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Abstract
Recent behavioral studies have shown that color imagery can benefit visual search when it is congruent with an upcoming target.
In the present study we investigated whether this color imagery benefit was due to the processes underlying attentional guidance,
as indicated by the electrophysiological marker known as the N2pc component. Participants were instructed to imagine a color
prior to each trial of a singleton search task. On some trials, the imagined color was congruent with the target, and on other trials, it
was congruent with the distractors. The analyses revealed that the N2pc was present when color imagery was congruent with the
search target, and absent when it was congruent with the distractors. Further, there was preliminary evidence that attentional
guidance depended on the vividness of color imagery and the frequency at which participants implemented the imagery instruc-
tion. Overall, the results of the present study indicate that color imagery can influence the attentional guidance processes
underlying visual search.
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Introduction

If you were to close your eyes and imagine a color, you may
have a phenomenological experience much like seeing that
color in the real world. One explanation for this phenomeno-
logical experience is that the brain regions necessary for color
perception are activated when a color is represented in the
“mind’s eye.”While this interpretation has long been debated
(Kosslyn, 1996; Pylyshyn, 1973, 2003; Tye, 1991), it has
become increasingly evident that the reason visual imagery
feels like a perceptual experience is because imagery and per-
ception depend on many of the same underlying processes
(Pearson & Kosslyn, 2015).

While there is a long history of studying color imagery as a
phenomenological experience in and of itself, recent studies
have focused on investigating the impact of color imagery on
behavior (Chang, Lewis, & Pearson, 2013; Cochrane &
Milliken, 2019, 2020; Wantz, Borst, Mast, & Lobmaier,

2015). A particularly noteworthy behavior that color imagery
has been demonstrated to affect is that of visual search. While
there is some debate on whether perceptual and semantic cues
have a similar (or any) influence on visual search performance
(Baier & Ansorge, 2019; Kawashima & Matsumoto, 2017;
Müller & Krummenacher, 2006; Theeuwes, Reimann, &
Mortier, 2006; Wolfe, Butcher, Lee, & Hyle, 2003), color im-
agery is consistently demonstrated to have a profound impact on
search (Cochrane, Siddhpuria & Milliken, 2019; Cochrane,
Zhu, and Milliken, 2018; Moriya, 2018) that goes beyond the
influence of semantic and perceptual representations (Cochrane,
Nwabuike, Thomson, & Milliken, 2018; Reinhart,
McClenahan, & Woodman, 2015). In one such example,
Moriya (2018) reported that color imagery led to efficient atten-
tional guidance when it was congruent with a perceptually col-
ored target. Here, they had participants perform a search task
where they indicated the side of a gap in a target square,
while a singleton distractor was presented in the opposite
visual hemifield. Prior to a trial of the search task, partici-
pants were cued to imagine a color that either matched the
target or the distractor, or neither item in the display.
Response times indicated that visual search was most effi-
cient when color imagery matched the target and was least
efficient when it matched the distractor. This led Moriya to
conclude that color imagery impacted the processes respon-
sible for attentional guidance.
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Given the findings of Moriya (2018) and other studies of
this nature, we felt it worthwhile to take this a step further by
investigating whether color imagery also influenced the elec-
trophysiological component known as the N2pc, a well
established marker of attentional guidance (Luck & Hillyard,
1990; for a review, see Luck, 2011). The N2pc is constituted
by negative electrical activity in the posterior brain regions
corresponding to the opposite visual hemifield that attention
has been oriented to. For example, if a target is presented in
the left visual hemifield and a distractor is presented in the
right, negative electrical activity emerges in the posterior brain
regions corresponding to the right visual hemifield (i.e., the
location of the distractor). While there is some debate over the
precise nature of the N2pc, it is widely agreed that this activity
reflects improved attentional guidance to the target (Eimer
1996; Luck, 2011; Luck & Hillyard, 1994b).

