NP conditions consistently with
slower RT in the IP condition.

2. Methods

2.1. Participants

Nineteen participants (14 women, 5 men) between 19 and 28 years old (mean age: 21
years old) were recruited from the local university population. Four participants (3
women) were not included in some of the ERP analyses because of an insufficient
number of artefact-free epochs in some of the conditions. The participants volunteered
to take part in the study and were paid for participating. The study received prior
approval by the local ethical review board. Eighteen of the participants were right-

handed and one was ambidextrous (evaluated by the Edinburgh Handedness Inventory:



Oldfield (1971)). All participants had normal or corrected to normal vision and none
had any history of neurological or psychiatric disorders.
2.2. Stimuli
A series of upward-pointing red or blue arrows was displayed on the screen against a
black background, either on the left or on the right side of a white central cross for both
compatible and incompatible conditions. In the neutral condition, the stimuli were
upward-pointing red or blue arrows placed on the central cross. The arrow stimuli
subtended 2.87° x 1.72° (height x width) of the visual field. In the compatible and
incompatible conditions, the visual stimuli were presented 3.1 degrees (visual angle)
from the centre of the screen at the centre of the stimulus. The lateralized (CP and IP)
and central stimuli were presented in parafoveal and foveal regions respectively (see
Bargh and Chartrand, 2000), although differences in stimuli processing due to that
eccentricity were not expected according to previous studies (Galashan et al., 2008;
Mancebo-Azor et al., 2009). In the compatible and incompatible conditions, a geometric
figure (two superimposed orthogonal bars, with the vertical bar longer than the
horizontal bar, of similar size and eccentric position as the arrow) appeared in the
opposite hemifield, with the aim of avoiding exogenous lateralization in the
electroencephalogram (EEG) (see Figure 1).

Figure 1 about here
2.3. Procedure
The participants were asked to direct their gaze towards the central cross during the
task, and were instructed to respond to the colour of the arrow as quickly as possible by
pressing one of the two buttons assigned to each colour. They were also instructed to
ignore the position of the arrow. A cross appeared in the centre of the screen and

remained in view throughout the task. The two response buttons were arranged



horizontally and were pressed with the corresponding hand (right or left) so that when
the arrow was in the central position, there was no overlap between the position and the
dimension of the response, and the trials were therefore considered neutral. In each
block, each of six possible types of stimuli, grouped in three conditions with the same
number of trials (80 per condition) were presented randomly: compatible position (CP,
the response required was ipsilateral to the hemifield of appearance of the target),
incompatible position (IP, the required response was contralateral to the hemifield of the
appearance of the target), and neutral position (NP, as described above, there was no
overlap between stimulus position and response). The arrows were presented for 100
ms, with inter-trial intervals of 2000 ms. The short duration of presentation of the
stimuli, along with the simultaneous presentation of the non target stimulus in the
contralateral hemifield, minimized the probability of ocular movements towards the
position of the target when this was presented at eccentric locations (see Abrahamse and
Van der Lubbe, 2008).

During the task, participants were seated in a comfortable chair in a dimly lit,
sound-attenuated, electrically shielded chamber. The experiment included a practice
block of 16 trials and two experimental blocks of 120 trials each, with a resting interval
of 90 s between blocks.

The trials were counterbalanced so that half of the participants were instructed to
respond by pressing the button on the left with the left hand, in response to the blue
arrow, and the button on the right with the right hand, in response to the red arrow,
whereas the other participants were given instructions to respond in the opposite way.
2.4. Recordings
Electroencephalographic activity was recorded at 49 active electrode sites, inserted in

an electrode cap (Easycap, GmbH) in accordance with the 10-10 International System:



AFz, AF3, AF4, AF7, ARS8, Fz, F3, F4, F5, F6, F7, F8, FCz, FC1, FC2, FC3, FC4, FT7,
FT8, FT9, FT10, Cz, C1, C2, C3, C4, C5, C6, T7, T8, CPz, CP3, CP4, TP7, TP8, TP9,
TP10, Pz, P3, P4, P7, P8, P9, P10, PO7, PO8, Oz, O1 and O2. The EEG signal was
passed through a 0.01-100 Hz analogue bandpass filter, and was sampled at 500 Hz.
The reference electrode was placed on the tip of the nose and the ground electrode at
Fpz. Simultaneously to EEG recordings, ocular movement (EOG) recordings were
obtained with two electrodes located supra- and infraorbitally to the right eye (VEOG)
and another two electrodes at the external canthus of each eye (HEOG). All impedances
were maintained below 10 kQs. After signal storage, ocular artefacts were corrected off-
line by use of the algorithm proposed by Gratton et al. (1983); the EEG was then
segmented separately for each condition and manual response (in order to study
Lateralized event-related potentials), and 1000-ms epochs (200 ms pre-stimulus
baseline) aligned to the onset of stimulus presentation. The signal was passed through a
0.01-30 Hz digital band-pass filter. Epochs with signals exceeding £100 pV were
automatically rejected, and all remaining epochs were inspected individually to identify
those still displaying artefacts; the artefacted epochs were also excluded from
subsequent averaging. The mean number of epochs (+ Standard Deviations) for each
condition was the following: Compatible trials: 70 (x£8.2); Incompatible trials: 65.7
(£9.9); and Neutral trials 72.67 (£7.7). Epochs were then corrected to the mean voltage
of the 200-ms pre-stimulus recording period (baseline).

