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Iézmirgizion Three lateralised ERP components relative to the side of the lateral coloured circle were examined: a posterior
ERP contralateral positivity (Ppc) prior to N2pc, the N2pc, reflecting the deployment of visual spatial attention, and
N2pc a temporal and contralateral positivity (Ptc) following N2pc. Red or blue stimuli, as compared to green or yellow,
Ppc had an earlier N2pc. Both the Ppc and Ptc had higher amplitudes to red stimuli, suggesting particular selectivity
Ptc for red. The results suggest that attention may be deployed to red and blue more quickly than to other colours and

Multiframe presentation suggests special caution when designing ERP experiments involving stimuli in different colours, even when all

colours are equiluminant.
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1. Introduction

Colour is an effective cue for attentional selection and as such is often
used in experiments probing attentional mechanisms (Bacon and Egeth,
1994; Clark, 1969; Jolicoeur et al., 2008; Posner, 1980; Von Wright,
1972; Woodman and Luck, 2003). Attentional selection enables us to
concentrate our limited attentional resources on a subset of the visual
information reaching the visual cortex. Selection is required to avoid
the loss of relevant information at later stages of processing because
higher-level visual areas can only process and/or store a finite number
of relevant objects (Cowan, 2000; Dell'Acqua et al., 2012). Visual spatial
attention mechanisms are believed to process visual items serially
(whether individually or in small groups) at some point in the visual
processing stream in order to be identified in more detail and to control
further processing (Sperling, 1960; Treisman and Gelade, 1980).

1.1. Colors and visual spatial attention

Usually, colours are used as a discriminative tool for segregating
visual targets from distracters. This section provides a brief overview
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of the results of a few key studies in which chromaticity was shown to
have an experimental effect in attentional tasks. Additional discussion
can be found in a number of more detailed studies (for which we sug-
gest key studies e.g. Carter, 1982; Treisman and Gelade, 1980; Wolfe,
1994).

Two recent papers evaluate the contributions of colour to visual spa-
tial attention (see also Ansorge and Becker, 2013; Lennert et al., 2011,
for additional evidence). The first study addresses the contribution of
colour to motion processing in automatic target selection (Tchernikov
and Fallah, 2010). The authors measured smooth pursuit eye move-
ments that occur spontaneously immediately following a saccade to a
circular region containing dots moving coherently either left or right.
The dots were red, green, blue, or yellow (with luminance equated
across colours). In two experiments, pursuit movements were initiated
earlier for red dots. In Experiment 1, this was evaluated with one colour
at a time. The participant's task was to move their eyes in the general
direction of the colored stimulus after the disappearance of a white fix-
ation cross. In Experiment 2, different colours were put in opposition
and red tended to win over other colours (if two sets of dots moved in
the region in different directions, the spontaneous pursuit movements
were in the same direction as the moving red dots). Overall, a hierarchy
of colours was found, from red (strongest), to green, to yellow, to blue
(weakest).

A second paper also evaluated reaction times (RTs) to targets of
different desaturated colours (Lindsey et al, 2010). In this study,
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desaturated colour targets (pink, green, blue, and orange) were placed
in a visual display among white and saturated distracters. Participants
had to indicate the presence or absence of a target on every trial. To
minimise the magnitude of difference in colour appearance, the authors
chose desaturated targets (30 cd/m?) that laid at the midpoint of a line
segment between saturated distracter (12 cd/m?), and white distracter
(60 cd/m?) in Cie L+ab colour space. Those colours were furthermore
tested through two auxiliary experiments, the first involving direct het-
erochromatic matching, and the second based on Maximum Likelihood
Difference Scaling. The authors found faster RTs for desaturated red than
desaturated orange and green, and slower RTs for desaturated blue
(red < orange < green < blue).

What can be retained from these studies is that there seems to be an
attentional bias for some colours over others, favouring their selection
by attention and hastening our response when they are target. So far,
mostly RTs have been reported, but RTs effects are often coupled to ob-
servable electrophysiological effects (Brisson et al., 2007; Mazza et al.,
2009a). Here we used event-related potentials (ERPs) as a way to mon-
itor, millisecond-to-millisecond, the deployment of attention to colored
targets. Our goal was to determine if, like visual search or spontaneous
capture of smooth pursuit eye movements, the mechanisms that
guide and engage attention reflected by the N2pc component of the
ERP would show systematic variations as a function of stimulus colour.
We chose colours (red, green, blue, yellow) that are frequently used in
visual search task (with and without electrophysiology) involving
colour. Our main interest was in the lateralised electrophysiological
components known for their link to visual attention, namely the
N2pc. However, we were also interested in two other lateralised com-
ponents, one just before the N2pc, the Ppc (positivity posterior contra-
lateral), and the other just after the N2pc, the Ptc (positivity temporal
contralateral).

1.2. The N2pc

The N2pc is a lateralised ERP component that can be calculated by
subtracting the electrical potentials measured at electrodes sites ipsilat-
eral to a lateral attended object from the electrical potentials measured
at electrode sites contralateral to that object. The N2pc is observed over
the posterior scalp, with peak amplitude typically observed at or near
electrodes PO7/P08. As the name suggests, the latency of the N2pc is
in the N2 time range, which is 180-280 ms following the onset of an
attended stimulus (Brisson and Jolicoeur, 2007; Luck and Hillyard,
1994; Robitaille and Jolicoeur, 2006). Luck and Hillyard (1994) argued
that the N2pc reflects spatial filtering of distracters, whereas Eimer
(1996) and, more recently, Mazza et al. (2009a, 2009b) argued that
the N2pc reflects target enhancement.

It is no surprise that, much like in behavioural attentional studies,
colour is often used in ERP experiments involving the N2pc (Eimer,
1996; Hickey et al., 2009). Studies usually report conditions in which
the target and distracter are equiluminant to equate bottom-up effec-
tive intensity. Then, after making sure that an equal number of partici-
pants/trials are performed with each colour, different colour trials are
averaged together. Typically, the direct effect of colours on the N2pc is
not discussed, with possible differences assumed to have been equated
across conditions. This approach is technically sound when there are no
colour-specific interactions, but has downplayed what appear to be
quite substantial effects that are interesting in their own right. When
experimenters do study the effect of colours on the N2pc, it is often
with search questions unrelated to chromaticity (e.g., effect of language
on detection/disparity between target and distracter). This results in a
near absence of reports of N2pc latency or amplitude effects between
colours (Liu et al., 2009; Regier and Kay, 2009).