Accordingly, the goal of the present study was to evaluate
whether color imagery impacted the processes responsible for
attentional guidance as indicated by the N2pc component.
Participants were instructed to imagine a color prior to a sin-
gleton search task, where the target was defined as the color
singleton amongst homogenously colored distractors.
Following each trial of the search task, participants reported
the vividness of their color imagery on a 3-point scale. If it is
indeed the case that color imagery can impact the processes
responsible for attentional guidance, we should observe an
N2pc when imagery and target colors were congruent – there
should be greater negative electrical activity in the posterior
brain regions corresponding to the target-contralateral than
target-ipsilateral visual hemifield. Further, an N2pc should
not be observed when imagery matched the distractors since
attention should be guided to the distractor locations, and the
distractors were presented in both visual hemifields. In other
words, since the N2pc is constituted as greater negative elec-
trical activity in the target-contralateral than target-ipsilateral
visual hemifield, and the imagery-congruent distractors are
present in both hemifields, we should not observe an N2pc
here. A secondary goal of the present study was to evaluate
whether attention was influenced by the vividness of the color
imagery generated and the frequency at which the imagery
instruction was used, which may offer confirmatory support
to the notion that color imagery indeed influences the atten-
tional guidance system.

Method

Participants

Twenty-two undergraduates at McMaster University (18 fe-
male, Mage = 19.1 years) took part in exchange for course
credit or monetary compensation. All participants reported
having normal or corrected-to-normal visual acuity and

normal color vision. While the imagery-based congruency
effects are quite robust – a power analysis on pilot data re-
vealed that six participants were sufficient to detect an imag-
ery effect (Cohen’s f = 1.80, power = .90, alpha = .05) – we
were unsure of the power level necessary to detect a signifi-
cant N2pc. Accordingly, we made the a priori decision to use a
sample of approximately 20 participants based on the assump-
tion that the N2pc effects would not be as robust as the re-
sponse time effects.

Apparatus and stimuli

Stimuli were presented using PsychoPy v1.82 against a black
background on a CRTmonitor with a 100-Hz refresh rate. The
search array consisted of four colored diamonds that were
positioned in the corners of a 5.6° × 5.6° invisible square that
was positioned at the center of the screen. Each search array
contained one target diamond that was a different color to
three homogenously colored distractor diamonds. Target and
distractor diamonds were presented in red and green. All dia-
monds subtended a horizontal and vertical visual angle of 1.5°
and contained a missing notch on either the top or the bottom
that subtended a visual angle of .33°. The imagery cues (‘R’ or
‘G’) were presented in white and subtended approximate ver-
tical and horizontal visual angles of 1.9°. The central fixation
cross was presented in white and subtended a vertical and
horizontal visual angle of .33°.

Procedure

Participants were seated approximately 60 cm from the mon-
itor in a dimly lit room. Each trial was initiated by pressing the
spacebar. Participants were instructed to reduce any unneces-
sary physical movements and eye blinks during the trial se-
quence, and if needed, to make these movements prior to
initiating the trial. Following a black screen that was presented
for 500 ms, the imagery cue (‘R’ or ‘G’) was then displayed
centrally for 500ms. Participants had to imagine a red or green
square in response to the ‘R’ and ‘G’ imagery cues, respec-
tively. A black screen with the central fixation cross was then
presented for 2,000 ms, during which time participants main-
tained their color imagery. The search display was then pre-
sented and participants had to locate the singleton colored
target diamond and indicate whether the notch was posi-
tioned on the top or the bottom. Participants pressed either
the ‘z’ or ‘m’ key on a standard QWERTY keyboard with
their left or right index finger to indicate the notch location.
The position of the notch varied randomly on a trial-by-trial
basis. The key assigned to the notch location was
counterbalanced across participants. Imagery cues were
randomized on a trial-by-trial basis such that there was a
.75 probability of being congruent with the target and a .25
probability of being incongruent with the target. This
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probability manipulation was implemented to incentivize
participants to use the imagery instruction (see Cochrane,
Nwabuike, et al., 2018a), and it has been reported that such
probability manipulations do not affect the N2pc (Luck &
Hillyard, 1994a). Once participants responded to the search
display, the imagery vividness probe was presented and par-
ticipants were required to rate the vividness of their color
imagery on a 3-point scale, where a keypress response of 1
indicated no imagery, 2 indicated low/moderate vividness,
and 3 indicated high vividness. See Fig. 1 for an example of
a typical congruent trial.