2.5. Data analysis

Trials with incorrect responses or RTs outside the 100-1000 ms range were considered
incorrect and were excluded. The RTs and percentages of incorrect responses were
analysed. Interference was considered as the difference between the RT in the IP

condition and the RT in the CP condition. To determine if the magnitude of the



interference, or of a possible facilitation, depended on the speed of response, three
distributional analyses (DA) of the RTs were carried out (Ratcliff, 1979): IP — CP; IP —
NP; and CP — NP. For this, the RTs were ordered on the basis of their speed, and for
each participant the RTs at the 4 Quintile Intersection Points that divided the
distribution into 5 equal parts (quintiles) were selected.

Lateralized event-related potentials (L-ERPs) were calculated as the differences
in contralateral and ipsilateral activation at homologous electrodes (C3/4 for analyses
related to the N2cc/LRP complex; P7/8 and PO7/8 for the analyses related to N2pc).

The operation for calculating the N2pc component can be summarized by the
formula [(P7/PO7 — P8/PO8);ight-hemifield target stimulus T (P8/PO8 — P7/POT)ieft-hemifield target
simulus)/ 2 (see Wascher and Wauschkuhn, 1996). N2pc latency and amplitude were
determined as the maximum peak with respect to baseline in the 210-280 ms interval in
the CP and IP conditions, based on inspection of the grand average and similar to the
temporal window considered by previous reports (e.g. Woodman and Luck, 1999).

The operations for obtaining the N2cc/LRP complex can be summarised by the
formula: [(C4 — C3)eft-hand movements + (C3 — C4)right-hand movements)/ 2 (see Coles et al.,
1988). In order to obtain a waveform for the NP condition, the N2cc/LRP complex was
therefore obtained in relation to the response hand and not in relation to the hemifield of
stimulus presentation. A first interval between 210 and 280 ms was considered, based
on inspection of the grand averages, to determine the peak latency and amplitude of
N2cc/LRP complex in the CP, IP and NP conditions. Absolute values were used in this
analysis. We adopted the label “N2cc/LRP complex™ although the N2cc component is
absent in the NP condition. In a second interval, the peak latency of the LRP was
measured in the CP, NP and IP conditions at between 300-500 ms with respect to the

stimulus presentation. In this second interval the motor activity was expected to be free
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of overlap from the N2cc component, according to the N2cc latency reported in
previous studies, that is, about 150-200 ms (Leuthold and Schroter, 2006). The HEOG
for the 3 conditions is shown in order to discard differences in ocular movements in the
lateralized conditions (CP and IP) with respect to the NP.

N2pc and N2cc components were isolated from the motor activity related with
the response through the next procedure: First, the direct waveforms were obtained in
each condition (CP, IP, and NP). Second, the next subtractions were carried out at each
electrode site: CP jeft-hand movements — NP left-hand movements; CP right-hand movements — NP right-hand

movementss IP left-hand movements — NP left-hand movements; and IP right-hand movements — NP right-hand

movements. 1 NUS, the common motor activity in CP and IP respect to NP was removed (this
step resulted in the waveforms depicted in Figure 2.1). Third, the resulting waveforms
(CP-NP feft-hand movementss CP-NP right-hand movements, 1P-NP left-hand movements, @Nd 1P-NP right-hand
movements) Were computed —separately for the CP-NP and for the IP-NP waveforms-
through the next procedure: [(C4—C3) iefi-hemifield target stimulus + (C3—C4)] right-hemifield target
stimulus)/ 2 t0 obtain the N2cc in the Lateralized — Neutral Position waveforms (L-NP)
(see Figure 2.1. and Figure 4.1.); [(P8—P7) ieft-hemifield target stimulus + (P7—P8) right-hemifield target
stimulus)/ 2 t0 obtain the N2pc in the L-NP waveforms (see Figure 4.2.). The N2cc and
N2pc peaks in these L-NP waveforms were determined in a temporal window of 150-
300 ms based on inspection of the grand averages.
Figure 2 about here

Analyses were carried out with e-LORETA software, which estimated the
source of activity underlying the brain activity recorded at the 49 scalp electrodes. The
analysis compared the brain activity in the CP, IP and NP conditions in eight temporal
intervals of 50 ms, from 150 to 550 ms post-stimulus. On the basis of the distribution of

the scalp-recorded electric potential, exact low-resolution brain electromagnetic
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tomography (eLORETA) software (publicly available free academic software, at

http://www.uzh.ch/keyinst/loreta.htm) was used to compute the cortical three-

dimensional distribution of current density. The eLORETA method is a distributed,
linear-weighted minimum norm inverse solution. The weights endow the tomography
with the property of exact localization to test point sources, accurately yielding located
images of current density; albeit with low spatial resolution (i.e. neighbouring neuronal
sources will be highly correlated). The method and the proof of its exact zero-error
localization property are described by Pascual-Marqui (2007, 2009).

The related LORETA and sLORETA tomographic methods (Pascual-Marqui,
2002; Pascual-Marqui et al., 1994) have been validated in several studies combining
LORETA with other more established location methods such as functional Magnetic
Resonance Imaging (fMRI, Mulert et al., 2004; Vitacco et al., 2002), structural MRI
(Pizzagalli et al., 2004; Worrel et al., 2000; Zumsteg et al., 2005), Positron Emission
Tomography (PET, Dierks et al., 2000; Pizzagalli et al., 2004; Zumsteg et al., 2005) and
invasive implanted electrode recordings (Zumsteg et al., 2006). The results of these
studies also validate eLORETA, owing to its improved localization properties. The
intracerebral volume is partitioned in 6239 voxels at a spatial resolution of 5mm. The
eLORETA images therefore represent the electric activity at each voxel in
neuroanatomic Montreal Neurological Institute (MNI) space as the exact magnitude of
the estimated current density. Anatomical labels, Brodmann areas and MNI coordinates
are also reported.
2.6. Statistical analysis
With the aim of determining possible behavioural differences related to the
experimental conditions, repeated measures ANOVAs were carried out with an within-

