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Abstract

Visual working memory (VWM) is a core cognitive system enabling us to select and briefly
store relevant visual information. We recently observed that more salient items were recalled
more precisely from VWM and demonstrated that these effects of salience were quite re-
silient against manipulations of reward, probability, and selection history. Here, we investigated
whether and how salience interacts with shifts of attention induced by pre- and retro-cueing.
Across four experiments, we consistently found effects of salience on the precision of VWM.
Spatial and feature cues presented before the memory display improved precision when they
validly indicated the target but failed to modulate the salience effect. Feature retro-cues with
moderate validity did not improve precision. However, effects on precision emerged when the
validity of the retro-cue was increased and a spatial component was added. Overall, there was
little interaction between cueing effects and target salience. This suggests that salience plays
a critical role in how items are initially encoded into VWM and that once representations are
formed, their relative priority based on salience appears difficult to fully override via top-down
mechanisms. These findings highlight bottom-up and top-down processes in the interplay of
visual attention and working memory.

Public Significance Statement

Our eyes are bombarded with far more information than we can thoroughly process. Therefore,
objects that stand out from their surroundings are preferentially attended. It has been shown that
these objects are also better remembered. However, even when we try to focus on less salient
objects, this initial attentional capture has a lasting impact. The present study shows that even
when we have information about the relevant objects, more salient objects are still remembered

better.
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Visual working memory (VWM) holds visual information
available for short periods of time and is a key component
of human cognition. However, it is also severely limited in
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capacity. The reason for the limitation differs between mod-
els of VWM (Oberauer & Lin, 2017; Schurgin et al., 2020;
Zhang & Luck, 2008). The slot model assumes that items
are encoded in an all-or-nothing fashion. That is, each item
in VWM occupies one or several slots and is represented
with high precision, while the representation of items with-
out a slot is random (Zhang & Luck, 2008). In contrast, the
continuous-resource model posits that individuals have a lim-
ited but continuous resource that can be flexibly allocated be-
tween items in VWM (Bays et al., 2009; van den Berg et al.,
2014). The allocation of this resource depends on attentional
selection processes.

The selection process that allows the human visual sys-
tem to efficiently sort through vast amounts of information
to identify and process relevant stimuli is often called visual
attention. This selection process is guided by an internal pri-
ority map, that is, a dynamic representation that highlights
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locations or features of higher behavioral relevance within
the visual field (Awh et al., 2012; Corbetta & Shulman, 2002;
Liesefeld et al., 2020, 2024; Wolfe, 2021; see also Anderson,
2024). Prioritization is created from a mixture of top-down
and bottom-up factors, as well as selection history. In light
of recent research, it seems that the precision of information
in VWM is proportional to the level of attentional prioritiza-
tion (Constant & Liesefeld, 2021, 2023; Dube et al., 2017;
Emrich et al., 2017; Huynh Cong & Kerzel, 2022; Klysze-
jko et al., 2014; Lockhart et al., 2024; Ravizza & Conn,
2022). Therefore, the continuous-resources model seems like
a more adequate framework than the slot model to explain
effects of prioritization in VWM.

The main bottom-up (i.e., stimulus-driven) factor driving
the allocation of these resources is salience, also defined as
the local feature contrast (Liesefeld et al., 2016; Nothdurft,
1993). That is, the more an item’s features differ from the sur-
rounding items, the more salient it is. Highly salient stimuli
“pop out” subjectively and can attract attention reflexively.
For instance, a colored street sign may stand out in its grayish
environment because its color differs from the surrounding
objects. Consistent with bottom-up effects on the distribution
of resources in VWM, salience was found to be a major de-
terminant of VWM precision (Constant & Liesefeld, 2021).

Top-down processes, on the other hand, involve the goal-
driven modulation of the priority map. Observers can will-
fully prioritize certain objects, features, or locations accord-
ing to their current objectives while ignoring salience. For
instance, the less salient stimuli in Constant and Liese-
feld (2023) were probed more often and therefore had a
higher top-down priority. However, the bottom-up effects of
salience were hard to overrule, even at long encoding times.
Possibly, attention was still attracted first to the most salient
stimulus and redirected only later to the less salient but more
relevant stimuli. This could have provided the most salient
stimulus with a head start in the race for the allocation of
VWM resources (Ravizza et al., 2021).

Based on these findings, we investigated whether shifts
of attention occurring before or after the onset of the mem-
ory display can erase the effects of salience in a VWM task.
We hoped to further disentangle the relative contributions of
top-down and salience-driven shifts of attention on memory
performance. To that effect, we designed four experiments
using pre- or retro-cues. Pre-cues cues provide advance in-
formation about target features or locations and have been
used in VWM and visual search tasks to enhance the prior-
ity of upcoming stimuli (Bays et al., 2011; Boettcher et al.,
2021; Dodwell et al., 2024; Gazzaley & Nobre, 2012; Gresch
et al., 2024b; Grubert & Eimer, 2018; Schmidt et al., 2002;
Vogel & Machizawa, 2004). Retro-cues have also been ex-
tensively used to study VWM, and are generally assumed to
work through internal attentional reprioritization (Gazzaley
& Nobre, 2012; Gresch et al., 2024a, 2024b; Griffin & No-
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bre, 2003; Huynh Cong & Kerzel, 2020; Souza & Oberauer,
2016; Souza et al., 2014, 2016; van Ede & Nobre, 2023; van
Ede et al., 2020). To preview the results, we find that effects
of salience co-exist with the performance boost provided by
the cues. Experiments 1 and 2 investigated effects of pre-
cues, whereas Experiments 3 and 4 investigated effects of
retro-cues.

Experiment 1

In the first experiment, we evaluated whether a spatial
pre-cue would erase the effects of salience. Spatial cues
have been demonstrated to enhance memory performance in
other VWM tasks (Bays et al., 2011; Emrich et al., 2017; Li
& Saiki, 2015; Schmidt et al., 2002; Vogel & Machizawa,
2004). Participants were instructed to remember the color of
three tilted bars shown among vertical filler bars. The bars in
this memory set had a slight, medium, or strong tilt, which
resulted in weak, medium, and strong salience. The pre-cue
was a dot presented at the (future) location of a stimulus from
the memory set. A trial was valid when the pre-cue appeared
at the location of the tilted bar that was probed at the end
of the trial and invalid when it appeared at the location of
a tilted bar that was not probed. It is possible that in our
earlier experiments, the bars with slight or medium tilt were
not found in time because they were less salient, resulting in
weaker encoding. It is also likely that they were not attended
first and might therefore not benefit from the same boosted
VWM resources as the strongly tilted bar, which was likely
to be found first because it was the most salient stimulus in
the display. When pre-cueing a stimulus from the memory
set, the cued bar is likely to be attended first because the cue
had a validity of 67%. We thus expected effects of salience
to be absent with valid pre-cues.

Methods
Transparency and openness

We report how we determined our sample size, all data
exclusions (if any), all manipulations, and all measures in
the study. All experiments were pre-registered. All cleaned
data, analysis code, preregistrations and research materials
are available on OSF (https://osf.io/9gc3x/). Data were an-
alyzed using CPython 3.12.3 with the following packages:
pandas 2.2.2 (The pandas development team, 2024), numpy
1.26.4 (Harris et al., 2020), scipy 1.13.0 (Virtanen et al.,
2020) and seaborn 0.13.2 (Waskom, 2021). False discovery
rate (FDR) corrections were computed with pingouin 0.5.4
(Vallat, 2018). JASP 0.18.3 was also used to conduct Bayes
Factors analyses (JASP Team, 2024; Love et al., 2019).