The experiment began with 15 practice trials to ensure that
participants fully understood the instructions prior to the exper-
imental trials. Participants performed only the singleton search
task for the first five trials, and it was emphasized that they
remain fixated on the central fixation cross from the time they
initiated the trial until a response was made. For the next five
trials, participants implemented the imagery instruction and per-
formed the singleton search task without the trial-by-trial imag-
ery vividness probe. Here, it was emphasized that targets will
not necessarily match the imagery generated prior to the search
task. The last five practice trials were identical to the experimen-
tal trials. Participants then performed 300 experimental trials. At
conclusion of the experimental trials, participants provided a
percentage estimate of the frequency at which they implemented
the imagery instruction across the experimental session.

EEG data acquisition and pre-processing

EEG data were recorded using the BioSemi ActiveTwo elec-
trophysiological system (www.biosemi.com) with 128
sintered Ag/AgCl scalp electrodes. An additional four

electrodes recorded eye movements (two below the eyes on
the upper cheeks and two placed laterally from the outer can-
thi). Continuous signals were recorded using an open pass
band from direct current to 150 Hz and digitized at 1,024
Hz. All processing was performed in MATLAB-2018a using
functions from EEGLAB and ERPLAB (Delorme & Makeig,
2004; Lopez-Calderon & Luck, 2014). The signal was re-
referenced to the average voltage across all electrodes. An
infinite impulse response filter (IIR; Butterworth) was used
to filter continuous EEG data with frequencies higher than 0.
1 Hz and ERP data lower than 30Hz. Data were epoched from
100 ms prior to and 600 ms after the search array onset. Eye
blinks and other movement artifacts were removed using in-
dependent component analysis (ICA; see Drisdelle, Aubin, &
Jolicoeur, 2017). As a result of ICA, four participants were
removed from further analysis due to abnormally high electri-
cal activity at a substantial number of electrodes.

Results and discussion

Overall results

Behavioral analyses Correct response times (RTs) less than
200 ms or greater than 2,000 ms were excluded from analysis,
which led to the removal of 9.8% of observations (7.9% in the
congruent and 15.4% in the incongruent color conditions).
Mean correct RTs were computed from the remaining obser-
vations, and these mean RTs and corresponding error rates
were submitted to a paired t-test that treated color congruency
(congruent/incongruent) as a factor. An alpha level of .05 was

Fig. 1 An example of a typical congruent trial
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used to determine statistical significance in all analyses here.
Mean RTs are displayed in the left panel of Fig. 2.

The analysis of RTs revealed a significant effect of color
congruency, t(1,17) = 6.32, p < .001, d = 1.0, reflecting faster
responses for congruent colors (992 ms) than incongruent
colors (1,179 ms).1 The analysis of error rates revealed no
differences between the congruent (5.1%) and incongruent
(4.7%) colors (p = .73). The effect of RTs constitutes the
imagery congruency effect, demonstrating that color imagery
can indeed affect visual search task performance.

N2pc analyses Electrical activity was measured at the lateral
posterior electrodes (i.e., PO7/PO8) contralateral and ipsilat-
eral to the location of the target. The mean electrical activity at
these electrodes within the epoched time was then combined
to compute a grand average. From this grand average, the
N2pc was constituted as the second negative inflection of
the contralateral waveform – that is, the first negative inflec-
tion following the N1 evoked potential. A 100-ms window
was centered on the grand average peak of the N2pc and the
N2pc for each participant was calculated by taking the mean
peak average that fell within this window for the contralateral
and ipsilateral waveforms. These peak amplitudes were then
submitted to a within-subject ANOVA that treated color con-
gruency (congruent/incongruent) and laterality (contralateral/
ipsilateral) as factors. The grand average waveforms are
depicted in the right panel of Fig. 2.

