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Abstract

The ability to prioritize learning some information over others when that information is considered important or valuable is
known as value-directed remembering. In these experiments, we investigate how value influences different aspects of memory,
including item memory (memory for the to-be-learned materials) and context memory (memory for peripheral details that
occurred when studying items) to get a better understanding of how people prioritize learning information. In this investigation,
participants encoded words associated with a range of values (binned into higher, medium, and lower value in Experiment 1, and
into higher and lower value in Experiment 2) for a subsequent memory test that measured item memory (Is this item old or new?)
as well as both objective context memory (memory for an objectively verifiable contextual detail: In which voice was this item
spoken?) and subjective context memory (How many visual, auditory, and extraneous thoughts/feelings can you remember
associated with this item?). Results indicated that value influenced item memory but had no effect on objective context memory
in both Experiments. In Experiment 2, results showed better subjective context memory for multiple episodic details for higher-
value relative to lower-value materials. Overall, these findings suggest that value has a strong influence over some aspects of
memory, but not others. This work gives a richer understanding of how people prioritize learning more important over less
important information.

Keywords Value-directed remembering - Item memory - Source memory - Context memory - Memory characteristics

questionnaire

Evidence suggests that people are able to prioritize learning
some information over others when that information is con-
sidered important or valuable (Castel, 2007; Castel, Benjamin,
Craik, & Watkins, 2002; Castel, Farb, & Craik, 2007). One
method to study prioritization of information in memory is a
procedure called value-directed remembering (VDR). In a
typical VDR task, participants are asked to study items asso-
ciated with varying degrees of value (e.g., items associated
with values ranging from 1 to 8) before then completing a
memory test. Instructions in VDR tasks often direct partici-
pants to remember as many studied items as possible, but also
to prioritize learning higher-value (e.g., a value of 8) relative
to lower-value materials (e.g., value of 1). Results from VDR
experiments typically show that participants are better able to
remember higher-value relative to lower-value materials,
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reflecting the ability to prioritize information in memory
(Castel, 2007; Castel et al., 2011; Middlebrooks, Kerr, &
Castel, 2017; Robison & Unsworth, 2017; Spaniol, Schain,
& Bowen, 2014). Remembering valuable materials has been
found across various types of stimuli, such as words (Castel
etal., 2002), pictures (Castel, 2005; , & Reber, 2019), grocery
prices (Castel, 2005), faces (DeLozier & Rhodes, 2015;
Hargis & Castel, 2017), names (Hargis & Castel, 2017), and
occupations (Hargis & Castel, 2017), suggesting that people
can readily remember valuable information. In the present
study, we extend knowledge on VDR by investigating the
influence of value on both item memory (i.e., studied words)
and context memory (peripheral episodic details associated
with studied words).

The majority of work on VDR has predominantly investi-
gated the ability to remember higher-value relative to lower-
value materials for item memory (Castel, 2005; Castel et al.,
2002; Castel et al., 2007; Castel, Murayama, Friedman,
McGillivray, & Link, 2013; Hargis & Castel, 2017; Hayes,
Kelly, & Smith, 2013; Middlebrooks et al., 2017;
Middlebrooks, Murayama, & Castel, 2016). One common
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experimental approach in past VDR work is to assign value to
materials either immediately before or concurrent with (i.e., at
the same time as) presentation of to-be-learned information
(Castel, 2005; Castel et al., 2013; Cohen et al., 2019; Cohen,
Rissman, Suthana, Castel, & Knowlton, 2016; Middlebrooks
etal., 2016). Although this procedure (presenting value before
or concurrent with presentation of studied items) has been
crucial in understanding how value influences memory, less
is known about how participants prioritize information when
the value of to-be-learned material is presented affer the stim-
ulus is encountered. In the real world, the importance (or val-
ue) of information is sometimes not evident until after expo-
sure to information (e.g., a student hearing that a concept will
be on an upcoming exam). In one of the few studies that has
examined VDR effects when value is presented after the stim-
uli, participants studied words associated with varying values,
followed by both recall and recognition memory tests (Hayes
etal., 2013). Results indicated better memory for higher-value
relative to lower-value words as measured by both recall and
recognition, which is consistent with findings from studies
where value is presented before (or concurrent with) to-be-
learned materials (Castel et al., 2007; Cohen, Rissman,
Hovhannisyan, Castel, & Knowlton, 2017). These findings
in Hayes et al. (2013) may suggest that processes used to
prioritize learning valuable information may be similar wheth-
er value is known before or after stimuli are presented. Given
the limited work in this domain, direct comparison between
conditions where value is known before or after an episode
takes place will advance understanding on how participants
prioritize learning valuable information. Specifically, finding
a pattern of results where item and context memory differ
dependent on when value is known could imply that encoding
processes might be different in value-before versus value-after
conditions. In this experiment, we directly compare the influ-
ence of value on memory dependent on whether value is
known before or after materials are presented.