For all experiments, convenience sampling was used, that
is, first year psychology bachelor students were recruited and
compensated with course credits. We did not gather ethnic-
ity nor race information about the participants, and we asked
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them to report their gender. All participants provided in-
formed consent prior to the experiment, reported normal or
corrected-to-normal visual acuity, normal color vision and
were naive as to the purpose of the study. The experimen-
tal procedures were approved by the ethics committee of
the Faculty of Psychology and Educational Sciences of the
University of Geneva. The experiments are reported in the
chronologic order in which they were performed. All data
were collected in 2023.

Sample size

For each experiment, sample size was determined via se-
quential testing with Bayes factors (BF'), following the rec-
ommendations by Schonbrodt and Wagenmakers (2018) with
a minimum of 10 and a maximum of 30 participants. We
stopped testing when sufficient evidence for either the null
or the alternative (BF9p > 6 or BFy < 3) was reached for
each pre-registered critical test. The critical tests determin-
ing the stopping rule for Experiment 1 examined whether re-
call error would decrease with object salience. We expect a
decrease with salience when pre-cues were invalid, but no
effect of salience with valid pre-cues because the target was
attended first. As a manipulation check, we also examined
whether performance was improved for valid compared to
invalid pre-cues for each of the three tilts (12°, 28°, 45°).
The stopping rule resulted in a sample of 25 adults (Mean
age: 21.08 + 2.22 [SD], 19 women/6 men, all right-handed).
No participant was excluded.

Stimuli, procedure & design

Stimuli were displayed on a color-calibrated (80 cd/m?
D65 whitepoint) 22.5” IPS-LCD monitor (VIEWPixx Lite,
1920 x 1200 pixels, 100 Hz, scanning backlight) at a view-
ing distance of 67 cm. All lights were turned off in the exper-
imental room. OpenSesame 4.0 (Mathot et al., 2012) with the
PsychoPy backend (Peirce et al., 2019) was used for stimulus
presentation.

The core task design was similar to our previous experi-
ments (Constant & Liesefeld, 2021, 2023). Each trial began
with the presentation of a central white fixation dot (radius:
0.18 degrees of visual angle [dva]) against a dark gray back-
ground (RGB: [60, 60, 60], 3.1 cd/m?). After 300 ms, a spa-
tial pre-cue was presented for 50 ms and the memory display
appeared 650 ms after the cue disappeared. The delay be-
tween cue disappearance and memory display appearance is
comparable to the one used in Yoo et al. (2018). The spatial
pre-cue was a small black circle (radius: 0.37 dva, thus sub-
tending the same area as the bars) with a white outline pre-
sented at the (future) location of a stimulus from the mem-
ory set. The pre-cue indicated the stimulus from the memory
set that was tested at the end of the trial in 2 out of 3 tri-
als (66.7%; valid cue condition). Each of the remaining two

Constant & Kerzel

stimuli from the memory set were cued on 16.7% of trials for
a total of 33.3% invalid trials.

The memory display consisted of 33 vertical and 3 right-
tilted (12°, 28° and 45°) bars each subtending 1.30 x 0.33
dva (see Figure 1). The bars were colored and arranged on
three (invisible) concentric rings (radius of 2, 4 and 6 dva)
with respectively 6, 12 and 18 bars on each. The tilted bars
were presented on the middle ring (eccentricity of 4 dva).
Colors were randomly drawn from a circle in a luminance
plane of the CIE 1976 L*a*b* color space (L* = 63, cen-
ter: a* = 9, b* = 27, illuminant: D65, 2° standard observer)
with a radius of 40. This ensured that all colors could be
mapped onto the 24-bits SRGB color space while being the-
oretically equally salient. Indeed, CIE L*a*b* is a device-
independent color space based on the opponent color theory
(Hering 1920/1964) that aspires to be perceptually uniform,
taking into account the specificities of the human color vision
system (see, Fairchild, 2013). The xyY coordinates of all col-
ors were measured with an X-Rite i1Display Pro VPixx edi-
tion and are available on OSF.

The memory display appeared for 350 ms and was fol-
lowed by a delay period of 1000 ms. Then, the color wheel
appeared. Its rotation was randomly selected from 12 possi-
ble rotations and there were 360 different colors. The color
wheel had a diameter of 8 dva and was 0.67 dva thick. In-
side the color wheel, the bars from the memory display were
shown in their original tilts, but as black outline placeholders.
All placeholder bars were filled in the same dark gray as the
background except for the target, which was initially filled
in black. Participants were instructed to report the color they
remembered for the target bar (Wilken & Ma, 2004). After
being initially black, the color of the probed bar changed
dynamically to match the color at the current mouse posi-
tion. After selecting the remembered color by mouse click,
the correct color was briefly indicated on the color wheel.
Each participant completed a total of 504 trials divided into
blocks of 36 trials. Thus, for each of the three tilts, there were
112 valid trials and 56 invalid trials.

Analysis

Our analyses focused on the mean absolute angular dis-
tance between the correct and the selected color (recall
error). As stated in our preregistrations, participants with
an average recall error above 80° were excluded. Unless
otherwise stated descriptive statistics are reported as mean
+ 95% within-participant confidence interval (Cousineau,
2005; Cousineau & O’Brien, 2014; Morey, 2008). Although
we did not preregister a correction for multiple comparisons,
we checked that p values remained significant after FDR cor-
rection (Benjamini & Yekutieli, 2001).

Statistical analyses were performed with custom Python
scripts and validated with JASP 0.18.3 with the default prior
for the Bayesian analyses, that is, a Cauchy distribution with
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Figure 1

Experimental procedures.
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Note. A valid or neutral cue trial is shown. That is, the cue indicated the location or tilt of the target. In Experiments 1, 2 and 3, the cue
was valid in 67% and invalid in 33% of the trials. In Experiment 4, the cue was either 100% valid or neutral (non-informative). The gray

background in the figure is lighter than in the experiments.

a location of 0 and scale of g). Planned directed Bayesian
t tests (Rouder et al., 2009) were conducted to analyze the
differences between the conditions. Since the Python imple-
mentation of the Bayesian directed 7 tests did not always con-
verge, we used results from JASP for these.

BayesFactors (BF) quantify the support for a hypothe-
sis over another (first vs. second subscript), regardless of
whether these models are correct. The subscript “0” always
refers to the null hypothesis (Hy). For two-sided tests, the
subscript “1” refers to the alternative hypothesis (H;). When
conducting one-sided (directed) tests, the subscripts “+” or
“~” were used depending on the direction of the hypothe-
sis (H, or H_, respectively) in place of the subscript “1”.
Throughout the results, we report the BF for the most favored
hypothesis from the test we ran (e.g., if the null is more prob-
able in a two-sided test, BF; is reported instead of BF ), as
we find it most intuitive to interpret. We also report the tradi-
tional (frequentist) significance tests for reference as well as
the effect sizes (mainly Hedges’ g, [Hedges, 1981; Hedges
and Olkin, 1985], the unbiased equivalent of Cohen’s d, [Co-
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hen, 1988]) followed by their 95% CI in brackets (Fitts, 2020,
2022; Goulet-Pelletier & Cousineau, 2018, 2019). The sub-
script “p” in g, and d,, reflects the fact that the pooled stan-
dard deviation was used to compute the effect size (instead of
e.g., the standard deviation of the differences for Cohen’s d,).
This allows for a direct comparison with effect sizes obtained

in between-participants designs.

Results

The results of the pre-registered statistical tests
(https://osf.io/6y9k5/) are shown in Table 1. As expected,
performance improved for all tilts with valid compared to
invalid pre-cues. In the invalid pre-cue conditions, perfor-
mance was also significantly better for more salient targets.
However, contrary to our expectation that performance
would be equal between all tilts in the valid pre-cue con-
dition, there was an effect of tilt. Thus, salience facilitated
memory performance even though attention was shifted
to the target position before onset of the memory display.

