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Abstract
Searching within natural scenes can induce incidental encoding of information about the scene
and the target, particularly when the scene is complex or repeated. However, recent evidence
from attribute amnesia (AA) suggests that in some situations, searchers can find a target without
building a robust incidental memory of it even if it’s task relevant. Through drawing-based
visual recall and an AA search task, we investigated whether search in natural scenes
necessitates memory encoding. Participants repeatedly searched for and located an easily-
detected item in novel scenes for numerous trials before being unexpectedly prompted to draw
either the entire scene (Experiment 1) or their search target (Experiment 2) directly after viewing
the search image. Naive raters assessed the similarity of the drawings to the original information.
We found that surprise-trial drawings of the scene and search target were both poorly
recognizable, but the same drawers produced highly recognizable drawings on the next trial
when they had an expectation to draw the image. Experiment 3 further showed that the poor
surprise trial memory could not merely be attributed to interference from the surprising event.
Our findings suggest that even for searches done in natural scenes, it is possible to locate a target
without creating a robust memory of either it or the scene it was in, even if attended to just a few
seconds prior. This disconnection between attention and memory might reflect a fundamental
property of cognitive computations designed to optimize task performance and minimize

resource usc.
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Many theories of visual processing assume or posit a strong connection between attention

and memory, such that information we directly attend to, like the target of a search task, is stored
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in memory (Cowan, 2001; Hollingworth, 2005; Logan, 1988). However, the relationship
between search behavior and subsequent memory for the scenes and the objects being searched
for is complex. In general, searching for objects leads to memories of those objects and related
elements in the scenes they inhabit (Castelhano & Henderson, 2005; Draschkow et al. 2014;
Helbing et al., 2020; Williams et al., 2005). Scenes learned incidentally in a change blindness
task (i.e., visual search for change) could be recognized as well as explicitly memorized scenes
even two weeks after exposure (Utochkin & Wolfe, 2018). However, whether these memories
can be accessed seems to be dependent on the way in which memory is used. For example, a
repeatedly searched scene could speed up future searches, but only when the search target also

repeated (Vo & Wolfe, 2012).

These studies primarily used recognition tasks or indirect measures of memory. However, in
a recent series of studies (Bainbridge et al., 2019; Hall et al., 2021, see also Bainbridge, 2022 for
a tutorial), it was demonstrated that observers can build richly detailed memories of multiple
objects across multiple scenes, allowing them to recreate the appearance and spatial layout of
those scenes through drawings with an astoundingly high quality. The drawing method has also
been applied to assess memory for images seen during a visual search task. For example,
Draschkow and colleagues (2014) found that participants were better able to draw objects they

have searched for compared to objects they were instructed to memorize within natural scenes.

Though across the literature there is strong evidence that search can create a robust incidental
memory trace for the target and related objects in a scene (Castelhano & Henderson, 2005;
Draschkow et al. 2014; Helbing et al., 2020; Utochkin & Wolfe, 2018; Williams et al., 2005), a
recent line of research has found evidence to the contrary. Specifically, Chen and Wyble (2015)

asked participants to search for a letter among digits and report its location for tens of trials
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before presenting a surprise trial, in which participants were asked to report the identity of the
letter instead of its location. Though the identity of the letter was relevant to search, participants
had difficulty reporting the identity of the target-defining attribute in this surprise trial, a
phenomenon termed attribute amnesia (AA). This finding extends to other attributes such as the
color of a singleton (Born et al., 2019; Chen & Wyble, 2016; Harrison et al., 2021; Wang et al.,
2021), a young face among old faces (Tam et al., 2021), a sad face among happy faces (Chen et
al., 2019), the spatial configuration of the search array (O’Donnell et al., 2021), and even the
color of a ball that is being carefully tracked in a video of ball-passers for up to a minute (Chen
et al., 2016). Accuracy in recognizing the target is much higher on the very next trial after the
surprise trial, suggesting that the attribute recognition task is easy when participants expect that
they will have to report that information, prompting a switch to a more intentional encoding
strategy. The memory failures demonstrated in AA have been theorized as an adaptive
optimization process where only the response-relevant feature remains in the encoding set after
repeated experience with the task (Chen et al., 2019; Hedayati et al., 2022; Wyble et al., 2019).
Crucially however, most of these studies used simple stimuli (e.g., colored shapes, Chen &
Wyble, 2016; Harrison et al., 2021) or complex stimuli without a scene context (e.g., isolated

faces on a white background, Chen et al., 2019; Tam et al., 2021).

The findings of AA show that response-irrelevant details of search targets and environments
are not always well encoded into memory. This is seemingly contradictory to previous studies
showing that visual search in scenes induces a robust incidental memory of the search target and/
or scene. This difference could be due to various differences in the task design; for example, AA
studies use a very small and simple search array, typically of four discrete objects in contrast to

the richly detailed semantics of a natural scene.
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In the current study, we adapted the standard AA paradigm to measure the incidental
memory of scenes and targets formed from searches of real-world targets in naturalistic scenes.
Moreover, we used visual recall techniques developed by Bainbridge and colleagues (2019) to
not only collect drawings from participants via online data collection but also to evaluate the
memory quality of produced drawings through crowd-sourced rater assessment (Bainbridge,

2021).

