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Abstract
It has been demonstrated that color imagery can have a profound impact when generated prior to search, while at the same time,
perceptual cues have a somewhat limited influence. Given this discrepancy, the present study evaluated the processes impacted
by imagery and perception using a singleton search task where participants had to find an oddball colored target among
homogenously colored distractors. Prior to each trial, a perceptual color was displayed or imagery was generated that could
match the target, distractors, or neither item in the search array. It was revealed that color imagery led to both a larger benefit when
it matched the target and a larger cost when it matched the distractors relative to perceptual cues. By parsing response times into
pre-search, search, and response phases based on eye movements, it was revealed that, while imagery and perceptual cues both
influenced the search phase, imagery had a significantly greater influence than perceptual cues. Further, imagery influenced pre-
search and response phases as well. Overall, the present findings reveal that the influence of imagery is profound as it affects
multiple processes in the vision-perception pipeline, while perception only appeared to impact search.
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Introduction

There is little doubt that searching for an object in the visual
environment is enhanced by the knowledge of what the object
looks like. This phenomenon is often investigated using cue-
ing procedures where information about the target is presented
prior to a search task where the observer must locate it
amongst an array of distractors. A particularly potent aspect
of these cueing procedures is the representational basis of the
cue. For example, it has been robustly demonstrated that cues
that perceptually depict the target have a more profound im-
pact on search relative to semantic descriptions of it (Baier &
Ansorge, 2019; Leonard & Egeth, 2008; Müller &
Krummenacher, 2006; Müller et al., 2003; Theeuwes et al.,

2006; Wolfe et al., 2004; also, cf. Kawashima & Matsumoto,
2017). The underlying notion is that the attentional guidance
system can utilize perceptual representations of the cue to
make salient congruent representations in the visual environ-
ment (Serences & Yantis, 2006; Wolfe, 1994, 2014).

While perceptual representations appear to have a reliable
influence when presented prior to search, their influence ap-
pears quite tenuous compared to those generated with visual
imagery (Cochrane et al., 2019; Cochrane, Nwabuike, et al.,
2018; Cochrane, Townsend, et al., 2021; Cochrane, Zhu, &
Milliken, 2018; Moriya, 2018; Reinhart et al., 2015). In a
particular study, participants were cued to generate color im-
agery prior to a color singleton search task, similar to the
perceptual cueing procedures described above (Cochrane
et al., 2019). It was revealed that responses were faster when
imagery was congruent than incongruent with the search tar-
get. Further, by introducing a neutral condition (where neither
the target nor distractor items matched imagery) it was re-
vealed that imagery-perception congruency led to both a ben-
efit when it matched the target and a cost when it matched the
distractors, supporting the notion that imagery influenced the
processes underlying attentional guidance (Cochrane,
Townsend, et al., 2021; Moriya, 2018). Also, imagery-
perception congruency effects were powerful enough to
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override the selection history effects produced by the previous
target color (Cochrane, Ng, & Milliken, 2021; Cochrane,
Nwabuike, et al., 2018; Cochrane, Zhu, & Milliken, 2018).
In particular, participants imagine the opposite color of the
previous target in the interval between trials of singleton
search, which put the color imagery and selection history pro-
cesses in opposition (see Maljkovic & Nakayama, 1994,
2000). Despite the robust and automatic nature of the selection
history system, it was revealed color imagery prevailed over it,
suggesting that representations constructed with visual imag-
ery may have a greater influence on search than recently
viewed perceptual representations.

It is unclear why perceptual cues have a relatively tenuous
impact compared to imagery. This is particularly striking giv-
en evidence indicating that imagery and perception rely on
many of the same brain regions (Dijkstra et al., 2019;
Pearson & Kosslyn, 2015). One possibility is that imagery
and perception have a different influence on the different pro-
cesses underlying search. Indeed, in addition to the processes
responsible for attentional guidance, it has been revealed that
imagery can influence other processes in the vision-perception
pipeline, like those responsible for object discrimination
(Cochrane & Milliken, 2019, 2020; Cue et al., 2007;
Grindell et al., 2020; Wantz et al., 2015). That is, imagery-
perception congruency effects also emerge in tasks where a
centrally located stimulus has to be identified, which in prin-
ciple cannot be due to attentional guidance. Instead, the pre-
ponderance of the influence here appears to occur at the re-
sponse stage of processing (Cochrane et al., 2019; although
see Cochrane &Milliken, 2020). Further, the imagery congru-
ency effects observed in binocular rivalry studies are purport-
ed to be of a retinotopic basis, which are not clearly attentional
guidance or response based (Chang et al., 2013).

Given this discrepancy, the purpose of the present study was
to evaluate the processes underlying imagery and perceptual cue-
ing in search. To do so, participants performed a color singleton
search task where they had to locate the oddball colored target
diamond amongst homogenously colored distractor diamonds
then indicate whether a chunkwasmissing in its left or right side.
In the perception group, a centrally presented colored diamond
preceded the search task, and in the imagery group, participants
imagined a colored diamond instead. These representations could
match either the target or the distractors or neither item in the
search display. In Experiments 1a and 1b, our goal was to simply
evaluate whether imagery cues did indeed have a more profound
influence than perceptual cues. Experiment 2 conceptually repli-
cated Experiment 1a with the exception that eye movements
were monitored. By doing so, we were able to partition response
times (RTs) into pre-search, search, and response phases (see
Zhou et al., 2012). In particular, the duration from the search
display onset until the first saccade constituted the pre-search
phase, the duration from the first saccade until the last fixation
constituted the search phase, and the duration from the last

fixation until a manual response was made constituted the re-
sponse phase. Accordingly, this method allowed us to pinpoint
the processes responsible for imagery and perception congruency
effects so we could evaluate whether there were any differences
between them.