Preprint | @® | 4


https://osf.io/6y9k5/
https://creativecommons.org/licenses/by/4.0/

CUES DO NOT IMPACT EFFECTS OF SALIENCE

An exploratory ANOVA showed a significant interaction
between Pre-cue validity and Target tilt, F(2,48) = 5.28,
p = .008, w? = .027. Based on visual inspection of Figure 2
(left panel) and effect sizes of the post hoc 7 tests, it appears
that the effect of tilt was stronger for the invalid than for
the valid pre-cue condition (see OSF repository for the full
ANOVA table and descriptive statistics).

Discussion

These results indicate that valid spatial pre-cues could not
erase the effects of salience despite significantly boosting
VWM performance. Even when participants attended the po-
sition of the target before it appeared, performance remained
superior for more salient targets. Possibly, VWM informa-
tion accumulates at a faster rate for more salient targets. Al-
ternatively, salient targets may have captured attention on
most trials, even when the less salient targets were cued. Fi-
nally, more salient targets may have been harder to attention-
ally disengage from, leading to a longer encoding time.

The exploratory ANOVA showed a slightly weaker ef-
fect of salience for validly cued stimuli, which might be ex-
plained by a ceiling effect. Indeed, the recall error for the 45°
valid pre-cue condition was 22.44° + 3.67, which is compa-
rable to the best performance observed in Experiment 1 of
Constant and Liesefeld (2023) at 2000 ms of encoding time
(24.11° £ 2.73). Thus, there was less room for improvement
between 28° and 45° in the valid cue condition.

Experiment 2

Experiment 1 demonstrates that effects of spatial cueing
and effects of salience co-exist and do not appear to be in
competition. If there had been competition, we would have
expected no effects of salience with valid pre-cues, notably
because the higher relevance of the cued stimulus would have
caused little to no inspection of the non-cued stimuli from the
memory set. In Experiment 2, instead of using spatial pre-
cues to guide spatial attention, we presented feature pre-cues.
By priming the tilt of the bar from the memory set that would
be probed, we aim to boost its priority within the search pro-
cess. We will first determine whether feature pre-cues im-
prove color memory for bars with the cued tilt. Attention can
be guided in a spatially global manner to stimuli sharing the
attended feature (e.g., Saenz et al., 2003; Treue & Trujillo,
1999). As a result, stimuli matching the pre-cues may be
found earlier and additionally, processing of the color per-
taining to the attended tilt may be enhanced. Both the earlier
localization and the enhancement are expected to improve
recall.

Methods

In Experiment 2 the pre-registered hypotheses
(https://osf.io/apuy6/) were similar to Experiment 1 with
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one notable exception. Because of the unexpected effect of
salience in the valid pre-cue condition of Experiment 1, we
now expect to replicate this effect in Experiment 2.

We collected data from 31 participants, and one was ex-
cluded because they did not finish the experiment, thus the fi-
nal sample size was composed of 30 participants (Mean age:
21.16 = 4.22 [SD], 27 women/3 men, 2 left-handed).

Experiment 2 was modeled after Experiment 1 with one
key difference. We used a feature instead of spatial pre-cue.
That is, at the start of a trial, we presented a black right-tilted
bar (12°, 28° or 45°) with a white outline in the center of the
display. The tilt of the bar validly indicated the orientation
of the target in 67% of the trials. The presentation time was
increased to 150 ms (from 50 ms in Experiment 1), while the
delay between the cue disappearance and onset of the mem-
ory display was reduced to 550 ms (from 650 ms), resulting
in the same SOA of 700 ms. As in Experiment 1, each par-
ticipant completed a total of 504 trials divided into blocks of
36 trials. Thus, for each tilt, there were 112 valid trials and
56 invalid trials.

Results

The outcome of the pre-registered statistical tests is shown
in Table 2 (descriptive statistics available on OSF). As ex-
pected, in the invalid pre-cue condition, the precision of color
judgments improved with the salience of the probed stimu-
lus. Similar to Experiment 1, however, this effect was also
observed with valid pre-cues. Further, the precision was bet-
ter with valid than invalid pre-cues for 12° and 45° targets,
but surprisingly, there was no difference between invalid and
valid pre-cues for the 28° target.

After visual inspection of Figure 2, it looked like the effect
of cues was weaker in this experiment than in Experiment
1. To investigate this, we performed an exploratory mixed
ANOVA with the difference between valid and invalid cues
(for each target tilt) as the dependent variable, Target Tilt as
the repeated-measure factor and Experiment (spatial pre-cue
vs. feature pre-cue) as the between-participant factor. The
main effect of Experiment was significant, F(1,53) = 50.51,
p < .001, w? = .314, showing that the valid spatial pre-
cues enhanced performance more than the valid feature pre-
cues (recall error decrease of 31.69° + 5.06 vs. 6.06° = 1.60).
The interaction Experiment X Target Tilt was also significant,
F(2,106) = 12.68, p < .001, w? = .046, but the pattern of
results is clear enough that we can still interpret the main
effect of Experiment.

Discussion

The results of Experiment 2 largely replicate the key find-
ings of Experiment 1. Feature pre-cues, like spatial pre-cues,
significantly improved VWM performance overall. It there-
fore seems that feature pre-cues accelerated access or en-
hanced processing of the target, which improved VWM per-
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Table 1

Paired Samples t Tests for Experiment 1.

Comparison 1(24) p Hedges’ g, BF Favors
12° Valid # 28° Valid? 6.08 <.001 0.73[0.46,1.12] 6901 H,
28° Valid # 45° Valid? 4.57 <.001 0.46 [0.25,0.75] 223.65 H,
12° Valid # 45° Valid? 6.94 <.001 1.14 [0.76, 1.68] 4.70e+4 H,
12° Invalid > 28° Invalid 5.79 <.001 0.89[0.55,1.34] 7219 H.
28° Invalid > 45° Invalid 4.04 <.001 0.48 [0.24,0.80] 134.78 H,
12° Invalid > 45° Invalid 8.45 <.001 1.35[0.96,1.92] 2.22e+6 H.
12° Invalid > 12° Valid 7.97 <.001 2.44[1.74,3.37] 8.24e+5 H,
12° Invalid > 28° Valid 11.99 <.001 3.59[2.78,4.72] 1.37e+9 H,
12° Invalid > 45° Valid 14.35 <.001 4.19 [3.32,5.44] 5.05e+10 H,
28° Invalid > 12° Valid 4.91 <.001 1.35[0.78,2.04] 962.98 H.
28° Invalid > 28° Valid 8.40 <.001 2.19[1.59,3.00] 1.98e+6 H.
28° Invalid > 45° Valid 10.25 <.001 0.76 [0.18, 1.41] 6.89¢+7 H,
45° Invalid > 12° Valid 2.60 .008 0.76 [0.18, 1.41] 6.43 H,
45° Invalid > 28° Valid 5.48 <.001 1.46 [0.91,2.16] 3530 H.
45° Invalid > 45° Valid 6.99 <.001 1.83[1.25,2.57] 1.04e+5 H.

Note. The @ symbol marks comparisons for which the outcome was opposite to our expectation. All p values remain signifi-
cant after FDR correction (15 comparisons; Benjamini & Yekutieli, 2001).

Table 2

Paired Samples t Tests for Experiment 2.