subject factor, Condition (three levels: CP, IP and NP), for the RTs and for the
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percentage of errors (PE). Additionally, the test of Kolmogorov-Smirnov was carried
out with the PE in order to test whether the parametric assumptions were fulfilled. The
PE was analyzed through no parametric tests (tests of Friedman and Wilcoxon). One-
sample Student’s t tests were used for each quintile intersection points (g1, 92, g3, gq4),
with the aim of determining if the interference (IP — CP and IP — NP) or facilitation
effect (NP — CP) was significant in each of them. Also, with the aim of determining if
the magnitude of the interference or facilitation varied in relation to the speed of
response, a repeated measures ANOVA was carried out with one within-subject factor:
Quintile Intersection Points (four levels: q1, g2, g3, g4).

A repeated measures ANOVA with one within-subject factor, Condition (three
levels: CP, NP and IP), was applied to the peak latencies of the LRP. Repeated
measures ANOVAs with one within-subject factor, Condition (three levels: CP, IP and
NP) were applied to N2cc/LRP complex and LRP peak latencies and amplitudes.
Repeated measures ANOVAs with two within-subject factors, Condition (two levels:
CP and IP) and Electrode (two levels: P7/8 and PO7/8), were carried out for the
amplitude and latency of the N2pc.

With the Lateralized (CP and IP) minus Neutral Position waveforms (L-NP)
repeated measures ANOVAs for peak latency and peak amplitude were carried out with
two within-subject factors, Condition (two levels: CP — NP and IP — NP) and Electrode
(two levels: C3/4 and P7/8). These analyses are carried out in the same repeated
measures ANOVA with the aim of showing the functional dissociation between the
components N2pc (measured at P7/8 electrode sites) and N2cc (measured at C3/4
electrode sites). Furthermore, to study whether the N2cc was significant in the CP
condition one-sample t-tests were carried out on the average amplitude in £ 25 ms

around the maximum negative peak observed in the CP condition in a 150-300 ms
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temporal window (see Figure 4.1). In order to demonstrate that N2cc was constituted by
activity in the hemisphere contralateral to the hemifield where the stimulus was
presented (N2cc activity) and not by activity contralateral with respect to the hand that
executed the response (which would represent motor activity not subtracted), one-
sample t-test was carried out on the waveforms of the set of subtractions depicted in the
Figure 2.1. The t-tests were carried out on the average amplitude in the temporal
window where the N2cc was larger in the IP condition (220-270 ms, see Figure 4.1).

The Greenhouse-Geisser € correction for the degrees of freedom was performed
where necessary and the corresponding o levels are given. When the ANOV As revealed
significant effects due to the factors and their interactions, post-hoc multiple pairwise
comparisons of the mean values were carried out (with Bonferroni corrections).

The eLORETA software was used to perform voxel-by-voxel within-subject
comparisons for each of the 50 ms intervals analyzed (see Data Analysis), in order to
identify possible differences in the brain electrical activity between pairs of conditions
(CP and NP; IP and NP; CP and IP). Non-parametric statistical analysis of functional
eLORETA images (Statistical non-Parametric Mapping; SnPM) was performed with a
log-F-ratio statistic for paired groups. The results correspond to maps of log-F-ratio
statistics for each voxel, for corrected p < 0.05. As explained in the review by Nichols
and Holmes (2002), the SnPM methodology corrects for all multiple comparisons and
does not require any assumption of Gaussianity.

3. Results

3.1. Behavioural Measures

The repeated measures ANOVA (Condition) revealed a significant effect of the factor
on the RT (F(2,36) = 53.0, p < 0.001), as the RT was shorter in CP trials (p < 0.001) and

NP trials (p < 0.001) than in IP trials, and on the percentage of errors (PE) (F(2,36) =

14



18.6, p < 0.001), as the PE was greater in IP trials than in CP trials (p = 0.002), and in
NP (p < 0.001) (see Table 1). The assumptions for parametric testing were fulfilled for
the CP and IP conditions although not for the NP condition: for the CP condition (KS
(19) = 0.185, p = 0.085); IP condition (KS (19) = 0.121, p = 0.200); NP condition (KS
(19) = 0.121, p = 0.014). Therefore, the no parametric test of Friedman was carried out,
revealing the existence of significant differences between experimental conditions (F
(2,19) = 14.00, p = 0.001). Additionally, the no parametric test of Wilcoxon was carried
out, revealing that the existence of significant differences occurred between the IP and
the CP condition (Z = -3.059, p = 0.002) and between the IP and the NP condition (Z = -
3.501, p < 0.001).

With regard to the magnitude of the interference (in IP-CP: q1 = 36 ms; g2 = 43
ms; g3 =43 ms; g4 = 40 ms; and in IP-NP: g1 =43 ms; g2 =42 ms; g3 =43 ms; g4 =
50 ms), the one-sample t-tests revealed that the Simon effect was significant for the 4
quintile intersection points in IP — CP: g1 (t (18) = 7.22, p < 0.001); g2 (t (18) = 8.53, p
< 0.001); g3 (t (18) =8.21, p <0.001) and g4 (t (18) = 4.76, p <0.001), as well as in IP
— NP: g1 (t (18) = 6.84, p < 0.001); g2 (t (18) = 8.44, p < 0.001); g3 (t (18) = 6.29, p <
0.001) and g4 (t (18) = 5.52, p < 0.001). The repeated measures ANOVA (Quintile
Intersection Point) did not reveal any significant factor effects. With regard to the
magnitude of facilitation (NP-CP: g1 = -7 ms; g2 = 1 ms; g3 = 1 ms; g4 = -10 ms),
neither the t tests nor the repeated measures ANOVA (Quintile Intersection Points)
revealed any significant effect.