Specifically, we used a surprise drawing task to capture the mental representation of the
attended-to scenes and search targets immediately after search without presenting response
alternatives as in a typical AA paradigm. Importantly, the “pre-surprise” search task was
designed to embody design specificities in a typical AA search task that may work to minimize
incentives to remember any information about the scene. Specifically, the search target was held
constant across trials for each participant and was always in full view within the scene. Scenes
also never repeated across trials so remembering information about the scenes would not benefit
future searches. Additionally, the response format of both the pre-surprise and surprise tasks
used the same drawing tools to rule out the possibility of errors induced by unexpected response
format changes (Cohen-Dallal et al., 2023; Swan et al., 2017), and the incidental memory probe
appeared immediately after viewing the search display to minimize the opportunity for
information to be lost due to decay and interference (Averell & Heathcote, 2011; Souza &
Oberauer, 2015; Zhang & Luck. 2009). In each experiment, participants first completed 43 trials
of search in which they reported locations of the search targets. They were then asked on a
surprise trial to draw either the entire scene (Exp. 1) or the search target (Exp. 2). Should the act
of search automatically create robust memories in naturalistic scenes, naive raters would be able

to create easily recognizable drawings of the studied scene and target (Bainbridge et al. 2019).
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However, if the typical AA search task is able to de-incentivize memory formation, surprise

drawings of the search scene and target will be difficult to recognize.

Experiment 1

In this first experiment, we wanted to measure the quality of incidental working memory
of the entire scene. Participants were tasked with finding targets from the same search category
in non-repeating indoor scenes and reporting their locations for tens of trials before being
unexpectedly asked to draw the entire scene. Based on previous work with AA, we predicted that

participants' memory of the scene would be poor, even though they were directly attending to it.

Methods

Participants

38 Pennsylvania State University undergraduates (Mean Age 19.03 ranged 18-22, 50%
identify Female, 18% left-handed) participated in this online study after passing an exclusion
criterion requiring sufficient engagement with the pre-surprise task (1 excluded) and were
compensated with course credit for their participation. Participants completed the study using
their personal computer devices (36 desktops/laptops, 1 tablet, 1 smartphone). Additionally,
participants reported their drawing ability (from a scale of 1-9), and the average drawing ability
of participants was 1.95. This experiment (and all others) was approved by the Pennsylvania

State University IRB, and all participants provided informed consent before participating.

Apparatus & Stimuli

The study was designed with custom JavaScript and HTML code provided by Bainbridge

(2021), wPaint code to design the drawing canvas (Websanova, 2013) and PsycholJS code
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(v2020.2) to host the experiment on Pavlovia (Peirce et al., 2019). We used 47 bedroom and
living room scenes chosen from the FIGRIM image set (Bylinksii et al., 2015). Each scene
possessed visible “pillows” and “wall-art” to correspond with our pre-surprise trial tasks.
Furthermore, we made sure that the vicinity of the “pillows” was located generally in the bottom
half of each image, while “wall-art” was located in the top half. The purpose of this consistency
in location further aids in the ease of search. Each image was 500 by 500 pixels which was the
same size as the canvas. 4 of the 47 images were reserved to be shown on only the surprise and
control trials (Figure 1¢). To reduce variability of the critical surprise and control trials, the
image shown on the surprise trial could be one of two specific images (counterbalanced across
participants) with the other image shown on one of the control trials. This ensured that the image
shown as a surprise subject for half of the subjects was also shown as a control trial for the other

half. The other two images were reserved to only be shown on control trials.

2000 ms
Pre- Surprise/
Surprise Control
Circle location of any wall art | ‘ Surprise! Draw the whole room |
! et ?
" [}
x X
& 7
* .
L] a

< 1| pem——
Surprise! Read the instructions carefully!

Figure 1: Experiment 1 paradigm, drawing images, and pre-surprise results. A) Experimental
layout of drawing study for Experiment 1. B) Example of surprise trial pop-up window. C)
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Images shown on surprise and control trials of Experiment 1. Only images 1 and 2 could appear
on the surprise trial. D) Example visualization of group pre-surprise target localization
performance of Experiment 1. Blue circles indicate where participant circled wall art; red circles
indicate where participants circled pillows.

Participants responded using a drawing canvas created through wPaint, an online paint
function with various tools that allow free-hand drawing, pre-formed shape drawing, and the
ability to change colors of the stencil. This drawing canvas was used to record participant
responses on all trials (both target location and scene drawing tasks), with only the instructions
of what to draw changing across trial phases. This ensured that participants did not have to learn

how to use a new response tool between the pre-surprise and surprise portion of the task.
Procedure

The procedure of Experiment 1 is shown in Figure 1a. The experiment began with a
practice trial in which participants were asked to draw a house using the drawing tools provided.
As were all other trials, this canvas was shown without a time limit. The practice trial allowed

participants to familiarize themselves with the various drawing tool functions.