Comparison 1(29) p Hedges’ g, BF Favors
12° Valid > 28° Valid 10.80 <.001 1.40 [1.05,1.90] 1.60e+9 H,
28° Valid > 45° Valid 10.40 <.001 1.68 [1.27,2.27] 6.89¢+8 H.
12° Valid > 45° Valid 16.31 <.001 3.14[2.51,4.03] 2.98e+13 H.
12° Invalid > 28° Invalid 13.44 <.001 1.75[1.35,2.35] 2.53e+11 H,
28° Invalid > 45° Invalid 431 <.001 0.66 [0.35,1.05] 317.32 H,
12° Invalid > 45° Invalid 13.14 <.001 2.4411.91,3.18] 1.48e+11 H,
12° Invalid > 12° Valid 3.92 <.001 0.50[0.24,0.81] 124.09 H.
28° Invalid > 28° Valid? 0.45 327 0.05 [-0.17,0.27] 3.51 Hy
45° Invalid > 45° Valid 6.58 <.001 1.05 [0.70, 1.51] 1.00e+5 H.

Note. The @ symbol marks comparisons for which the outcome was opposite to our expectation. All significant p values re-
main significant after FDR correction (9 comparisons; Benjamini & Yekutieli, 2001).

formance. However, as can be observed in Figure 2, the mag-
nitude of that effect was smaller than with spatial pre-cues.
This probably led to the lack of difference between valid
and invalid conditions for targets with 28° tilt. It could be
that the feature pre-cues worked not only for the cued fea-
ture, but also for similar features. Thus, 28° pre-cues would
not only enhance the 28° tilt, but also the 12° and 45° tilts,
which would attenuate the difference between valid and in-
valid 28° pre-cues. Overall, even with this top-down guid-
ance, the impact of salience persisted. Targets with higher
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salience were consistently recalled with greater accuracy.
This finding strengthens the conclusion that the influence of
salience on VWM performance seems to interact minimally
with top-down cueing strategies.

Experiment 3

It has been demonstrated in other VWM tasks that it is
possible to flexibly reallocate resources during the mainte-
nance period, the underlying assumption being that internal
selective attention is reallocated to the relevant stimulus as

Preprint | @® | 6


https://creativecommons.org/licenses/by/4.0/

CUES DO NOT IMPACT EFFECTS OF SALIENCE

Figure 2

Results from Experiments I and 2.
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pre-cue shared its tilt with a stimulus from the memory set. Cues indicated the correct bar in 67% of the trials. The dotted lines represent
chance level. Error bars reflect 95% within-participant confidence intervals (Cousineau, 2005; Morey, 2008).

opposed to external attention being guided to the relevant
stimulus in pre-cue paradigms (Gresch et al., 2024b; Souza
& Oberauer, 2016; van Ede & Nobre, 2023; van Ede et al.,
2020). In Experiment 3, by presenting a retro-cue that in-
dicated the tilt of a stimulus from the memory set after the
memory display disappeared, we aimed to isolate potential
timepoints where salience impacts VWM. There are two pos-
sibilities. If salience primarily affects the speed or quality of
VWM encoding, retro-cues should have little impact. How-
ever, if salience influences the stability of VWM represen-
tations over time, retro-cues could potentially “rescue” less
salient items by shifting the internal selective attention to-
wards them during the maintenance period. We hypothesized
that retro-cues would increase recall performance, but that
they would not modulate the effect of salience.

Methods

In Experiment 3, the pre-registered hypotheses
(https://osf.io/gscrd/) were identical to that of Experiment
2. This resulted in a sample of 21 participants (Mean age:
20.24 + 1.83 [SD], 18 women/3 men, 2 left-handed).

Experiment 3 was modeled after Experiment 2. The key
difference was that the central tilt cue was presented after
the memory display instead of before. More specifically, the

Constant & Kerzel

retro-cue appeared 350 ms after the memory display and
stayed for 300 ms. After its disappearance, another 350 ms
preceded the appearance of the response display. As in the
previous experiments, each participant completed a total of
504 trials divided into blocks of 36 trials. Thus, for each
probed tilt, there were 112 valid trials and 56 invalid trials.

Results

As shown in Table 3 and consistent with previous experi-
ments, effects of salience were observed both for valid and
invalid retro-cue conditions. However, in this experiment,
there was virtually no effect of the retro-cue validity on per-
formance (see Figure 3, left panel).

Discussion

In Experiment 3, the retro-cue had virtually no effect.
Given that feature pre-cues had a smaller effect than spa-
tial pre-cues (Experiment 2 vs. Experiment 1; see also Li
& Saiki, 2015), and that probabilistic retro-cues were shown
to have a smaller effect than deterministic retro-cues (Dube
& Al-Aidroos, 2019; G6zenman et al., 2014; Giinseli et al.,
2015), it could be that the combination of these factors ren-
dered the retro-cue ineffective. It could also be that partic-
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Figure 3

Results from Experiments 3 and 4.
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Note. The feature retro-cue in Experiment 3 shared its tilt with a stimulus from the memory set and indicated the correct tilt in 67% of the
trials. The retro-cue in Experiment 4 either shared its tilt and location with the target (100 % valid cue) or was a centrally presented vertical
bar. The dotted lines represents chance level. Error bars reflect 95% within-participant confidence intervals (Cousineau, 2005; Morey, 2008).

ipants disregarded the retro-cue if they perceived it as less
informative than their initial internal memory representation,
and thus felt it did not help them enough. Another reason
that the retro-cue wasn’t effective could be that there might
not have been enough time between the memory and the re-
sponse display, which could further reduce the usefulness of
the retro-cue (Luo et al., 2023). Finally, the lack of retro-
cue effect might suggest that once stable initial representa-
tions are formed, their relative priority may be difficult to
alter within the maintenance period. The expected effect of
retro-cues in VWM tasks might thus be only observed when
attentional priority in the memory set is roughly equal during
encoding, which was not the case in the current experiments
because of the differences in salience.

Experiment 4

The findings of Experiment 3 suggest that the influence
of salience on VWM may be primarily established during
encoding and may be difficult to modify during the main-
tenance phase. However, the null effect of retro-cues could
also stem from some methodological choices. We therefore
made the following adjustments to make the retro-cue more
effective. First, the retro-cue was both featural and spatial in-
stead of only featural. Second, the maintenance interval was
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doubled from 1 to 2 seconds with the assumption that the
longer cue-to-test interval might improve the retro-cue effi-
ciency (Gozenman et al., 2014). Third, retro-cue validity was
increased to 100%, which makes the retro-cue deterministic
and more effective (Dube & Al-Aidroos, 2019; Giinseli et al.,
2015). Because there was no invalid condition, the efficiency
of the retro cue was evaluated through comparisons with neu-
tral retro-cues.

Overall, Experiment 4 provides a more robust test of
whether salience-based biases in VWM can be modulated af-
ter encoding. If performance remains influenced by salience
despite more effective retro-cues, it is likely that salience
shapes the initial VWM encoding process in a way that is
resistant to subsequent top-down intervention.

Methods

In Experiment 4, the pre-registered hypotheses
(https://osf.io/7qtvn/) were identical to that of Experiment
3. This resulted in a sample of 15 participants (Mean age:
20.73 £ 1.83 [SD], 17 women/4 men, 2 left-handed).

Experiment 4 was modeled after Experiment 3 with the
following differences. The retro-cue could either be neu-
tral or 100% valid. Furthermore, it was a combined fea-
ture/spatial retro-cue. That is, when it was neutral, it was a
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Table 3

Paired Samples t Tests for Experiment 3.