Table 1 about here
3.2. ERP
With respect to the N2cc/LRP complex peak latency, the repeated measures ANOVA

(Condition) did not reveal any significant effect of the factor. With respect to the
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N2cc/LRP complex peak amplitude, the repeated measures ANOVA (Condition)
revealed a significant effect of the factor (F(1,14) = 26.3, p < 0.001), as the amplitude
was larger in the CP than in the IP condition (p < 0.001) and in the NP than in the IP
condition (p < 0.001) (see Table 1).

The repeated measures ANOVA (Condition) for the LRP peak latency -
measured at the second interval, 300-500 ms (see Data Analysis) - revealed a significant
effect of the factor (F(2,28) = 8.0, p = 0.002), as the latencies were shorter in the CP
than in the IP condition (p = 0.048) and shorter in the NP than in the IP condition (p =
0.013) (see Table 1). Note that between 300-500 ms the motor activity did not overlap
with the N2cc component since at this time in L-NP subtractions, the waveforms (for
CP-NP and IP-NP) are around baseline (see Figure 4).

The repeated measures ANOVA (Condition x Electrode) for the N2pc latency
did not reveal any significant effect. With regard to the N2pc amplitude, the repeated
measures ANOVA (Condition x Electrode) revealed a significant effect due to the
Condition x Electrode interaction (F(1,14) = 6.1, p = 0.027), as the amplitude was larger
at P7/8 than at PO7/8 (p = 0.006) in the CP condition.

Figure 3 about here

The repeated measures ANOVA (Condition x Electrode) for the peak latencies
of lateralized minus neutral position (L-NP) waveforms did not reveal any significant
effect. The repeated measures ANOVA (Condition x Electrode) for the amplitudes of L-
NP waveforms revealed a significant effect of Electrode (F (1,14) = 14.2, p = 0.002), as
the amplitude was greater in the P7/8 than in the C3/4 electrode pair (p=0.002). An
effect of the Condition x Electrode interaction was also revealed (F (1,14) = 7.8, p =

0.014), as the amplitude was greater in the IP than in the CP condition at the C3/4
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electrode pair (p = 0.004), while there were no such differences at the P7/8 electrode
pair.
Figure 4 about here

The one-sample t-test carried out on the mean amplitude around the larger
negative peak in the CP condition of the L-NP waveforms was significant: t (14) = -
5.845, p < 0.001. With regard the analyses carried out, in the N2cc time interval (220-
270 ms), in order to demonstrate that N2cc in the incompatible L-NP waveform was
constituted by activity in the hemisphere contralateral to the hemifield where the
stimulus was presented (N2cc activity) and not by activity contralateral with respect to
the hand that executed the response, the one sample t-tests revealed no significant
differences against zero in the electrodes contralateral to the hand movement: IP iefi-hand
movements — NP left-hand movements at C4 (t (14) = -1.504, p = 0.155); IP right-hand movements — NP
right-hand movements at C3 (t (14) = 0.891, p = 0.388). On the other hand, the one sample t-
tests showed significant differences against zero in the electrodes contralateral to the
position of the stimuli: IP jeft-hand movements — NP Ieft-hand movements at C3 (t (14) = -4.216, p =
0.001); IP right-hand movements — NP right-hand movements at C4 (t (14) = -1.922, p = 0.075).
3.3. eLORETA
The brain regions in which the SnPM log-F-ratio statistic for paired groups was
statistically significant are listed, along with the MNI coordinates, in Table 2. The
regions in which the brain activity differed between conditions are shown in Figure 5.

In the 150-200 ms interval, the activity was greater in the CP than in NP
condition (log-F-ratio = 1.3, p = 0.034), and in IP than in NP condition (log-F-ratio = -

1.0, p = 0.006) in premotor areas.
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In the 200-250 ms interval the activity was greater in the CP than in NP
condition, mainly in Brodmann areas 5 and 7 (log-F-ratio = 1.1, p = 0.018) (see Table 2
and Figure 5).

Table 2 and Figure 5 about here

4. Discussion

In the present study a Simon effect was obtained (longer Reaction Time, RT, in the
incompatible position (IP) than in the compatible position (CP)). Consistent with the
Simon effect, LRP peak latency was longer in the IP than in the CP condition.
Lateralized minus Neutral position (L-NP) waveforms showed larger N2cc amplitude in
the IP than in the CP condition. It indicated that greater resources were engaged for
monitoring the selection of the response in IP than in CP. The eLORETA analysis
revealed more premotor activity in CP and IP -where N2cc activity was expected to
appear- than in NP, in a temporal window between 150 and 200 ms. Otherwise N2pc
did not show any differences according to the experimental manipulation, providing
new evidence of functional dissociation between N2pc and N2cc components.

The behavioural results revealed a Simon effect due to stimulus-response
interference in the IP condition, manifested by a longer reaction time (RT) and a higher
percentage of errors (PE) in the IP condition than in the CP and in the NP conditions.
These results are consistent with those of previous studies (see Lu and Proctor, 1995). A
facilitation effect was absent since there were no significant differences between the NP
and CP conditions in the RT, PE, DA and LRP measures. The absence of differences
between CP and NP in the different measures also indicates that the different
eccentricity of both stimuli did not affect the performance. Moreover, the HEOG

showed an absence of differences between the three conditions of the task in ocular
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movements in response to the stimulus position, probably because of the short time of
stimuli presentation, as suggested by Abrahamse and Van der Lubbe (2008).