Following the practice trial, participants read the instructions for the search task, and
began the pre-surprise portion of the experiment!. In each trial, one scene appeared for 2000ms
and was then followed by the blank drawing canvas. The participant was prompted to “circle the
location of any wall-art,” or “circle the location of any pillows.” according to the condition they

were in (randomized across participants). Participant circled the location in which they

IThe exact instructions for Experiment 1 were as follows: “Now for the main experiment. On each trial, you will see
a picture of living room. Please look for the wall art in the image. After the image disappears a white canvas will
appear. Using the paint tools, circle the exact location of each wall art in the image. Be as precise as possible when
circling the location. Imagine you are encircling the whole WALL ART with the circle. This should take about 25
minutes. Click Start to begin."
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remember their attended object on the canvas. This process repeated for 43 trials in total with

images presented in a randomly chosen sequence.

After 43 pre-surprise trials, the participant was shown another scene for 2000ms and was
then presented with a pop-up window (Figure 1b). The pop-up alerted participants that the
instructions were going to change, ensuring that they did not ignore or miss the surprise trial
instructions?. Once a participant clicked out of the pop-up window, they were prompted to “draw
the whole room.” Additional instructions were provided below this new prompt encouraging
them to draw the room using as much detail as possible, or to draw an “X” across the canvas if
they remembered nothing about the scene. This surprise trial tested what participants could
recreate from the scene when they did not have the expectation to remember it, although they

were attending to their search target.

Finally, there were three control trials that were identical to the surprise trial except that
there was no pop-up window. These trials served as a baseline measure of a participant’s visual
recall ability, since the participants recreated what they remembered from a scene but now with

the expectation to remember.
Analysis

Drawings on the surprise and control trials were assessed by two groups of raters. The
first group, naive raters recruited via Prolific (N =279, 123 females, M = 27.2 years),
participated in the Scene Recognition Task. Raters had to recognize the drawings in a 3-

alternative forced choice (3AFC) format (see Figure 2a). Specifically, a drawing was shown on

2 Previous piloting of the study confirmed that this pop-out was necessary, as without it, 28% of participants
continued to engage in the pre-surprise task, even if the color of the submission button changed colors on this trial.
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each trial and the scene that the drawing was based on was presented among two other category-
matched scene foils that were never used in the drawing task. Raters were asked to pick the scene
they thought the drawing was most likely based on. Each rater assessed the drawings from one or
two drawers (i.e., 4 or 8 trials) in a random order. They were compensated with approximately
10USD/hour (pro-rated per minute). Importantly, raters were not provided with any information
about the task conditions in which the drawings were produced, meaning that they had no idea
some drawings were produced on a surprise trial. Each participant drawing was assessed by a

minimum of 10 raters.

The second group of raters (N =5, 1 female, M = 30.8 years), consisting of the authors
and a lab member, participated in the Object Detection Task. Items in scenes used on the surprise
and control trials were annotated with translucent color shades and each item was assigned a
number. On each trial of the item recognition task, an annotated scene and a drawing based on
that scene were shown side-by-side, and raters indicated the items they thought were present in
the drawing by the items’ numbers (see Figure 2b). There was no lower or upper limit as to how
many items a rater could indicate as present for each drawing. Each rater rated all drawings (152
trials). Although the raters knew some drawings were produced on a surprise trial, there were no

cues in the rating paradigm to indicate which portion of the task the drawing was from.
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Figure 2. In the scene recognition task, A), raters picked among three options the scene they
thought the drawing was based on. In this example, the correct option is on the far right. A
version of this task was used to assess drawings from all experiments. In the item recognition
task B), raters indicated the items they thought were present in the drawing by clicking on the
corresponding numbers. This was used only for drawings in Experiment 1.

Results

Overall, participant pre-surprise drawings reflected accurate memory for the location of
the target object(s), indicating that they were sufficiently engaged in the pre-surprise task (see
Figure 1d)®. Additionally of note, on the surprise trial, 10 of 38 (~26%) participants self-reported
having no memory for the presented scene by drawing an X across the canvas. However, it is
difficult to verify whether X responses indicated a loss of memory. Instead, X responses could
indicate low effort responding or a hesitancy to draw due to a lack of confidence in their drawing
ability or memory. Because of this, we removed the instructions about X drawings in the
following experiments and where possible treat X drawers as an additional factor in the analyses
of Experiment 1. The number of X’s drawn on the three control trials were 0, 1, and 4,

respectively. Example participant drawings can be seen in Figure 3a.

3 We observed a slight upwards bias in reporting the location of the target (which is especially apparent for the
pillows). We believe this bias is induced by the slight discrepancy in location of the studied scene versus the
presented canvas, as the canvas appeared lower on screen due to the appearance of the submission button.
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3AFC Scene Recognition Task

Participant drawings were subdivided between those who drew X’s and those who did
not (Figure 3b). Rater recognition accuracy was assessed via a 2x4 mixed factors ANOVA with
between-subject factors Drawing Type (X vs no X on surprise) and within-subjects factor Trial
Order (Surprise, Control 1, Control 2, Control 3). We observed a main effect of Trial Order,
F(3,108) =26.74, p < .001, np2 = .43, with surprise trial drawings being significantly less
accurate than the control trial drawings (all Bonferroni corrected p-values comparing surprise to
each control trial <.001). There was no significant main effect of Drawing Type, F(1,37) = 0.03,

p>.8,np2 =.001, nor was there an interaction, F(3,108) = 1.01, p = .39, np2 = .03.