Comparison 1(20) p Hedges’ g BF Favors
12° Valid > 28° Valid 9.25 <.001 1.56 [1.12,2.26] 2.23e+6 H,
28° Valid > 45° Valid 6.61 <.001 1.26 [0.83,1.89] 1.95e+4 H,
12° Valid > 45° Valid 10.72 <.001 3.00 [2.26,4.07] 2.24e+7 H.
12° Invalid > 28° Invalid 6.73 <.001 1.38[0.92,2.05] 2.44e+4 H,
28° Invalid > 45° Invalid 6.81 <.001 1.15[0.76, 1.73] 2.85e+4 H,
12° Invalid > 45° Invalid 10.63 <.001 2.60[1.94,3.57] 1.94e+7 H,
12° Invalid > 12° Valid? -0.12 549 —-0.02 [-0.29,0.25] 4.81 H,
28° Invalid > 28° Valid? 0.29 .386 0.03[-0.21,0.29] 3.47 H,
45° Invalid > 45° Valid? 0.32 375 0.05 [-0.29,0.40] 3.39 H,

Note. The @symbol marks comparisons for which the outcome was opposite to our preregistration. All significant p values
remain significant after FDR correction (9 comparisons; Benjamini & Yekutieli, 2001).

vertical black bar presented centrally and otherwise, it was
a tilted bar (sharing its tilt with the target) presented at the
target’s location. This also means that the analyses now com-
pare neutral vs. valid retro-cue conditions, instead of invalid
vs. valid previously. Half of the trials featured the neutral
retro-cue and the other half the valid retro-cue.

Another difference is that the delay interval between mem-
ory display and response display was extended to 2000 ms
and the retro-cue appeared 750 ms after memory display off-
set for 500 ms. Thus, another 750 ms separated retro-cue off-
set from response display onset.

Each participant completed a total of 504 trials divided
into blocks of 36 trials. Thus, for each probed tilt, there were
84 valid trials and 84 neutral trials.

Results

All pre-registered hypotheses were confirmed in Experi-
ment 4 (see Table 4 and Figure 3, right panel). There was
an effect of salience both for neutral and for valid retro-cue
conditions. The effect of retro-cue was also significant with
performance in the valid retro-cue condition being better than
in the neutral retro-cue condition.

Discussion

The results of Experiment 4 again demonstrate the re-
markable resilience of salience effects on VWM. Despite
stronger effects of combined feature and spatial retro-cues,
the effect of salience remained virtually intact. This repli-
cates the core findings of previous experiments, further so-
lidifying the conclusion that salience shapes the initial VWM
encoding process in a manner highly resistant to later top-
down manipulation.

Constant & Kerzel

General Discussion

It has previously been demonstrated that effects of
salience on VWM are robust to top-down and selection his-
tory effects (Constant & Liesefeld, 2023). However, this ob-
served robustness could have been related to the fact that the
manipulations in Constant and Liesefeld (2023) were per-
formed across trials. In other words, it could be that these
were not trial-specific enough to counteract the trial-specific
salience effects. Here, across four experiments, we have tried
to manipulate the effects of salience on VWM using trial-
specific top-down manipulations. That is, using various cues,
we tried to bias priority towards a given stimulus from the
memory set in each trial.

In Experiment 1, spatial pre-cues were used to make sure
that all targets were reliably found. Indeed, when the pre-cue
was valid in this experiment, it is almost certain that the less
salient targets were found, and likely that they were attended
first. Nonetheless, and contrary to our expectations, there was
still a strong effect of salience when the pre-cue was valid.
This observation provides evidence against the explanation
that the effects of salience might be due to a head start in the
race for VWM resources (Bundesen, 1990; Ravizza & Conn,
2022; Ravizza et al., 2016, 2021).

The feature pre-cues of Experiment 2 allowed us to
demonstrate that, as expected, boosting the goal-relevance of
a target enhanced its recall precision (Bays et al., 2011; Con-
stant & Liesefeld, 2023; Dube & Al-Aidroos, 2019; Dube
et al., 2017; Emrich et al., 2017; Yoo et al., 2018; Zokaei
et al., 2011). However, again, this didn’t impact the effect
of salience. Although irrelevant, salience seemed to still be
the main driver of the performance differences. It could be
that salience intrinsically influences the speed or quality of
VWM encoding (Kriiger et al., 2016, 2017; Tiinnermann et
al., 2015).
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Table 4

Paired Samples t Tests for Experiment 4.

Comparison 1(14) p Hedges’ g, BF Favors
12° Valid > 28° Valid 7.25 <.001 1.14[0.74,1.85] 9585 H,
28° Valid > 45° Valid 6.13 <.001 0.97[0.59,1.62] 1871 H,
12° Valid > 45° Valid 9.81 <.001 2.11[1.47,3.30] 241e+5 H,
12° Invalid > 28° Invalid 6.36 <.001 0.82[0.51,1.37] 2667 H,
28° Invalid > 45° Invalid 5.93 <.001 0.86 [0.52,1.45] 1390 H,
12° Invalid > 45° Invalid 10.03 <.001 1.96[1.38,3.01] 3.12e+5 H,
12° Invalid > 12° Valid 2.74 .008 0.38 [0.10,0.78] 7.53 H,
28° Invalid > 28° Valid 5.31 <.001 0.66 [0.38,1.14] 527.20 H,
45° Invalid > 45° Valid 5.14 <.001 0.76 [0.43,1.31] 403.71 H,

Note. All p values remain significant after FDR correction (9 comparisons; Benjamini & Yekutieli, 2001).

The fact that these experiments did not alter the effect of
salience is also evidence that VWM encoding in our displays
does not seem to be performed sequentially without resam-
pling (i.e., encoding stimuli one by one, from the highest to
the lowest priority). Indeed, should encoding be sequential,
we would expect that the first item encoded is remembered
worse than items encoded at later point (due to recency ef-
fects; Gorgoraptis et al., 2011). The expectation would also
be that either the cued item or the most salient item is en-
coded first because it has the highest priority, and would
therefore have the worst performance, which is completely
opposite to the present data patterns. A more likely hypothe-
sis is that the target with the highest priority is sampled more
than targets with lower priority, thus building a more robust
memory trace.

Experiments 3 and 4 used retro-cues to determine whether
the memory representation of the targets could be enhanced
after encoding. One possibility was that the performance for
less salient targets could be enhanced while the performance
of more salient targets would be relatively unaffected. How-
ever, the retro-cue had no effect in Experiment 3. In Experi-
ment 4, the retro-cue was designed to be much stronger but
still had little to no impact on the effect of salience. This fur-
ther underscores the early and persistent influence of salience
on VWM encoding, suggesting a limited capacity for subse-
quent top-down adjustments (Constant & Liesefeld, 2023).

We started out with the idea that goal-directed guidance
provided by cues might be better suited to counteract the
effects of salience than guidance provided by instructions
alone. However, despite trying several types of cues, at dif-
ferent times in the VWM processing pipeline with different
validity, effects of salience always persisted.

Due to its pivotal role on any further cognitive processes
that rely on it, VWM is the major bottleneck of visual pro-
cessing (Liesefeld & Miiller, 2019; van Ede & Nobre, 2023).
Any influence on VWM is likely to propagate to further pro-
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cessing stages. Therefore, since the effects of salience on
VWM were shown to be immune to most top-down manip-
ulations, any study on VWM or more advanced processing
should be designed to carefully control for salience.

Constraints on generality

Our sample was composed of first-year psychology stu-
dents at the University of Geneva, who were mostly young
women. Therefore, our results might not generalize to the
entire population.