Experiments 1a and 1b

The purpose of Experiment 1a was to evaluate whether imag-
ery did indeed have a more profound influence on search than
perceptual cues. If so, imagery should lead to both a larger
benefit when congruent with the target and a larger cost when
congruent with the distractors relative to perception. If not,
these benefits and costs should be statistically identical across
the imagery and perception groups. The purpose of
Experiment 1b was to assess whether the perceptual decay
of the cue affected the magnitude of the congruency effect in
the perception group. If perceptual decay affects the congru-
ency effect, there should be a larger congruency effect for cues
that remain on-screen until the search display onset than those
that offset prior to it. If not, comparable congruency effects
should be observed for the differing cue offsets.

Method

Participants

Forty undergraduates at McMaster University participated in
Experiment 1a (32 female, 8 male; Mage = 18.1 years) in
exchange for course credit, and 40 participants recruited
through Prolific (prolific.co) participated in Experiment 1b
(15 female, 25 male; Mage = 26.5 years) in exchange for mon-
etary compensation. All participants reported normal color
vision and normal or corrected-to-normal visual acuity.
While no formal power analyses were conducted, we made
the a priori decision on a sample size of 40 participants based
on similar studies conducted in the lab.

Apparatus and stimuli

For Experiment 1a, stimuli were presented using Psychopy
v1.84 on a BenQ 24-in. LED monitor that was connected to
a Mac mini computer. For Experiment 1b, stimuli were pre-
sented using PsychoPy v2020.2.3 and were presented with
Pavlovia (pavlovia.org). Experiment 1b was performed
using the participants’ web browser, computer, and monitor.
All displays were presented on a black background. Cues
were presented centrally on the screen and were
approximately 2 cm in size. In the perception group, the cue
was a colored diamond (i.e., red, green, blue, or yellow), and
in the imagery group, the cue was the first two letters of the
color (i.e., ‘re’, ‘gr’, ‘bl’, or ‘ye’). The search displays
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contained one colored target and three homogenously colored
distractor diamonds that were approximately 2 cm in size.
Target and distractor diamonds were positioned in the
corners of an invisible square, the sides of which were
approximately 10 cm and which was centered in the middle
of the screen. The target and distractor diamonds were missing
a chunk out of either the right or left corner that was
approximately .5 cm in size.

Procedure

Each trial was initiated with a press of the spacebar. The cue
was then presented on-screen for 750 ms followed by a blank
display with a central fixation cross for 2,000 ms. The one
exception was the no-interval group of Experiment 1b – here,
the cue remained on-screen during the total duration of the
2,000-ms blank display. The search display was then present-
ed on-screen until participants provided a keypress response.
Participants were instructed to indicate the side of the missing
corner on the oddball colored target diamond among the
homogenously colored distractor diamonds. They indicated
that the corner was missing on the left by pressing the ‘Z’
key and the right by pressing the ‘M’ key on a standard
QWERTY keyboard. Trials were identical for the imagery
and perception groups with the following exceptions.
Participants in the imagery group were instructed to imagine
a color diamond corresponding to a letter cue (i.e., ‘re’, ‘gr’,
‘bl’, or ‘ye’), whereas in the perception group, the cue was a
colored diamond (i.e., red, green, blue, or yellow). Following
the search display of each trial, participants in the imagery
group were instructed to indicate the vividness of their visual
imagery on a 4-point scale, where a keypress of ‘1’ indicated
no imagery, ‘2’ indicated low vividness, ‘3’ indicated moder-
ate vividness, and ‘4’ indicated high vividness.

Prior to the experimental session, participants performed
15 practice trials. For the first five practice trials, participants
only perform the search task of the experiment. For the second
set of five practice trials, the cue was now displayed prior to
the search task. At this time, participants in the imagery group
were instructed to imagine a solid diamond in the color corre-
sponding to the letter cue. For the participants in the percep-
tion group, they were instructed to attend to the perceptual
cue. For the last set of practice trials, participants in the imag-
ery group were instructed on how to rate their vividness, while
the participants in the perception group performed trials as in
the previous training phase. Specifically, participants were
instructed that the “no imagery” rating constituted the situa-
tion when “they did not generate any imagery,” the “low viv-
idness” rating constituted the situation when their imagery
was “vague and dim,” the “moderate vividness” rating consti-
tuted the situation when their imagery was “reasonably clear
and vivid,” and the “high vividness” rating constituted the
situation when their “imagery was clear and vivid like that

of normal vision.” For both the imagery and perception
groups, participants were informed that the situation when
the cue color matched the target was the most common trial
type.

Following this practice phase, the participants of
Experiment 1a performed 300 experimental trials and the par-
ticipants of Experiment 1b performed 400 experimental trials.
On each trial, the side of the missing chunk on the target and
distractor diamonds was randomized such that they appeared
on the left or right side with equal likelihood. The color cor-
responding to the cue was randomized on a trial-by-trial basis
such that the percentage likelihood that it matched the color of
the target was 50%, matched the distractors was 25%, and
matched neither the target nor the distractor was 25%. This
contingency was introduced to encourage participants to use
the cue in both the perception and imagery groups. In
Experiment 1b, trials were presented across two blocks, an
interval block where a blank interval was presented between
cue and search displays (identical the perception group of
Experiment 1a), and a no-interval block where the cue
remained on-screen until the search display was presented.
The order of these blocks was counterbalanced across partic-
ipants. Following the experimental session, participants in the
imagery group provided an estimate of the percentage of trials
in which they implemented the imagery instruction. See Fig. 1
for a depiction of a typical trial.