With respect to electrophysiological measures, longer LRP peak latency was
observed in IP than in CP condition, which is consistent with the RT and with the
results of previous studies (Praamstra and Plat, 2001). Although the onset of the correct
response cannot be measured in horizontal arrangements due to the N2cc/LRP overlap,
studies that used vertical arrangements of stimuli and responses (de Jong et al., 1994;
Sturmer et al., 2002; Valle-Inclan, 1996, Experiment 3) established the interference
locus in the response selection. However, as explained below, the horizontal
arrangement of the stimuli enabled better comprehension of the effects of stimulus
position on the visuospatial processing of the relevant stimulus and the cognitive control
to monitor the tendency of response based on the stimulus position, i.e. the processes
related to N2pc and N2cc.

In the present study, the motor activity was removed through the L-NP
waveforms with the purpose of studying how N2cc and N2pc components are
modulated on the basis of whether the stimulus position is compatible or incompatible
with the response. In these L-NP waveforms, N2pc did not present any modulation
related to the experimental manipulation. It supported that the Simon effect does not
occur in the visuospatial processing of the relevant stimulus (Praamstra and Oostenveld,
2003; Van der Lubbe and Verleger, 2002). In relation with these findings, eLORETA
analysis showed greater activity in Brodmann areas 5 and 7 within the interval 200-250
ms in CP than in NP. Although such differences in activation were absent between IP
and NP, they may be related to the N2pc component that is present in the CP but absent

in the NP condition (Luck and Hillyard, 1994; Woodman and Luck, 1999, 2003).
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The N2cc amplitude was larger in IP-NP than in CP-NP, which is consistent
with greater activity associated to the cognitive control of the response in the IP than in
the CP condition. Even so, t-test revealed that the N2cc amplitude was significantly
larger than zero in the CP condition (Figure 4.1). Also, eLORETA analysis revealed
greater activity in premotor regions in CP and IP than in the NP condition between 150
and 200 ms. That activity seems related to the N2cc component since it was observed in
the spatially lateralized conditions (CP and IP) in which N2cc was expected to appear.
Also, although the results should be taken cautiously, due to the low spatial resolution
of the eLORETA, the activity occurs in a region consistent with the sources of N2cc,
the premotor cortex (see Praamstra and Oostenveld, 2003), within the temporal window
in which N2cc was expected to appear (Leuthold and Schroter, 2006), although it was
more coincident with the L-NP onset than with the L-NP peak.

Some caveats inherent to the subtraction procedures were pointed out (see Van
Boxtel, 2004). Specifically, the new waveforms obtained through subtraction
procedures usually derivate from differences in latency or amplitude from the
constituent waveforms. Thus, the L-NP waveforms might have resulted from
differences in motor activity not subtracted between CP and IP with respect to the NP
condition leading to misleading interpretations. However, no differences were found
between CP and NP in behavioural (RT, PE and DA) and electrophysiological
parameters (LRP peak latency) related to motor activity. Thus, there are reasons to
consider that motor activity was removed through the CP-NP subtraction. Therefore, the
L-NP waveform observed in the CP condition as well as the differences revealed by
eLORETA in the CP vs. NP comparison may be due to the N2cc, which is present in

the CP but not in the NP condition where the stimuli are not spatially lateralized.

20



With respect to possible residual motor activity in the IP-NP subtraction,
differences were showed in RT throughout the distribution of RTs. Also, a larger
positivity for IP than NP was mainly present between 200-300 ms (see Figure 3.1). This
positivity could be due to the preparation of the incorrect response and / or subsequent
delay in preparing the correct movement in IP with respect to NP. If so, it would
contaminate the L-NP waveform in the IP condition due to residual motor activity still
present after-subtraction. To study this possibility t-tests on the first set of subtractions
(Figure 2.1) were carried out for electrodes C3 and C4 on the average amplitude
between 220-270 ms, where larger N2cc was observed in the L-NP waveform. The t-
tests showed that the IP-NP subtraction resulted in not significant waveform in central
contralateral electrodes to the hand of the response. Contrarily, significant negativity
after-subtraction was observed in contralateral electrodes with respect to the hemifield
of presentation of the stimulus. Thus, the L-NP waveform in the IP condition was the
sum of the corresponding negativities contralateral to the hemifield of presentation of
the stimuli.

It could be argued that a preparation of the incorrect response in the IP is still
present in the L-NP waveform, since it would be absent in NP. In fact, the positive wave
observed in the IP condition through the LRP derivation-see Figure 3.1- is closely
similar to the wave associated to preparation of the incorrect response in vertical Simon
tasks (Valle-Inclan, 1996, Exp. 3). However, such positive wave has been just related
with the N2cc component in horizontal Simon tasks (Praamstra, 2006). Praamstra
(2006) compared one horizontal Simon task where the participants responded to the
stimuli as soon as it were presented in the screen with other horizontal Simon task
where the response were hold back until the appearance of a signal. Considering the

functional role of N2cc -to prevent the cross-talk between the direction of the spatial
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attention and the manual response preparation (Praamstra and Oostenveld, 2003) - in the
second task activity underlying to N2cc was not necessary since attentional shift to the
stimulus position and manual response preparation occurred at different times. Although
the effect of interference was similar in both tasks only in the first task the positive
wave in the incompatible condition was present. It evidenced that such positivity was
related to N2cc activity and not to preparation of the incorrect response, which in
addition was supported by dipole source models data (Praamstra, 2006).