Although the majority of VDR work has focused on item
memory, less work has examined the extent that value influ-
ences context memory. Context memory can be described as
memory for extraneous episodic details encountered at the time
of study (James, Rajah, & Duarte, 2019; Naveh-Benjamin &
Craik, 1995; Rugg et al., 2012; Spencer & Raz, 1995), which
can include perceptual details (color details of visual stimuli;
acoustic details of auditory stimuli), source information (wheth-
er materials were presented in one list versus another, etc.), or
even self-generated details (extraneous thoughts or feelings in-
duced by studied material). Even further, context memory can
be categorized into objective context (memory for objectively
verifiable details, such as source information) or subjective
context (memory for details that are not objectively verifiable,
such as the “amount” of details one can retrieve about percep-
tual or self-generated thoughts/feelings). Given that people
show item memory advantages for higher-value compared with

lower-value materials, it may be that there is a similar pattern
for both objective and subjective context memory: When peo-
ple prioritize learning some content over others, they encode a
detail-rich episodic representation that includes numerous con-
textual details. Looking at findings from objective context
memory first, results of several VDR experiments show better
objective context memory (e.g., location in which a studied
word appeared) for higher-value compared with lower-value
items, suggesting that at least some contextual details
(location) are enhanced for valuable information (Cohen
et al., 2019; Elliott, McClure, & Brewer, 2020; Siegel &
Castel, 2018a, Experiments 1 & 2; Shigemune, Tsukiura,
Kambara, & Kawashima, 2014; Schwartz, Siegel, & Castel,
2020). Interestingly, though, not all investigations have shown
item and objective context memory enhancements for higher-
value relative to lower-value materials. In one study, older (and
younger) participants encoded words presented in different font
colors (red, yellow, lime green, or cyan blue; Hennessee,
Knowlton, & Castel, 2018, Experiment 1). Results showed that
older adults exhibited item memory increases and concomitant
context memory (font color) decreases for higher-value relative
to lower-value materials. This finding within the older adults
suggests possible item-context trade-offs in memory (Jurica &
Shimamura, 1999), at least under certain situations, such as in
aging populations. Because some work suggests that value ef-
fects on memory are contingent on controlled use of cognitive
processes (i.e., top-down processes) at encoding (Castel,
Balota, & McCabe, 2009; Castel, Lee, Humphreys, & Moore,
2011; Robison & Unsworth, 2017), this may mean that alloca-
tion of resources to encode materials might yield trade-offs in
memory with enhanced memory for some details (i.e., item
memory) that come at the expense of reduced memory for other
details (i.e., context memory). This could partially account for
studies that have shown no context memory benefit for higher-
value compared with lower-value items in the past (Castel,
2005; Castel et al., 2007; Hennessee, Castel, & Knowlton,
2017; Hennessee et al., 2018; Hennessee, Patterson, Castel, &
Knowlton, 2019; Stefanidi, Ellis, & Brewer, 2018). Further
still, it may be that item-context trade-offs, if they exist, are
exacerbated under some conditions, such as when value is not
known until after stimuli have been studied. Specifically, it may
be that item and objective context memory are both enhanced
when value is known before a trial since participants may allo-
cate resources in a top-down fashion to encode various episodic
details associated with items. In contrast, this allocation of re-
sources may not be possible when value is known after. Given
the mixed objective context memory findings in past work
(Castel, 2005; Castel et al., 2007; Hennessee et al., 2017;
Hennessee et al., 2018; Hennessee et al., 2019; Stefanidi
et al., 2018), we investigate the extent context memory as mea-
sured by voice source (In which voice was this word spoken?)
is influenced by value depending on whether value is presented
before or after the learning episode.
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Turning to subjective context memory, there is some evi-
dence that participants subjectively report more contextual