Results

An absolute cut-off outlier removal procedure was used to
exclude RTs that were less than 200 ms and greater than
2,000 ms from analyses, which excluded 5.1% of observa-
tions from Experiment 1a and 2.8% of observations from
Experiment 1b. The remaining correct RTs were submitted
to the non-recursive outlier elimination procedure of Van
Selst and Jolicoeur (1994), which used a standard devia-
tion exclusion criterion that varied systematically with the
number of observations in each cell. This procedure re-
moved an additional 2.4% of observations from Experiment
1a, and 2.6% of observations from Experiment 1b. Mean RTs
were computed from the remaining observations. In
Experiment 1a, the mean RTs and corresponding error per-
centages were submitted to a mixed-factor ANOVA that treat-
ed cue (target-match/neutral/distractor-match) as a within-
subject factor and group (imagery/perception) as a between-
subjects factor. In Experiment 1b, the mean RTs and corre-
sponding error percentages were submitted to a within-subject
ANOVA that treated cue (target-match/neutral/distractor-
match) and block (interval/no-interval) as within-subject fac-
tors. An alpha criterion of .05 was used to determine statistical
significance in all analyses reported here. Mean RTs and error
percentages are depicted in Fig. 2.
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Experiment 1a

The RT analysis revealed a significant interaction of cue and
group, F(2,76) = 15.0, p < .001, η2p = .28. The main effect of
group was not significant (p = .08). First, we explored this
interaction by conducting a separate planned ANOVA that
treated cue and group as factors for the target-match and neu-
tral levels of cue. This analysis revealed a significant interac-
tion, F(1,38) = 16.4, p < .001, η2p = .23, reflecting a larger
facilitation effect in the imagery than perception group.
Second, we explored this interaction further by conducting a
separate planned ANOVA that treated cue and group as fac-
tors for the neutral and distractor-match levels of cue. This
analysis revealed no interaction of cue and group (p = .08),

although there was a numerical trend towards a larger inhibi-
tion effect in the imagery than perception group. The analysis
of error percentages did not reveal a significant effect of group
or an interaction of group and cue (all p > .09). We conducted
separate one-way ANOVAs of RTs and error percentages that
treated cue as a factor for each group separately – see below.

Perception group The analysis of RTs revealed a main effect
of cue, F(2,38) = 8.83, p < .001, η2p = .32. This effect was
explored further by conducting planned paired t-tests for the
target-match and neutral, and distractor-match and neutral
levels of cue separately. The analysis of the target-match and
neutral cues revealed a significant effect, t(19) = 2.63, p = .02,
d = .15, reflecting faster responses when the target matched
(786 ms) than when it was neutral to (811 ms) the cue. The
analysis of the distractor-match and neutral cues revealed no
effect (p = .17) reflecting similar RTs when the distractor
matched (822 ms) and was neutral to (811 ms) the cue.
There were no significant effects in the analyses of error per-
centages (all p > .12).

Imagery group The analysis of RTs revealed a main effect of
cue, F(2,38) = 28.2, p < .001, η2p = .60. This effect was
explored further by conducting planned paired t-tests that
evaluated the difference between the target-match and neutral,
and distractor-match and neutral levels of cue separately. The
analysis of the target-match and neutral cues revealed a sig-
nificant effect, t(19) = 5.98, p < .001, d = .37, reflecting faster
responses when the cue matched the target (853 ms) than
when it was neutral (955 ms). The analysis of the distractor-
match and neutral cues also revealed a significant effect t(19)
= 2.43, p = .03, d = .15, reflecting faster responses when the
cue was neutral (955 ms) than when it matched the distractors

Fig. 1 This is a depiction of a target-match trial in Experiments 1 and 2.
The cue was a perceptual colored diamond in the perception group, and
the first two letters corresponding to a color in the imagery group. In the

no-interval block of Experiment 1b, the perceptual cue remained on-
screen until the search display onset

Fig. 2 The mean response times and error percentages for the target-
match, neutral, and distractor-match cues for the imagery and perception
groups of Experiment 1a, and the interval and no-interval blocks of
Experiment 1b. Error bars represent the standard error of the mean
corrected to remove between-subject variability (Cousineau, 2005;
Morey, 2008)
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(998 ms). There were no significant effects in the analyses of
error percentages (all p > .19). The mean post-experiment
estimate of imagery use was 78.0%.

Imagery ratings In a separate analysis, we evaluated whether
the cueing effects in the imagery group were modulated by the
imagery vividness ratings. Imagery ratings of ‘1’, ‘2’, and ‘3’
were collapsed together into the “other” imagery category and
imagery ratings of ‘4’ into the “high” imagery category. We
categorized the imagery ratings this way since we were most
interested in the situation when visual imagery was most viv-
id. This led to the removal of two participants due to empty
cells (i.e., they did not provide responses to all cue types for
both the “other” and “high” categories). Mean RTs and error
percentages were submitted to within-subject analyses that
treated cue (target-match/neutral/distractor-match) and imag-
ery rating (other/high) as factors. The mean RTs when the
imagery rating was treated as a factor are depicted in the left
panel of Fig. 3.

This analysis revealed a significant interaction of cue and
imagery rating, F(2,34) = 5.61, p = .008, η2p = .25. This
interaction was explored further by conducting planned paired
t-tests that treated vividness rating as a factor for each level of
cue separately. For the target-match cues, there was a signif-
icant effect of imagery rating, t(17) = 3.70, p = .002, d = .36,
reflecting that responses were faster for the high imagery rat-
ings (807 ms) than the other imagery ratings (908 ms) when
the cue matched the target. No significant effects were re-
vealed in the analyses of imagery rating for the neutral (p =
.77) and distractor-match (p = .66) cues.