One pertinent paper regarding our research question evaluated the
role of physical disparity between target and distracter items (Zhao
et al,, 2011). In their study, the authors modulated the physical differ-
ence (through colour in one condition) between target and distracters

while observing the effect on the N2pc. They compared conditions in
which the disparity from the distracter was high (distracter light blue,
target dark blue) and a condition in which it was low (distracter medi-
um blue, target dark blue), by manipulating the RGB values of the col-
ours while maintaining them equiluminant. Participants were asked to
find the stimulus (a cross) that differed in colour and to decide whether
the top or the lower segment of the vertical bar of the target was longer.
A main effect of colour disparity was found, with the mean amplitude of
the N2pc in the high colour disparity condition being larger (more neg-
ative) than the low-disparity condition. A marginal effect of latency was
also found, with the N2pc related to low disparity being later than the
high-disparity N2pc. Both ERP results dovetailed with the behavioural
data in which the high disparity condition had faster RTs than the low
disparity condition.

1.3. The Ppc

Rarely discussed, the posterior contralateral positivity (Ppc) is a
lateralised component earlier than the N2pc, roughly from 150 to
200 ms post stimulus. In a study by Corriveau et al. (2012), neither
the mean amplitude of the Ppc nor its latency depended on the lateral
item status as target or distracter. This early-lateralised response
appeared to reflect an attention driven spatial “attend-to-me” signal
that arises in the waveforms of an unbalanced visual display containing
a salient stimulus only on one side.

14. The Ptc

The Ptc is a positive component that can be observed over the contra-
lateral hemisphere of the attended item. The Ptc was observed between
290 and 340 ms post stimulus in previous experiments. The label
“temporal” follows the suggestion of Hilimire et al. (2009). Hilimire
et al. (2009) suggested the Ptc might reflect local attentional competi-
tion resulting from the spatial proximity between a target and a salient
distracter. The amplitude of the component generally becomes larger
(more positive) as the physical separation between the target and a
salient distracter decreases (Hilimire et al., 2009). This modulation of
Ptc amplitude could reflect distracter inhibition after initial attentional
deployment (the N2pc), in order to isolate a target once it has been
identified (Hilimire et al., 2011). Their component did not vary with
target-distracter saliency difference (manipulated through colour satu-
ration of the target or the salient distracter) (Hilimire et al., 2010).

From previous ERP and behavioural experiments, we expected to
see a difference in the N2pc amplitude and latency for colours that
allow a better attentional deployment, possibly resulting in a colour hi-
erarchy (Tchernikov and Fallah, 2010; Zhao et al., 2011). More precisely,
we anticipated a shorter N2pc latency to red targets, based on the
Tchernikov and Fallah (2010) results. However, Lindsey et al. (2010)
only found an advantage for desaturated reds, and so the typical red
stimuli used in most attention selection experiments may not be subject
to the special effect for desaturated red. Predictions for other colours are
even more difficult to make, given paucity of results and inconsistent re-
sults across studies.

Very few experiments explored the role or even the existence of the
Ppc and Ptc. Previous experiments dealing with the Ppc component
indicate that it reflects the representation of an unbalanced visual dis-
play (Corriveau et al., 2012). Since colour attentional bias should create
an unbalanced display, we would expect for the present experiment a
more positive Ppc for colours with a stronger attentional response,
namely the red target compared to other targets. The Ptc reportedly
representing inhibitory processing of close distracters could amplify in
amplitude for colours with increased salience like red, since more inhi-
bition should be required for more salient targets (Hilimire et al., 2010).

In most of our recent work we equated the luminance of colours
using a specialised instrument (Minolta CS100 chromameter). We won-
dered, however, if individual differences luminance responses could
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produce small but systematic luminance differences that would bias at-
tention to one or another of the colours. In order to minimise possible
individual differences, we used a psychophysical luminance calibration
procedure to equate luminance of the colours for each individual.

Furthermore, in order to determine if some colours were more or
less discriminable from the background grey distracter stimuli used in
all displays, we conducted two control experiments. These control ex-
periments consisted in visual discrimination tasks that should not
yield significant differences between colours if all colours are equally
discriminable from the distracters. Given the colour singletons to
which attention was to be deployed were presented only with other
grey stimuli, and the colour differences across colour stimuli and grey
were large, one would expect to find a pop-out pattern of rapid and ef-
fortless search.

1.5. Experiment 1

The purpose of Experiment 1 was to determine if different colours
would elicit different lateralised ERPs, and most particularly different
N2pc waves, under conditions in which each colour was presented on
a neutral background of grey distracters. These are conditions that
should minimise differences across colours, because colours were
never in direct competition for selection with each other. They just
had to be found among the neutral grey distracters. This is illustrated
in Fig. 1.

2. Method
2.1. Participants

Sixteen paid volunteers participated in Experiment 1. Three partici-
pants were rejected, two because of HEOG activity exceeding 25 IV on a
200 ms interval on more than 50% of trials, suggesting an eye movement
towards the lateral target (see below) and one for an accuracy that was
at or near chance (25%) in more than one condition. The remaining ERP

How many targets
(0,1, 2,0r3)

4600:1: 100 ms

<200 ms

Fig. 1. lllustration of the ERP task, the Multiframe Presentation. The arrow represents the
passage of time. The first visual frame, not visible here, displayed a fixation cross for
500 ms. [llustrated is a trial with vertical as a target orientation. Six frames were presented
for 200 ms with an inter-stimulus interval of 600 4= 100 ms. At the end of each presenta-
tion, participants had to indicate whether 0, 1, 2 or 3 targets were presented within the
MFP. White labels with the letters R, G, B, Y were added for better comprehension of the
black and white version of the article. They respectively represent red, green, blue and yel-
low stimuli. These labels were not present in the actual experiment.

participants (9 males and 4 females) had a mean age of 23.2 years
(S.E. = 2.8, range 19-29). All 13 participants were neurologically nor-
mal undergraduates at the Université de Montréal and had normal
colour vision, and either normal or corrected-to-normal visual acuity.

2.2. Luminance calibration methodology

2.2.1. Stimuli

Stimuli for the calibration experiment consisted in two types of
frames, each displaying simultaneously 10 numbered disks, as illustrat-
ed in Fig. 2. The disks could be red, green, blue or yellow, depending of
the trial block. Each disk of Fig. 2A showed different shades of the same
colour, while all disks of Fig. 2B were displayed with the same reference
grey. Each disk had a diameter of 1.25° of visual angle and was placed 3°
from a central fixation point, thus forming a circle of disks. Participants
individually set luminance values through a variant of the heterochro-
matic flicker photometry technique, described next.

