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DISTRACTORS AND TEMPLATE MEMORY 2

Abstract

Feature Integration Theory proposed that attention shifted between target-like
representations in our visual field. However, the nature of the representations
that determined what was target-like received less specification than the nature of
the attention shifts. In recent years, visual search research has focused on the
nature of the memory representations that we use to guide our shifts of attention.
Sensitive measures of memory quality indicate that the template representations
are remembered better than other, merely maintained, memories (Rajsic et al.,
2017). Here we tested the hypothesis that we prepare for difficult search tasks by
storing a higher fidelity target representation in working memory than we do
when preparing for an easy search task. To test this hypothesis, we explicitly
tested participants’ memory of the target color they searched for (i.e., the
attentional template) versus another memory that was not used to guide attention
(i.e., an accessory representation) following blocks of searches with easy to find
targets (i.e., distractors were homogeneously colored) to blocks of searches with
hard to find targets (i.e., distractors were heterogeneously colored). Although
homogeneous-distractor searches required minimal precision for distractor
rejection, we found that templates were still remembered better than accessories,
just like we found in heterogeneous-distractor search. As a consequence, we
suggest that stronger memories for templates likely reflects the need to decide
whether new perceptual inputs match the template, and not an attempt to create a
better template representation in anticipation of difficult searches.

Introduction

While our world abounds with detailed visual information, successful behavior relies on
our ability to focus on the task-relevant pieces of information. Research on how we find
and focus on task-relevant objects in a cluttered visual field was revolutionized with the
publication of Treisman’s Feature Integration Theory of Attention (FIT: Treisman &
Gelade, 1980). This theory made the bold claim that despite the wholly integrated
subjective percepts we experience, “features come first in perception” (Treisman &
Gelade, 1980, p. 98). While FIT was a theory of perception, broadly construed, it had an
especially large influence on studies of visual search. Indeed, it was the results of visual
search experiments (Nakayama & Silverman, 1986; Pashler, 1987; Wolfe, Cave, &

Franzel, 1989) that led to a revision of FIT ten years later by Treisman and Sato (1990).
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DISTRACTORS AND TEMPLATE MEMORY 3

Treisman’s revised account acknowledged that scanning through displays of un-bound
conjunctions was not strictly random. Although still fundamentally feature-based, our

scans can exclude stimuli with irrelevant features when we search a display for a target.

In the years since, a great deal of research has been devoted to understanding
the control processes that allow us to focus on task-relevant objects during search
(Carlisle & Woodman, 2011; Desimone & Duncan, 1995; Kiyonaga, Egner, & Soto,
2012; Olivers, Meijer, & Theeuwes, 2006; Woodman, Vogel, & Luck, 2001). Searching
for a stimulus for the first time requires representing its features in working memory
(Woodman, Carlisle, & Reinhart, 2013; van Moorselaar, Theeuwes, & Olivers, 2016).
However, representing stimulus features in working memory is not the same as
searching for a stimulus with these features. If we maintain multiple stimulus
representations in working memory, but only need to look for one of those stimuli, visual
attention can be effectively restricted to those stimuli matching just the sought after
stimulus representation (Downing & Dodds, 2004; Peters, Goebel, & Roelfsema, 2008).
Consequently, Olivers, Peters, Houtkamp, and Roelfsema (2011) proposed that the
memory representations we use to guide attention — often known as search templates —
are maintained in a special state in visual working memory, and that memories not used
to guide search are maintained as accessory items, in a state that cannot influence the

settings of current priority maps (Zelinsky & Bisley, 2015).

Recently, Rajsic, Ouslis, Wilson, and Pratt (2017) found that a consequence of
assigning template status to a representation in working memory is that this memory
can be reported with greater fidelity than an accessory memory. This was the case even

when neither remembered color was encountered during search, suggesting that
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DISTRACTORS AND TEMPLATE MEMORY 4

making a memory into a search template does not only prevent accessory items from
interacting with visual attention, but shapes the memories themselves. Furthermore,
templates were remembered better than accessories even on occasional trials where
the search did not occur, consistent with the idea that this memory re-weighting occurs
in preparation for search and not during the search itself. Given that memory fidelity
differed between templates and accessories, this measure could provide a behavioral
index of the mental representations that allow searchers to selectively scan target-like
items, as Treisman proposed (Treisman & Sato, 1990). However, it is not clear from this
previous work whether this improved memory for templates marks something special
about search templates per se, or whether it reflects a more generic selection of internal
information that is task-relevant (Souza & Oberauer, 2016; Myers, Stokes, & Nobre,
2017). If the memory advantage for templates is a consequence of shaping the
template memory representation to more efficiently reject distractors in anticipation of
performing search, then one can predict that its memory advantage over accessory
items will only be observed in the context of search tasks that create sufficient

competition for spatial attention.