There was also a significant interaction of cue and imagery
rating in the analysis of error percentages, F(2,34) = 4.70, p =
.02, η2p = .22. An ANOVA that treated the target- and
distractor-match levels of cue separately revealed an interac-
tion of cue and imagery rating, F(1,17) = 7.38, p = .02, η2p =
.30, reflecting a trend towards lower error percentages for high

relative to the other imagery ratings when the target matched
the cue, and an opposite pattern of results when the distractors
matched the cue. There were no other significant effects in
follow-up analyses (all p > .08).

Experiment 1b

The RT analysis did not reveal a significant interaction of cue
and block (p = .62). The main effect of block was not signif-
icant (p = .13). The analysis of error percentages did not reveal
a significant effect of block or an interaction of block and cue
(all p > .07). Given a priori interests, we conducted separate
planned one-way ANOVAs of RTs and error percentages that
treated cue as a factor for each block separately.

Interval block The analysis of RTs revealed a marginally sig-
nificant main effect of cue, F(2,78) = 2.93, p = .059, η2p = .07.
This effect was explored further by conducting planned paired
t-tests for the target-match and neutral, and distractor-match
and neutral levels of cue separately. The analysis of the target-
match and neutral cues revealed a significant effect, t(39) =
2.10, p = .04, d = .11, reflecting faster responses when the
target matched (797 ms) than when it was neutral to (812 ms)
the cue. The analysis of the distractor-match and neutral cues
revealed no effect (p = .86) reflecting similar RTs when the
distractor matched (814 ms) and was neutral to (812 ms) the
cue. The analyses of error percentages did not reveal any
significant effects (all p > .09).

No-interval block The analysis of RTs revealed a significant
main effect of cue, F(2,78) = 4.95, p = .009, η2p = .11. This
effect was explored further by conducting planned paired t-
tests for the target-match and neutral, and distractor-match and
neutral levels of cue separately. The analysis of the target-
match and neutral cues revealed a significant effect, t(39) =
2.50, p = .02, d = .15, reflecting faster responses when the
target matched (808 ms) than when it was neutral to (830 ms)
the cue. The analysis of the distractor-match and neutral cues
revealed no effect (p = .38) reflecting similar RTs when the
distractor matched (837 ms) and was neutral to (830 ms) the
cue. The analyses of error percentages did not reveal any
significant effects (all p > .15).

Discussion

Experiment 1a revealed that both perceptual and imagined cues
benefited performance when they matched the target of the
singleton search task; however, the benefit of imagery was
significantly larger than perception. Further, imagery also led
to a performance cost when it matched the distractors and per-
ceptual cues did not. Also, the magnitude of the imagery

Fig. 3 The mean response times and error percentages for the target-
match, neutral, and distractor-match cues when imagery rating was treat-
ed as a factor for Experiments 1 and 2. Error bars represent the standard
error of the mean corrected to remove between-subject variability
(Cousineau, 2005; Morey, 2008)
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congruency effect increased with increased imagery vividness,
suggesting that imagery was indeed the reason for the observed
pattern of results (see also Cochrane, Ng, & Milliken, 2021;
Cochrane, Ng, et al., 2021; Dijkstra et al., 2017). Experiment 1b
revealed similar congruency effects in the perceptual condition
regardless of the cue offset, suggesting that the larger congru-
ency effects with imagery than perception was not due to the
passive decay of the perceptual cue. Overall, this finding indi-
cates that imagery has a more profound impact on search rela-
tive to perceptual depictions of the target.

Experiment 2

While the results of Experiment 1 revealed that imagery had a
greater impact on search performance than perceptual cues, it
remains unclear what processes produced this difference. To
evaluate this issue in Experiment 2, we replicated Experiment
1a while measuring eye movements. This allowed us to eval-
uate whether imagery produced greater attention capture than
perception, but importantly, we were able to partition RTs into
pre-search, search, and response phases based on eye move-
ments. Partitioning RTs this way allowed us to determine
whether imagery and perception had a different influence on
pre-search, search, and response processes.

Method

Participants

Sixty undergraduates at McMaster University participated in
Experiment 2 (48 female, 12 male, Mage = 18.5 years) in
exchange for course credit. All participants had normal color
vision and normal to corrected-to-normal visual acuity.
Participants now performed one-third fewer trials as in
Experiment 1a, and accordingly, the sample was increased
by one-third to maintain the same number of observations.

Apparatus and stimuli

ADell computer was used to collect eye movements using the
Eyelink II system (SR Research, Canada, Version 2.31) with a
250-Hz temporal resolution and 0.2° spatial resolution.
Otherwise, the apparatus and stimuli were identical to
Experiment 1a.

Procedure

The procedure was identical to Experiment 1a with the fol-
lowing exceptions. First, participants were required to place
their chin on a chinrest that was positioned 57 cm from the
computer monitor. Second, the experimenter now initiated the
start of each trial once participants fixated on the central

fixation cross. Third, the eye tracker was calibrated prior to
the experimental session and was re-calibrated any time a
central fixation at the beginning of the trial sequence did not
align with the central fixation cross. Fourth, participants now
performed 200 experimental trials; the number of experimen-
tal trials was reduced relative to Experiment 1a due to the
lengthening of the experimental session resulting from the
addition of the eye-monitoring procedure.

Results

Overall analyses

The same absolute cut-off outlier removal procedure as in
Experiment 1 removed 1.5% of observations. The remaining
correct RTs were submitted to the non-recursive outlier elim-
ination procedure of Van Selst and Jolicoeur (1994), which
removed an additional 2.3% of observations. Mean RTs were
computed from the remaining observations, and these mean
RTs and corresponding error percentages were submitted to a
mixed-factor ANOVA that treated cue (target-match/neutral/
distractor-match) as a within-subject factor and group (imag-
ery/perception) as a between-subjects factor. An alpha criteri-
on of .05 was used to determine statistical significance in all
analyses. Mean RTs and error percentages are depicted in Fig.
4.