2.2.2. Procedure

In order to control for subtle individual differences in colour percep-
tion, we used a variant of the heterochromatic flicker photometry tech-
nique (Bone and Landrum, 2004; Walsh, 1953). The heterochromatic
flicker photometry technique uses the alternation of two colored stimuli

A

Fig. 2. Illustration of the calibration task. Two altering frames containing ten numbered cir-
cles were presented at a 15 Hz frequency. Each circle of the colored frame (frame A)
displayed a slightly different luminance value, while the grey circle frame (frame B) had
constant luminance value in each frame. Participants had to choose which circle showed
the least flickering through a numeric keypad. Colored frames could display red, green,
blue or yellow circles, depending on the color being calibrated.
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at the same spatial position (we alternately presented the numbered
disk presented on Fig. 2A and B). Participants had to minimise their
perception of flicker through luminance adjustment of one of the two
colours while colours alternated. The rate (or frequency) of the alterna-
tion needs to be high enough in order to obtain a flicker but not so high
that colour fuse (we used a frequency of 15 Hz). Equal luminance be-
tween colours is obtained when the perception of flicker is minimised.

We modified the usual heterochromatic flicker photometry tech-
nique in two ways (see Fig. 2). First, we only presented disks containing
flickering colours to the periphery of the visual field. That allowed the
presentation of stimuli at the same eccentricity as in the ERP and control
experiments. Participants were instructed to pay attention to the disks
while looking at a central fixation point. Only after doing this could par-
ticipants directly look at the disks to make a final decision. The second
modification from the original technique was in the luminance value
of each circle. In our modified technique, each disk presented in periph-
ery had a slightly different luminance (see Fig. 2A), while only a single
colour is presented in the usual technique. Depending on the colour
of the circle (red, green, blue, or yellow), a different RGB value was
displayed within each disk. From a random disk position, a precise
value was added in a clockwise manner four times, and from the same
random disk, the same value was subtracted five times in an anticlock-
wise manner. If disks were all red, then a different value of red was pres-
ent in every disk while the green and blue component values stayed the
same. The same applied for the green and the blue colours, while for the
yellow, both red and green component values were modified with a
common value and the blue component stayed constant.

The task of the participant was to choose which of the 10 numbered
disks showed the least flicker. Participant's answer was recorded
through the numeric keypad of a standard keyboard, key 1 correspond-
ing to disk 1 and key O to disk 10. After each response, the RGB differ-
ences between circles were adjusted to represent a smaller range of
RGB colours starting with stimulus chosen on the previous response,
until only small (single-step) difference remained between each disks.
By doing so, we selected the RGB values providing the least individual
luminance difference perception for each colour. Each one of the four
colours was calibrated 3 times through 4 forced choice flickering frames.
The mean of each RGB component for the 3 calibrations was used as the
calibrated colour.

2.2.3. Experiment 1 task

2.2.3.1. Stimuli. The visual display of a frame was very similar to the
frames used in the calibration procedure, as illustrated in Fig. 1. Ten cir-
cles were displayed, at the same distance from a fixation point as the
calibration procedure. The only difference from the calibration frames
was the existence of three types of stimuli: distracters, targets, and de-
coys. Distracters consisted of circles formed with a thin grey line, and
containing a grey oriented line on a black background. Oriented lines
could either be horizontal, vertical, or at +45° from vertical. Targets
and decoys were also circles containing an oriented line, but instead of
being grey, they were displayed in colour. All colours including the
grey were obtained from the calibration procedure and were therefore
equiluminant.

2.2.3.2. Procedure. In the search task that followed the calibration proce-
dure, targets were defined as any colored circle containing either a ver-
tical line (half of the participants) or a horizontal line (the other half).
Every visual search display contained a colored circle (a colour singleton
among grey distracters) containing a line that was either in the target or
non-target orientation (one of the other three orientations). Each of the
grey distracter circles also contained a line in one of the four possible
orientations, chosen at random independently for each display.
Participants initiated every trial by pressing the spacebar. A fixation
cross was displayed for 500 ms before the beginning of the trial. Six
search displays, henceforth called frames, were then presented, one

after the other. Each frame was visible for 200 ms followed by a fixation
cross for 600 4+ 100 ms. Participants had to count the number of targets
(from 0 to 3) in the sequence of six frames and report the count by but-
ton press at the end of the sequence. The letters ‘v’, ‘b, ‘n’ or ‘m’ were
used to respond 0, 1, 2, or 3 targets, using the middle and index fingers
of the left hand (0, 1) or the right hand (2, 3). Participants had 4 s to
enter their overt response after each set of 6 frames in a method we
call the multiframe procedure (MFP). Feedback was displayed for
500 ms. The experiment consisted of 5 blocks of 80 trials for a total of
400 trials. Each trial consisted in six visual search frames, yielding
2400 attentional episodes.

2.2.3.3. Electrophysiological recording. A BioSemi ActiveTwo system
(BioSemi Inc., Amsterdam, The Netherlands) was used for the recording
of the EEG signal with 64 active Ag/AgCl electrodes mounted on an elas-
tic cap and rereferenced to the algebraic mean of right and left mastoid
signals. Electrodes were placed on the participant's scalp according to
the international 10/10 system (Chatrian, 1985; Chatrian et al., 1988).
Two electrooculograms were calculated to identify lateral eye move-
ments and blinks through the comparison of pairs of electrodes. The
horizontal electrooculogram (HEOG), calculated as the difference be-
tween the left and right external canthi electrodes, was used to detect
horizontal eye movements. The vertical electrooculogram (VEOG) was
calculated as the difference between electrode Fp1 and another elec-
trode placed below the left eye and used to detect blinks.

The EEG was recorded at a sampling rate of 512 Hz, with an
antialiasing lowpass filter of 134 Hz was applied during the recordings.
An offline bandpass filter 0.05-30 Hz was also applied on the EEG sig-
nal. For one participant, that filter was replaced by an offline bandpass
filter of 0.05-20 Hz to reduce the signal contamination by alpha activity.

Trials with an HEOG difference larger than 25 pV on a 200 ms inter-
val suggested lateral eye movements and were rejected. Trials with a
variation of VEOG larger than 50 pV over a 200 ms interval were flagged
as blinks and were removed. All trials with artifactual data, identified as
a variation of more than 100 pV for any electrode, were also removed.

We averaged HEOG for left-target and right-target trials from 200 to
700 ms post stimuli presentation and used only the data of participants
with residual EOG activity less than less than 3.5 mV, 3 nV being slightly
too restrictive for two participant in two different conditions. Mean
HEOG exceeding 3 1V reached that amplitude after 350 ms, and there-
fore could not affect our N2pc measures, which peaked between 250
and 300 ms (see Fig. 3A and B). Concerning VEOG, participants with
an average difference exceeding 6 uV were also excluded. Overall, as
mentioned previously, no participants were excluded for vertical eye
movement and 2 were excluded for horizontal eye movement.