As noted earlier, one hypothesized function of search templates is to guide
search to stimulus locations that are worth searching, given that the features at that
location are similar to the target templates (Wolfe et al., 1989; Duncan & Humphreys,
1989; Zelinsky, 2008). We know that target representations can be used like this
because search can be restricted to subsets of items in a display sharing a feature,
reducing the effective search size (Egeth, Virzi, & Garbart, 1984; Friedman-Hill & Wolfe,

1995; Zohary & Hochstein, 1989), and search is more efficient when targets share fewer
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features with distractors (Wolfe et al., 1989). It follows that more precise templates

should enable a reduction in the effective set size of search.

Experiments that have manipulated the precision of search templates have
indeed found a relationship between template precision and guidance. Hout and
Goldinger (2015) had participants search for realistic objects and found that less precise
templates resulted in more inefficient search. Template precision was manipulated in
two ways: by including targets that matched a pictorial cue to varying extents (e.g., the
exact mug cued or another mug that was cued, but was still the only mug in the display)
and by comparing dual-target searches when the two sought-after targets were more or
less visually similar. Both manipulations of template precision affected scan-paths,
which were taken to indicate the strength of attentional guidance. Thus, increases in
template precision do appear to increase the efficiency of search. It is therefore
plausible that participants remember templates more precisely than accessory items
because this allows for guidance to fewer candidate items during search. We will refer
to this account as the adaptive-weighting hypothesis. This hypothesis states that
representations of templates are strategically weighted over accessory memories to
improve search efficiency. Specifically, this account predicts that when searchers know
that targets are harder to find, they intentionally weight the storage of the template more
heavily than the accesory in advance of each search, but do not weight the template
more than accessory items when the target can be found without a template (i.e.,

because the target pops out).

Although improving the fidelity of a memory when it becomes a search template

could serve the function of improving search efficiency, it could instead be a
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consequence of having to use a representation to make a decision, regardless of the
perceptual load associated with the upcoming search. Preparing to make a decision
about whether or not a stimulus matches one, but not another, memory representation
requires some mechanism for focusing the decision on the correct stimulus-memory
pair (Summerfield & Koechlin, 2008). Simply preparing a memory to be compared with
incoming perceptual inputs may be sufficient to produce memory benefits for the
template memory, costs for the accessory memory, or both (Zokaei, Ning, Manohar,
Feredoes, & Husain, 2014; Myers et al., 2017; Reinhart & Woodman, 2014). We will
refer to this account as the recognition-weighting hypothesis. This hypothesis proposes
that preparatory weighting of the template over accessory memory representations
occurs because targets must be recognized based on a template, even if the target can
be localized via unique physical salience (i.e., popping out), such that the benefit of
weighting the template presumably lies in facilitating target recognition, once it has been

localized, rather than more efficient localization of the target during search.

Recent research by Geng, DiQuattro, & Helm (2017) has directly shown that
templates are indeed sharpened when distractors are more likely to be similar to the
target, lending some support to the hypothesis that the template memory benefit is
related to segregation of the target from concurrent distractors. One potentially
important factor, though, is the consistency of target colors. Electrophysiological
research has shown that repeatedly looking for the same target allows long-term
memory to participate in visual search (Woodman, Carlisle, & Reinhart, 2013). As such,
it is possible that this improvement in template precision reported by Geng and

colleagues resulted from repeated exposure to target and distractor color values such
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that the sharpening that was observed was of a long-term memory representation of the
target. To rule out such an explanation in our experiments a new color was the target on
every trial, and so any change in template precision must be due to cognitive control

over the working memory representation of the target.

Experiment 1 was designed to test the hypothesis that templates are
remembered better so that distractors can be rejected more effectively. We ran two,
between-subjects conditions: a heterogeneous search and a homogeneous search.
Borrowing from the design of Rajsic et al. (2017), we had participants remember two
colors on each trial. One was the target, which we call the template in following text, and
the other was an item that they knew they would be tested as often, that we will call the
accessory item in the following text (see Figure 1). If templates are remembered better
than accessories so that search guidance can be improved, then we expect that
templates will be remembered better than accessory items in the heterogeneous
condition, but not the homogenous condition. This is because when distractors are
homogeneous, no guidance is necessary since the search target can be localized using
bottom-up contrast signals alone (Bacon & Egeth, 1994). On the other hand, if
templates are remembered better because making any target discrimination decision
entails a special cognitive state compared to just remembering an object, then both
heterogeneous and homogenous searches will lead to a difference in memory quality

between templates and accessories.