Because we used two different surprise trial pictures, we also compared surprise versus
control accuracy of each image when it was shown at the respective trial type (Figure 3c). Thus,
two independent samples t-tests were conducted using only ratings from non-X drawings, and we
observed a significant increase in accuracy from surprise to control for both Image 1, #25), = -
5.9, p <.001, and Image 2, #(25), = -2.49, p = .02. For both Image 1 and Image 2, we additionally
compared surprise accuracy to chance rater identification performance (33%) using both a one
directional single sample t-test and an accompanying Bayes Factor analysis, and found that
surprise accuracy was no greater than chance for Image 1, #(13) =-2.45, p > .9, BFp; = 10.25, but

greater than chance for Image 2, #(12) =2.79, p = .008, BFy; = 0.13.*

* Note that a BFy; = .13, is the same as a BF ;9= 7.67, which is strong evidence in favor of the alterantive
hypothesis.
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Figure 3: Experiment 1 participant drawings and rater 3-afc performance. A) Example Good and
Poor Match drawings based on each image shown during the study. The two drawings in the blue
box are example surprise trial drawings. B) Rater 3-afc drawing recognition performance across
trials, separated by participants who drew an ‘X’ on the surprise trial. C) Surprise trial
recognition accuracy for the two images that could appear at surprise compared to recognition
accuracy of the same scene when shown on a control trial. Error bars represent +1 SEM.

Object Detection Task

Our secondary task was to detect the prevalence of specific objects present in the
participants’ drawings (of those who did not draw an X). We tested pre-surprise targets drawn on
the surprise trial with a 2x2 mixed factor ANOVA, with factors Pre-surprise Target (Pillow vs
Wall Art) and Object Drawn (also Pillow vs Wall Art). We observed no main effect of the Pre-
surprise Target, F(1,27) =.12, p = .73, np2 = .005, and no main effect of the Object Drawn,
F(1,27)=.19, p = .67, np2 = .007. We observed a cross-over interaction of these two conditions,
F(1,27)=52.6,p <.001, np2 = .67 (Figure 4a). Post-hoc analyses confirmed that pillows were
more likely to be included in surprise trial drawings when the participants were given the pillow
task, #(13) = 4.82, p <.001, while wall art was more often drawn when participants were given

the wall-art task, #(13) =-5.43, p <.001.



SURPRISE! DRAW THE SCENE 14

We additionally analyzed the total number of objects drawn between surprise and control
for the two surprise trial scenes via two paired samples t-tests: one for the full group and one
using only the participants who did not draw an “X” at surprise (Figure 4b). We observed a
significant difference in number of objects drawn between surprise and control for the full group
of participants, #37) = -2.09, p = .044, with more objects drawn on the control trial. However,
when only analyzing participants who attempted to draw on the surprise trial, we observed no
significant difference between surprise and control, #27) = -0.41, p = .68. We confirmed that this
result was significant evidence in favor of the null hypothesis (no difference in objects detected

between surprise and control) via a Bayesian paired samples t-test, BFy; = 4.61.
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Figure 4. Rater Object Detection Performance of Experiment 1. A) Percent Object Detection of
pillows and wall-art in surprise trial drawings, divided by which item was the pre-surprise target.
B) Total Percentage of Objects Detected in the two surprise images when shown at surprise and
control. Though there were fewer objects detected at surprise than control, this difference was
driven by the ‘X’ drawers. Of the participants who attempted a drawing on the surprise trial,
there was no difference in percentage of objects detected between surprise and control. Error
bars represent £1 SEM.

Discussion

Our results suggest that search itself is not sufficient to form a robust incidental memory
of the search scene, as drawings of scenes on the surprise trial could not be reliably recognized
by raters yet performance was dramatically improved on the following control trials. This pattern
was consistent regardless of whether “X” drawings were included in the analyses or not. The
results are consistent with previous studies showing that incidental memories for search non-
targets are usually poor (Castelhano & Henderson, 2005; Draschkow et al., 2014; Williams et al.,
2005). This poor incidental memory of the scenes was observed despite participants showing
evidence of being able to report the location of the search targets, suggesting they were actively
searching in the scenes. Furthermore, across all drawers, raters detected significantly fewer items

from the surprise-trial drawings than the control ones, although this pattern disappeared when
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“X” drawers were excluded. This suggests that the quality, but not the quantity of the items being
drawn was inferior in the surprise drawings. In the General Discussion, we return to this point.
We also provide a detailed report of item-specific detection rates in the supplementary materials

for reference (Table S1).

Another interesting observation from Experiment 1 is that the specific pre-surprise search
target was often detected by raters in the surprise-trial drawings. Therefore, although there was
not necessarily a robust incidental memory of the entire scene, participants might have built an
incidental memory containing the visual details of the search target itself in addition to its
location. However, it is also possible that since participants new the target type (pillow or all art)
and its location, they could sketch a roughly square shape in the correct location, which would be
recognized by the rater. To evaluate these two possibilities, in Experiment 2 we directly tasked

participants to unexpectedly draw only the search target, in detail, on the surprise trial.

