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Abstract
The present study investigated the automaticity of top-down instructions in visual search when the instruction was no longer
actively implemented. To do so, we exploited the Priming of Pop-out (PoP) effect, a selection history phenomenon that reflects
faster responses when the target and distractor colors are repeated than switched across trials of singleton search. We then had
participants perform a color singleton search task where they implemented the instruction of imagining the opposite color of the
previous target, which put the target colors underlying PoP and the imagery instruction in opposition. To assess automaticity, on
some trials participants were instructed to stop implementing the imagery instruction. When the imagery instruction was
implemented, responses were faster when the target and distractor colors switched (i.e., imagery congruent) than repeated
(i.e., imagery incongruent) across search displays – a pattern of results opposite to the PoP effect. When participants were to
not implement this instruction, the PoP effect was absent, indicating the imagery instruction had a lingering influence on visual
search. This remained true even when participants reported successfully not implementing the instruction, and only when the
imagery abandonment instruction was supplanted by a different top-down task was the lingering influence removed such that the
PoP effect returned. Overall, the present study demonstrates that top-down instructions can continue to influence visual search
despite the will of the observer.
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Introduction

When it comes to visual search, how it has been performed in
the past can influence how it is performed in the present (e.g.,
Chun & Jiang, 1998; Maljkovic & Nakayama, 1994, 1996;
Wang & Theeuwes, 2018). At the same time, visual search
can also be influenced by the current goals of the observer
(e.g., Found & Müller, 1996; Wolfe et al., 1989, 2003).
While whether the top-down system influences visual search
has been a historically contentious issue, in recent times it has
become widely accepted that this system does indeed have an

influence on visual search (Awh et al., 2012; Theeuwes,
2019). The caveat here is that the influence of the top-down
system is often purported to be quite weak relative to that of
the selection history system. In simple terms, the top-down
system is characterized as effortful and deliberate and the se-
lection history system is characterized as passive and automat-
ic (Jonides, 1981; Maljkovic & Nakayama, 1994; Van der
Stigchel et al., 2009).

A product of the selection history system that operates in a
passive and automatic manner in visual search is the Priming
of Pop-out (PoP) effect (Maljkovic & Nakayama, 1994). That
is, if the observer must find the oddball-colored object
amongst an array of homogeneously colored distractor objects
then indicate whether a notch is missing out of the left or right
side, responses are faster when the target and distractor colors
repeat than switch across trials of the search task. Maljkovic
and Nakayama (1994, 2000) theorized that the PoP effect
reflects the passive maintenance of an attentional control set-
ting that incorporates the relevant features of the search target,
which then automatically guide attention to these features if
repeated shortly thereafter (for a review, see Kristjánsson &
Campana, 2010).
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A pertinent issue concerns whether the automaticity of the
PoP effect can endure top-down intervention. This issue was
first explored by Maljkovic and Nakayama (1994) in two
experiments. In Experiment 2, singleton color search was per-
formed when the likelihood of a target and distractor color
switch was varied across the blocks of trials. The rationale
underlying this experiment was that if top-down expectancies
can influence the processes underlying PoP, responses should
be fastest when color switches and repeats were predictable
(i.e., 100% switches or 100% repeats), and slowest when they
were not (i.e., 50% switches/repeats). This was not what
Maljkovic and Nakayama found – instead, response speed
decreased with increased switch likelihood in an approximate-
ly linear manner, suggesting that top-down expectancy did not
influence PoP. In Experiment 4, the target and distractor color
switches and repeats varied in a predictable manner (e.g., red,
red, green, green, red, red, etc.) both when the observers were
aware of the target color sequence (i.e., the passive condition)
and when they had to additionally subvocalize the upcoming
target color prior to its onset (i.e., the active condition). It was
revealed that the PoP effect was present throughout, and that
its magnitude did not differ across the passive and active con-
ditions – again suggesting that the top-down system does not
affect PoP.

Some studies have since challenged these findings of
Maljkovic and Nakayama (1994). Shurygina et al. (2019)
demonstrated that the magnitude of the PoP effect was atten-
uated when the target and distractor color switches were
predictable compared with when they were unpredictable
across trials of color singleton search. Similarly, Pascucci
et al. (2012) demonstrated that singleton color search targets
were more accurately identified when briefly presented and
followed by a metacontrast mask when the target and
distractor color switches were predictable than when they
were unpredictable. Thomson et al. (2013) demonstrated that
the PoP effect in color singleton search was attenuated when
the target and distractor colors switched 80% relative to 20%
of the time; however, this result could have been due to the
build-up of priming across consecutive trials when target and
distractor color repetitions were more than less likely (see
Cochrane & Pratt, 2020). In a replication of Maljkovic and
Nakayama’s Experiment 4, we found that having participants
say aloud the upcoming target color did significantly attenuate
the PoP effect relative to when participants either had passive
knowledge of the predictable color sequence or when the tar-
get and distractor color switches were unpredictable
(Cochrane & Pratt, 2020). By varying whether participants
had to find the oddball color or shape across trials of visual
search, Fecteau (2007) demonstrated that the PoP effect was
only present when the basis of the task also repeated; however,
this result should be interpreted cautiously given the experi-
mental procedure entailed that independent event file updating
processes were working in opposition to PoP (see Hommel,

2004; Memelink & Hommel, 2013). An important takeaway
from these studies is that, while they demonstrate that the PoP
effect can be influenced by top-down interventions, barring
putting independent processes in opposition with it (e.g.,
Fecteau, 2007), the PoP effect cannot be completely eliminat-
ed – suggesting that the processes underlying PoP, to some
extent, operate in a passive and automatic manner.