Experiment 1

Methods
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Participants

Thirty participants volunteered for Experiment 1. All were recruited from
Vanderbilt's online experiment system, participated in exchange for course credit, and
provided informed consent before participating in procedures approved by the
Vanderbilt University Institutional Review Board. Six participants were excluded from
analysis for having either their search or their memory performance at chance (i.e.,
indistinguishable from chance in one or more conditions). Chance performance in the
search was defined as accuracy below 58% in any condition (i.e., the 95% cutoff for a
one-tailed binomial test with 100 observations and 50% probability of success). Chance
in the memory task was estimated using simulations. More specifically, we computed
the standard deviation between 50 pairs of randomly chosen angles (i.e., the number of
trials in a single condition) 10,000 times and chose the 5" percentile value as the cut-off
for above-chance performance (given that lower standard deviation indicates high
accuracy). Five participants in the heterogeneous search condition and one participant
in the homogeneous search condition were excluded using these criteria. The same
pattern of results was obtained with these participants included, but we preferred not to
analyze data from participants who could, or did, not reliably complete both the search
and memory components of the task. Data was collected until we obtained a sample of

twelve participants in each condition after exclusion criteria were applied.
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Stimuli and Procedure

Stimuli were presented to participants on an ASUS monitor and were generated
using Matlab with the Psychophysics toolbox (Kleiner, Brainard, & Pelli, 2007).
Participants viewed the stimuli from a distance of approximately 80cm. Participants

entered responses using a standard USB keyboard.

Experimental stimuli on each trial comprised five kinds of displays, depicted in
Figure 1. The first display was a fixation display, consisting of a + in the middle of the
screen (0.8° in height and width) on a dark gray background for either 21000ms or
1500ms. Next was the memory sample display. This display presented the two to-be-
remembered colors for 500 ms, one to the 3° left of a fixation and one 3° to the right of
the fixation. Each was 1.1° in height and width, and colored by sampling along the
circumference of a circle in L*A*B space, using Matlab’s lab2rgb function, centered on A
=5 and B = 10, with a radius of 25, and a constant luminance value of 55%. On each
trial, 10 equidistant colors were sampled, two of which were used as the memory
stimuli, with the other eight reserved as potential distractor colors. Afterward the
memory sample array, a 500ms fixation display preceded the search array. Next,
participants were shown a cue that indicated which of the two memorized items to use
as a search template. The cue was a small arrow (0.8° by 0.4°) pointing to the left or
right, lasting 250, with the arrowhead pointed to the location that had just contained the
target color. We presented a fixation display for 1000 ms before the search display
onset. Search displays consisted of 16 squares (1.1° X 1.1°), arranged along the
circumference of an imaginary circle, 6° in radius. Search stimuli were drawn in two

arcs, evenly spaced between 30° and 150° along the right half of the circle’s
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circumference and between 210° and 330° along the left half of the circle’s

circumference.

Fixation Memory sample Template Cue Search Memory test
1000ms or 1500ms 500ms 250ms Until response/4000ms  Until response/5000ms

.

Figure 1. An example trial sequence used in Experiment 1, showing both

heterogeneous and homogeneous search examples. Not pictured are two fixation
displays before and after the cue display indicating the target participants should search

for (lasting 500ms and 1000ms, respectively).

There were three types of search arrays: template-present arrays, accessory
present arrays, and neither-present arrays. We created neither-present arrays first, and
modified these arrays to create accessory-present arrays and template-present arrays
by randomly replacing one of the 16 stimuli with the non-cued or the cued colors,
respectively. Heterogeneous arrays were created by randomly placing the eight
distractor colors on the left eight and right eight positions. Homogeneous search arrays

were created by choosing just one of the eight available distractor colors and filling all
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search stimuli with that color. In the neither present condition and the accessory present
condition, these arrays required a no response, which was signaled by the participant
using the m key. Template present arrays required a yes response, which was signaled
by the participant using the z key. Participants were given a maximum of 4 seconds to
produce a response. If participants entered an incorrect response, or no response,

feedback (i.e., a warning message) was displayed for two seconds.

After a response was given, the memory test display was shown immediately. In
this display, white, hollow squares appeared in the positions of the memory stimuli from
earlier in the trial. One of these squares was drawn with a 1-pixel width, and the other
was drawn with a 5-pixel width: the latter was the square whose color participants were
asked to recall. To report the remembered color, participants used the z and m keys to
move a pointer, 1° in length, clockwise or counter-clockwise, respectively, around the
outside of the color wheel (12° in radius and 0.4° thick), until the pointer was above the
color they thought best matched the color they remembered. Once participants were
satisfied with their response, they pressed the space bar to end the trial. Memory
responses were again required within five seconds to ensure the experiment could be
completed within the session. If no response was given, participants saw a warning
message for two seconds. Participants completed 300 of such trials, with a break every

50 trials. The entire experiment took between 45 and 60 minutes to complete.