2.2.4. Experiment 1 results

2.24.1. Calibration task results. The heterochromatic flicker photometry
technique allows the selection of stimuli colours that are all equal in lu-
minance (Walsh, 1953). Despite Walsh's previous results regarding lu-
minance, we measured the luminance for the stimuli of Experiment 1,
using a Minolta meter, and then tested for significant differences across
the 4 luminance means, using a one-way ANOVA. No significant differ-
ences were observed (F (3, 36) = 1,31, p > .28). All colours are there-
fore equiluminant.

2.24.2. Main experiment

2.2.4.2.1. Behavioral results. In our multiple frame procedure (MFP),
participants were required to report a target count after each set of six
frames. Participants had an average success rate of 90.67 + 0.07%,
with a range of 75% to 99%. No differences were found depending on tar-
get orientation (horizontal, n = 6, or vertical, n = 7, t(11) = 0.21,
p > .80).
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Fig. 3. A. Grand average of event-related lateralization waveforms (contralateral minus ipsilateral) at PO7/PO8 time-locked to the onset of the coloured item presentation. Red refers to the
presentation of a red lateralised item, and so forth for green, blue and yellow. Labels R, G, B, Y respectively represent red, green, blue and yellow stimuli. Tick marks on the time axis rep-
resent 100 ms increments. 3B. Grand average of HEOG: target to the right: doted, target to the left: continuous, for each color, calculated as the difference between the left and right ex-
ternal canthi electrodes. Negative deflection reflects eye movement towards target.

3. ERP results 3.1. Multiple frame procedure

All subsequent analyses were made on electrodes PO7 and POS. In order to confirm the stability of attentional deployment across
Time windows are presented in Tables 2 and 3. different frame positions in the sequence of frames, we assessed the
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Fig. 4. Grand average of event-related lateralization waveforms (contralateral minus ipsilateral) at PO7/PO8 time-locked to the onset of the coloured item presentation in each frame. Tick

marks on the time axis represent 100 ms increments.

presence of the N2pc on each MFP frame (1 to 6). The event-related
lateralisations (ERLs) for each frame position are shown in Fig. 4, ampli-
tudes in Table 1. A repeated measure ANOVA with Frame Position as
main factor revealed no significant differences between amplitudes,
F(5, 60) = 1,14, p > .35. In fact, t-tests revealed a negativity between
245 and 285 ms significantly different from 0 in all six frames (Frame
1: t(12) = —3.15, p < .01; Frame 2: t(12) = —3.76, p < .005; Frame
3:t(12) = —4.10, p < .005; Frame 4: t(12) = —3.94, p < .005; Frame
5:t(12) = —4.35, p <.005; Frame 6: t(12) = —2.76, p < .05).

3.2. Targets and decoys

We assumed that attention would be first deployed to the colored
singleton circle, and that subsequently, the orientation of the line in
that circle would be evaluated to determine if the display contained a
target or a decoy. To know whether or not the electrophysiological activ-
ity arising from target and decoys are comparable (and therefore can be
averaged together for further analyses), components were compared on
their amplitude. In order to evaluate this, two time windows were cho-
sen independently for both targets and decoys in order to best fit the
individual conditions components (see Fig. 5). Paired-sample t-tests
comparing the target and decoy mean amplitude across their respective
Ppc, N2pc, and Ptc (the time range of each component is indicated in
Table 2) found no significant differences; Ppc: t(12) = 1.22, p > .24;
N2pc: t(12) = 1.62,p > .13; Ptc: t(12) = —1.18, p > .25. The same re-
sults were also obtained when a common window was chosen for both
the target and decoy conditions of the N2pc and Ppc (Ppc: t(12) = 1.31,
p > .21; N2pc: t(12) = —2.04, p > .06) confirming that for the purpose
of this experiment both conditions were equivalent.! For subsequent
analyses, these two different types of trials were merged together and
are called targets from the point of view of attentional deployment.

! We intended here to openly expose the verification that both waveforms were actual-
ly identical. We chose both a common window and a maximum difference window (to
maximize a difference between conditions), in order to demonstrate that even without
presuming a common window for the ERP components we still failed to get a significant
difference between target and decoys. Since both items reflected the same activity, trials
where attentional deployment was to a target or to a decoy were averaged together in
subsequent analysis.

3.3. Electrophysiology—N2pc

Fig. 3A presents grand-averaged event-related lateralisations (ERLs)
obtained by subtracting the ispilateral ERP waveform from the contra-
lateral ERP waveform for each singleton colour. These averages were
time-locked to the onset of the visual search display presentation and
included a 200-ms pre-stimulus baseline and extended 700 ms after
onset.

Analyses of mean amplitudes were performed on the average volt-
age in a window starting 20 ms before and extending to 20 ms after
the grand average waveform peak for each conditions of the N2pc.
The time window boundaries can be found in Table 3 and the mean am-
plitudes, in Table 4. A repeated measure ANOVA for the Colour factor
(red, green, blue, or yellow) showed no amplitude main effect, F(3,
36) = 1.23, p > .31. All N2pc components had an amplitude signifi-
cantly different from zero (one-sample t-tests versus 0, red: t (12) =
—4.10, p <.005; green: t (12) = —4.48, p <.005; blue: t (12) =
—3.88, p <.005; yellow: t (12) = —3.69, p <.005).2

We examined the latency of the onset of lateralised activity across
colour conditions. These analyses used repeated-measures ANOVAs
combined with the jackknife method (Kiesel et al., 2008; Miller et al.,
1998). The use of the repeated measure ANOVA with the jackknife re-
quired some corrections to the F value. These corrections compensated
for the artificial deflation of the error variance associated with sets of
jackknife waveforms (F’ = F/(n—1)?) (Ulrich and Miller, 2001). Latency
was estimated as the time at which the waveform first reached ampli-
tude of —0.75 microvolt. The N2pc showed significant latencies differ-
ences depending on the colour of the singleton, as shown in Fig. 3A, F/
(3,36) = 11.57, p < .0001.2 Tukey's post-hoc test revealed that condi-
tions in which a potential target was red or blue had an earlier N2pc
compared to conditions in which the potential target was green or yel-
low; while the red and blue N2pc did not differ in latency (R < GY;
B < GY;R ~ B;G ~ Y). The estimated mean latency for each singleton

2 That result was explored further because of the apparent amplitude differences visible
by eye in Fig. 3A. A subsequent paired t-test evaluated the presence of a difference be-
tween the red-blue average and green-yellow average, but still revealed no significant
difference, t (12) = —1.65,p > .12.