This analysis revealed a significant interaction of color
congruency and laterality, F(1,17) = 5.66, p = .029, η2p =
.25. This interaction was examined further by analyzing the
effect of laterality for each level of color congruency. For con-
gruent colors, a paired t-test revealed that the mean peak am-
plitudes were significantly more negative contralateral than ip-
silateral to the target, constituting the N2pc, t(1,17) = 2.94, p =
.009, d = .24. For incongruent colors, there was no significant
difference between the contralateral and ipsilateral amplitudes
(p = .52). This finding suggests that color imagery influenced
the processes responsible for attentional guidance – that is,
when color imagery matched the color of the target, attention
was efficiently guided to the target location. In contrast, when
color imagery matched the distractors, attention was no longer
efficiently guided to the target location.

Subjective estimates of visual imagery

We conducted further exploratory analyses to evaluate whether
the imagery congruency effect wasmodulated by the subjective
estimates of visual imagery. First, we conducted an analysis
that assessed whether the trial-by-trial vividness ratings affect-
ed the imagery effect and attentional guidance. To do so, “no

imagery” and “low/moderate imagery” vividness ratings were
combined to form the “other” vividness ratings category and
compared to the “high” imagery vividness rating category. The
imagery ratings were collapsed this way in order to ensure a
sufficient number of observations per cell. Even so, five partic-
ipants were removed from analysis due to empty cells (i.e., not
providing both other and high vividness ratings across the con-
gruent and incongruent color conditions). Second, we conduct-
ed analyses to evaluate whether the post-experiment estimates
of the frequency to which participants implemented the imag-
ery instruction affected attentional guidance. To do this, we
performed a split-half analysis that separated the half of partic-
ipants with the lowest reported imagery use estimates from
those with the highest, and compared these groups.

Vividness rating behavioral analyses Mean RTs and corre-
sponding error rates were submitted to a within-subject
ANOVA that treated color congruency (congruent/incongru-
ent) and vividness rating (other/strong) as factors. The analysis
of RTs revealed that there was no interaction of color congru-
ency and vividness rating (p = .90). There was, however, a
significant main effect of color congruency, F(1,12) = 37.1, p
< .001, η2p = .76, reflecting faster responses for the congruent
(1,043 ms) than incongruent (1,223 ms) color condition. There
was also a significant main effect of vividness rating, F(1,12) =
24.2, p < .001, η2p = .67, reflecting faster responses when the
high vividness (1,154 ms) relative to when the other vividness
(1,202 ms) ratings were reported. The left panel of Fig. 3 de-
picts the mean RTs collapsed across the high and other vivid-
ness ratings.

Interestingly, there was a significant interaction of color
congruency and vividness rating in the analysis of error rates,
F(1,12) = 8.06, p < .016, η2p = .42. This interaction was
explored further by conducting additional analyses that eval-
uated the effect of color congruency for the high and other
vividness ratings separately. The analysis of the high vivid-
ness ratings revealed that there was no significant difference in
the error percentages of the congruent (2.8%) and incongruent
(3.8%) color conditions (p = .38). The analysis of the other
vividness ratings revealed a significant effect of color congru-
ency, t(12) = 3.30, p = .007, d = .92, reflecting higher error
percentages for the congruent (9.1%) than incongruent (3.3%)
color conditions. Together the results of the RT and error rate
analyses constitute a speed-accuracy trade-off. That is, there
appeared to be a criterion shift towards responding quickly at
the risk of making errors for the imagery congruent than in-
congruent color conditions when participants generated imag-
ery with relatively low vividness. It may be that imagery with
relatively low vividness hindered responding to the imagery
congruent targets by producing a form of habituation like that
underlying some negative repetition effects (see Cochrane &
Milliken, 2020). Alternative and not mutually exclusive, it is
also possible that participants used vividness ratings to reflect