Results
As shown in Figure 2, search performance was worse in the heterogeneous
condition than the homogeneous condition, as expected. Responses on correct trials

were slower, F(1, 22) = 17.07, p <.001, and approximately 17% more errors were
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made, F(1, 22) = 110.2, p < .001, when distractors were heterogeneous. Search
patterns differed for homogenous and heterogeneous search, F(2, 44) =12.20, p <
.001, with search of heterogeneous arrays being quicker when the template was
present, M = 1055ms, SE = 150ms, than when neither memory color was present, M =
1093ms, SE = 179ms, or when the accessory was present, M = 1102ms, SE = 172ms,
trials. In contrast, homogeneous searches were fastest on neither-present trials, M =
741ms, SE = 130ms, compared to accessory-present trials, M = 895ms, SE = 171ms,
and template-present trials, M = 852ms, SE = 141ms, which suggests that deciding
whether the unique color matched the template or not incurred a search time cost.
Accuracy was also higher on neither-present trials than on both accessory-present trials
and target-present trials, F(2, 44) = 12.57, p < .001, meaning that participants

sometimes false alarmed to the accessory’s presence (about 5% of trials).

The critical question was whether or not templates would be remembered better
than accessory memories in the homogeneous search condition, where guidance to the
target was trivially easy, and so template sharpening was not necessary. Our initial
analyses quantified memory errors as the reciprocal of the standard deviation (1/0) of
individual color responses from the correct color on each trial following correct search
responses without using a modeling approach. We focused our analyses on only the
neither-present trials (plotted in Figure 2), since no priming of either memory
representation by stimuli presented in the search display could have occurred on these
trials (the same conclusions were reached from a full factorial analysis). Templates
were remembered better than accessories, F(1, 22) = 22.65, p < .001, but this did not

interact with search type, F(1, 22) = 0.61, p = .45. Preplanned comparisons showed that
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memory for templates was better than memory for accessory items following both
heterogeneous search, t(11) = 3.36, p = .006, and homogeneous search, t(11) = 3.37, p
=.006. The fact that a memory difference occurred even when relevant items popped
out suggests that improving distractor rejection is not the driving force behind the

template memory advantage, and supported the recognition-weighting hypothesis.

1500, Search RT: Hetereogeneous 1500, Search RT: Homogeneous
1400 1400t
1300} 1300
m
E 1200t 1200¢
21000} 1000/
c
% 900 + 900} ——
& 800 800 -~
700 | 700t -~
600 | 600 |
L L I |~ L L L
500 Neither Accessory Template 500 Neither Accessory Template
05 05 -
Memory error: Heterogeneous Memory error: Homogeneous
0.45¢ 0.45}-
» 0.4+ Template 0.4
qcv)) 0.35L = Accessory (.35
o
@ 03 03+
o
.5 0.25¢ [ 0.25
g 0.2} I 0.2}
& 0.15} 0.15}
0.1+ { 0.1+ ]
1 - ‘
0 Pt 7 ‘ e e WU Y P R S . ‘ -
- - - -150 -100 -50 0

50 100 150

Figure 2. Upper panels: Search time with heterogeneous distractors (left) and
homogeneous distractors (right) as a function of which remembered color was in the
search array. Lower panels: Memory error histograms for the heterogeneous distractor

(left) and homogeneous distractor (right) for accessories and templates for searches
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where neither remembered color appeared during the search. Error bars depict one

standard error of the mean.

We also compared memory performance after modeling individual participants’
memory error distributions as a mixture of guesses and target responses (Bays,
Catalao, & Husain, 2009). The estimated standard deviation of recalled colors was
smaller (i.e., more precise) for templates than accessory memories, F(1, 22) =8.77,p =
.007, and did not interact with search type, F(1, 22) = 1.04, p = .32. Similarly, the
estimated probability that the tested color was in memory (i.e., the height of the tails of
the response distribution) was higher for templates than accessory items, F(1, 22) =
8.46, p = .008, with no modulation by search type, F(1, 22) = 0.29, p = .60. Separating
memory error into different error types did nothing to change the conclusions drawn

from un-modeled data.