As alluded to above, a pattern opposite to the PoP effect
can be observed when color imagery is put in opposition.
Generally, when color imagery is congruent with the color
of an upcoming target, it can aid search performance
(Cochrane et al., 2019; Cochrane, Townsend, Lee, et al.,
2021; Cochrane, Wang, Pratt, et al., 2021; Moriya, 2018;
Reinhart et al., 2015; cf. Clarke et al., 2016). Further, the
potency of these imagery effects can be reflected by the re-
ported vividness of the observers’ color imagery (Cochrane,
Ng, Khosla, & Milliken, 2021; Cochrane, Ng, & Milliken,
2021; Cochrane, Nwabuike, et al., 2018). Specifically, we
have assessed the influence of color imagery on the PoP ef-
fect by having participants generate color imagery that was
opposite to the previous target color during the temporal in-
terval between trials of a color singleton search task
(Cochrane, Nwabuike, et al., 2018; Cochrane, Zhu, &
Milliken, 2018). For example, if the target was the red object
amongst green distractor objects in the first search display,
participantswere to imagine green prior to the second.While
a typical PoP effect was present for a group of participants
who did not implement this imagery instruction, it was re-
versed for a group of participants who did – responses were
faster when the target color switched (i.e., imagery congru-
ent) than repeated (i.e., imagery incongruent) across trials.
Further, the PoP effect was absent in two out of three exper-
iments when color imagery was reported as highly vivid,
offering preliminary evidence that color imagery shared at
least some of the processes responsible for PoP (Cochrane,
Ng, &Milliken, 2021).

While color imagery, like other top-down processes, is cer-
tainly effortful and deliberate, it is an open issue whether these
strategies can become automatic. That is, it may be that once a
strategy is established, it is automatically implemented despite
the will of the observer, akin to the typical effects produced by
the selection history system. In support of this notion, Leber
and Egeth (2006; see also Leber et al., 2009) had participants
perform either a singleton search task (i.e., find the oddball
shape amongst homogeneous distractors) or a feature search
task (i.e., find the circle amongst mostly heterogeneous shape
distractors) during the training phase of the experiment.
During the test phase of the experiment, these participants
had to find a circle amongst homogeneous shapes, which,
importantly, could be performed using either singleton or fea-
ture search strategies. The prior work of Bacon and Egeth
(1994) demonstrated that a color singleton distractor has less
of an impact on feature than singleton search, and accordingly,
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Leber and Egeth evaluated whether those trained with feature
search would also be less impacted by a color singleton
distractor than those trained with singleton search. Leber and
Egeth demonstrated that participants trained in feature search
were indeed less impacted by the presence of a color singleton
distractor than those trained on singleton search during the test
phase, suggesting that top-down strategies can have a linger-
ing influence on visual search.

As detailed above, it has been established that the PoP
effect reflects a passive and automatic influence on search,
and that effortful and deliberate top-down instructions (espe-
cially those using color imagery) can influence search when
implemented. While other studies (e.g., Leber et al., 2009;
Leber & Egeth, 2006) have demonstrated that strategies im-
posed by the basis of the search task can automatically influ-
ence future search, the present study evaluates whether an
instruction that is independent of the search task can do so
when no longer actively implemented. That is, we instructed
participants to generate color imagery that was opposite in
color to the previous target in the interval between trials of a
color singleton search task. Importantly, on some trials partic-
ipants were instructed to stop implementing the imagery in-
struction. If the top-down imagery instruction does not have
an automatic influence on visual search, the PoP effect ought
to emerge once the imagery instruction is not actively imple-
mented. If the top-down imagery instruction does have an
automatic influence on visual search, the PoP effect ought to
be absent when the top-down instruction is no longer actively
implemented since imagery should continue to have an oppo-
sitional influence. The present study will also investigate the
robustness of the automaticity of top-down instructions and
whether other top-down influences can disrupt them.

Experiment 1

In Experiment 1 search displays were presented in pairs, and
prior to a pair of trials participants were cued to either imagine
the opposite color of the first singleton search target during the
temporal interval prior to the second search display (i.e., the
imagine cue) or to not implement this imagery instruction (i.e.,
the respond cue). Accordingly, if the PoP effect was to emerge
here, it would be consistent with the view that it reflects a
passive and automatic process, and that the imagery instruc-
tion can be flexibly disengaged without a lingering influence.

Method

Participants

Thirty-two McMaster University undergraduates (25 female,
seven male, aged 18–25 years, M = 19.5 years) took part in
exchange for either course credit or $10 CAD monetary

compensation. All participants reported normal or corrected-
to-normal visual acuity and normal color vision. A sample
size of 32 participants was selected to be identical to
Cochrane, Ng et al. (2021; Experiment 1), which had
sufficient power to detect a difference in inter-trial rep-
etition effects across their vividness rating procedure
(ηp

2 = .36; alpha = .05; power = .95).

Apparatus and stimuli

Stimuli were presented using Psychopy v1.82 and displayed
on a BenQ 24-in. LED monitor connected to a Mac Mini
computer. Each search display contained one target square
and four distractor squares, each of which subtended vertical
and horizontal visual angles of 2°. Targets and distractors
were presented in red and green. The five squares were ran-
domly assigned to one of eight locations that were equidistant
from the center of the screen. The distance from the center of
the screen to each of these locations subtended a visual angle
of 5°. All squares contained a gap in either the left or right side
that subtended a visual angle of 0.5°. The white fixation cross
subtended a horizontal and vertical visual angle of 0.3°.