Experiment 2

In our second experiment we investigated what details about the attended object the
participants could recall. Our design was similar to Experiment 1, except that we asked
participants to draw their target object in the surprise/control trials instead of the entire scene.
Furthermore, all participants were given the task of circling the “wall-art” instead of being
divided between wall-art and pillows, as the wall-art objects contained greater detail within them

compared to the pillow targets which made it easier for them to draw identifying information.

Methods

Participants
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A new sample of 40 Penn State undergraduates (Mean Age 18.75 ranged 18-22, 80%
Identified Female, 12.5% left-handed) participated in this online study after passing an
equivalent exclusion criterion to Experiment 1 (0 excluded). Again, participants completed the
study using their personal devices (37 used desktops/laptops; 2 used a tablet/smartphone), and

the average self-reported drawing ability of participants was 2.1 out of 9.

Apparatus & Stimuli

All stimuli and materials are identical to Experiment 1 except for the following changes.
The two surprise trial images with wall art were edited in photoshop. The second smaller wall art
in Image 1 was removed, and the wall art in Image 2 was changed to an abstract art piece with
simple features found on Google Images. Additionally, there was one fewer control trial in this
experiment; thus, Image 4 was never used as a scene in this study and Image 3 was always
shown on Control Trial 1. Finally, to simplify the drawing canvas, drawers were only provided a
handful of tools to recreate the wall art, leaving them with only the ability to free-draw using a

stencil, change the color of the ink, erase lines, and undo whole edits if necessary.

Procedure

The procedures of Experiment 2 were identical to Experiment 1 except for the following
changes. Participants were only instructed to search for wall art during the pre-surprise portion of
the experiment. After 43 trials, participants were presented a pop-up window, and a surprise
question that read “Surprise! Draw the wall art.” Participants then completed two additional
control trials where they drew the wall art from memory. Whichever of the two surprise images

not shown at surprise was instead shown on control trial 2. Unlike Experiment 1, in all wall art
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drawing trials, participants were not instructed to draw an X across the canvas if they had no

memory of the wall-art.

Analysis

Drawings from the surprise and control trials were assessed by a group of naive raters
from the Penn State participant pool (N =204, 149 females, M = 18.6 years) in a wall art
recognition task similar to the scene recognition task used in Experiment 1, except that the target
wall art was now presented with three wall art foils (4-AFC) selected from Google Images
Searches and edited to approximate the resolution and orientation of the target. One of the foils
was a close match as the subject in the art was similar to the target’s, whereas the other two foils
were far matches with a different subject in the art (Figure 5d). However, all foils were in the
same art category as the target being either abstract or scenery. Each rater assessed drawings
from 2 participants (6 trials) and were compensated with course credits. Each drawing was
assessed by a minimum of 10 raters. Drawings were considered to have captured the gist of the
wall art if the raters selected the close match foil (as well as the target). The order of the images

was randomized on every trial.

Results

4AFC Scene Recognition Task

Example wall art drawings can be found in Figure 5a. A one-way repeated measures
ANOVA assessed significance of surprise trial target recognition accuracy to control trial
recognition accuracy. We observed a significant main effect of trial type, F(2,78) = 13.95, p <
.001, np2 = .26, with surprise trial performance being significantly worse than control trial 2,

t(39) =-5.06, p <.001, but not control trial 1, #39) =-1.21, p =.7. When analyzing gist
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recognition of the drawn scenes, we observed a significant main effect of trial type, F(2,78) =
21.74, p <.001, np2 = .36, and surprise trial performance was significantly worse than both
control trial 1, #39) =-3.61, p = .001, and control trial 2, #(39) =-6.58, p <.001.

When analyzing accuracy changes between the two images shown at surprise (Figure 5c),
we observed that both the abstract wall art and scene wall art were less recognizable on the
surprise compared to the control trial, both ps <.005. This pattern was also present for gist
memory, both ps <.001. We additionally compared surprise accuracy to chance rater
identification performance for both true target memory (25%) and gist memory (50%) using a
one directional single sample t-test and accompanying Bayes Factor analysis. We found that
neither true target surprise accuracy, #(19)=-1.16, p = .87, BFy; = 8.41, nor gist accuracy, #(19)
=-2.51,p>.9, BFy; = 12.78, were greater than chance for the scene wall art (i.e., Image 1),
However, both true target surprise accuracy #(19) = 1.98, p = .031, BFy; = 0.44, and gist
accuracy, #(19) = 1.88, p =.038, BFy; = 0.52, were greater than chance for the abstract wall art
(i.e., Image 2; though the Bayes Factors for both target and gist memory suggest only weak

evidence in favor of the alternative hypothesis).
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Figure S. Participant drawings of wall art in Experiment 2 and rater 4-afc recognition
performance. A) Example Good and Poor Match drawings based on each wall art shown during
the study. The two drawings in the blue box are example surprise trial drawings. B) Rater 4-afc
drawing recognition performance across trials. Blue data points represent target recognition,
whereas red data points represent gist recognition (selecting either the target or close-matched
foil). C) Scene and gist recognition accuracy for the two wall arts that could appear at surprise
compared to recognition accuracy of the same wall art when shown on a control trial. D)
Visualization of wall art scenes participants were asked to draw, as well as the foils presented
during the 4AFC task. Error bars represent +1 SEM.