Discussion

The results of Experiment 1 strongly argue against the adaptive-weighting hypothesis,
which holds that participants strategically (or otherwise) prioritize the fidelity of template
representations to more efficiently separate targets from distractors. Templates were
consistently remembered better than accessory items both when target localization was
difficult, because distractors were heterogeneous (Duncan & Humphreys, 1989), and
when target localization was trivially easy, because distractors were homogenous. As
such, it seems that the difference in memory fidelity that results when one memory is

assigned template status serves some other function than augmenting search guidance.
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One limitation of Experiment 1 is that the critical contrast of heterogeneous and
homogeneous search was run between-subjects. In Experiment 2 we sought to make a
more direct, within-subjects comparison of the difference between template and

accessory memory fidelity following difficult and easy search.

Experiment 2

The goal of Experiment 2 was to compare template and accessory memory fidelity
within-subjects following different types of search tasks. To collect sufficient data for
both search conditions and test memory for the different types of objects, we modified
the search task from Experiment 1. Whereas the search task in Experiment 1 required
participants to report the presence or absence of the cued object, Experiment 2 used a
compound search task (Olivers & Meeter, 2006), wherein each stimulus in a search
array contained a left- or right-tilted line. Participants were told that they needed to find
the single colored square that matched the cued item they had stored in memory, and
report the orientation of the line inside that square. Every trial contained a single item
whose color exactly matched the template color (i.e., the target), and a single item
whose color exactly matched the accessory color (i.e., a memory-matching non-target).
The rest of the search items were either homogeneously colored, during easy search
blocks, or heterogeneously colored, during difficult search blocks. In addition to
providing a more sensitive within-subjects’ measurement of the template advantage,
Experiment 2 ensured that all participants experienced both the easy and hard search
condition. If experience with a more difficult search is necessary to realize that template
sharpening is unnecessary during easy search, then we might see the template

advantage disappear here following easy searches.



342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

DISTRACTORS AND TEMPLATE MEMORY 16

Method

Participants

Twenty-eight participants, none of whom were in Experiment 1, volunteered for
Experiment 2. All provided informed consent before participating and were awarded
partial course credit as compensation. Data were collected until 24 participants

remained after exclusion criteria were applied.

Four participants were excluded for performance that was not statistically
distinguishable from chance in one or more conditions for either the search or memory
task. One participant performed the search task at chance levels, two participants had
chance-level memory in either the homogeneous or heterogeneous search blocks, and
one participant produced chance-level responses in all conditions for both search and

memory.

Stimulus and Procedure

Stimuli and procedure were the same as in Experiment 1 with the following exceptions.
Search arrays were constructed the same way as in Experiment 1 with two exceptions.
First, both the cued and uncued color on each trial replaced a randomly positioned
distractor on all trials. Second, all search stimuli were overlaid with black lines tilted 45
degrees leftwards or rightwards. Participants pressed the z key to indicate that the
target square had a left-tilted line, and pressed the m key to indicate that the target
square had a right-tilted line. Search and memory display timeouts were extended to six
seconds so as not to truncate reaction time distributions. All participants completed 6

pseudorandomly presented blocks of 50 trials, half of which required search for targets
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embedded in arrays of homogeneous distractors (with the exception of the non-cued
stimulus), and half of which required search for targets embedded in arrays of
heterogeneous distractors. Block order was randomized by appending pairs of
heterogeneous and homogeneous blocks whose order was randomized, ensuring that
no more than two sequential blocks of the same type could be presented. Participants
completed 300 blocks in total, allowing for 75 trials in each of the four cells in the

design. The experiment took approximately one hour to complete.

Results

As shown in Figure 3, search was over 400 ms faster in the homogeneous than
heterogeneous condition, F(1, 23) = 70.74, p <.001, and led to a 10% difference in
error rate in favor of the homogeneous search condition, F(1, 23) = 83.12, p <.001.
Participants’ error (1/0) in the memory task once again showed a template fidelity
benefit, F(1, 23) = 56.21, p < .001, with marginal evidence for a larger benefit after
heterogeneous search, F(1, 23) = 3.84, p = .06. Analyzing modeled memory SD
provided additional statistical support for this interaction, F(1, 23) = 22.78, p < .001, with
poorer precision following heterogeneous distractors (though this was largely driven by
accessory memory precision differences between the search conditions), F(1, 23) =
18.94, p < .001, and the familiar template advantage, F(1, 23) = 51.44, p < .001.
Estimating the probability of memory based on the height of the tails of the response
distributions in color space showed a similar pattern. That is, an ANOVA with the factors
of memory type (template versus accessory item) and search condition (heterogeneous
versus homogeneous) was run on the participants’ estimates of Pmem. This yielded a

memory type x search condition interaction: F(1, 23) = 5.16, p = .033, a benefit for
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templates: F(1, 23) = 19.10, p < .001, but no memory cost due to the type of distractors,
F(1, 23) =0.79, p = .38. Thus, there was some indication that the template-accessory
difference was larger during heterogeneous search blocks. However, it was still the
case that templates were remembered better than accessories when distractors were

homogeneous, t(23) = 4.25, p <.001, in a planned comparison.