References

Anderson, B. A. (2024). Trichotomy revisited: A monolithic the-
ory of attentional control. Vision Research, 217, 108366.
https://doi.org/gtkbsc

Awh, E., Belopolsky, A. V., & Theeuwes, J. (2012). Top-down ver-
sus bottom-up attentional control: A failed theoretical di-
chotomy. Trends in Cognitive Sciences, 16(8), 437-443.
https://doi.org/f34nps

Bays, P. M., Catalao, R. F. G., & Husain, M. (2009). The precision
of visual working memory is set by allocation of a shared
resource. Journal of Vision, 9(10), 7. https://doi.org/
c46n7t

Bays, P. M., Gorgoraptis, N., Wee, N., Marshall, L., & Husain, M.
(2011). Temporal dynamics of encoding, storage, and re-
allocation of visual working memory. Journal of Vision,
11(10), 6-6. https://doi.org/fm6m38

Benjamini, Y., & Yekutieli, D. (2001). The control of the false dis-
covery rate in multiple testing under dependency. The An-
nals of Statistics, 29(4). https://doi.org/fjzj8p

Boettcher, S. E. P., Gresch, D., Nobre, A. C., & van Ede, F. (2021).
Output planning at the input stage in visual working
memory. Science Advances, 7(13), eabe8212. https://doi.
org/gjodkw

Bundesen, C. (1990). A theory of visual attention. Psychological
Review, 97(4), 523-547. https://doi.org/b8djmr

Preprint | @® | 10


https://doi.org/gtkbsc
https://doi.org/f34nps
https://doi.org/c46n7t
https://doi.org/c46n7t
https://doi.org/fm6m38
https://doi.org/fjzj8p
https://doi.org/gj6dkw
https://doi.org/gj6dkw
https://doi.org/b8djmr
https://creativecommons.org/licenses/by/4.0/

CUES DO NOT IMPACT EFFECTS OF SALIENCE

Cohen, J. (1988). Statistical power analysis for the behavioral sci-
ences (2nd ed.). Routledge. https://doi.org/vv3

Constant, M., & Kerzel, D. (2024). Persistent effects of salience in
visual working memory: Limits of cue-driven guidance.
Open Science Framework. https://doi.org/mvkz

Constant, M., & Liesefeld, H. R. (2021). Massive effects of saliency
on information processing in visual working memory.
Psychological Science, 32(5), 682—-691. https://doi.org/
gjk9jh

Constant, M., & Liesefeld, H. R. (2023). Effects of salience are
long-lived and stubborn. Journal of Experimental Psy-
chology: General, 152(9), 2685-2694. https://doi.org/
groxzr

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed
and stimulus-driven attention in the brain. Nature Reviews
Neuroscience, 3(3), 201-215. https://doi.org/brm459

Cousineau, D. (2005). Confidence intervals in within-subject de-
signs: A simpler solution to Loftus and Masson’s method.
Tutorials in Quantitative Methods for Psychology, 1(1),
42-45. https://doi.org/b9z7

Cousineau, D., & O’Brien, F. (2014). Error bars in within-subject
designs: A comment on Baguley (2012). Behavior Re-
search Methods, 46(4), 1149-1151. https ://doi . org/
fovdsw

Dodwell, G., Nako, R., & Eimer, M. (2024). The preparatory activa-
tion of guidance templates for visual search and of target
templates in non-search tasks. 7(1), 11. https://doi.org/
gtdb7d

Dube, B., & Al-Aidroos, N. (2019). Distinct prioritization of visual
working memory representations for search and for recall.
Attention, Perception, & Psychophysics, 81(5), 1253—
1261. https://doi.org/gjéhnf

Dube, B., Emrich, S. M., & Al-Aidroos, N. (2017). More than a
filter: Feature-based attention regulates the distribution
of visual working memory resources. Journal of Experi-
mental Psychology: Human Perception and Performance,
43(10), 1843-1854. https://doi.org/gb2z76

Emrich, S. M., Lockhart, H. A., & Al-Aidroos, N. (2017). Atten-
tion mediates the flexible allocation of visual working
memory resources. Journal of Experimental Psychology:
Human Perception and Performance, 43(7), 1454—1465.
https://doi.org/gbn3x;j

Fairchild, M. D. (2013). Color appearance models (3rd ed.). John
Wiley & Sons, Inc. https://doi.org/dc5n

Fitts, D. A. (2020). Commentary on "A review of effect sizes and
their confidence intervals, Part I: The Cohen’s d family":
The degrees of freedom for paired samples designs. The
Quantitative Methods for Psychology, 16(4), 281-294.
https://doi.org/gk3rr4

Fitts, D. A. (2022). Point and interval estimates for a standard-
ized mean difference in paired-samples designs using a
pooled standard deviation. The Quantitative Methods for
Psychology, 18(2), 207-223. https://doi.org/gtgdf6

Gazzaley, A., & Nobre, A. C. (2012). Top-down modulation: Bridg-
ing selective attention and working memory. Trends in
Cognitive Sciences, 16(2), 129-135. https://doi. org/
fxprkn

Constant & Kerzel

Gorgoraptis, N., Catalao, R. F. G., Bays, P. M., & Husain, M.
(2011). Dynamic updating of working memory resources
for visual objects. Journal of Neuroscience, 31(23),
8502-8511. https://doi.org/domz2c

Goulet-Pelletier, J.-C., & Cousineau, D. (2018). A review of effect
sizes and their confidence intervals, Part I: The Cohen’s d
family. The Quantitative Methods for Psychology, 14(4),
242-265. https://doi.org/gkzn9m

Goulet-Pelletier, J.-C., & Cousineau, D. (2019). Corrigendum to "A
review of effect sizes and their confidence intervals, Part
I: The Cohen’s d family". The Quantitative Methods for
Psychology, 15(1), 54-54. https://doi.org/gk3pvk

Gozenman, F.,, Tanoue, R. T., Metoyer, T., & Berryhill, M. E.
(2014). Invalid retro-cues can eliminate the retro-cue ben-
efit: Evidence for a hybridized account. Journal of Ex-
perimental Psychology: Human Perception and Perfor-
mance, 40(5), 1748-1754. https://doi.org/f6j3tt

Gresch, D., Boettcher, S. E. P., van Ede, F., & Nobre, A. C. (2024a,
February 15). Neural dynamics of shifting attention be-
tween perception and working-memory contents. https :
//doi.org/gtp4mt

Gresch, D., Boettcher, S. E. P., van Ede, F., & Nobre, A. C. (2024b).
Shifting attention between perception and working mem-
ory. Cognition, 245, 105731. https://doi.org/gtf3k8

Griffin, L. C., & Nobre, A. C. (2003). Orienting attention to locations
in internal representations. Journal of Cognitive Neuro-
science, 15(8), 1176—1194. https://doi.org/bt2j36

Grubert, A., & Eimer, M. (2018). The time course of target template
activation processes during preparation for visual search.
Journal of Neuroscience, 38(44), 9527-9538. https://doi.
org/gfmo6qs

Giinseli, E., van Moorselaar, D., Meeter, M., & Olivers, C. N. L.
(2015). The reliability of retro-cues determines the fate
of noncued visual working memory representations. Psy-
chonomic Bulletin & Review, 22(5), 1334—1341. https://
doi.org/f7sr49

Harris, C. R., Millman, K. J., van der Walt, S. J., Gommers, R., Vir-
tanen, P., Cournapeau, D., Wieser, E., Taylor, J., Berg, S.,
Smith, N.J., Kern, R., Picus, M., Hoyer, S., van Kerkwijk,
M. H., Brett, M., Haldane, A., del Rio, J. F., Wiebe, M.,
Peterson, P, ... Oliphant, T. E. (2020). Array program-
ming with NumPy. Nature, 585(7825), 357-362. https:
//doi.org/ghbzf2

Hedges, L. V. (1981). Distribution theory for Glass’s estimator of
effect size and related estimators. Journal of Educational
Statistics, 6(2), 107. https://doi.org/dbqn45

Hedges, L. V., & Olkin, 1. (1985). Statistical methods for meta-
analysis. Academic Press. https://www. sciencedirect .
com / book / 9780080570655 / statistical - methods - for -
meta-analysis

Hering, E. (1964). Outlines of a theory of the light sense. (L. M.
Hurvich & D. Jameson, Trans.). Harvard University
Press. Trans. of Grundziige der Lehre vom Lichtsinn.
(1920). https://doi.org/mvkn