The RT analysis revealed a significant interaction of cue
and group, F(2,116) = 38.6, p < .001, η2p = .40. There was
also a significant main effect of group, F(1,58) = 13.6, p <
.001, η2p = .19, reflecting overall faster responses in the per-
ception than imagery group. First, we explored this interaction
by conducting a separate planned ANOVA that treated cue
and group as factors for the target-match and neutral levels
of cue. This analysis revealed a significant interaction,F(1,58)
= 31.6, p < .001, η2p = .42, reflecting a larger facilitation effect
in the imagery than in the perception group. Second, we

Fig. 4 The mean response times and error percentages for the target-
match, neutral, and distractor-match trials for the imagery and perception
groups of Experiment 2. Error bars represent the standard error of the
mean corrected to remove between-subject variability (Cousineau, 2005;
Morey, 2008)

2884 Atten Percept Psychophys (2021) 83:2879–2890



explored this interaction further by conducting a separate
planned analysis that treated cue and group as factors for the
neutral and distractor-match levels of cue. The analysis of the
distractor-match and neutral cues also revealed an interaction
that was significant, F(1,58) = 11.1, p = .001, d = .18,
reflecting that the distractor-match cues led to a greater RT
cost in the imagery than in the perception group. The interac-
tion of group and cue, and main effect of group were not
significant (all p > .76). We conducted separate one-way
ANOVAs of RTs and error percentages that treated cue as a
factor for each group separately – see below.

Perception group The analysis of RTs revealed a main effect
of cue, F(2,58) = 8.15, p < .001, η2p = .22. This effect was
explored further with planned paired t-tests that evaluated the
difference between the target-match and neutral, and
distractor-match and neutral levels of cue separately. The
analysis of the target-match and neutral cues revealed a sig-
nificant effect, t(29) = 3.26, p = .003, d = .11, reflecting faster
responses when the target matched (714 ms) than was neutral
to (730 ms) the cue. The analysis of the distractor-match and
neutral cues revealed a non-significant effect (p = .17),
reflecting no difference in RTs for the distractor-match (738
ms) and neutral (730 ms) cues. There were no significant
effects in the analysis of error rates (all p > .31).

Imagery group The analysis of RTs revealed a main effect of
cue, F(2,58) = 56.0, p < .001, η2p = .66. This effect was
explored further with planned paired t-tests that evaluated
the difference between the target-match and neutral, and the
distractor-match and neutral levels of cue separately. The
analysis of the target-match and neutral cues revealed a sig-
nificant effect, t(29) = 6.56, p < .001, d = .70, reflecting faster
responses when the cue matched the target (774 ms) than
when it was neutral (904 ms). The analysis of the distractor-
match and neutral cues also revealed a significant effect t(29)
= 2.43, p = .03, d = .15, reflecting faster responses when the
cue was neutral (904 ms) than when it matched the distractors
(967 ms). There were no significant effects in the analysis of
error rates (all p > .19). The mean post-experiment estimate of
imagery use was 76.3%.

Imagery ratings

Separate analyses were conducted on the imagery ratings, like
in Experiment 1. This led to the removal of one participant due
to empty cells. A within-subject ANOVA was conducted that
treated cue (target-match/neutral/distractor-match) and imag-
ery rating (other/high) as factors. This analysis revealed a
significant interaction of cue type and imagery rating,
F(2,56) = 3.77, p = .01, η2p = .12. The interaction was ex-
plored further by conducting planned paired t-tests that treated
imagery rating as a factor for each cue type separately. For the

target-match cues, there was a significant effect of imagery
rating, t(28) = 5.09, p < .001, d = .57, reflecting faster re-
sponses for the high (750 ms) than other (853 ms) imagery
ratings. No other significant effects were revealed in the anal-
yses of imagery rating for the neutral (p = .12) and distractor-
match (p = .25) cues. There were no significant effects in the
analysis of error percentages (all p > .18). The mean RTs and
error percentages are depicted in the right panel of Fig. 3.

Eye-movement analyses

In all eye-movement analyses, observations determined to be
outliers by the absolute cut-off and Van Selst and Jolicoeur
(1994) procedures and those culminating in an incorrect re-
sponse were excluded. Further, eye movements that fell out-
side 2° of visual angle from central fixation prior to onset of
the search display were removed from analyses, which led to
the removal of an additional 10.5% of observations.

First saccade The search display was partitioned into quad-
rants, and the percentage of trials the first saccade was directed
into the quadrant of the search target was the primary depen-
dent variable. These percentages were submitted to a mixed-
factor ANOVA that treated group (imagery/perception) as a
between-subjects factor and cue (target-match/neutral/
distractor-match) as a within-subject factor. The analysis re-
vealed a significant interaction of group and cue, F(2,116) =
18.4, p < .001, η2p = .24. This interaction was explored further
by conducting separate planned independent-sample t-tests
that treated group as a factor for each level of cue. The analysis
of the target-match cue revealed a significant effect of group,
t(58) = 4.41, p = .001, d = .94, reflecting a greater percentage
of first saccades to the target in the imagery (70.8%) than in
the perception (56.8%) group. The analysis of the neutral cues
revealed no effect of group (p = .29), reflecting a similar per-
centage of first saccades to the target in the imagery (58.4%)
and perception (53.5%) groups. The analysis of the distractor-
match cues revealed a significant effect of group, t(58) = 2.16,
p = .04, d = .09, reflecting a greater percentage of first sac-
cades to the target in the perception (49.8%) than in the im-
agery (37.8%) group. The mean percentage of trials the first
saccade was directed to the target are depicted in Fig. 5.