2400 0.5,
Search RT Memory Error
2200} 0.45; Template
04l Heterogeneous
% 2000+ 8 Accessory,
£ 1800 2 0.35; Heterogeneous
o r o
g 203l Template,
% 1600t - ICHN Homogeneous
) E—— §0.25 . = « Accessory,
S 14001 '*g Homogeneous
2 S 0.2
(@]
o 1200+ x015
1000 - 0.1+
800 - 0.05-
600 s s 0 = Zo . ~— =
Heterogeneous Homogeneous -150 -100 -50 0 50 100 150

Figure 3. Left panel: search time in Experiment 2 when distractors were heterogeneous
and homogeneous. Right panel: memory error histogram for templates and accessories

for both distractor types.
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Discussion

Experiment 2 replicated the evidence from Experiment 1 that target representations are
remembered better than other memory representations regardless of the difficulty of the
visual search task. Experiment 2 also suggests that heterogeneous distractors impair
the precise retention of colors in working memory. Searching through a heterogeneous
display of colors seems to have led to a larger difference between the memory for
templates and accessories. One possible explanation for this finding is that
heterogeneous distractors lead to more memory interference. However, it could also be
due to accessories being sharpened more frequently through resampling during
homogeneous searches (Woodman & Luck, 2007). Although both the template and
accessory colors were always presented in search, the accessory color more likely
attracted attention in the context of homogeneous distractors, which should increase its
feature contrast, compared to heterogeneous distractors, which make the accessory
color non-unique. To address this possibility, we conducted Experiment 3, which used
a present versus absent search task, more similar to that used in Experiment 1.
Comparing template and accessory memory on target absent trials, where neither color
is present in the array, allowed us to measure memory fidelity without the opportunity for

resampling.

Experiment 3

Experiment 3, like Experiment 2, tested participants on both easy (homogeneous
distractors) and hard (heterogeneous distractor) blocks of search. However, to measure

the quality of memory for accessories and templates in the absence of perceptual
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resampling, we returned to a target present versus absent search task, like that used in
Experiment 1. To obtain an adequate number of trials, we dropped the accessory-
present trials, such that target absent searches contained neither of the colors being
remembered, and target present searches always contained the template color and not
the accessory color. We focused our analyses on the target absent condition as in
Experiment 1, as it should allow us to measure the precision of participants’ memories

when there is no opportunity to resample the colors being remembered.

Method

Participants

Twenty-four undergraduates from Vanderbilt University participated in Experiment 3. All
participants provided informed consent before participating, and none of the participants

had already taken part in Experiments 1 or 2.

Of the twenty-four participants who completed Experiment 3, eight performed the
task with chance-level performance in at least one condition. Clearly intermixing the
easy and hard search tasks in the context of a target present versus absent search
caused participants some difficulty. Chance performance either occurred in the
heterogeneous search condition (n = 2), in accessory memory recall (n = 3), or both of
these two conditions (n = 3). This indicates that the excluded participants could not, or
did not, successfully manage to simultaneously remember accessory items and

successfully pick out the template from search arrays with multiple, often similar, colors.

Stimuli and Procedure
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Experiment 3 was identical to Experiment 2, with the exception of the search displays
used. The task was a target present versus absent search task, and participants were
asked to report that the cued color was present, using the z key, or that it was absent,
using the m key. We increased the total number of trials in the Experiment to 384, so

that each of the eight possible conditions (distractor type X memory type X and target

presence) contained 48 trials.

Results

As shown in Figure 4, target presence had opposite effects on search time for
heterogeneous and homogeneous search, F(1, 15) = 25.96, p < .001. Target present
responses were faster than target absent responses for heterogeneous search, t(15) =
4.92, p <.001, but target absent responses were faster during homogeneous search,
t(15) = 2.20, p = .044. Accuracy was also higher for homogeneous search, F(1, 15) =
177.45, p <.001, by almost 20%, and response times were faster, F(1, 15) = 146.67, p

<.001.