The lateralization of the premotor activity revealed by eLORETA to the left
hemispheric is consistent with differences between both conditions in the N2cc
component. Previous studies suggested that the left hemisphere contribute more than the
right hemisphere to the N2cc (Praamstra and Oostenveld, 2003). Also it is consistent
with the lateralization of the dPM in monitoring selection of responses: the left
hemisphere lesions have a disruptive effect on the ability of patients to select between
movements according to arbitrary rules (Rushworth et al., 1998). In addition,
transcranial magnetic stimulation (TMS) to the left PMd disrupts the selection of
movements that will be made by either hand (Johansen-Berg et al., 2002; Schluter et al.,
1998).

In accordance with the activity observed in the premotor cortex, other studies
using techniques with higher spatial resolution, e.g. PET and fMRI (Corbetta et al.,
1993; Gitelman et al., 1999; Rosen et al., 1999), have shown that the premotor cortex is
activated by attentional changes. Furthermore, fMRI studies specifically focused on the
Simon effect have detected activation in the dorsal premotor cortex (Petersen et al.,
2002; Wittfoth et al., 2006) and in the supplementary motor area (Liu et al., 2004;

Wittfoth et al., 2006), which the authors attributed to resolution of the conflict.
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The evidence from L-NP supports that N2cc activity is greater in IP than in CP
condition. Therefore, these results support the suggestion of N2cc as a mechanism
involved in monitoring the selection of the response (Praamstra and Oostenveld, 2003).
In the IP condition greater effort would be necessary to select the appropriate response
since it do not coincide with the compatible spatially response. This greater effort would
be related with larger activity related to N2cc. Sturmer and Leuthold (2003) proposed
an ancillary mechanism monitoring (AMM) in Simon tasks, which would be
responsible to monitoring the response selection and selectively suppresses output of
the unconditional route whereby location-based signals are prevented from accessing
the motor system. The present results are in line with the suggestion of Leuthold and
Schréter (2006) of the N2cc component representing such mechanism of cognitive
control.

Moreover, the present results obtained by means of the L-NP subtractions add
new support for the functional dissociation between N2cc and N2pc (Praamstra, 2006;
Praamstra and Oostenveld, 2003), as differences in amplitude between conditions were
found for N2cc but not for N2pc. This functional dissociation is consistent with the
findings of some studies that identified different foci of activity associated with N2pc
and N2cc (Oostenveld et al., 2001; Praamstra and Oostenveld, 2003; Praamstra and
Plat, 2001).

The present study used a horizontal arrangement of stimuli and responses
whereby the measure of the covert response activation (LRP onset) was sacrificed in
benefit of the study of N2pc and N2cc components, since the N2cc plays an important
role in spatial stimulus-response compatibility tasks that are worthy of further research,
as concluded in the review by Leuthold (2011). As far as we are concerned, the present

results showed for the first time that N2cc activity was higher when the stimulus
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position was spatially incompatible than when it was spatially compatible with the
required response. The N2cc component may therefore be a useful tool for evaluating
populations in which deficits in spatial response inhibition are expected to occur.
5. Conclusions

In the present study, the motor activity was eliminated through L-NP
subtractions, which revealed larger N2cc amplitude in IP than in CP, in accordance with
the greater effort required to monitor the selection of the correct response in the IP
condition. Additional information about N2cc was provided by eLORETA analysis,
which revealed greater premotor activity between 150 and 200 ms in IP and CP than in
NP. The functional dissociation between N2pc and N2cc components was indicated by
the fact that N2cc, but not N2pc, was differentially affected by the experimental

condition.
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FIGURE CAPTIONS

Figure 1. The task comprised six types of stimuli grouped in three conditions according
to the position of the stimulus in relation to the hand making the response. The
participants were instructed to respond by pressing the button on the left, with the left
hand, when a blue arrow appeared, and the button on the right, with the right hand,
when a red arrow appeared, while ignoring the stimulus position. The conditions
presented from left to right were: compatible position (CP), neutral position (NP) and

incompatible position (IP).

Figure 2. The procedure to obtain the L-NP is graphically represented for the IP
condition. 2.1. In the first set of operations the “IP-NP” subtraction was carried out for
the stimulus-related waveforms on each electrode individually. In this step the motor
activity between IP and NP was removed in the N2cc interval resulting in a waveform
around the baseline in the contralateral electrodes to the hand that executes the response
(C3 for right hand movements and C4 for left hand movements). Moreover, the
subtraction resulted in negative waveforms at contralateral electrodes to the stimulus
presentation (C3 for stimuli presented on the right and C4 for stimuli presented on the
left hemifield), which represents the activity related to N2cc. 2.2. In the second set of
operations the activity at C3 and C4 electrodes was averaged through the LRP formula
(in the text) in order to obtain a single waveform related to N2cc activity on each
condition. The same procedure was employed to subtract the motor activity in the CP

condition.

Figure 3; 3.1) N2cc/LRP (first interval) and LRP (second interval) - obtained in relation
to the hand of the response at C3/4 electrodes pair - are shown for the compatible
position (CP) (solid line), incompatible position (IP) (dashed line) and neutral position
(NP) (dotted line). N2cc/LRP peak amplitude was smaller in the IP than in the CP and
NP conditions because of the correct response preparation was present in the CP and NP
conditions while it was delayed in the IP condition as showed longer LRP peak latency
in the second interval in IP condition; 3.2) The N2pc -obtained in relation to the
hemifield of stimulus presentation at P7/8 electrodes pair- revealed an absence of
differences between the CP (solid line) and the IP (dashed line) conditions; 3.3) The
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HEOG for CP (solid line), IP (dashed line) and NP (dotted line) conditions showed no

differences in ocular movements to the stimulus position between the three conditions.