Partitioned RTs RTs were partitioned into pre-search, search,
and response phases based on eye-movement data. RTs were
submitted to a mixed-factor ANOVA that treated phase (pre-
search/search/response) and cue (target-match/neutral/
distractor-match) as within-subject factors, and group (imag-
ery/perception) as a between-subjects factor. This analysis re-
vealed a significant interaction of phase, cue, and group,
F(4,232) = 6.09, p < .001, η2p = .09. This interaction was
explored further by conducting separate planned ANOVAs
for each phase separately. Mean RTs are depicted in Fig. 6.
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Pre-search phase The analysis of the pre-search phase re-
vealed a significant interaction of cue and group, F(2,116) =
3.11, p = .05, η2p = .05. There was also a significant main
effect of group, F(1,58) = 708.5, p < .001, η2p = .92, reflecting
overall shorter durations in the perception than in the imagery
group. The interaction was explored further by conducting
separate planned ANOVAs that treated cue as a factor for
the imagery and perception groups separately. The analysis
of the imagery group revealed a significant effect of cue,
F(2,58) = 7.85, p = .001, η2p = .21. This effect was explored
further by conducting planned paired t-tests of the target-
match and neutral, and the distractor-match and neutral levels
of cue separately. The analysis of the target-match and neutral
cues revealed a significant effect, t(29) = 2.33, p = .03, d = .33,
reflecting shorter durations when the target matched (364 ms)
than when it was neutral to (373 ms) the cue. The analysis of
the neutral and distractor-match cues revealed no effect (p =
.18), reflecting similar durations for the distractor-match (378
ms) and neutral (373 ms) conditions. The analysis of the

perception group did not reveal a significant effect of cue (p
= .48), reflecting similar durations for the target-match (220
ms), neutral (224 ms), and distractor-match (223 ms) condi-
tions in the pre-search phase.

Search phase The analysis of the search phase revealed a
significant interaction of cue and group, F(2,116) = 12.8, p
< .001, η2p = .18. The main effect of group was not significant
(p = .16). This interaction was explored further by conducting
separate planned ANOVAs that treated cue as a factor for the
imagery and perception groups separately. The analysis of the
imagery group revealed a significant effect of cue, F(2,58) =
27.3, p < .001, η2p = .48. This effect was explored further by
conducting planned paired t-tests of the target-match and neu-
tral, and the distractor-match and neutral levels of cue sepa-
rately. The analysis of the target-match and neutral cues re-
vealed a significant effect, t(29) = 4.94, p < .001, d = .63,
reflecting a shorter duration when the target matched (195
ms) than when it was neutral to (304 ms) the cue. The analysis
of the distractor-match and neutral cues revealed a significant
effect, t(29) = 2.52, p = .02, d = .24, reflecting a shorter dura-
tion when the cue was neutral (304 ms) than when it matched
the distractors (352 ms). The analysis of the perception group
revealed a significant effect of cue,F(2,58) = 4.94, p = .01, η2p
= .15. This effect was explored further by conducting planned
paired t-tests of the target-match and neutral, and the
distractor-match and neutral levels of cue separately. The
analysis of the target-match and neutral cues revealed a sig-
nificant effect, t(29) = 2.63, p = .01, d = .23, reflecting shorter
durations when the target matched (321 ms) than was neutral
to (341 ms) the cue. The analysis of the neutral and distractor-
match cues revealed no effect (p = .18), reflecting similar
durations for the neutral (341 ms) and distractor-match (358
ms) cues.

Response phase The analysis of the response phase revealed a
significant interaction of cue and group, F(2,116) = 12.1, p <
.001, η2p = .17. There was also a significant main effect of
group, F(1,58) = 6.56, p = .01, η2p = .10, reflecting overall
shorter durations in the perception than in the imagery group.
This interaction was explored further by conducting separate
planned ANOVAs that treated cue as a factor for the imagery
and perception groups separately. The analysis of the imagery
group revealed a significant effect of cue, F(2,58) = 12.8, p <
.001, η2p = .31. This effect was explored further by conducting
planned paired t-tests of the target-match and neutral, and the
distractor-match and neutral levels of cue separately. The
analysis of the target-match and neutral cues revealed a sig-
nificant effect, t(29) = 2.84, p = .008, d = .63, reflecting shorter
durations when the target matched (217 ms) than when it was
neutral to (247 ms) the cue. The analysis of the distractor-
match and neutral cues did not reveal a significant effect (p
= .08), although there was a trend towards shorter durations

Fig. 6 The mean response times of the target-match, neutral, and
distractor-match cues partitioned into pre-search, search, and response
phases for the imagery and perception groups of Experiment 2. Error bars
represent the standard error of the mean corrected to remove between-
subject variability (Cousineau, 2005; Morey, 2008)

Fig. 5 The mean percentage of first saccades to the target for the target-
match, neutral, and distractor-match trials of Experiment 2. Error bars
represent the standard error of the mean corrected to remove between-
subject variability (Cousineau, 2005; Morey, 2008)
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when the cue was neutral to (247 ms) than when it matched
the distractors (264 ms). The analysis of the perception group
did not reveal a significant effect of cue (p = .33), reflecting
similar durations for the target-match (187 ms), neutral (184
ms), and distractor-match (177 ms) conditions in the response
phase.