Control trial 1
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Discussion

In Experiment 2, we found that participant’s drawings of the wall art on the surprise trial

were oft much less recognizable in comparison to drawings of the same wall art on the control

trials. These results complement the pattern of results observed for surprise whole scene

drawings in Experiment 1. In addition, not only did naive raters unreliable when identifying the

exact source image for the surprise trial drawings, but they were also unreliable at recognizing

the gist information from those drawings. This suggests that incidental memory of the search

target itself (beyond information related to pre-surprise response expectations) is low in quality

following an AA search task. However, a remaining caveat is that in both Experiment 1 and 2, a

surprise prompt appeared right before participants drew the scene or the wall art, which has been

previously shown to impair memory performance (O’Donnell & Wyble, 2023). We attempted to

rule out the competing hypothesis of surprise-related interference in the next experiment.

Experiment 3

In previous studies that explored the impact of surprise on working memory retention, it

was shown that expectation violations may damage existing memory representations (O’Donnell

& Wyble, 2023; Swan et al., 2017; Tam & Wyble, 2022; Wessel, 2018; Wessel et al., 2016).

Thus, it is possible that surprise trial memory failures could be attributable to the presentation of

an unexpected pop-up window. To measure the effect of such interference on surprise trial
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accuracy we designed a third experiment to test whether the onset of a surprise prompt degraded

the recognizability of participants’ drawings. In this experiment, participants were explicitly told

they would have to draw the whole scene on some trials, but on the last trial they were presented

with an unexpected pop up window identical to the one used in Experiments 1 and 2. If the

presentation of the pop-up window interferes with the memory of the studied scene, then the

participant’s final drawing should be less recognizable by raters than any previous drawings.

Methods

Participants

A new sample of 38 Penn State undergraduates (Mean Age 18.89 ranged 18-23, 87%
identified female, 3% left-handed) participated in this online study after passing an equivalent
exclusion criterion to Experiment 1 (0 excluded). Again, participants completed the study using
their personal computer devices (37 laptops/desktops, 1 tablet), and the average self-reported

drawing ability of participants was 2.14 out of 9.

Apparatus & Stimuli

All stimuli and materials are identical to Experiment 1 except for the following changes.
The number of scenes shown on the non-drawing trials was reduced to 39, and 1 of the unused
scenes was used as a drawing trial scene (5 in total). The same two scenes that could appear on

the surprise trial of Experiment 1 were counterbalanced across participants to appear on the pop-
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up trial. All other scenes were randomly selected to appear on the other 4 drawing trials. Like
Experiment 2, the possible drawing tools participants could use were reduced to the free-draw,

erase, ink selection, and undo buttons.

Procedure

The procedure of Experiment 3 was identical to Experiment 1 except for the following
changes. Participants were initially informed that they would need to study a scene and draw it
from memory, but they were told they would not need to draw every studied scene. If the scene
was not to be drawn, the participants would see text that read “Nothing to draw! Click to see the
next image” and click a “Next Image” button during the drawing phase to start the next trial. If
the scene was to be drawn, the canvas would appear. There were 5 drawing trials for each
participant, which appeared at trial 2, trial 11£3, trial 2243, trial 3343, and trial 44, the same trial
number as was the surprise trial in Experiments 1 and 2. On the drawing screen, there was
additional text reminding the participants to draw the scene with as much detail as they could
remember. Crucially, prior to the onset of the last drawing trial, a pop-up appeared in front of the

canvas that was identical to Experiment 1 which read: “Surprise! Remember the image you just

® The exact instructions of Experiment 3 were as follows: “Now for the main experiment. You will see series of
living room and bedroom pictures. Please memorize each photo to the best of your ability. Sometimes, a white
canvas will appear, and using the paint tools, you will draw the whole scene of the last image you just saw. Be as
detailed and accurate as possible in your drawings. If no canvas appears, you do not need to hold onto the previous
memory. This should take about 25 minutes. Click Start to begin.”
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now. Now read the instructions.”® Participants had to click it away before drawing. The
experiment ended after the last drawing was submitted. Participants were not informed which
trials would be drawing trials, nor were they told how many trials there were in the task (i.e.,
they did not know the pop-up trial was the last trial of the experiment). Like Experiment 2,

participants were not told they could draw an “X” if they had no memory of the scene.

Analysis

All drawings were assessed by a group of naive raters from the Penn State participant
pool (N =197, 150 females, M = 18.9 years) in a scene recognition task similar to the one used in
Experiment 1. Each rater assessed drawings from two participants (10 trials) and were

compensated with course credits. Each drawing was rated by a minimum of 10 raters.