Procedure

Participants were seated approximately 60 cm from the com-
puter screen. Each trial sequence began with a cue stating
“IMAGINE” or “RESPOND.” These cues were randomized
on a trial-by-trial basis such that they were equally probable.
Once participants read the cue, they pressed the spacebar to
initiate the trial sequence. A black screen with a central white
fixation cross was then displayed on-screen for 500 ms,
followed by a color singleton search task. Here, participants
had to find the odd-colored target square amongst four homo-
geneously colored distractor squares and indicate whether it
contained a gap in its left or right side. The side of the gap was
randomized on a trial-by-trial basis. Participants indicated that
the gap was on the left by pressing the “Z” key with their left
index finger and on the right by pressing the “M” key with
their right index finger using a standard QWERTY keyboard.
The search display remained on-screen until a response was
made. A black screen with a central white fixation cross was
then displayed for 2,000 ms, which was followed by another
color singleton search trial. The target color switched across
trials 80% of the time and repeated 20% of the time, which
was to incentivize the use of the imagery strategy and does not
eliminate the PoP effect (Cochrane, Nwabuike, et al., 2018).
Following a response to the search task, participants were to
rate the vividness of their imagery by pressing the “1” key for
“no imagery,” the “2” key for “low vividness,” the “3” key for
“moderate vividness,” and the “4” key for “high vividness.”
An example of the trial sequence is depicted in Fig. 1.
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Prior to the experimental session, participants performed
20 practice trials. For the first five practice trials, participants
performed the trial sequence without the cue or imagery viv-
idness ratings. In the next five practice trials, the imagine cue
was presented on-screen at the beginning of each trial se-
quence and participants were instructed to imagine a square
opposite in color to the target in the first search display during
the temporal interval prior to the second. For example, if the
target was red in the first display, participants were to imagine
green, and vice versa. For the next five practice trials, the
respond cue was presented at the beginning of each trial se-
quence, and participants were instructed to not use the imag-
ery instruction, but to simply perform the search task. For the
final five practice trials, the imagery and respond cues were
randomly intermixed and participants were instructed on how
to provide the imagery vividness ratings. Specifically, partic-
ipants were instructed that the “no imagery” rating reflected
the situation when “they did not generate any imagery,” the
“low vividness” rating reflected the situation when their im-
agery was “vague and dim,” the “moderate vividness” rating
reflected the situation when their imagery was “reasonably
clear and vivid,” and the “high vividness” rating reflected
the situation when their “imagery was clear and vivid like that
of normal vision.” Participants were also informed that their
ratings should be implemented in a relativistic manner to re-
flect their individual capability. Participants then performed
150 trial sequences. Following the experimental session, par-
ticipants provided percentage estimates of how often they
successfully generated imagery for the imagine cue and dis-
engaged from it for the respond cue.

Results

Response times (RTs) and error percentages for the second
trial of singleton search in the trial sequence were the primary
dependent variables. RTs greater than 2,000 ms or less than
200 ms were excluded from analyses, which removed 2.15%

of observations. Correct RTs were further excluded from anal-
yses if they were identified as outliers by the non-recursive
moving outlier elimination procedure of Van Selst and
Jolicoeur (1994), which removed an additional 2.59% of ob-
servations. Mean correct RTs were computed from the re-
maining observations. An alpha criterion of .05 was used to
determine statistical significance in all analyses. The mean
post-experiment estimates of imagery use for the imagine
cue was 73.08% and imagery instruction disengagement for
the respond cue was 75.94%.

Overall results

The mean correct RTs and corresponding error percentages
were submitted to within-subject ANOVAs that treated cue
(imagine/respond) and inter-trial repetition (switch/repeat) as
factors. The overall mean RTs and error percentages are
depicted in Fig. 2.

Fig. 1 An example of the trial sequence when the imagine cue was presented

Fig. 2 The overall mean response times and error percentages of
Experiment 1. The error bars represent the standard error of the mean
corrected to remove between-subject variability (Cousineau, 2005;
Morey, 2008)
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The analysis of RTs revealed a significant two-way inter-
action of cue and inter-trial repetition, F(1,31) = 63.06, p <
.001, η2p = .67. There was a significant main effect of inter-
trial repetition, F(1,31) = 28.24, p < .001, η2p = .47, reflecting
overall faster responses when the target color switched than
repeated across trials. There was a significant main effect of
cue, F(1,31) = 13.66, p < .001, η2p = .30, reflecting overall
faster responses for the respond than imagine cue. The inter-
action was explored further by conducting planned paired t-
tests that treated inter-trial repetition as a factor for the imagine
and respond cues separately. The analysis of the imagine cue
revealed a significant effect of inter-trial repetition, t(31) =
7.25, p < .001, d = 0.87, reflecting faster responses when the
target color switched (M = 689 ms, SD = 242 ms) than repeat-
ed (M = 914 ms, SD = 274 ms) across trials. The analysis of
the respond cue revealed no effect of inter-trial repetition,
t(31) = 0.57, p = . 57, d = 0.05, reflecting similar RTs when
the target color switched (M = 726 ms, SD = 190 ms) and
repeated (M = 717 ms, SD = 236 ms) across trials.

For the analysis of error percentages, the interaction of cue
and inter-trial repetition, F(1,31) = 0.70, p = .41, η2p = .02,
the main effect of inter-trial repetition, F(1,31) = 0.56, p =
.46, η2p = .02, and the main effect of cue, F(1,31) = 0.22,
p = .64, η2p = .007, were not significant.