3 The different filter between one participant and the rest did not introduce any side ef-
fect. When using the same filter parameters for all participants, the more susceptible result
to change (the jackknife) showed similar results F' (3,36) = 10.31, p < .0001). The Tukey
test also showed the same color hierarchy.
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Table 1
Mean amplitude and standard deviation of the N2pc in
microvolt (uV) for each frame position.

N2pc (s.d.)
Frame 1 —.98 (1.12)
Frame 2 —1.21 (1.16)
Frame 3 —1.21 (1.07)
Frame 4 —1.21 (1.10)
Frame 5 —1.23(1.02)
Frame 6 —.81(1.05)

colour can be found in Table 5. Tukey's post-hoc test also required some
correction (H'=H*(n—1)) for jackknife measurements (Ulrich and
Miller, 2001).

Condition specific voltage maps shown in Fig. 6 were produced to
examine the scalp distribution of lateralised activity for the N2pc in
each colour conditions. The distributions were quite similar, overall,
all showing a typical N2pc-like peak near PO7-POS8, as expected from
previous research (e.g., Jolicoeur et al., 2008)

3.4. Electrophysiology—Ppc

We also performed analyses on the mean amplitude of the Ppc de-
pending on the colour of the singleton for windows shown in Table 3.
The waveforms are in Fig. 3A and mean amplitudes are in Table 4.
These results were submitted to a repeated measure ANOVA with sin-
gleton colour as a within-subjects factor. The mean amplitudes were
different, F(3,36) = 6.08, p <.005), and Tukey's post hoc tests showed
significant differences with the Ppc for red more positive than for blue
or green, and the red-yellow difference missing significance.

The red and yellow Ppc waves were confirmed to be present by
t-tests against zero, while the two others were not (red: t(12) = 3.94,
p <.005; green: t(12) = 1.13,p > .55; blue: t(12) = 1.42,p > .15; yel-
low: t(12) = 2.52, p < .05). In Fig. 7 we show the voltage distribution
map of the Ppc for red and yellow singletons. The distribution is poste-
rior and resembles a polarity-inverted N2pc, although somewhat more
inferior and lateral than N2pc. Although the red and yellow Ppcs did not
significantly differ at PO7-PO8, our activation maps suggest a more
positive red Ppc due to the similar larger amplitude trend found on
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Table 2
Time windows for targets and potential targets (color singleton containing a non-target
line orientation) for the N2pc, Ppc, and Ptc components, in milliseconds, post stimulus.

N2pc Ppc Ptc
Potential target 240-280 130-170 335-375
Real target 235-275 145-185 335-375
Table 3

Time windows for N2pc, Ppc, and Ptc in milliseconds, post stimulus, for each singleton
color.

N2pc Ppc Ptc
Red 215-255 130-170 330-370
Green 260-300 160-200 340-380
Blue 240-280 130-170 335-375
Yellow 260-300 160-200 340-380

the surrounding electrodes. That hypothesis was confirmed through a
paired sample t-test comparing the red and yellow Ppcs from a pooling
of electrodes PO3-PO7 and electrodes PO4-PO8 (t(12) = 3.87,
p <.005).

For the subsequent analyses, we measured the Ppc latency at a
threshold set at 50% of the average waveform maximum amplitude
between 120 and 200 ms. We found the colour factor to be significant
(F' (3, 36) = 5.89, p <.005). Tukey's post-hoc tests revealed that the
blue Ppc reached its 50% threshold significantly before the green and
yellow Ppcs, but not before the red Ppc (B~R; B<GY; R~G~Y;
Mean R: 130.1 ms; G: 149.2 ms; B: 112.4 ms; Y: 158.6 ms). In order to
verify the presence of a pattern similar to the N2pc, we grouped together
the red and blue (RB) as well as the green and yellow (GY) Ppc waves.
Comparing these two averaged components, we observed that RB
reached its 50% threshold significantly earlier than the GY component
(F (1,12) = 15,56, p < .005); (Mean RB: 121.2 ms; GY: 153.8 ms).

3.5. Electrophysiology—Ptc

The Ptc component can be seen in the waveforms in Fig. 3A as a
greater positivity contralateral to the colour singleton, mainly for red

Fig. 5. Grand average of event-related lateralization waveforms (contralateral minus ipsilateral) at PO7/PO8 time-locked to the onset of the coloured item (dotted lines refer to lateralised
targets, continuous lines refer to lateralised decoys). Tick marks on the time axis represent 100 ms increments.
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Table 4
Mean amplitude (uV) and standard deviation for the N2pc Ppc, and Ptc, for each singleton
color.

N2pc Ppc Ptc
Red —1.50 (1.32) 0.88 (.80) 0.98 (.89)
Green —1.17 (94) 0.16 (.52) —0.10 (.85)
Blue —1.60 (1.49) 0.24 (.63) 0.18 (1.14)
Yellow —1.13 (1.10) 0.49 (.71) —0.04 (1.15)

singletons. The mean amplitude of the Ptc for each participant and con-
dition in a window of 20 ms around peak amplitude for the component
(see Table 3 for time ranges) were submitted to a repeated measure
ANOVA with Colour as a within-subjects factor that revealed a signifi-
cant main effect, F(3, 36) = 8.64, p <.001. Tukey's post hoc tests
showed significant differences between the red and all other colours,
the red being more positive (see Table 4 for mean voltages). Although
windows of analysis were set to assess the highest visible peak of each
colour Ptc component, only the red Ptc differed from zero (one-sample
t-tests versus 0, red: (t(12) = 3.94, p < .005; green: t(12) = —0.42,
p > .65; blue: t(12) = 0.57, p > .55; yellow: t(12) = —0.13, p > .85).
A voltage distribution map of the red Ptc can be seen in Fig. 8. The volt-
age distribution map of the Ptc is similar to the Ppc in position and

polarity.
3.6. Discussion—Experiment 1

Through ERPs we evaluated how different colours influenced
lateralised event-related potentials (ERLs) that reflect preattentional
and attentional processes, particularly attentional deployment. We de-
signed a visual search task in which a single colored item, a singleton
target or decoy was shown in red, green, blue, or yellow among grey
items (distracters). Singletons and grey distracters all had the same lu-
minance (which was equated psychophysically for each participant).
The experimental design left only attention and colour-specific differ-
ences as probable causes of the observed effects.

There were two main findings in Experiment 1. Firstly, we observed
that red or blue singletons triggered an earlier N2pc compared to green
or yellow singletons (red ~ blue < green ~ yellow). Secondly, signifi-
cantly higher amplitudes for the red Ppc and Ptc suggest a stronger
attentional signal by the red target singleton.