Results

3AFC Scene Recognition Task

Example scene drawings can be found in Figure 6a. We ran a one-way repeated measures
ANOVA with factor Trial Order, and observed no significant main effect, F(4,148)=1.18,p =
.32, np2 = .03. Additionally, we computed a repeated measures Bayes Factor, and found strong

evidence in favor of the null hypothesis, BFo1 = 10.22, r fixed effect = 0.5 (default JASP

& We note that there was a typo in the text of this pop-up window, however we have kept it in the manuscript to
mimic the actual text participants were shown. It should have said, “Remember the image you just saw.”
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parameter; Rouder et al., 2012), suggesting no difference in rater accuracy between the pop-up

trial and any other drawing trial (Figure 6b). This lack of difference was present when analyzing

accuracy for both scenes shown on the pop-up trial versus a no pop-up trial (Figure 6¢). There

was minor evidence in favor of the null for Image 1, #36) =0.73, p = .47, BFo1 = 2.58, Cauchy

scale = .707, and stronger evidence for the null for Image 2, #(36) =-0.23, p = .82, BFo1 =3.11.

Rater 3AFC Acc by Draw Order
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Figure 6. Participant drawings and rater 3-afc accuracy in Experiment 3. A) Example Good and
Poor Match drawings based on each image shown during the study. The four drawings in the
blue box are examples from the pop-up trial. Note that the scenes are presented in reverse order
compared to Figure 3, but their numbering is identical. B) Rater 3-afc drawing recognition
performance across trials. The pop-up trial datapoint is visualized in red. C) Pop-up trial
recognition accuracy for the two specific images that could appear on the pop-up trial compared
to recognition accuracy of the same scene when shown on a non-pop-up trial. Error bars
represent £1 SEM.

Discussion

From Experiment 3, we found that there is little observable effect of interference induced

by the surprise pop-up display. This lends support to the idea that surprise trial failures in
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Experiment 1 and 2 were due to weak incidental memory, rather than the memory being
damaged due to surprise-related interference. Participants learned to exploit task parameters and

subsequently encode into memory only what was believed to be necessary to report post-search

(March, 1991; Wyble et al., 2019).

General Discussion

It has been previously demonstrated that search for objects in natural scenes creates
incidental memory of those scenes and the searched objects (Castelhano & Henderson, 2005;
Draschkow et al. 2014; Helbing et al., 2020; Utochkin & Wolfe, 2018; Williams et al., 2005).
However, we demonstrated that this is not necessarily the case using an AA task coupled with
visual recall. In our experiments participants had difficulty unexpectedly recalling both the scene
and the target itself when the search task was simple. Participants searched for a specific target
category in unique scenes for 43 trials and were then prompted to draw the scene they just
searched in (Experiment 1) or the target they just located (Experiment 2). We found that surprise
trial drawings from both experiments were significantly less likely to be correctly identified by
naive raters compared to drawings from the subsequent control trials and in some cases, raters
were near chance-level performance in selecting the correct source image from the foils.
Therefore, visual search does not necessitate encoding of the scene or even the target into
memory. Finally, we wanted to determine whether the effect we saw was due to interference
caused by the surprise prompt. The results of Experiment 3 provided no evidence that the

surprise prompt was causing interference in participants’ ability to recreate the scene.

These results suggest that search itself is not sufficient to form robust visual memories of
the target or search environment even in scenes. Rather, the parameters of the search inform an

individual’s task set, incentivizing the formation of memories if it aids them in completing a
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task. In other words, participants learn to exploit task parameters in order to optimize
performance (March, 1991), which might serve as a means to minimize resource use. This
exploitation is akin to the concept of a mental set, wherein an individual develops a specific
means of completing a task, and executes that strategy even if it becomes suboptimal (Luchins,
1942); however, in this case participants learn to encode only what is necessary to complete the
target localization task even if it leaves them exposed to unexpected task alterations (see also
Hedayati et al., 2022; O’Donnell & Wyble, 2023; Wyble, et al., 2019). Though this can be
viewed as a susceptibility of the cognitive system to expectation biases, it also highlights the
remarkable ability of the human mind to optimize task performance in mere minutes, both in
terms of minimizing resource use as well as quickly correcting to not be caught by surprise a

second time.

One factor that may play a role in explaining the discrepancy between our results and the
results of previous studies is search difficulty. In most of the studies that found evidence of
search induced memory formation, regardless of the response method used, the search task was
relatively difficult, with targets that varied from trial to trial (Castelhano & Henderson, 2005),
conjunction targets such as a white telephone (Williams et al., 2005), or dense visual scenes with
many overlapping objects (Vo & Wolfe, 2012). It has been found that increasing the difficulty of
the search by increasing the search target memory load increases the strength of memory
formation for search array elements following search (Guevara Pinto et al., 2020). Thus, search
difficulty may create an incentive to remember both the scenes and objects in order to efficiently
search within the scene itself. In contrast to harder searches, recent research, and the results of
this study, suggest that when searching for targets in small arrays with clear differences relative

to distractors, response-irrelevant details of targets are not well remembered. In other words,
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when memory is not incentivized, robust incidental working memories may not be formed,
suggesting that memory formation may be adaptive, and strongly influenced by the parameters of

the specific task.