Huynh Cong, S., & Kerzel, D. (2020). New templates interfere with
existing templates depending on their respective priority
in visual working memory. Journal of Experimental Psy-

Preprint | @® | 11


https://doi.org/vv3
https://doi.org/mvkz
https://doi.org/gjk9jh
https://doi.org/gjk9jh
https://doi.org/gr6xzr
https://doi.org/gr6xzr
https://doi.org/brm459
https://doi.org/b9z7
https://doi.org/f6vdsw
https://doi.org/f6vdsw
https://doi.org/gtdb7d
https://doi.org/gtdb7d
https://doi.org/gj6hnf
https://doi.org/gb2z76
https://doi.org/gbn3xj
https://doi.org/dc5n
https://doi.org/gk3rr4
https://doi.org/gtgdf6
https://doi.org/fxprkn
https://doi.org/fxprkn
https://doi.org/d6mz2c
https://doi.org/gkzn9m
https://doi.org/gk3pvk
https://doi.org/f6j3tt
https://doi.org/gtp4mt
https://doi.org/gtp4mt
https://doi.org/gtf3k8
https://doi.org/bt2j36
https://doi.org/gfm6qs
https://doi.org/gfm6qs
https://doi.org/f7sr49
https://doi.org/f7sr49
https://doi.org/ghbzf2
https://doi.org/ghbzf2
https://doi.org/dbqn45
https://www.sciencedirect.com/book/9780080570655/statistical-methods-for-meta-analysis
https://www.sciencedirect.com/book/9780080570655/statistical-methods-for-meta-analysis
https://www.sciencedirect.com/book/9780080570655/statistical-methods-for-meta-analysis
https://doi.org/mvkn
https://creativecommons.org/licenses/by/4.0/

CUES DO NOT IMPACT EFFECTS OF SALIENCE

chology: Human Perception and Performance, 46(11),
1313-1327. https://doi.org/gj6dzx

Huynh Cong, S., & Kerzel, D. (2022). The allocation of working
memory resources determines the efficiency of attentional
templates in single- and dual-target search. Journal of
Experimental Psychology: General, 151(12), 2977-2989.
https://doi.org/gr2pkw

JASP Team. (2024). JASP (Version 0.18.3). https://jasp-stats.org/

Klyszejko, Z., Rahmati, M., & Curtis, C. E. (2014). Attentional pri-
ority determines working memory precision. Vision Re-
search, 105, 70-76. https://doi.org/f6vgxg

Kriiger, A., Tiinnermann, J., & Scharlau, 1. (2016). Fast and con-
spicuous? Quantifying salience with the theory of visual
attention. Advances in Cognitive Psychology, 12(1), 20—
38. https://doi.org/f8vzdw

Kriiger, A., Tinnermann, J., & Scharlau, I. (2017). Measuring and
modeling salience with the theory of visual attention. Az-
tention, Perception, & Psychophysics, 79(6), 1593-1614.
https://doi.org/gbgmmf

Li, Q., & Saiki, J. (2015). Different effects of color-based and
location-based selection on visual working memory. At-
tention, Perception, & Psychophysics, 77(2), 450-463.
https://doi.org/f627qg

Liesefeld, H. R., Lamy, D., Gaspelin, N., Geng, J. J., Kerzel, D.,
Schall, J. D., Allen, H. A., Anderson, B. A., Boettcher, S.,
Busch, N. A., Carlisle, N. B., Colonius, H., Draschkow,
D., Egeth, H., Leber, A. B., Miiller, H. J., Roer, J. P.,
Schubo, A., Slagter, H. A., ... Wolfe, J. (2024). Terms
of debate: Consensus definitions to guide the scientific
discourse on visual distraction. Attention, Perception, &
Psychophysics. https://doi.org/gtcjS5

Liesefeld, H. R., Liesefeld, A. M., Sauseng, P, Jacob, S. N., &
Miiller, H. J. (2020). How visual working memory han-
dles distraction: Cognitive mechanisms and electrophys-
iological correlates. Visual Cognition, 28(5-8), 372-387.
https://doi.org/gg5vsv

Liesefeld, H. R., Moran, R., Usher, M., Miiller, H. J., & Zehetleit-
ner, M. (2016). Search efficiency as a function of tar-
get saliency: The transition from inefficient to efficient
search and beyond. Journal of Experimental Psychology:
Human Perception and Performance, 42, 821-836. https:
//doi.org/ggbnjc

Liesefeld, H. R., & Miiller, H. J. (2019). Current directions in visual
working memory research: An introduction and emerging
insights. British Journal of Psychology, 110(2), 193-206.
https://doi.org/gfvm2p

Lockhart, H. A., Dube, B., MacDonald, K. J., Al-Aidroos, N., &
Emrich, S. M. (2024). Limitations on flexible allocation
of visual short-term memory resources with multiple lev-
els of goal-directed attentional prioritization. Attention,
Perception, & Psychophysics, 86(1), 159—170. https://doi.
org/gsbpqv

Love, J., Selker, R., Marsman, M., Jamil, T., Dropmann, D., Ver-
hagen, J., Ly, A., Gronau, Q. F., Smira, M., Epskamp, S.,
Matzke, D., Wild, A., Knight, P., Rouder, J. N., Morey,
R. D., & Wagenmakers, E.-J. (2019). JASP: Graphical
statistical software for common statistical designs. Jour-
nal of Statistical Software, 88(2). https://doi.org/ggbnjf

Constant & Kerzel

Luo, T., Huang, L., & Tian, M. (2023). Retro-cue effect: The retro-
cue is effective when and only when working memory
consolidation is inadequate. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 49(9), 1439—
1458. https://doi.org/grdwds

Mathét, S., Schreij, D., & Theeuwes, J. (2012). OpenSesame: An
open-source, graphical experiment builder for the social
sciences. Behavior Research Methods, 44(2), 314-324.
https://doi.org/ft2dgc

Morey, R. D. (2008). Confidence intervals from normalized data: A
correction to Cousineau (2005). Tutorials in Quantitative
Methods for Psychology, 4(2), 61-64. https://doi.org/
ggbnjg

Nothdurft, H.-C. (1993). The role of features in preattentive vision:
Comparison of orientation, motion and color cues. Vision
Research, 33(14), 1937-1958. https://doi.org/d6fw5Sn

Oberauer, K., & Lin, H.-Y. (2017). An interference model of visual
working memory. Psychological Review, 124(1), 21-59.
https://doi.org/f9mhb2

Peirce, J., Gray, J. R., Simpson, S., MacAskill, M., Hochenberger,
R., Sogo, H., Kastman, E., & Lindelgv, J. K. (2019). Psy-
choPy2: Experiments in behavior made easy. Behavior
Research Methods, 51(1), 195-203. https://doi.org/
2ft89w

Ravizza, S. M., & Conn, K. M. (2022). Gotcha: Working memory
prioritization from automatic attentional biases. Psycho-
nomic Bulletin & Review, 29(2), 415-429. https://doi.org/
gkskev

Ravizza, S. M., Pleskac, T. J., & Liu, T. (2021). Working memory
prioritization: Goal-driven attention, physical salience,
and implicit learning. Journal of Memory and Language,
121, 104287. https://doi.org/gqp53c

Ravizza, S. M., Uitvlugt, M. G., & Hazeltine, E. (2016). Where
to start? Bottom-up attention improves working mem-
ory by determining encoding order. Journal of Experi-
mental Psychology: Human Perception and Performance,
42(12), 1959-1968. https://doi.org/f9dkfd