Disengagement results

Additional analyses were conducted to evaluate whether the
PoP effect returned when participants reported no imagery. To
do so, RT and error percentage analyses were only conducted
on observations where “no imagery” was indicated for the
respond cue and imagery of any vividness was indicated for
the imagine cue. Participants reported “no imagery” on
65.70% of respond cue trials, and imagery of any vividness
on 93.26% of imagine cue trials. The corresponding mean
RTs and error percentages were submitted to a within-
subject ANOVA that treated inter-trial repetition (repeat/
switch) and cue (imagine/respond) as factors. The mean RTs
and error percentages of the disengagement results are
depicted in Fig. 3.

The analysis of RTs revealed a significant interaction of
inter-trial repetition and cue, F(1,31) = 71.12, p < .001,
η2p = .71. There was a significant main effect of inter-trial
repetition, F(1,31) = 24.34, p < .001, η2p = .44, reflecting
overall faster responses when the target color switched
than repeated. There was a significant main effect of
cue, F(1,31) = 14.66, p < .001, η2p = .32, reflecting over-
all faster responses for the respond than imagine cue. The
interaction was explored further by conducting planned
paired t-tests that treated inter-trial repetition as a factor
for the imagine and respond cues separately. The analysis
of the imagine cue revealed a significant effect of inter-
trial repetition, t(31) = 7.09, p < .001, d = 0.91, reflecting

faster responses when the target color switched (M = 687
ms, SD = 244 ms) than repeated (M = 927 ms, SD = 280
ms) across trials. The analysis of the respond cue revealed
no effect of inter-trial repetition, t(31) = 0.93, p = .36, d =
0.09, indicating there were similar RTs when the target
color switched (M = 713 ms, SD = 188 ms) and repeated
(M = 693 ms, SD = 229 ms) across trials.

For the analysis of error percentages, there was no
interaction of cue and inter-trial repetition, F(1,31) =
1.06, p = .31, η2p = .03, main effect of inter-trial repe-
tition, F(1,31) = 1.35, p = .25, η2p = .02, or main effect
of cue, F(1,31) = 0.13, p = .72, η2p = .004.

Discussion

First, the present experiment revealed that when the imagery
instruction was implemented, responses were faster when the
target color switched (i.e., imagery congruent) than repeated
(i.e., imagery incongruent), demonstrating that imagery can
produce an effect opposite to PoP. Second, when participants
were cued to not implement the imagery instruction, neither
the PoP nor the imagery congruency effect was observed. It is
important to highlight that this study used an experimental
procedure that was very similar to Cochrane, Nwabuike
et al. (2018; Experiment 1a), which demonstrated a robust
PoP effect for participants who never generated imagery (77
ms; d = 1.13). Third, we assessed whether the imagery instruc-
tion was better disengaged from when participants reported
that they did not generate imagery following the trial se-
quence. Here the PoP effect was still absent, suggesting that
imagery instruction disengagement was consciously inacces-
sible to participants (although see Cochrane, Ng, Khosla, &
Milliken, 2021). However, the mean post-experiment estimate
of imagery instruction disengagement was 75.94%, indicating
that participants indicated that the instruction was not readily

Fig. 3 The mean response times and error percentages of the
disengagement results of Experiment 1. The error bars represent the
standard error of the mean corrected to remove between-subject variabil-
ity (Cousineau, 2005; Morey, 2008)
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abandoned. Overall, the present findings suggest that prior
instructions continue to influence search even when not ac-
tively implemented.

Experiment 2

A possible reason for participants being unable to fully disen-
gage from the imagery instruction is that the imagine and
respond cues were randomly implemented on a trial-by-trial
basis. That is, it could be that when the imagery instruction
was recently used, it interferes with the participants’ ability to
disengage from it. Accordingly, Experiment 2 assessed
whether the imagery instruction continued to influence perfor-
mance long after it was last cued. If the imagery instruction
has a long-lasting influence on search, participants instructed
to disengage from imagery should continue to be influenced
by the imagery instruction even when it was last cued as many
as 150 trial sequences earlier.

Method

Participants

Thirty-two McMaster University undergraduates (28 female,
four male, aged 18–23 years, M = 18.75 years) took part in
exchange for either course credit or $10 CAD monetary com-
pensation. All participants reported normal or corrected-to-
normal visual acuity and normal color vision. While the sam-
ple size was selected to be identical to the previous experi-
ment, it is worth noting that the power analysis reported in
Experiment 1 is not directly applicable given the additional
block order factor.

Apparatus and stimuli

The apparatus and stimuli were identical to the previous
experiment.

Procedure

The procedure was identical to the previous experiment with
the exception that participants now performed two blocks of
150 trial sequences each. For one block, only the imagine cue
was presented, and for the other, only the respond cue was
presented. Block order was counter-balanced across partici-
pants. Across both blocks, participants were required to rate
the vividness of their color imagery following each trial se-
quence, even though the participants who performed the re-
spond cue block first were not briefed on the imagery instruc-
tion. Accordingly, these participants should have been unable
to adequately rate the vividness of their visual imagery as it
pertains to the “imagine the opposite color” instruction.

Participants were briefed on the imagery and respond cue
instructions at the start of the corresponding block, at which
point they performed ten practice trials.

Results

RTs and error percentages for the second search task of the
trial sequence were the primary dependent variables. RTs
greater than 2,000 ms or less than 200 ms were excluded from
analyses, which removed 1.51% of observations. The non-
recursive moving outlier elimination procedure of Van Selst
and Jolicoeur (1994) removed an additional 3.18% of obser-
vations. Mean correct RTs were computed from the remaining
observations. An alpha criterion of .05 was used to determine
statistical significance in all analyses. The mean post-
experiment estimates of imagery use during the imagine block
was 74.39%.