As in Experiments 1 and 2, we again found that templates were generally
remembered better than accessories, both when distractors were heterogeneous and
when they were homogeneous (see Figure 4). Looking at trials where neither
remembered color was shown during search, raw memory accuracy (calculated as 1/c
of color error) was better for templates than accessories overall, F(1, 15) = 28.85, p <
.001, and memory accuracy was also better overall following search through
heterogeneous distractors, F(1, 15) = 4.64, p = .05. However, this was driven by an

interaction, F(1, 15) = 5.79, p =.029, such that template memory was better when
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462  distractors were heterogeneous than when they were homogeneous. However, recalling
463  that errors were made often following heterogeneous distractors than homogeneous
464  distractors, it is possible that excluding trials with search errors also excludes trials

465  where the template color happened to be encoded poorly before the cue even

466  appeared, given that imprecise templates would be expected to cause search errors.
467  Running the same analysis with search error trials included eliminated the interaction,
468  F(1, 15) = 1.53, p = .24. Interesting as this may be, the more important point is that

469 templates were still remembered better than accessories when distractors were

470 homogeneous, t(15) = 2.84, p = .012, contrary to the predictions of the adaptive-

471 weighting hypothesis but consistent with the recognition-weighting hypothesis. As in
472 Experiments 1 and 2, an overall benefit for templates was observed as well in modeled
473  memory SD, F(1, 15) = 12.20, p =.003, as well as in probability of memory, F(1, 15) =

474  15.17, p =.001, with no other main effects or interactions.

240 0.5,
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476  Figure 4. Left panel: search time in Experiment 3 as a function of target presence and

477  distractor type (Homogeneous and Heterogeneous). Right panel: memory error
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histograms for accessories and templates for both distractor types following target

absent trials.

Discussion

When the opportunity for resampling was removed, the difference in memory
between templates and accessory items between heterogeneous search and
homogeneous search was less convincing. Therefore, it seems reasonable to suggest
that the differences observed in Experiment 2 stemmed from the fact that participants
re-encoded (intentionally or otherwise) accessory colors more often in the
homogeneous search condition. Any difference in interference between heterogeneous
and homogeneous displays should have been larger in Experiment 3 than in
Experiment 2, given that the target absent displays we analyzed from Experiment 3
contained only one color. Despite this, the template benefit (or accessory cost) was
about the same in both distractor conditions, so the differences observed in Experiment
2 are most reasonably attributed to resampling (Woodman & Luck, 2007). As such,
Experiment 3 provides further evidence that template memories are not sharped in

response to difficult-to-reject distractors.

The presence of a template-accessory memory difference in the homogeneous
search condition is even more surprising in light of the fact that these search displays
only ever contained the template color as a singleton, or contained a homogeneous
array of distractors. That is, participants could have learned to respond present
whenever there was a singleton, regardless of its color, and still made the correct

decision (Bacon & Egeth, 1994), obviating the need to assign distinct template and
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500 accessory statuses to the colors at all. Given that participants weren’t informed of this
501 regularity, it may be that they were simply being strategically conservative by following

502 instructions.

503 General Discussion

504 When we look for one of two things we are remembering, our memory for what
505  we looked for is better than our memory for what we did not look for (Rajsic et al.,

506 2017). Here, we asked whether this is because we sharpen template memories so that
507  we can later filter out distractors more effectively during search (the adaptive-weighting
508 hypothesis) or because we need to respond affirmatively to a specific feature, once

509 attended, and not others (the recognition-weighting hypothesis). The results of these
510 experiments argue against this possibility. When we made finding the target trivially

511 easy by presenting the target alongside completely homogeneous distractors, templates
512 were still reported with higher fidelity than accessory memories. While the difference
513  between template and accessory memories was larger following heterogeneous

514 searches in Experiment 2, Experiment 3 demonstrated that this was likely caused by
515 differences in the opportunities for perceptual resampling. On the basis of these results,
516 it seems most sensible to conclude that the template memory advantage we have

517 observed in this task before (Rajsic et al., 2017) reflects the need to make a decision
518 about the template color during search rather than an effort to improve the guidance of
519  attention toward target-defining features and away from distractors during search. We
520 should note as well that template memories could have, in principle, been sharpened

521  during the difficult search as distractors were being rejected, and not in advance of
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search. Given that this predicts the same results as the adaptive-weighting hypothesis,

it is also inconsistent with our data.

Preparing to use a mental representation for a particular task is not a trivial
process. Numerous experiments have now shown that cuing a particular item in a set of
already encoded items can improve memory for the cued item compared to other items
(Griffin & Nobre, 2003; see Souza & Oberauer, 2016 for a review). Our experiments,
along with others (Zokaei et al., 2014) help to show that simply using a mental
representation can lead to similar differences when a sensitive task (i.e., continuous
feature recall) is used to probe the memories themselves. Indeed, instructions to simply
think about an item can shift memory performance in favor of those items proportionally

to the number of times an item is thought about (Souza, Rerko, & Oberauer, 2015).