These findings also expand our understanding of attribute amnesia. Since participants
were unable to accurately recreate the details of the scene or object they attended to, we can
conclude that AA is readily observed in a more natural setting and with visual recall on a blank
canvas, as opposed to the forced-choice recognition paradigm that is typically used. This finding
lends support to attribute amnesia as an encoding failure rather than a forgetting failure, as
details of the target can be lost even when participants have the ability to visually recall
information in whatever order they prefer, minimizing retrieval-induced forgetting (Anderson et
al., 2000) that could occur when participants have to read the various options in a recognition
question. Moreover, our results further suggest that attribute amnesia reflects a failure of explicit
memory retrieval of the most recent trial, but does not preclude the formation of implicit
memories (see also Harrison et al., 2021; Jiang et al., 2016; O’Donnell et al., 2021). Specifically,
it has been previously shown that despite being unable to report response irrelevant features on a
surprise trial, participants can still provide answers informed from learned summary statistics of
previous trials (O’Donnell et al., 2021; Sasin et al., 2023). Similarly, in our observations,
participants were not able to create drawings that were diagnostic of the memory source, but
were able to reconstruct memories with recognizable objects, perhaps through schematic
reconstruction (Bainbridge et al., 2019; Brewer & Treyens, 1981), which requires only

knowledge of the semantic category of the scene, or previously seen scenes.

As an aside, results of Experiment 3 provide context on the role that proactive

interference can play in the surprise trial inaccuracy in Experiment 1 and 2 (Greenberg &



SURPRISE! DRAW THE SCENE 29

Underwood, 1950; Keppel & Underwood, 1962; Postman & Underwood, 1973), or the failure to
recall newer memories due to retrieval-based competition with previously stored memories.
Since the number of scenes viewed/studied in Experiments 1, 2 and 3 were equated prior to the
onset of the surprise drawing or pop-up trial, and yet accuracy was high only in Experiment 3, it
is likely that visual memory of the most recently viewed scene is not damaged by the mere
repeated exposure to similar memoranda. We cannot, however, rule out the role of proactive
interference given that scene images may be processed further after visual search as in
Experiment 1 and 2, compared to explicit memorization as in Experiment 3 (see also Draschkow
et al., 2014). Therefore, the amount of proactive interference accumulated through the pre-
surprise trials might have been higher in Experiments 1 and 2. Further testing is required to

determine any potential effect of proactive interference.

Finally, we wish to return to the discussion of unexpected results observed in
Experiments 1 and 2. First, why could the raters detect target objects in Experiment 1, but could
not match them to the correct foils in Experiment 2? We hypothesize that in the Object Detection
Task of Experiment 1, the drawers could use their knowledge of the location of the target to
outline the pillow or wall art in the whole scene recreation. However, this wall art or pillow may
have been generic and lacking in detail (perhaps a mere rectangle drawn in the relative position
of where the target was located), which would have been enough information for a rater to
identify the object as present in the drawn scene, but not enough detail to determine the exact
wall art drawn. Previous research has suggested that participants can rely on knowledge of the
pre-surprise target’s location to intuit surprise trial answers (O’Donnell et al., 2021), and our
results further exemplify this notion: participants had enough information to put the target in the

correct location. This, coupled with the object detection task requiring raters only identify the
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outline of an object in close proximity to its location in the scene, may have led to the increased
detection of search targets in the surprise trail drawing. Conversely, the rater recognition task of
Experiment 2 removed location as a diagnostic feature for recognizing the target, making visual
details necessary. That raters could not recognize targets supports our conclusions that little to no
memory for the non-location details of the search target formed incidentally. They only encoded

what was necessary to complete the pre-surprise task.

Second, why was the proportion of detectable objects between surprise and control in
Experiment 1 near equivalent after filtering out participants that drew an “X”, although surprise
drawings were still more difficult to recognize? In other words, among non-X drawers, although
a similar number of objects was drawn in the surprise and control trials, the objects drawn in the
surprise trial were less diagnostic for recognizing the studied source. While our current study
cannot speak to the exact mechanism why this may be, inspecting the item-specific detection rate
provides some insights (Table S1). First, the item detection rate in surprise trial drawings may be
critically supported by the high detection rate of objects corresponding to the pre-surprise target
type (pillow or wall art). Table S1 shows that the pre-surprise targets received uniformly high
detection rates in the surprise trial, but some of these detection rates were drastically reduced in
the control trials. This suggests that the pre-surprise search task induced reliable memory of the
search targets (at least their outlines and locations) even when these items are not as diagnostic to
the original scene and may not typically be remembered in explicit memorization. Another
complementary possibility is that participants relied on schematic memories of living room and
bedroom scenes to construct scenes rather than recall them (Brewer & Treyens, 1981). Though
reconstruction may have helped raters identify objects, it did not aid them in recognizing which

specific bedroom/living room was studied on the surprise trial. Future research could assess this
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possibility by quantifying the spatial precision of objects drawn at surprise as well as the number

of intrusive objects drawn at surprise versus control.

Overall, these results highlight that visual search can be highly successful without always
engaging memory-forming processes. Juxtapositioning the current findings with the existing
literature suggests that the difficulty of the search task may play a role in that difficult search
tasks may incentivize memory formation. More importantly, the ability for attention and memory
to dissociate reflects our cognitive system’s ability to optimize resources by processing and

attending to information in a scene without committing it to memory.
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