Discussion

First, Experiment 2 revealed that the overall RT and imagery
rating findings of Experiment 1 were observable upon repli-
cation; that is, imagery once again had a greater influence on
performance compared to perceptual cues. The only notable
difference was that the non-significant effect of group (p =
.08) in Experiment 1a was now highly significant (p < .001),
suggesting that perceptual cues led to faster overall responses
compared to imagery. Second, it was revealed that imagery
led to greater attention capture than perceptual cues, as indi-
cated by the direction of the first saccade. In particular, the
first saccade following imagery was more likely to be in the
direction of the item that was congruent with the cue relative
to perception. Third, when we partitioned RTs based on eye
movements, there was a markedly different pattern of results
for the imagery and perceptual cues. While both imagery and
perceptual cues influenced the search phase, imagery also in-
fluenced the pre-search and response phases and perception
did not. Further, there was a pronounced slowing to initiate the
first saccade for imagery than perception (see the General
discussion for more on this issue), and imagery produced clear
response biases. Overall, the present findings revealed that
imagery influenced all phases in the vision-perception pipe-
line, and perceptual cues only influenced search.

General discussion

The purpose of the present study was to evaluate the influence
of imagery and perceptual cues on visual search. In all exper-
iments, it was revealed that imagery had a more profound
influence on search performance than perceptual cues. That
is, there was both a greater benefit when the cue matched the
target and a greater cost when the cue matched the distractors
for imagery than perception. Further, the magnitude of the
imagery effect increased with increased ratings of imagery
vividness, supporting the notion that the imagery effects were
due to representations that were visual in nature (see also
Cochrane, Ng, et al., 2021; Dijkstra et al., 2017). Why there
were differences between imagery and perception was ex-
plored in Experiment 2, where it was revealed that imagery
led to greater attention capture than perceptual cues, as indi-
cated by a greater proportion of first saccades when the cue
matched the target and vice versa when it matched the
distractors. Lastly, RTs were partitioned based on eye

movements into pre-search, search, and response phases,
where it was revealed that, while imagery and perceptual cues
both influenced the search phase, imagery had a more pro-
found influence. In further contrast with perception, imagery
also influenced the pre-search and response phases, suggest-
ing that it impacted covert attention and response aspects of
search as well.

It is an open question why the vividness ratings affected
performance when it matched the target, but not when it
matched the distractors. That is, it was revealed that when
imagery matched the target, responses were faster when it
was reported with high than with lesser forms of vividness.
However, when imagery matched the distractors, response
speed did not vary as a function of vividness rating.
Contrary to our findings, it is reasonable to predict that when
imagery matched the distractors, it should produce slower
responses when it is reported with high than with lesser forms
of vividness since attention ought to bemore frequently driven
to the distractor locations. We suspect the primary reason we
did not observe this result was that vividness ratings were not
a pure measure of imagery vividness, as participants some-
times used them to constitute their performance more gener-
ally (see Cochrane, Ng, & Milliken, 2021; Cochrane, Ng,
et al . , 2021; Cochrane, Townsend, et al . , 2021).
Accordingly, the mean RTs of the distractor-match condition
likely reflected both the situation when participants rated their
vividness (which slowed responding for the high relative to
other vividness ratings) and general performance (which
slowed responding for the other relative to high ratings),
which cancelled out the effect. In the target-match condition,
this did not occur since the results of using vividness rating to
constitute imagery vividness and performance were not in
opposition.

Related to the above issue, a limitation of the present study
is that it is not clear whether imagery vividness ratings influ-
enced performance above and beyond imagery. That is, the
participants of the imagery group had to rate the vividness of
their imagery following each trial, whereas the participants of
the perception group performed no such task. The present
experiments included this rating procedure in the imagery
group based on preliminary work suggesting they encouraged
imagery use, and they were not used in the perception group,
since not using them was a better approximate of other per-
ceptual cueing studies in the literature. The issue is that cueing
imagery when it is infrequent is tantamount to semantic cue-
ing, as participants are left to use the letter cues to inform their
search. Also, it is unclear how perceptual cue use ought to be
encouraged without changing its phenomenological basis.
That is, for example, if participants had to rate how well they
encoded the perceptual cue following each trial, high ratings
might reflect the instance when participants held the represen-
tation in working memory, and thus, reflect a phenomenolog-
ical experience more akin to imagery than the passive
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influence elicited by perceptual cues. Ultimately more work is
needed to fully unpack this issue, but we suspect that any
intervention that inspires active engagement with the cue
should produce larger congruency effects in search compared
to passive engagement with the cue.

A notable finding in the present study was that perceptual
cues led to faster overall performance than imagery in
Experiment 2 (p < .001) and a trend towards faster perfor-
mance in Experiment 1a (p = .08). There is certainly no doubt
that imagery can have a profound impact on performance, but
at the same time this finding calls into question its utility more
generally. Intuitively, one would think that imagery has utility
in helping the observer locate a target as it seems reasonable
that producing greater attention capture for features congruent
with what you are looking for can facilitate search. However,
the present study revealed that the act of generating imagery
led to an additive slowing of performance, suggesting other-
wise. In other words, it does not appear that generating imag-
ery is useful for search, as its benefits do not outweigh its
costs. Although, it remains an open question whether the rea-
son why imagery was not useful was because new imagery
events were constantly generated across our simple search
task. It may be that the benefit of generating imagery only
emerges when search is sufficiently difficult, the point at
which it overcomes the slowing produced by generating it. It
is also important to acknowledge that it may be that perception
led to a benefit above and beyond imagery, while at the same
time understanding that the perceptionmanipulation is the less
ecologically valid of the two. For example, if you are looking
for your car in a crowded parking lot, you likely would not use
a picture of it to help you facilitate your search, with the
practical alternative being to generate a representation from
memory.