Overall results

The mean correct RTs and the corresponding error percent-
ageswere submitted to mixed factor ANOVAs that treated cue
block (imagine/respond) and inter-trial repetition (switch/re-
peat) as within-subject factors, and block order (imagine-first/
imagine-second) as a between-subjects factor. The mean RTs
and error percentages are depicted in Fig. 4.

The analysis of RTs revealed no three-way interaction of
cue block, inter-trial repetition, and block order, F(1,30) =
0.04, p = .85, η2p = .001. There was no two-way interaction
of inter-trial repetition and block order, F(1,30) = 0.88, p =
.36, η2p = .03, or cue and block order, F(1,30) = 0.15, p =
.70, η2p = .04. There was a significant two-way interaction
of inter-trial repetition and cue block, F(1,30) = 39.08, p <
.001, η2p = .57. There was no main effect of block order,
F(1,30) = 1.11, p = .30, η2p = .04. There was a significant

Fig. 4 The overall mean response times and error percentages across
blocks of Experiment 2. The error bars represent the standard error of
the mean corrected to remove between-subject variability (Cousineau,
2005; Morey, 2008)
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main effect of inter-trial repetition, F(1,30) = 18.05, p <
.001, η2p = .37, reflecting overall faster responses for
switch than repeat trials. There was a significant main ef-
fect of cue block, F(1,30) = 25.72, p < .001, η2p = .46,
reflecting overall faster responses for the respond than
imagine cue block. Given a priori interests, mixed factor
ANOVAs that treated block order and inter-trial repetition
as factors were conducted for the imagine and respond cue
blocks separately.

The analysis of the imagine cue block revealed a significant
main effect of inter-trial repetition, F(1,30) = 28.40, p < .001,
η2p = .49, reflecting faster responses when the target color
switched (first-block: M = 732 ms, SD = 147 ms; second-
block: M = 669 ms, SD = 77 ms) than repeated (first-block:
M = 925 ms, SD = 220 ms; second-block: M = 907 ms, SD =
291 ms) across trials. The main effect of block order,
F(1,30) = 0.48, p = .49, η2p = .02, and interaction of
inter-trial repetition and block order, F(1,30) = 0.32, p =
.58, η2p = .01, were not significant.

The analysis of the respond cue block revealed a significant
main effect of inter-trial repetition, F(1,30) = 23.50, p < .001,
η2p = .43, reflecting overall faster responses when the target
color repeated than switched across trials. There was no effect
of block order, F(1,30) = 0.19, p = .66, η2p = .006. There was
an interaction of inter-trial repetition and block order that
approached significance, F(1,30) = 3.72, p = .063, η2p = .11.
This finding was explored further by conducting paired t-tests
that treated inter-trial repetition as a factor for each level of
block order separately. When the respond cue block was per-
formed first, there was a significant effect of inter-trial repeti-
tion, t(15) = 5.26, p < .001, d = 0.76, reflecting faster re-
sponses when the target color repeated (M = 662 ms, SD =
64 ms) than switched (M = 715 ms, SD = 74 ms) across trials.
When the respond cue block was performed second, the effect
of inter-trial repetition only approached significance, t(15) =
1.91, p = .076, d = 0.27, reflecting statistically similar RTs
when the target color repeated (M = 666 ms, SD = 89 ms) and
switched (M = 688 ms, SD = 81 ms) across trials.

The analysis of error percentages revealed a significant
main effect of block, F(1,30) = 9.99, p = .004, η2p = .24,
reflecting higher error percentages for the imagine than re-
spond cue block, and a main effect of inter-trial repetition,
F(1,30) = 15.8, p < .001, η2p = .34, reflecting higher error
percentages when the target color switched than repeated.
No other effects in the analysis of error percentages were
significant (all F ≤ 3.13, p ≥ .087).

Disengagement results

Like in Experiment 1, additional analyses were conducted
only on observations where “no imagery” was indicated for
the respond cue and some form of imagery was indicated for
the imagine cue. Participants reported “no imagery” on

91.89% (response block first: 93.89%; response block second:
89.86%) of respond cue trials, and imagery of some vividness
on 91.64% (imagery block first: 92.82%; imagery block sec-
ond: 90.47%) of imagine cue trials. The corresponding mean
RTs were submitted to a mixed factor ANOVA that treated
inter-trial repetition (repeat/switch) and cue block (imagine/
respond) as within-subject factors and block order (imagery-
first/imagery-second) as a between-subjects factor. The mean
RTs and error percentages of the disengagement results are
depicted in Fig. 5.

This analysis revealed that the three-way interaction of
inter-trial repetition, cue block, and block order was not sig-
nificant, F(1,30) = 0.10, p = .75, η2p = .003. There was no
two-way interaction of cue and cue block, F(1,30) = 0.04, p =
.83, η2p = .002, or inter-trial repetition and cue block, F(1,30)
= 0.88, p = .35, η2p = .03. There was a significant two-way
interaction of inter-trial repetition and cue, F(1,30) = 38.45, p
< .001, η2p = .56. There was no main effect of cue block,
F(1,30) = 1.16, p = .29, η2p = .04. There was a significant
main effect of inter-trial repetition, F(1,30) = 19.56, p < .001,
η2p = .39, reflecting overall faster responses when the target
color switched than repeated across trials. There was a signif-
icant main effect of cue block,F(1,30) = 22.35, p < .001, η2p =
.56, reflecting overall faster responses for the respond than
imagine cue block. Given a priori interests, mixed factor
ANOVAs that treated block order and inter-trial repetition as
factors were conducted for the imagine and respond cue
blocks separately.