1 All Cohen’s d values reported in this manuscript were based on an aggregate
measure of performance in each condition for each participant.
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their performance more generally – that is, when participants
made an error in the congruent color condition, this may have
led them to report relatively low imagery vividness. While both
of these possibilities are viable, it is noteworthy that we have
consistently observed larger imagery congruency effects corre-
sponding to high vividness ratings than low vividness ratings in
published and unpublished studies (e.g., Cochrane &Milliken,
2019; Cochrane Nwabuike et al., 2018). Further, this pattern of
results was present when imagery vividness was cued prior to a
visual search task, when these ratings could not be used to
reflect performance (Cochrane, Ng, Khosla, & Milliken,
submitted; see also, Pearson, Rademaker, & Tong, 2011).

Vividness rating N2pc analyses Mean N2pc amplitudes (as
constituted above) were submitted to a within-subject
ANOVA that treated color congruency (congruent/incongru-
ent), laterality (contralateral/ipsilateral), and vividness rating
(other/high) as factors. This analysis revealed a three-way in-
teraction of color congruency, laterality, and vividness rating
that was not significant (p = .09). Given a priori interests, we
felt it worthwhile to conduct additional exploratory analyses
to evaluate whether the N2pc amplitudes differed for the high
and other vividness ratings. For the high vividness ratings,
although the interaction of congruency and laterality was not
significant (p = .10), further analyses demonstrated a

Fig. 3 The left panel depicts the mean response times and error
percentages for the congruent and incongruent color conditions for each
the high and other vividness rating categories. The right panel depicts the
mean N2pc amplitudes, which were computed by subtracting the mean
peak ipsilateral electrical activity from the mean peak contralateral

electrical activity within the designated N2pc time window. Error bars
across both the left and right panels represent the standard error of the
mean corrected for between-subjects variability (Cousineau, 2005;
Morey, 2008)

Fig. 2 The left panel depicts the overall mean response times and error
percentages for the congruent and incongruent color conditions. Error
bars represent the standard error of the mean corrected for between-

subjects variability (Cousineau, 2005; Morey, 2008). The right panel
depicts the mean electrical activity at the PO7/PO8 electrodes ipsilateral
and contralateral to the target location across the epoched time frame
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significant N2pc for congruent colors, t(12) = 2.62, p = .02, d
= .63, and a non-significant pattern of results that trended in
the opposite direction for incongruent colors (p = .46). In other
words, when color imagery was vivid and matched the target,
attention was guided to the target location. When color imag-
ery was vivid and matched the distractors, attention appeared
to be guided to the visual hemifield that was contralateral to
the target most of the time (i.e., the location where two out of
three distractors were presented). This pattern of results was
not observed for the other vividness ratings (p = .30), instead
there was a trend towards an N2pc for the congruent color
condition (p = .11) and a slight trend towards the N2pc for
the incongruent color condition (p = .74). The right panel of
Fig. 3 depicts the N2pc amplitudes across the high and other
vividness ratings.

Estimates of imagery use N2pc analyses Here we explored
whether the amplitude of the N2pc (as constituted above)
was associated with the post-experiment estimates of the fre-
quency at which participants implemented the imagery in-
struction. Participants were split into high and low groups
based on their percentage estimate of imagery use. The mean
estimate of the high group was 82.5% and the low group was
54.4%. Based on these groups, separate mixed-factor
ANOVAs were conducted for the congruent and incongruent
colors that treated laterality (contralateral/ipsilateral) as a
within-subject factor and imagery group (high/low) as a
between-subjects factor. For the congruent colors, the analysis
revealed an interaction of laterality and imagery group that was
not significant (p = .09). Given our a priori interest in whether
the N2pc amplitude was associated with the frequency of im-
agery use, we examined this interaction further by analyzing
the simple main effects of laterality for the high and low imag-
ery groups separately. For the high imagery group, the analysis
revealed a significant N2pc – that is, there was a greater nega-
tive amplitude contralateral than ipsilateral to the target, t(8) =
4.04, p = .004, d = .24. For the low imagery group, the analysis
revealed no effect of laterality (p = .42). The analysis of incon-
gruent colors revealed no significant effects (all F < 1). In other
words, the strength at which color imagery guided attention
was associated with the post-experiment estimates of imagery
instruction use, much like they were with the trial-by-trial viv-
idness ratings. Assuming that the low imagery participants
were as aware of the color imagery cues as the high imagery
participants, this finding suggests that the attentional guidance
effects here were due to color imagery rather than a color ex-
pectancy that was not visual in nature.