Our first results regarding the N2pc latency confirms and extends
earlier findings (Fortier-Gauthier et al, 2013), in showing that the
N2pc has an earlier onset latency for red than for green singletons,
which we here extended here to show a significantly earlier response
to blue than to yellow. The colour attentional hierarchy we obtained dif-
fers from previous behavioural results (Lindsey et al., 2010; Tchernikov
and Fallah, 2010). Even considering the small differences in methodolo-
gy, the shorter N2pc latency for a blue target singleton differs from pre-
vious results. Interestingly, the grouped Ppc waves show the same
colour hierarchy showed with the N2pc. These results were not as ro-
bust as for the N2pc results probably because of the smaller amplitude
of the Ppc component. However, from these results, we can postulate
a mechanism differentially sensitive to variations in stimulus colour
that responds prior to the onset of the N2pc.

Table 5

Mean latency of the onset of the N2pc in
milliseconds (ms), and standard deviation, for each
singleton color.

N2pc (s.d.)
Red 205 (3.15)
Green 250 (2.48)
Blue 223 (2.76)
Yellow 253 (4.06)
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Fig. 6. Grand average scalp voltage distributions of the N2pc for each color.

A few hypotheses could explain our colour hierarchy. First, it could be
that some colours may be easier to discriminate from grey. That possibil-
ity is evaluated later in Experiments 2a and 2b. Second, regarding solely
the results to blue targets, we could hypothesise that a non equiluminant
blue target could explain its shorter latency. Previous results showed that
the bleaching of S-cones (or “blue” cones) does not affect in a large way
results of tasks such as the heterochromatic flicker photometry results
(Cavanagh et al., 1987). Knowing this, one could propose that our calibra-
tion task, a modified version of the heterochromatic flicker photometry,
did not yield equiluminant colours. That proposal can be discounted for
two reasons. Firstly, resulting luminance values, after adjustment, were
measured with an instrument and the measured values were submitted
to statistical analysis. The observed luminances were not statistically dif-
ferent across colours. Secondly, the results of Cavanagh et al. (1987)
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Fig. 7. Grand average scalp voltage distributions of the Ppc for each color.
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Fig. 8. Grand average scalp voltage distributions of the Ptc for each color.

showed that the contribution of blue cone activity to the luminance chan-
nel is considerably weaker than for the two other cone populations. This
reduces the likelihood that luminance differences across blue singletons
and green or yellow singletons was the main cause of the attentional dif-
ferences across colours, particularly given that the luminances differences
were small, at best (given the results of the flicker photometry and phys-
ical photometry).

Another hypothesis for our colour hierarchy could be derived based
on earlier result on linear separability between colours in colour space
(Bauer et al., 1996). In the present experiment, only two dimensions
in colour space need to be considered because all colours were
equiluminant (luminance being one of the three dimensions). Further-
more, throughout the experiment, only one colour was shown at a
time, so the creation of a single linear separation per trial was sufficient
to perform the task.* Considering the experimental results presented, it
could be surmised that the creation/activation of a two dimensional lin-
ear separation is faster for the colours that trigger faster attentional de-
ployment (red and blue) than for the other colours (green and yellow).
That possibility is further investigated in Experiments 2a and 2b.

A third hypothesis for our colour hierarchy would be that red is fur-
thest, and blue farther from grey, in an appropriate colour space, than
yellow or green. This would mean that yellow or green would be less
discriminable from grey than red or blue (Bauer et al., 1996, see page
1453 & 1464). Previous research showed that, as the distance between
target and distracters expands in a colour space, the cost in RTs of
adding more distracters in a visual search task becomes increasingly
small. Fig. 9 shows a 2 dimensional representation of the mean of
the colours obtained from the calibration task in the Cie L«ab colour
space (the figure is two dimensional because of equiluminance). This
colour space was designed so as to optimise the relationship between
distance in the space and differences in discriminability among nearby
colours. That figure shows differences in the distance of the different
colours and grey, which might provide a basis to explain our results.
For example, the advantage for red over other colours could be ex-
plained because red is further from grey than the other colours. One
problem for this account, however, is that blue was not further from
grey than green or yellow. Moreover, the threshold for the perception
of different colours in the Cie L:ab space is very low (i.e., is reached
at a short distance, see Nagy et al., 1990; Olds et al., 1999). Considering
the actual colours position in colour space (see Fig. 9) a distance factor
to the grey colour of this magnitude is an unlikely candidate to explain
differences of N2pc latency between colours because a ceiling effect for

4 For that reason, the creation of a linear separation is always possible, as the creation of
a line separating only two different points in space was always possible.

the discrimination of the colours is most likely in place for much closer
(to grey) colours than our particular yellow or green (further explored
in Experiments 2a and 2b).

Our second main result suggests increased salience for red targets, as
red target trials showed higher Ppc and Ptc amplitude. Concerning the
Ppc results, it has been verified that the red target had higher amplitude
than the green and blue targets. This suggests that the imbalance in the
visual display caused by the red target had larger attentional repercus-
sions than for blue or green target colours. The absence of amplitude ef-
fect between the red and yellow Ppc is somewhat puzzling and does not
reflect the effects observed on the N2pc or the Ptc (and is likely due to
noise associated with the measurement of a component with a relative-
ly small amplitude).

Studies interested in exploring the Ptc have not considered colour as
a possible factor up until now (Hilimire et al., 2009, 2010, 2011). Al-
though colour saturation was a factor in a previous study, different col-
ours were not compared (Hilimire et al., 2010). Hillimire et al. suggest
that a more positive Ptc component reflects higher distracter inhibition
in order to isolate a target. That would imply that the distracters sur-
rounding red targets needed more inhibition after initial deployment
in order for the task to be completed successfully, which is unlikely
since the distracters are identical between colour condition and that
red was the most easily separable colour used (based on distance
from grey, Fig. 9). This would in turn suggest that the red triggers both
a faster attentional deployment, but also enhances the distracter inhibi-
tion process. It is not clear that this is the most coherent interpretation
of the results. Another fact that needs to be put forward is that, while
our component has the same approximate latency, and follows the
N2pc, it does not seem as anterior as the one reported by Hilimire
et al. (2010), and thus it could reflect a different underlying process.

Interestingly, these results also contribute to confirm that the Ppc and
Ptc reflect the ERP representation of an unbalanced visual display but that
these mechanisms do not simply reflect an imbalance in luminance.

3.7. Experiments 2a and 2b

Experiments 2a and 2b were behavioural control experiments de-
signed to determine whether the discriminability of stimuli from grey
could account for the results of Experiment 1. In these two experiments,
two items were shown simultaneously in a same/different task, in
which participants had to indicate whether two coloured disks were
the same colour or not. We expected to find no colour effects when
comparing the RTs in the same/different task. Such results would
allow us to reject the possibility that some colours may be easier to dis-
criminate from grey. Experiments 2a and 2b solely differed in the stim-
ulus design (see below).