The analysis of the imagine cue block revealed a significant
main effect of inter-trial repetition, F(1,30) = 29.09, p < .001,
η2p = .49, reflecting faster responses when the target color
switched (first-block: M = 726 ms, SD = 144 ms; second-
block: M = 661 ms, SD = 73 ms) than repeated (first-block:
M = 932 ms, SD = 227 ms; second-block: M = 923 ms, SD =

Fig. 5 The mean response times and error percentages of the
disengagement results of Experiment 2. The error bars represent the
standard error of the mean corrected to remove between-subject variabil-
ity (Cousineau, 2005; Morey, 2008)
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320 ms) across trials. There was no main effect of block order,
F(1,30) = 0.37, p = .55, η2p = .01, or interaction of inter-trial
repetition and block order, F(1,30) = 0.41, p = .53, η2p = .01.

The analysis of the respond cue block revealed a significant
main effect of inter-trial repetition, F(1,30) = 24.3, p < .001,
η2p = .44, reflecting overall faster responses when the target
color repeated than switched across trials. There was no main
effect of block order, F(1,30) = 0.65, p = .43, η2p = .02, and
interaction of inter-trial repetition and block order, F(1,30) =
3.06, p = .090, η2p = .09. This finding was explored further by
conducting paired t-tests that treated inter-trial repetition as a
factor for each level of block order separately. When the re-
spond cue block was performed first, there was a significant
effect of inter-trial repetition, t(15) = 4.73, p < .001, d = 0.72,
reflecting faster responses when the target color repeated (M =
666ms, SD = 70ms) than switched (M = 719 ms, SD = 74ms)
across trials. When the respond cue block was performed sec-
ond, there was a significant effect of inter-trial repetition, t(15)
= 2.25, p = .040, d = 0.30, reflecting faster responses when the
target color repeated (M = 660 ms, SD = 84 ms) than switched
(M = 684 ms, SD = 81 ms) across trials.

The analysis of error percentages revealed a significant
interaction of inter-trial repetition and block order, F(1,30)
= 4.81, p = .036, η2p = .14. There was a significant main
effect of inter-trial repetition, F(1,30) = 9.51, p = .004, η2p =
.24, reflecting higher error percentages when the target color
switched than repeated. No other effects in the analysis of
error percentages were significant (all F ≤ 3.61, p ≥ .067).

Discussion

First, the imagery congruency effect was robust when partic-
ipants implemented the imagery instruction, regardless of
whether the imagery cue block occurred first or second.
Second, when the respond cue occurred first, and, therefore,
participants were unaware of the imagery instruction, a robust
PoP effect was present. Third, while the PoP effect
approached significance when the respond cue block was per-
formed after the imagine cue block, its magnitude was greatly
reduced relative to when the respond cue block was performed
without the knowledge of the imagery instruction. All told, the
present results suggest that top-down instructions can be per-
sistent and not so easily extinguished – they continue to influ-
ence the PoP effect long after the task requirements had led
them to be abandoned.

Experiment 3

At this point, it has been revealed that top-down instructions
have a lingering influence on visual search, while at the same
time, the basis of this phenomenon is unclear. What we do
know is this top-down influence is operating outside of

conscious awareness, as it cannot be willfully abandoned.
What we don’t know is how this phenomenon is affected by
other top-down tasks. That is, it may be that when an instruc-
tion is implemented, it will remain intact until supplanted, and
this posed a particular problem for the PoP effect since the
imagery instruction was in direct opposition with it. If a top-
down task can be disrupted by another, the PoP effect should
return when the supplanting task does not affect it. To evaluate
this possibility, we replicated the experimental procedure of
Experiment 1, except that instead of being instructed to not
implement the imagery instruction, participants were to repeat
a random word aloud during the interval between search dis-
plays of the trial sequence.

Method

Participants

Thirty-two McMaster University undergraduates (21 female,
11 male, aged 18–33 years, M = 19.75 years) took part in
exchange for either course credit or $10 CAD monetary com-
pensation. All participants had normal or corrected-to-normal
visual acuity and normal color vision. The sample size was
selected based on the previous experiments.

Apparatus and stimuli

The apparatus and stimuli were identical to the previous
experiments.

Procedure

The procedure was identical to Experiment 1 except that the
respond cue was replaced by the word cue. For the word cue, a
random five-letter word ofmedium frequency (e.g., “PAINT,”
“CLOUD,” etc.) was displayed at the beginning of the trial
pair sequence and participants were to repeatedly say this
word aloud during the temporal interval between the pair of
search displays. The word and imagine cues were randomly
intermixed across the experimental session. The imagine cue
now contained three asterisks on each side (i .e. ,
“***IMAGINE***”) to distinguish it from the word cue.
For the word cue trial sequences, the imagery vividness probe
was replaced by ratings that evaluated how well participants
implemented the word cue instruction. Here, a keypress of “1”
indicated “not at all,” a keypress of “2” indicated “a little bit,”
a keypress of “3” indicated “moderately well,” and a keypress
of “4” indicated “to the best of my ability.”