General discussion

The purpose of the present study was to evaluate whether
color imagery affected the processes underlying attentional

guidance. There were three key results. First, color imagery
prior to a singleton search task resulted in faster responses
when it was congruent than incongruent with the target,
supporting the notion that color imagery can impact visual
search task performance. Second and most important, congru-
ent color imagery elicited an N2pc, suggesting that color im-
agery impacted the processes underlying attentional guidance.
Further, the N2pc was absent when color imagery was incon-
gruent with the target (i.e., congruent with the distractors),
suggesting that attention was guided to the distractor locations
instead. Third, there was preliminary evidence that subjective
estimates of visual imagery impacted the N2pc – that is, the
N2pc was only present when color imagery vividness was
reported as high, and for participants who reported frequently
implementing the imagery instruction across the experimental
session. Overall, this study demonstrates the novel finding that
color imagery can affect attentional guidance.

A finding of the present study that is worthy of further
discussion is the absence of the N2pc in the color incongruent
condition. The reason we suspect that the N2pc was absent
here was that when participants generated color imagery that
matched the distractor, one of the distractor locations was se-
lected. Importantly, two of the three distractors were located in
the opposite visual hemifield to the target, meaning that the
negative electrical activity typically constituting the N2pc
corresponded to the target-ipsilateral than the target-
contralateral location. It is also likely that on some incongruent
trials attention was guided to the target-ipsilateral distractor
and singleton color target, which was the reason why we ob-
served no overall electrical difference and not an opposite
pattern of results. It is also conceivable that incongruent trials
reflected the summed electrical activity of target and distractor
location selection. That is, participants may have selected the
distractor then the target, producing roughly equivalent con-
tralateral and ipsilateral activity.

The present findings have important implications when
considering another phenomenon known as the Priming of
Pop-out (PoP) effect. The PoP effect constitutes the robust
finding that observers are faster at responding when color
target and distractors are repeated rather than switched across
trials of a color singleton search task (Maljkovic&Nakayama,
1994). While there are competing theories on the precise na-
ture of the PoP effect (for a review, see Kristjánsson &
Campana, 2010), it is typically suggested that the PoP effect
is due to the formation of a memory trace that incorporates
target and distractor representations (although see Cochrane&
Pratt, 2020). When the target and distractor color information
is repeated across trials, search performance is enhanced since
this memory trace is automatically retrieved and it matches
that of the previous search trial. Responding is slowed when
the target and distractor colors are switched since this memory
trace is not informative (or misleading) of the target and
distractor identity information.
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While at a surface level the PoP and the imagery congru-
ency effects are quite different phenomena, it may be the case
that the process responsible for storing these color representa-
tions is one and the same. A study supporting this notion is
that of Eimer, Kiss, and Cheung (2010), which showed larger
N2pc amplitudes when the target and distractor colors are
repeated than switched across trials (see also Feldmann-
Wüstefeld & Schubö, 2016; Kristjánsson, Vuilleumier,
Schwartz, Macaluso, & Driver, 2007; Töllner, Gramann,
Müller, Kiss, & Eimer, 2008). In other words, the representa-
tions underlying the PoP effect and the imagery congruency
effect appear to impact attentional guidance in a similar man-
ner. These similar findings beg the question: are the represen-
tations driving the PoP effect and the imagery congruency
effect one and the same? We suspect that the answer to this
question is “yes.” While it is clear that the representations
underlying the PoP and the imagery congruency effects
emerge in a different manner, we suspect that the representa-
tions guiding each of these phenomena are subserved by the
same memory system. That is, it appears that how an object
comes to be represented in the brain (whether it be due to a
passive memory trace or actively generated with imagery) is
unimportant to attentional guidance; what matters is that iden-
tity information be sufficiently represented in this memory
system (see also, Wolfe, Cave, & Franzel, 1989; Wolfe,
1994). This is to say that the frequently formulated dichotomy
between selection history and top-down-based attentional
guidance may be rather arbitrary – that is, selection history
and top-down-based biases may simply reflect different ways
of impacting a single memory system that influences atten-
tional guidance.