Cued items — those ready to be used — appear to be maintained in a qualitatively
different neural state. Lewis-Peacock and colleagues (Lewis-Peacock, Drysdale,
Oberauer, & Postle, 2012; LaRocque, Lewis-Peacock, Drysdale, Oberauer, & Postle,
2013) have found that the most recently cued item is uniquely decodable from fMRI and
EEG. de Vries, van Driel, and Olivers (2017) have also shown that lateralized EEG
elicited by items about to be used for search shows stronger alpha suppression
contralateral to items that are to be searched for immediately than to items to be
searched for later, with no differences in contralateral voltage that reflects visual
working memory storage (Vogel & Machizawa, 2004). These results have been taken to
indicate that memory representations currently being used are in a more active state.
However, another noteworthy proposal is that cuing a memory for use does more than

change the activation state of the memory: it binds the memory to a particular task set in
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order to prepare for upcoming memory-driven decisions and responses (Myers et al.,
2017). This account suggests that benefits for templates could instead result from their
being already coupled the relevant decision circuitry for judging whether inputs match

that mental representation, as opposed to differences in states of activation.

It is important to stress that the dual memory-search task that we used here was
quite difficult. Across each experiment, more participants performed at chance levels
than we expected. We take this to indicate that some participants could not encode the
two-color memory set with enough precision to reliably distinguish distractors from
targets during heterogeneous search. Indeed, some excluded participants showed
chance memory of the accessory item only, despite instructions that emphasized the
fact that both items could be tested. This may indicate that they dropped the accessory
memory in an attempt to remember the template precisely enough to distinguish targets
from distractors, as distractors in the heterogeneous condition could often occur from

the same color category as the template.

Our results provide an interesting complement to Geng, Diquattro, and Helm’s
(2017) recent demonstration of an improvement in the precision of distractor filtering
during search. In contrast, we found almost no role of distractor differences in
determining the precision of the attentional template relative to the accessory memory.
As noted in the introduction, a major difference between these experiments is whether
the target color varied between trials. In our task, template colors changed on every
trial, and so participants’ only recourse to improving distractor rejection would have
been to tune their template using top-down control. In this context, no such special

tuning occurred in anticipation of more heterogeneous distractors. On the other hand,
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568  experience with irrelevant information does seem to be necessary for improving the

569 allocation of attention away from distractors within a given search array (Cunningham &
570 Egeth, 2016; Geng et al., 2017; Vatterott & Vecera, 2012). Taken together, these

571  results suggest that more precise distractor rejection requires repeated exposure to

572  relevant and irrelevant visual features, implying that this improved tuning of attention

573  could involve perceptual learning instead of, or in addition to, better cognitive control.

574 Throughout her iconic work on FIT, Treisman was very sensitive to the possible
575  contribution of feature-based selection strategies to search efficiency (Treisman &

576  Gelade, 1980; Treisman & Sato, 1990). For example, in noting the incompatibility

577  between her search efficiency estimates and the convincing demonstration of subset
578 search by Egeth, Virzi, & Garbart (1984), she concluded that searchers may choose to
579 use feature-based strategies only when they provide frequent enough opportunities for
580 search benefits, anticipating the classic demonstrations of search modes (Bacon &

581 Egeth, 1994). Although we agree with Treisman that such selection strategies are

582  possible, the results of the experiments we report here provide no evidence that the
583 difference in memory quality between templates and accessory memory representations
584 is aresult of such a strategy. Templates were still remembered better than accessories
585  when targets were color singletons, a condition which does not require a feature-based
586 template to separate the target from distractors. We take these results to mean that
587 memory advantages for templates likely do not result from a need to sharpen template
588 memories to improve selection within the search array. Instead, we believe the

589 template memory difference measured in this task reflects the operation of a

590 mechanism that enables decision making — specifically, deciding that an attended object
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is the object being searched for -- rather than the signature of a representation that

works to shift attention toward target-like objects and away from distractor-like objects.
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Figure Legends
Figure 1. A sample trial sequence for Experiment 1, showing both heterogeneous and
homogeneous search examples. Not pictured are two fixation displays before and after

the template cue display (lasting 500ms and 1000ms, respectively).

Figure 2. Upper panels: Search time with heterogeneous distractors (left) and
homogeneous distractors (right) as a function of which remembered color was in the
search array. Lower panels: Memory error (root mean squared error) for the
heterogeneous distractor (left) and homogeneous distractor (right) for accessories and

templates for searches where neither remembered color appeared during the search.

Figure 3. Left panel: search time in Experiment 2 when distractors were heterogeneous
(Het.) and homogeneous (Hom.). Right panel: average memory error (root mean

squared error) for templates and accessories for both distractor types.

Figure 4. Left panel: search time in Experiment 3 as a function of target presence and
distractor type (Homogeneous and Heterogeneous). Right panel: memory error (root

mean squared error) for accessories and templates for both distractor types.