Rouder, J. N., Speckman, P. L., Sun, D., Morey, R. D., & Iverson,
G. (2009). Bayesian ¢ tests for accepting and rejecting the
null hypothesis. Psychonomic Bulletin & Review, 16(2),
225-237. https://doi.org/b3hsdp

Saenz, M., Buracas, G. T., & Boynton, G. M. (2003). Global
feature-based attention for motion and color. Vision Re-
search, 43(6), 629-637. https://doi.org/{f246v

Schmidt, B. K., Vogel, E. K., Woodman, G. F., & Luck, S. J.
(2002). Voluntary and automatic attentional control of
visual working memory. Perception & Psychophysics,
64(5), 754-763. https://doi.org/bxSwxg

Schonbrodt, F. D., & Wagenmakers, E.-J. (2018). Bayes factor de-
sign analysis: Planning for compelling evidence. Psycho-
nomic Bulletin & Review, 25(1), 128—142. https://doi.org/
gcsk2r

Schurgin, M. W,, Wixted, J. T., & Brady, T. F. (2020). Psychophys-
ical scaling reveals a unified theory of visual memory
strength. Nature Human Behaviour, 4(11), 1156-1172.
https://doi.org/gg9384

Souza, A. S., & Oberauer, K. (2016). In search of the focus of
attention in working memory: 13 years of the retro-

Preprint | @® | 12


https://doi.org/gj6dzx
https://doi.org/gr2pkw
https://jasp-stats.org/
https://doi.org/f6vgxg
https://doi.org/f8vzdw
https://doi.org/gbqmmf
https://doi.org/f627qg
https://doi.org/gtcj55
https://doi.org/gg5vsv
https://doi.org/ggbnjc
https://doi.org/ggbnjc
https://doi.org/gfvm2p
https://doi.org/gs6pqv
https://doi.org/gs6pqv
https://doi.org/ggbnjf
https://doi.org/gr4wds
https://doi.org/ft2dgc
https://doi.org/ggbnjg
https://doi.org/ggbnjg
https://doi.org/d6fw5n
https://doi.org/f9mhb2
https://doi.org/gft89w
https://doi.org/gft89w
https://doi.org/gkskcv
https://doi.org/gkskcv
https://doi.org/gqp53c
https://doi.org/f9dkfd
https://doi.org/b3hsdp
https://doi.org/ff246v
https://doi.org/bx5wxg
https://doi.org/gcsk2r
https://doi.org/gcsk2r
https://doi.org/gg9384
https://creativecommons.org/licenses/by/4.0/

CUES DO NOT IMPACT EFFECTS OF SALIENCE

cue effect. Attention, Perception, & Psychophysics, 78(7),
1839-1860. https://doi.org/f83nvs

Souza, A. S., Rerko, L., & Oberauer, K. (2014). Unloading and
reloading working memory: Attending to one item frees
capacity. Journal of Experimental Psychology: Human
Perception and Performance, 40(3), 1237-1256. https :
//doi.org/gd6dx8

Souza, A. S., Rerko, L., & Oberauer, K. (2016). Getting more from
visual working memory: Retro-cues enhance retrieval and
protect from visual interference. Journal of Experimental
Psychology: Human Perception and Performance, 42(6),
890-910. https://doi.org/f8qrsc

The pandas development team. (2024, April 10). Pandas-
devjpandas: Pandas (Version v2.2.2). https://doi.org/
ggt8bh

Treue, S., & Trujillo, J. C. M. (1999). Feature-based attention influ-
ences motion processing gain in macaque visual cortex.
Nature, 399(6736), 575-579. https://doi.org/coxvwp

Tiinnermann, J., Petersen, A., & Scharlau, 1. (2015). Does attention
speed up processing? Decreases and increases of process-
ing rates in visual prior entry. Journal of Vision, 15(1), 1.
https://doi.org/f7dpch

Vallat, R. (2018). Pingouin: Statistics in Python. Journal of Open
Source Software, 3(31), 1026. https://doi.org/ggzpn5

van Ede, F., Board, A. G., & Nobre, A. C. (2020). Goal-directed and
stimulus-driven selection of internal representations. Pro-
ceedings of the National Academy of Sciences, 117(39),
24590-24598. https://doi.org/ghbtt9

van Ede, F., & Nobre, A. C. (2023). Turning attention inside out:
How working memory serves behavior. Annual Review of
Psychology, 74(1), 137-165. https://doi.org/gqqS6b

van den Berg, R., Awh, E., & Ma, W. J. (2014). Factorial compar-
ison of working memory models. Psychological Review,
121(1), 124-149. https://doi.org/f3tqSp

Constant & Kerzel

Virtanen, P., Gommers, R., Oliphant, T. E., Haberland, M., Reddy,
T., Cournapeau, D., Burovski, E., Peterson, P., Weckesser,
W., Bright, J., van der Walt, S. J., Brett, M., Wilson, J.,
Millman, K. J., Mayorov, N., Nelson, A. R. J., Jones,
E., Kern, R., Larson, E., ... Vizquez-Baeza, Y. (2020).
SciPy 1.0: Fundamental algorithms for scientific comput-
ing in Python. Nature Methods, 17(3), 261-272. https:
//doi.org/ggj45f

Vogel, E. K., & Machizawa, M. G. (2004). Neural activity predicts
individual differences in visual working memory capac-
ity. Nature, 428(6984), 748—751. https://doi.org/dpb3j5

Waskom, M. (2021). Seaborn: Statistical data visualization. Journal
of Open Source Software, 6(60), 3021. https://doi.org/
gjqn3g

Wilken, P., & Ma, W. J. (2004). A detection theory account of
change detection. Journal of Vision, 4(12), 11. https://
doi.org/bkrxvz

Wolfe, J. M. (2021). Guided Search 6.0: An updated model of visual
search. Psychonomic Bulletin & Review, 28(4), 1060-
1092. https://doi.org/gh2s45

Yoo, A. H., Klyszejko, Z., Curtis, C. E., & Ma, W. J. (2018). Strate-
gic allocation of working memory resource. Scientific Re-
ports, 8(1), 1-8. https://doi.org/gfnbqd

Zhang, W., & Luck, S. J. (2008). Discrete fixed-resolution repre-
sentations in visual working memory. Nature, 453(7192),
233-235. https://doi.org/c693sk

Zokaei, N., Gorgoraptis, N., Bahrami, B., Bays, P. M., & Husain,
M. (2011). Precision of working memory for visual mo-
tion sequences and transparent motion surfaces. Journal
of Vision, 11(14), 2-2. https://doi.org/dc6bjp

Preprint | @® | 13


https://doi.org/f83nvs
https://doi.org/gd6dx8
https://doi.org/gd6dx8
https://doi.org/f8qrsc
https://doi.org/ggt8bh
https://doi.org/ggt8bh
https://doi.org/c6xvwp
https://doi.org/f7dpch
https://doi.org/ggzpn5
https://doi.org/ghbtt9
https://doi.org/gqq56b
https://doi.org/f3tq5p
https://doi.org/ggj45f
https://doi.org/ggj45f
https://doi.org/dpb3j5
https://doi.org/gjqn3g
https://doi.org/gjqn3g
https://doi.org/bkrxvz
https://doi.org/bkrxvz
https://doi.org/gh2s45
https://doi.org/gfnbqd
https://doi.org/c693sk
https://doi.org/dc6bjp
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Public Significance Statement
	Persistent effects of salience in visual working memory: Limits of cue-driven guidance
	Experiment 1
	Methods
	Transparency and openness
	Sample size
	Stimuli, procedure & design
	Analysis

	Results
	Discussion

	Experiment 2
	Methods
	Results
	Discussion

	Experiment 3
	Methods
	Results
	Discussion

	Experiment 4
	Methods
	Results
	Discussion

	General Discussion
	Constraints on generality

	References