While imagery may have little practical utility on search, it
most certainly has a profound impact on the processes under-
lying it. That is, when we compare the search phase (the time
from first saccade until the last fixation) across imagery and
perception, it is clear that imagery has a more profound influ-
ence. Indeed, this finding is complimented by the first saccade
analyses as well, which demonstrated that imagery played a
greater role in the automatic orienting of eye movements than
perceptual cues. The implications of these findings are impor-
tant, as they address the nature of the processes governing
attentional guidance. Certainly, top-down attentional guid-
ance effects (in cueing procedures at least) depend on the
formation of an internal representation of what you are
looking for. It is then presumed that attention (and subsequent
eye movements) is guided to locations in the visual environ-
ment based on neural activity in an internal spatiotopic map,
and the innervation within this map is based on congruency
across that in the world and that which you are internally
representing (Serences & Yantis, 2006; Wolfe, 2014). What
the present study reveals is that these attentional guidance

processes are better engaged by imagery, suggesting the active
maintenance of a representation can benefit top-down
guidance.

Central to the issue of why imagery profoundly impacted
attentional guidance but hindered performance overall, is the
somewhat surprising finding that imagery was especially slow
in the pre-search phase relative to perception. Upon revelation
of this finding, we pondered whether it may have been due to
select participants in the imagery group not moving their eyes
at all, as these search tasks can be performed while eyes re-
main fixated (see Cochrane, Townsend, et al., 2021). While
no formal analyses were conducted, visual inspection of the
data suggested that this was not the reason, as the pre-search
durations of all participants were of similar magnitude (SD =
29ms). Given that this finding does not seem to be spurious, it
is curious what could produce such a pattern of results. One
possibility is that imagery led to the greater use of covert
attention relative to perception; that is, it is possible that
imaginers were doing more searching while their eyes
remained fixated. While this interpretation is supported by
the significant effect of cue in the analysis of the pre-search
phase, this effect was strikingly small. In other words, if this
were exclusively the case you would expect the magnitude of
the cueing effect in the pre-search phase to be comparable to
that in the search phase. The more likely possibility is that
imagery led to impaired initiation of the search task, as
imaginers had to disengage from their imagery prior to
performing search. In contrast, those in the perceptual group
were likely spending this same interval readying themselves
for search, which produced the short pre-search phase
durations.

In addition to the influence of imagery on pre-search and
search phases, it was revealed that imagery also influenced the
processes in the response phase, as indicated by a clear per-
formance benefit when imagery matched the target and a cost
when it matched the distractors. We suspect that this result
reflects an influence on the processes governing decision-
making; that is, congruent imagery led participants to quickly
decide that the target was indeed the target, and this was in-
versely so when it matched the distractors. If our interpretation
is correct, it is curious why a similar effect was not revealed in
the perception group. Recently, while using a color singleton
search task where participants were provided with the knowl-
edge of an upcoming target color, we revealed that verbally
indicating the target prior to the search display influenced
performance, and passive knowledge of it did not (Cochrane
& Pratt, 2020; see also Maljkovic & Nakayama, 1994). While
it is noteworthy that verbal representations are not nearly as
impactful as imagined ones (see Cochrane, Nwabuike, et al.,
2018), what they have in common with imagery is that they
necessitate that the participant is aware of the upcoming target.
That is, it could be that participants typically do not use pas-
sive perceptual cues to prepare a response. Another possibility
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is that response biases are indeed produced by perceptual
cues, but they were overridden by a different response process
working in opposition. Indeed, while not significant, there was
a trend towards faster responding when perceptual cues were
congruent with the distractors rather than the target, which
aligns with the pattern of results produced by the stimulus-
location binding processes that pervade these types of cogni-
tive tasks (Hommel, 2004; Kahneman et al., 1992). Overall,
we suspect that there is some truth to both of these notions;
that passive knowledge has a weak influence on responding
and that stimulus-location binding processes were operative
and in opposition.

An important caveat is that the present findings do not
suggest that imagery has a more profound impact than percep-
tion when directly compared. For example, if you were to
imagine a red fire hydrant, this representation ought to appear
less clear and vivid than if you were to view a picture of one.
What we ought to conclude from the present findings is that
imagined representations have a more profound residual in-
fluence than perceptual representations. Indeed, this finding
has been demonstrated in other cognitive tasks, such as cueing
imagery and perception prior to binocular rivalry (Chang
et al., 2013; Pearson et al., 2008, 2011; Sherwood &
Pearson, 2010), and imagined and perceptual training prior
to visual search (Reinhart et al., 2015). While it is an open
question why imagined representations have a greater influ-
ence than perception when cued, we suspect that the reason
for this cuing difference is not simply because imagined rep-
resentations remained passively viewable until the search dis-
play onset, and perceptual representations did not. Indeed,
Experiment 1b revealed that how long the perceptual cue
was displayed relative to the search task did not influence
the magnitude of the congruency effect. Instead, we suspect
the fact that imagery necessitates the representations be active-
ly maintained and engaged with is critical to this phenomenon
– similar to how actively maintained working-memory repre-
sentations drive attention to congruent representations in the
environment (Soto et al., 2005, 2006, 2008; Woodman &
Luck, 2007).

Conclusion

The present study revealed that color imagery can have a more
profound impact on visual search than perceptual cues.
Imagery not only led to greater attentional guidance as indi-
cated by a larger congruency influence in the search phase of
the task relative to perceptual cues, it also influenced covert
attentional shifts that occurred prior to the first eye movement
and responding after the last fixation. A cautionary note is that
while imagery had a more profound influence on the process-
es underlying search, perceptual cues led to faster overall

performance, suggesting that imagery may have limited utility
for search more generally.
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