Results

RTs and error percentages for the second trial of singleton
search of the trial sequence were the primary dependent
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variables. RTs greater than 2,000 ms or less than 200 ms were
excluded from analyses, which removed 2.21% of observa-
tions. The non-recursive moving outlier elimination procedure
of Van Selst and Jolicoeur (1994) removed an additional
2.57% of observations. Mean correct RTs were computed
from the remaining observations. An alpha criterion of .05
was used to determine statistical significance in all analyses.
The mean post-experiment estimates of imagery use for the
imagine cue was 73.11% and implementation of the word cue
instruction for the word cue was 88.94%. Given that partici-
pants rarely indicated failing to perform the word task instruc-
tions (i.e., 0.01% of observations), the Disengagement Results
section was not included.

Overall results

The mean correct RTs and corresponding error percentages
were submitted to within-subject ANOVAs that treated cue
(imagine/word) and inter-trial repetition (switch/repeat) as
factors. The overall mean RTs and error percentages are
depicted in Fig. 6.

The analysis of RTs revealed a significant main effect of
inter-trial repetition, F(1,31) = 26.50, p < .001, η2p = .24,
reflecting overall faster responses when that target color
switched than repeated across trials. There was a significant
main effect of cue, F(1,31) = 11.99, p = .002, η2p = .28,
reflecting overall faster responses when the word than imagine
cue was presented. There was a significant interaction of cue
and inter-trial repetition, F(1,31) = 26.50, p < .001, η2p = .49.
This interaction was explored further by conducting planned
paired t-tests that treated inter-trial repetition as a factor for the
imagine and word cues separately. The analysis of the imagine
cue revealed a significant effect of inter-trial repetition, t(31) =
4.55, p < .001, d = 0.49, reflecting faster responses when the
target color switched (M = 808 ms, SD = 238 ms) than

repeated (M = 939 ms, SD = 297 ms) across trials. The ana-
lysis of the word cue revealed a significant effect of inter-trial
repetition, t(31) = 3.19, p = .003, d = 0.22, reflecting faster
responses when the target color repeated (M = 761 ms, SD =
171 ms) than switched (M = 800 ms, SD = 183 ms) across
trials.

For the analysis of error percentages, there was no interac-
tion of cue and inter-trial repetition, F(1,31) = 0.69, p = .41,
η2p = .02, main effect of inter-trial repetition, F(1,31) =
0.52, p = .42, η2p = .01, or main effect of cue, F(1,31) =
1.97, p = .17, η2p = .06.

Discussion

First, and as in previous experiments, when participants were
cued to implement the imagery instruction, a robust imagery
congruency effect emerged. Second, when participants per-
formed the word task instruction, a robust PoP effect emerged.
This was despite participants having the knowledge of and
recently implementing the imagery instruction. Accordingly,
it appears that the imagery instruction can lead to automatic
influences on visual search, but its automaticity can be over-
ridden when the top-down system is occupied by another task.

General discussion

The present study evaluated whether top-down instructions
can have an automatic influence on visual search. To assess
this issue, participants imagined a color that was opposite to
the previous target of a color singleton search task during the
temporal interval between search displays. Automaticity was
then assessed by evaluating whether the PoP effect emerged
when participants were instructed to stop implementing the
imagery instruction. It was revealed that when participants
implemented the imagery instruction, responses were faster
when the target color switched (i.e., imagery congruent) than
repeated (i.e., imagery incongruent) across trials. When par-
ticipants were cued to not use the imagery instruction, the PoP
effect was not observed, suggesting that the imagery instruc-
tion influenced search. Further, it appeared that participants
did not have conscious access to the influence of the imagery
instruction, since the PoP effect did not emerge even when
participants reported successfully not implementing it. Even
further, the imagery instruction continued to influence search
long after it was last cued, as the magnitude of the PoP effect
was greatly reduced compared to participants who had no
knowledge of the imagery instruction when they performed
the search task. It was only when the imagery disengagement
instruction was replaced by an extraneous top-down task that
a robust PoP effect emerged when participants had recently
implemented the imagery instruction. Overall, the present
findings suggest that top-down instructions can lead to

Fig. 6 The mean response times and error percentages of Experiment 3.
The error bars represent the standard error of the mean corrected to
remove between-subject variability (Cousineau, 2005; Morey, 2008)
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automatic influences on search unless supplanted by another
top-down task.

A consistent finding across all experiments of the present
study was that responses were especially slow when the target
color was incongruent with color imagery. Accordingly, it
seems that the present findings were primarily due to an
incongruency cost rather than a faciliatory benefit. However,
we have demonstrated elsewhere that color imagery can pro-
duce a faciliatory benefit when it is congruent with an upcom-
ing target, and a cost when it is congruent with a distractor
(Cochrane, Wang, et al., 2021). We believe that a consistent
faciliatory benefit was not observed in the present study be-
cause the processes underlying imagery congruency and PoP
tap into the same system integral to attentional guidance.
Indeed, we have demonstrated elsewhere that when imagery
is reported as being highly vivid, in two out of three experi-
ments, the magnitude of imagery congruency effects were
statistically identical when the previous target color was re-
peated and switched (Cochrane, Ng, & Milliken, 2021). In
other words, the lack of an additive contribution from PoP
suggests that imagery is overriding its influence, and, thus,
there is overlap of the underlying processes. While that ex-
plains the absence of the faciliatory benefit, why were there
large incongruency costs for imagery? We suspect this has
to do with imagery producing a stickier form of attention
capture, so to speak. That is, while color imagery and
target repetitions both direct spatial attention to the loca-
tion of congruent colors, they are not easily disengaged
from when the templates are constructed with imagery.
This is not problematic when imagery and the target color
are congruent since disengagement is not required.
However, when imagery is incongruent with the target
(i.e., congruent with the distractors), participants are re-
quired to disengage from the distractor prior to orienting
and identifying the target. While the reason for this phe-
nomenon is not yet clear, we suspect that it is due to the
active basis of imagery – that active maintenance of a
representation in memory strengthens attentional engage-
ment to congruent perceptual representations.