Figure 4. N2cc (top) and N2pc (bottom) waveforms are shown after removal of the
motor activity through lateralized minus neutral position (L-NP) subtractions for the
compatible position (CP) (solid line) and the incompatible position (dashed line) at the
C3/4 and P7/8 electrodes pair respectively. 4.1) N2cc component showed larger
amplitude in the IP than in the CP condition. This indicates that greater inhibitory
control of the stimulus position was required in the IP, in order to prevent cross-talk
between the direction of spatial attention and the manual response activation. 4.2)
Differences in the N2pc component were absent between CP and IP conditions as the
interference locus in the Simon effect is not present in the visuospatial processing of the
relevant stimulus. Evidence of functional dissociation between both N2cc and N2pc
components was obtained since they were affected differently by the experimental

manipulation.

Figure 5. eLORETA tomographies with the regions that showed significantly higher
activation in the comparisons between CP and NP, and between NP and IP. In the CP
vs. NP comparison, greater activation for CP than for NP is indicated in yellow and red,
between 150-200 ms (top) and 200-250 ms (middle). In the NP vs. IP comparison
(bottom) a lower activation in the window 150-200 ms for NP than for IP is indicated in
blue. Greater activation in premotor regions was observed in both the CP and IP
conditions relative to the NP condition in the 150-200 ms interval.
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Table 1

CONDITION CP NP IP

RT 408 (41) 401 (46) | 444 (43)

PE 4.9 (3.5) 3.3(3.0) 11.0 (6.9)
N2cc/LRP peak latency 246 (19.5) | 238(22.1) | 238 (22.2)
N2cc/LRP peak amplitude 2.9 (1.3) 2.4 (1.3) 1.1(0.8)
LRP peak latency 358 (39) 349 (44) 415 (59)
N2pc peak latency 244 (18.9) 238 (13.9)
N2pc peak amplitude -3.8 (2.6) -4.1 (2.9)
N2cc peak latency (L-NP) 223.3 (33.5) 250.2 (40.9)
N2cc peak amplitude (L-NP) | -1.4 (1.3) -3.1 (1.7)
N2pc peak latency (L-NP) 240.1 (40.5) 232.5 (18.7)
N2pc peak amplitude (L-NP) | -4.4 (3.1) -4.3 (3.4)

Table 1- Mean and standard deviation, for each Condition (Compatible Position (CP),
Neutral Position (NP), and Incompatible Position (IP)) of Reaction Time (in
milliseconds); Percentage of Errors (PE); peak latency and peak amplitude of N2cc/LRP
complex at C3/C4; peak latency of the LRP at C3/C4. For CP and IP conditions: N2pc
peak latency and peak amplitude at P7/P8. Mean and standard deviation of Lateralized
minus Central Stimulus subtractions (L-NP) (Compatible Position minus Neutral
Position (CP-NP) and Incompatible Position minus Neutral Position (IP-NP)) of N2cc
peak latency and peak amplitude at C3/C4; N2pc peak latency and peak amplitude at
P7/P8.



Table 2

ANATOMICAL REGION MNI ANATOMICAL REGION MNI ANATOMICAL MNI
(BA) COORDINATES (BA) COORDINATES REGION (BA) COORDINATES
NP vs. IP (150-200 ms) XY Z CP vs. NP (150-200 ms) X Y Z | CPyvs. NP (200-250 ms) XY Z
Precentral Gyrus (6) -15-20 70 | Medial Frontal Gyrus (6) -5-30 70 | Paracentral Lobule (5) -5 -50 65
Superior Frontal Gyrus (6) -20 -15 70 | Paracentral Lobule (4) 5-40 70 | Postcentral Lobule (2) -30-40 70
Superior Frontal Gyrus (6) -15-15 70 | Paracentral Lobule (4) -5-35 70 | Precuneus (7) -5-50 60
Precentral Gyrus (6) -10 -20 70 | Paracentral Lobule (4) 5-35 70 | Postcentral Gyrus (5) -10 -50 65
Precentral Gyrus (6) -20 -20 70 | Paracentral Lobule (4) -5-40 70 | Postcentral Gyrus (2) -30 -40 65
Medial Frontal Gyrus (6) -5-20 70 | Postcentral Lobule (5) 5-45 70 | Postcentral Gyrus (5) -5-50 70
Medial Frontal Gyrus (6) -10 -15 70 | Postcentral Gyrus (5) -5-25 70 | Precuneus (7) -5 -55 65
Middle Frontal Gyrus (6) -20 -15 65 | Medial Frontal Gyrus (6) 5-30 70 | Precuneus (7) -10 -50 60
Superior Frontal Gyrus (6) -20 -10 70 | Medial Frontal Gyrus (6) 0-35 65 | Postcentral Gyrus (7) -5-5570
Medial Frontal Gyrus (6) 0 -25 65 | Postcentral Lobule (5) -5-45 70 | Postcentral Gyrus (5) -10-50 70
Medial Frontal Gyrus (6) 0 -25 65 | Medial Frontal Gyrus (6) 0-30 65 | Postcentral Gyrus (7) -10 -55 65
Medial Frontal Gyrus (6) -5-25 70 | Paracentral Lobule (5) 5-35 65 | Postcentral Gyrus (7) -10-55 70
Medial Frontal Gyrus (6) 5-2560 | Postcentral Gyrus (5) -5-50 70 | Precuneus (7) -5-55 60
Precentral Frontal Gyrus (6) -25-15 70 | Postcentral Gyrus (5) 10 -35 70 | Postcentral Gyrus (5) -30-4570
Medial Frontal Gyrus (6) 5 -25 65 | Medial Frontal Gyrus (6) 5-30 65 | Postcentral Gyrus (5) -25-4570
Medial Frontal Gyrus (6) -5-15 70 | Medial Frontal Gyrus (6) -5-30 65 | Postcentral Gyrus (2) -25 -40 65
Medial Frontal Gyrus (6) -5-20 60 | Paracentral Lobule (5) 0-40 65 | Postcentral Gyrus (7) -15-5570
Superior Frontal Gyrus (6) -15-10 70 | Paracentral Lobule (5) 5-40 65 | Postcentral Gyrus (2) -25-4070
Medial Frontal Gyrus (6) 0-30 60 | Precentral Gyrus (4) -15-30 70 | Precuneus (7) -5-50 55
Medial Frontal Gyrus (6) 5-30 60 | Postcentral Gyrus (4) 10 -35 70 | Postcentral Gyrus (5) -20-50 70
Medial Frontal Gyrus (6) 0-30 65 | Precentral Gyrus (4) 10 -30 70 | Precuneus (7) -5 -55 55
Medial Frontal Gyrus (6) -5-30 65 Precuneus (7) 0 -55 65
Medial Frontal Gyrus (6) 5-2065 Postcentral Gyrus (5) -25 -45 65
Sub-Gyrus (40) -25 -40 60
Postcentral Gyrus (40) -30 -40 60
Precuneus (7) -10 -50 55
Postcentral Gyrus (7) -15 -55 65
Precuneus (7) -10 -55 55
Precuneus (7) -15-50 60
Superior Parietal (5) -20 -45 65
Postcentral Gyrus (5) 5-5070
Precuneus (7) 0-5560
Postcentral Gyrus (5) -5 -45 65
Superior Parietal (7) -20 -50 65
Postcentral Gyrus (7) -10-60 70