4. Method
4.1. Participants

Participant for Experiment 2a (8 males and 16 females) had a mean
age of 22.21 years (S.E. = 2.6, range 19-27), and participants Experi-
ment 2b (12 males and 14 females) had a mean age of 22.96 years
(S.E. = 2.6, range 22-28) for a total of 50 control participants.

4.2. Control tasks

4.2.1. Stimuli

The visual display of both tasks differed from the ERP task (see
Fig. 10AB (first task, with circles) and Fig. 10cd (second task, with
disks)). In both control tasks, only two stimuli instead of ten were
displayed. Visual properties of the circles/disks (size, distance from fix-
ation) were the same as disks from the ERP task. The only difference be-
tween the first and second control tasks was the use of disks in the first
and circles in the second. For both tasks, each stimulus could be of five
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Fig. 9. Illustration of the mean results of the calibration task for the ERP task. The colors are represented in the Cie L=ab color space. The x axis corresponds to the a value and the y axis to the
b value. The L value, referring to luminance is not illustrated since all colors are equiluminant. Points are positioned according to coloured markers and not labels.

possible colours: grey or one of the four colours obtained through our
calibration task.

Two visual conditions could be shown. For the same condition, stim-
uli could either be both grey or both coloured (Fig. 10A and C). For the
different condition, one stimulus would be grey while the other was
coloured (Fig. 10B and D). Two different coloured stimuli were not
shown simultaneously, as a similar condition was not present in Ex-
periment 1. Although two conditions were needed for the task, the
condition of greatest interest for the purpose of our inquiry was the

A C

®

Fig. 10. [llustration of the Experiments 2a and 2b. Not shown here, a fixation cross that pre-
ceded every trial for 500 ms. After the fixation cross, participants were shown either a
frame of the same (exp 2a: frame A or C) or different (exp 2b: frame B or D) condition.
Disks and circles stimuli are from in a different task. White labels with the letters R, G, B,
Y were added for better comprehension of the black and white version of the article.
They respectively represent red, green, blue and yellow stimuli. These labels were not
present in the actual experiments.

different condition, which evaluated colour discriminability from grey
distracters, which was also required from participants in Experiment 1.

4.2.2. Procedure

First, a 500 ms fixation cross was shown. Then, two stimuli were
displayed above and under the cross for 200 ms. After that display, par-
ticipants were instructed to simply press “v” if both stimuli were the
same colour and “b” if colours differed. The experiment consisted in
455 trials of which 70 compared a grey stimulus to a different colour,
for a total of 280 colour-to-grey pairings.

4.2.3. Experiments 2a and 2b—behavioural results

The average error rate for Experiment 2a was 3.5% (s.d. = 2.4) while
average error rate for Experiment 2b was 4.3% (s.d. = 3.4). Outliers, de-
fined as trials with RTs two and a half standard error longer or shorter
than the mean, were rejected from all analyses. Experiment 2a had
3.5% outliers and Experiment 2b 3.3%. From the initial 455 trials, an av-
erage of 93.1% (s.d. = 2.5) were kept for Experiment 2a and an average
of 92.5% (s.d. = 3.4) were kept for Experiment 2b once errors and out-
liers were removed.

For each control experiment a repeated measure ANOVA evaluated
the RTs using a 2 levels factor Type (conditions same vs. different) by 4
levels factor Colour (red, green, blue, or yellow) design.

4.2 4. Experiment 2a—Circles

Mean RTs for each condition can be found in Table 6. Analyses did
not reveal any interaction, F(3, 75) = 1.97, p > .15, nor any main effect,
Type: F(1, 25) = 045, p > .51; Colour: F(3,75) = 1.90,p > .16.

4.2.5. Experiment 2b—Disks

We found the Type (same or different) factor main effect to be mar-
ginally significant, F(1, 25) = 3.40, p < .07, and the Colour factor main
effect to be significant, F(3, 75) = 5.42, p < .01, but no significant inter-
action effect was present, F(3, 75) = 1.40, p > .25. We performed

Table 6
Mean response time (ms) and standard deviation for each control tasks, from Experiment 2.

Exp.2a—same  Exp.2b—same  Exp.2a—different Exp. 2b—different
Red 446 (94.6) 477 (135.8) 459 (142.3) 529 (207.2)
Green 498 (189.1) 487 (133.9) 469 (150.4) 524 (172.6)
Blue 473 (118.0) 520 (160.7) 493 (186.8) 561 (213.1)
Yellow 516 (228.7) 515 (159.2) 466 (146.9) 526 (188.9)
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additional repeated measure ANOVAs for the colour factor separately
for each Type (same and the different conditions) in order to establish
if the Colour main effect was present across both conditions. These anal-
yses did not show any significant differences between colours, F(3,
75) = 2.10, p > .13, for the different condition. No significant results
were also obtained with one-tailed paired sample t-test comparing to-
gether a group formed of the averaged red and blue RTs and the aver-
aged green and yellow RTs for the different condition, t(25) = 1.43,
p > .16, which were the colour grouping that were observed in our
ERP Experiment (see Fig. 5 for the ERL waveforms). However, a signifi-
cant effect of colour for the same condition, F(3,75) = 5.96,p < .01, was
found. Tukey's post-hoc tests revealed significantly shorter RTs for the
red disks compared to blue and yellow disks (see Table 6 for mean
RTs by condition).

5. Discussion

Experiment 2 acted as a control task, evaluating participant's capac-
ity to discriminate two coloured circle (Experiment 2a) or disk (Exper-
iment 2b) as same or different. Same condition consisted in two items of
the same colour (either red, green, blue, yellow or grey) shown simulta-
neously and different condition consisted in a grey item and a differently
coloured item, also shown simultaneously. Our results confirm that all
colours have the same discriminability from grey, since no significant
differences were found for the different condition which reproduced,
especially the circle experiment (2a), the colour contrast present in
our experimental task. Furthermore, the equivalent mean RT between
colours in the different condition do not support the hypothesis that a
different discriminability explains the N2pc latency effect in our exper-
imental task. The control experiments did not reveal any RT pattern that
would lead us to believe the red and blue colours had a higher discrim-
inability than other colours during the Experiment 1.

The same condition was added to our control tasks in order to have a
multiple choice task. The main objective of the control tasks was there-
fore to evaluate the eventual RT effect that could be present in the differ-
ent condition. The colour main effect in the same condition is hard to
explain and requires further investigations.

In the following lines, we will emphasise the absence of a colour
effect in the different condition because finding a difference seems closer
to what was required in the ERP search task than deciding that two col-
ours were the same. In order to locate potential targets in the ERP exper-
iment, a colour difference had to be detected and used to guide
attention.