There are at least two plausible ways that the top-down
color imagery instruction influenced visual search when par-
ticipants were no longer actively implementing it. The first is
the interference hypothesis – that once participants sufficiently
implemented the imagery instruction, the corresponding color
representation was incorporated into the attentional control
setting. This then interfered with the color representations in-
corporated into the attentional control setting produced by the
previous target color, such that attention could not be guided
sufficiently to either representation. In other words, the capac-
ity to which the previous target color could guide attention
was functionally nullified by the competing representation of
the imagery instruction. The second is the emergence hypoth-
esis – that once participants sufficiently implemented the

imagery instruction, this instruction could intrude when par-
ticipants were instructed to disengage from it. This hypothesis
is akin to the “white bear phenomenon” – that an instruction to
“not think of a white bear” can lead participants to think of it
(Wegner, 1994; Wegner et al., 1987). Presently, it is not clear
which of these two hypotheses best explain the present results.
In favor of the interference hypothesis, the vividness rating
results indicated that participants were unaware of the influ-
ence of the imagery instruction. However, it may be that the
influence of the imagery instruction did not reach conscious
awareness, or that the vividness rating did not adequately
measure conscious disengagement from the imagery instruc-
tion. Indeed, we are also hesitant to come to strong conclu-
sions regarding the vividness rating findings, given we have
found somewhat contradictory results elsewhere (Cochrane,
Ng, Khosla, & Milliken, 2021). In favor of the emergence
hypothesis, when participants performed the word task of
Experiment 3, a robust PoP effect emerged – that performing
the word task sufficiently occupied cognitive resources, which
meant they could not be allocated to performance of the im-
agery instruction. In all, it is our position that the emergence
hypothesis is best supported by the present results, but further
investigation of this issue is needed.

If the emergence hypothesis is true, it may be that the im-
agery vividness rating procedure aided the resiliency of the
imagery instruction. In other words, while it was revealed that
the imagery vividness ratings did not reflect the strength of
imagery disengagement, it may be that the imagery vividness
ratings reminded the participants of the imagery instruction,
and thus, impaired imagery instruction disengagement. That
is, it could be that the reason the PoP effect only approached
significance in Experiment 2 for participants who performed
the respond cue block after the imagery cue block was that the
imagery vividness rating procedure was implemented during
the respond cue block. While we suspect that the imagery
vividness rating procedure does not fully explain the absence
of the PoP effect during imagery instruction disengagement,
the role of implicit reminders in instruction abandonment is a
fruitful avenue for future research.

Another possibility is that instructing participants to not
implement the imagery instruction reduced the PoP effect in
and of itself. That is, the present work exploited the automa-
ticity of the PoP effect to evaluate successful disengagement
from the top-down imagery instruction. We then have
interpreted the absence of the PoP effect as participants being
unable to stop implementing the imagery instruction when
instructed to do so. However, it is possible that participants
were able to stop implementing the imagery instruction when
instructed to do so, but that act of disengaging from the imag-
ery instruction affected the processes driving the PoP effect.
Hypothetically, what if to disengage from visual imagery a
participant imagined a neutral color to that of imagery and
the previous target, which prevented attentional guidance to
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both representations? While this interpretation is possible,
such a finding would be remarkable considering research not-
ing the resilience of the PoP effect (e.g., Cochrane & Pratt,
2020; Pascucci et al., 2012; Shurygina et al., 2019; Thomson
et al., 2013). For example, we consistently observed robust
PoP effects when encouraging participants to expect the op-
posite color and giving them a reason to do so by making
target color switches more likely than repeats (Cochrane,
Nwabuike, et al., 2018). In all, while it is possible that the
disengagement instruction in and of itself eliminated the PoP
effect, we suspect this was not the reason for the present
findings.

The present findings further our understanding of the inter-
actions of the top-down and selection history systems.
Theeuwes (2019) defines selection history effects as “previous
attentional deployments [that] elicit lingering and enduring
selection biases that are unrelated to current goals nor related
to the stimulus-driven salience of objects,” later indicating that
“whenever attentional selection is driven by experiences with
previous selection episodes one speaks about ‘history-driven
selection’.” This description of history-driven selection fits
well with the instruction-based effects here – that previously
implemented instructions produce a lingering and enduring
influence even when no longer actively implemented. That
is, the present findings indicate an important interaction across
the top-down and selection history systems. It appears that the
top-down system can be used to establish an attentional con-
trol setting that can influence visual search while actively en-
gaged, and once this attentional control setting is established,
it can have an automatic influence on visual search. The ben-
efit here is that the top-down system can work to deliberately
intervene to aid performance, and once the behavior is estab-
lished, the selection history system can take over to free up
cognitive resources such that these associated behaviors may
be efficiently executed.

Conclusion

The present study evaluated whether top-down instructions
could have a lingering influence on visual search when they
were to not be implemented. The results demonstrated that, by
means of the PoP effect, participants were unable to disengage
from the imagery instruction when instructed to do so. It was
only when participants replaced the disengagement instruction
with an extraneous top-down task that successful disengage-
ment was possible, suggesting that automatic retrieval of prior
implemented instructions can occur, but it is affected by other
top-down tasks.
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