Table 2. Cortical regions significantly activated (by means of eLORETA) in the paired comparisons between conditions. Left panel: NP vs. IP (150-200 ms); middle panel: CP vs.

NP (150-200 ms); right panel: CP vs. NP (200-250 ms). BA: Brodmann area; MNI: Montreal Neurological Institute.




blue

red



http://ees.elsevier.com/intpsy/download.aspx?id=53773&guid=0b311f06-6d09-4e55-9e81-0c7eb1469ae4&scheme=1

Figure 2
Click here to download high resolution image

2.1 Removing motor activity

(I = NP) right-hand movements
3 ; o

Voltage (xV)

4 4
200 100 0 10 mmﬁﬁfﬁ"ﬁ_ 200 100 0 100 200 300 400 500 600 00
(1P < NP) left-hand movements

3 ()
’.
ﬁ
30\./\,\/“
i
4
200 100 0 100 200 300 400 o0 80 700 200 100 0 100 200 300 400 00 00 700

Thne (mn) Thme (nm)

2.2 Avcraging the waveforms

[(C4-C3) 1enrhemitietd target stismotos =~ (C3-C4)] riga-hemitietd tar got stimats )/ 2

D — e e e ] U E———

200 100 0 100 200 300 400 500 600 00
Time (m)


http://ees.elsevier.com/intpsy/download.aspx?id=53778&guid=8d604b19-96b8-4846-83c5-a51806d3976e&scheme=1

Figure 3
Click here to download high resolution image

N2ce/LRP LRP
interval interval

- s b . an. 20 et an. an o Aol on ao.cnofl s on ci o ancn cnam 4
-‘—~ e

-] e .

- ol -l - | nendee - -
200 <100 0 100 200 300 400 500 600 700

3.2 2}

"
"‘l L T LN
v Y
v !
“/

!
~

N2pc |
200 100 0 100 200 300 400 500 600 700

=
w
—_—
=

h

=

Voltage (uV)

200 100 0 100 200 300 400 500 600 700
Time (ms)


http://ees.elsevier.com/intpsy/download.aspx?id=53779&guid=255b1d2d-eba2-4886-aba9-386e823baacf&scheme=1

Click here to download high resolution image

Figure 4

L-CS waveforms

100 200 300 400 3500 600 700

— e

S

-100

>

-200

100 200 300 400

4.2

(A1) a3epo

500 600 700

-100 0

-200

Time (ms)


http://ees.elsevier.com/intpsy/download.aspx?id=53780&guid=e341acde-1135-470a-ad54-2f137cca811c&scheme=1

Figure 5

Click here to download high resolution image

L " TR vy (%Y. 25,30, 70 ) ] ; (1LMES0)  [compatible vs neutia 150-200: Om]  SLORETA
Y T NPT, A S
P
' el § - (2) 1" (21
’ 1
4 b 0 b 45 4 b o5
’ 3
r -] 4 y O 4 0
< b -10 y 5 :-5
0 Sem (X) 1Y) 5 0 5 A0 em 5 0 Sem (%)
S LORETA
L Ay |[1X.Y. 205, 50.65) [mm] . (1.19€+0) [compatidle vs newts 200250 . Oms] &
) P e v - e
» & R
' il | 2 | (2)
< b 0 « y 45 s b o5
{ 4 s
. =1 4 y O b 0
1
| <10 ‘ y 5 t y 5
b A
L Ay (%Y. 215,20, 70) fmm] ; (1,08E0) [neutia vi incompatible 150200 :Oms]  SLORETA
PP, S PRI, A
o = =
' Gl £ (z) "‘ (21
»
1 b 0 b 45 b o8
13 4
" b 5 b 0 : b 0
!
: 10 8" It 5
0 Sem (X] (Y) +5 0 5 10 em 5 0 Sem [X)



http://ees.elsevier.com/intpsy/download.aspx?id=53781&guid=5e4255d6-e76d-41b2-ae9d-cc67117cd5dc&scheme=1