As mentioned earlier in Experiment 1, it could be surmised that the
creation/activation of a two dimensional linear separation is faster for
the colours that trigger faster attentional deployment (red and blue)
than for the other colours (green and yellow). We reject that possibility
on the basis of the results of both control tasks. If separation was easier
for a colour, we would obtain faster RTs for that colour in one of the con-
trol task for the different condition. Given that no significant RT differ-
ences were observed in the different condition, the hypothesis of faster
separations—or any discriminative filter activation/creation—for some
colours versus others needs to be ruled out. These results are also very
informative when considered together with the Ppc results from Exper-
iment 1. Indeed, Experiment 2 shows that that the Ppc amplitude effect
could not be caused by properties that would automatically lead to
shorter reaction times (i.e. luminance or discriminability), as this
would have been reflected in RT differences for the different conditions.

5.1. General discussion

Generally, red targets tended to produce a larger Ppc, an earlier
N2pc, and a larger Ptc—all lateralised ERP components relative to a lat-
eral stimulus—relative to targets in other colours. Blue targets also pro-
duced an earlier N2pc relative to yellow and green. We equated
luminance using a psychophysical procedure in a subject-by-subject

manner to minimise possible luminance differences between colours.
Although the electrophysiological results appear to be robust, our at-
tempts to relate them to a simple discriminability account were some-
what inconclusive. Previous research that found colour hierarchy used
evolutionist theories or cone proportion in the retina to explain the im-
portance of the red (Lindsey et al,, 2010; Tchernikov and Fallah, 2010).
The present results, without refuting past observations, cannot use sim-
ilar hypotheses because of the presence of the early blue N2pc. This like-
ly reflects either a non-controlled variable or some gap in the sparse
research dedicated to colour-specific differences in attention. Despite
this, the present conclusions should be a warning for ERP researchers
that equiluminance is not sufficient for nulling out all colour related-
bias in a visual search display. Similarly, equating distance in a colour
space like the Cie L+ab space may also not provide a complete solution.

Some of the present results may be related to the koniocellular path-
way. Although first described in the late forties, this pathway has been
neglected for a long time in terms of its contribution to visual percep-
tion. New data shows that the koniocellular pathway links S-cones,
and consequently mostly blue-on responses, to multiple visual areas,
including the colour selective blobs in the primary visual cortex of
monkeys (Hendry and Reid, 2000; Komatsu, 1998). These new results
challenge the notion that colour information is essentially carried by
the parvocellular pathway, which contains only a small proportion of
input from S-cones (Chatterjee and Callaway, 2002; Martin et al.,
1997). In that way, our results could be explainable by an early integra-
tion of the blue-on responses in visual areas. As to why this effect would
only show on ERPs and not in behavioural data remains unclear. Despite
this uncertainty, other results have shown a rapid integration of magno-
cellular and koniocellular information in motion perception, which
could suggest such an early integration also occurs in attentional selec-
tion based on colour cues (Morand et al., 2000).

Some apparent discrepancies exist between results from Experi-
ments 1 and 2. In our ERP task, we observed a N2pc delay between dif-
ferent colours, but in Experiment 2, we observe no corresponding
systematic RT difference (particularly in the different colour conditions).
The two tasks used colored circles obtained through the same calibra-
tion procedure and displayed at the same eccentricity from a fixation
cross, so these factors cannot be used to explain the dissimilarities.
What differs between tasks are 1) the number of items; 2) the nature
of the task; 3) the distance between each item; and 4) the specific posi-
tion of the items in the visual displays. About the number of items, one
could be concerned by the transition of strategy or differences in diffi-
culty between tasks. In the present case, because the colours were
very different, a significant difficulty difference due to the number of
items between both tasks is unlikely because all colours were easily dis-
tinguishable from the grey items (Bauer et al., 1996). For the same rea-
son, a change in strategy is unlikely to be related to the number of items
present since in both tasks, colored items likely popped-out from the
grey items, likely reducing disruptive effects of the grey items (Nagy
et al.,, 1990; Olds et al., 1999; Treisman and Gelade, 1980). Regarding
the difference in the nature of the task, Experiments 2a and 2b, implying
simple colour discrimination, was generally easier than Experiment 1,
which required both a colour discrimination and the identification of
line orientation within the selected item. This difference in task difficul-
ty may have resulted in less effort exerted in Experiments 2a and 2b,
which may have attenuated possible discriminability effects across col-
ours. The distance between each target and non-salient items would
tend to make the task RTs slower for closer distracters (Mazza et al.,
2009b). In their study, Mazza et al. (2009b) did not match this RT effect
with neither an amplitude nor a latency effect on the N2pc. This would
tend to disqualify this factor as a possible explanation to our discrepan-
cies. The effect would also need to be colour selective, which was not re-
ported in previous research. Finally, the fact that control items were
presented on the vertical midline instead of lateral in each hemifield
was another difference between the presentation conditions in Experi-
ment 1 and the control conditions in Experiment 2. Although there are
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many electrophysiological and behavioural effects related to visual fields
(upper vs. lower, left vs. right), it is not clear in the present case that such
differences would enhance possible colour discriminability effects in left—
right lateral presentations (Experiment 1) or reduce them in upper-
lower presentations (Experiment 2), although this remains possible.

Although the results from the different conditions of Experiments 2a
and 2b did not reveal a greater ability to discriminate red from grey than
for other colours, results from the same conditions produced shorter RTs
to respond that two colored stimuli where the same when they were
red than for other colours (Table 6). This pattern, particularly evident
in Experiment 2b, could reflect the same advantage of red over other
colours as observed in Experiment 1 if attention is more quickly de-
ployed to a red target. This advantage would be present for both red
stimuli in the same condition than for other colours, even if subsequent
operations (such as colour comparison or response selection) unfolded
at the same rate for all colours). Although red seemed special in some of
the results of Experiment 2, we found no equivalent evidence for blue.
Overall, the results converge in suggesting that red has a special status
in guiding attention in a variety of situations that require attentional de-
ployment to visual stimuli.

6. Conclusion

The colour effects observed on the N2pc, Ppc, and Ptc, along with re-
sults obtained from Experiments 2a and 2b, suggest careful evaluation
of chromatic factors in subsequent studies making use of colored stim-
uli. Equiluminant colours do not have an equivalent effect on attentional
mechanisms, as reflected by amplitude and latency effects observed
across different target colours in the present study. Red stimuli appear
to attract attention more efficiently than stimuli of other colours (partic-
ularly green or yellow), even under pop-out conditions. The present
results reinforce earlier finding and suggest that the red advantage de-
serves further study.
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