A separate but related issue to that noted above has to do
with the automaticity with which color imagery influences
attentional guidance. While there is no debate that generating
visual imagery (at least in the context of the present experi-
ment) is a willful and deliberate action, it is possible that once
color imagery is sufficiently represented, it automatically
primes the observer, much like perceptual objects do (see
also Soto, Heinke, Humphreys, & Blanco, 2005; Soto,
Humphreys, & Heinke, 2006). To illustrate this point, it is
reasonable to assume that the imagery procedure used here
could aid visual search in two important ways: by clarifying
the target and by heightening the saliency of relevant features.
For example, if you were looking for your friend in a crowd,
knowing what they were wearing may help you find them.
Alternatively, it may be that imagery increases the saliency
of congruent features independent of the specific goals of the
observer – for example, visualizing your friend’s red hat may
automatically direct your attention to all red items in the
crowd. While the present study did not directly evaluate this
issue, a provocative finding was that when queried, the ma-
jority of participants reported that they could not help but
attend to stimuli that matched their color imagery, supporting

the notion that imagery automatically heightens the saliency
of imagery-congruent features in the search array. However,
this finding does not rule out the possibility that imagery may
have also helped clarify the target goal or that these target
clarification processes depend on imagery at all. That is, while
imagery appears to have an impact on performance above and
beyond semantic and verbal color representations (Cochrane
& Milliken, 2019, 2020; Cochrane, Nwabuike et al., 2018), it
is possible that semantic representations (via the imagery cue)
may have contributed to the search-performance benefit ob-
served in the present study.

A parallel issue concerns the integration of imagery into the
perceptual environment. Chang, Lewis, and Pearson (2013)
explored this issue using a binocular rivalry task where differ-
ent perceptual colors were presented to each eye following the
generation of color imagery. While it has been robustly dem-
onstrated that ocular dominance is biased to the eye where the
imagery-congruent perceptual color is presented (Pearson,
Rademaker, & Tong, 2011; Pearson, Clifford, & Tong,
2008; Sherwood & Pearson, 2010), Chang, Lewis, and
Pearson showed that this effect depended on imagery being
generated at the same location as the perceptual stimulus. That
is, vision was only biased to perceptually congruent colors
when imagery was localized there, suggesting that these im-
agery effects were of a retinotopic basis. Interestingly, while
these imagery-based ocular dominance effects appear to de-
pend on the overlap of imagery and perception in the same
visual space, we have observed that imagery-based search
effects do not depend on this overlap. In a series of experi-
ments, imagery congruency effects (like those reported here)
were present when color imagery was generated in a central
box that was never the location of the target (Cochrane,
Siddhpuria, & Milliken, 2019). Accordingly, we suspect that
imagery can impact a variety of different processes in the
vision-perception pipeline. That is, while location priming
effects (like those of Chang, Lewis, & Pearson, 2013) may
depend on imagery being spatially localized, those associated
with attentional guidance likely do not.

Conclusions

The present study demonstrated that color imagery can affect
attentional guidance during visual search as reflected by the
N2pc component. There was also preliminary evidence that
attentional guidance depended on the vividness of color im-
agery and the frequency at which participants implemented
the imagery instruction. Overall, the present study showed that
representations in the “mind’s eye” can have a profound im-
pact on our ability to search visual environments.
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