details associated with higher-value compared with lower-
value materials. For example, some VDR experiments have
used remember/know judgments at retrieval to evaluate sub-
jective context memory. In these studies, participants make
subjective “remember” judgments if they retrieve any contex-
tual details associated with trials; however, these remember
decisions are considered subjective because the exact details
participants retrieve to make such remember judgments are
not directly measured. Results from past VDR experiments
using remember/know procedures have consistently shown
that rates of “remember” responses are enhanced for higher-
valued relative to lower-valued materials (Cohen et al., 2017,
Elliott & Brewer, 2019; Elliott et al., 2020; Hennessee et al.,
2017). Because the type of contextual details participants re-
trieves to make remember judgments is unclear, it is unknown
what contextual details are enhanced for higher-valued com-
pared with lower-valued materials. A richer way to evaluate
memory for subjective contextual details is through use of a
memory characteristic questionnaire (MCQ; Johnson, Foley,
Suengas, & Raye, 1988). In MCQ tasks, participants give a
subjective rating for the “amount” of contextual details they
can retrieve for a range of different details, such as visual
information, auditory information, and extraneous (self-
generated) thoughts and feelings. MCQs are useful because
they allow a more precise way to assess the contents of mem-
ory than using remember/know procedures. Even further, re-
sults from MCQ assessments can be used in combination with
objective memory measures (such as source) to gain a more
complete understanding of memory phenomenon. For in-
stance, one study used MCQs to assess context memory for
words processed in reference to the self (Leshikar, Dulas, &
Duarte, 2015). Although not a VDR experiment, results from
Leshikar et al. (2015) showed that self-referentially processing
information resulted in higher rates of both objective (source
memory) and subjective (MCQ) measures of context memory,
which led to a more nuanced understanding of self-referential
memory effects. In the present experiment, we assess both
objective (source) and subjective context memory (MCQ) to
pursue more precise understanding of how value influences
context memory.

In this study, we investigate the extent that value influ-
ences item and context memory (as measured objectively
and subjectively) for higher-value relative to lower-value
materials. Across two experiments, participants studied
words associated with different values at encoding. Values
associated with words were presented either before or after
presentation of to-be-learned stimuli (i.e., order effects).
Given that we aimed to assess subjective context memory
for various episodic details using MCQ, stimuli were pre-
sented with various visual and auditory attributes.
Specifically, words were presented to participants in
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various font styles, font colors, and were presented audito-
rily in either a feminine or masculine voice. After encoding,
participants’ memory for studied materials was assessed
using three measures: item memory (word recognition), an
objective measure of context memory (source memory for
words spoken in either a feminine or masculine voice), and
subjective measures of context memory (MCQ for visual
and auditory details as well as self-generated thoughts and
feelings induced by items). We make four predictions: First,
for item memory, we expect to see better memory for words
associated with higher relative to lower values, consistent
with past work (Castel, 2005; Castel et al., 2002; Castel
et al., 2007; Castel et al., 2013; Hargis & Castel, 2017,
Hayes et al., 2013; Middlebrooks et al., 2017;
Middlebrooks et al., 2016). Second, for the effect of order
(whether value is presented before or after an item is pre-
sented), we predict better item memory for higher-value
relative to lower-value items regardless of whether value
is presented before or after the studied word. Such a finding
would be consistent with past work (Hayes et al., 2013), and
consistent with the idea that prioritization processes are sim-
ilar whether value is known immediately before or after an
episode. Third, for objective context memory, we see one of
two possible outcomes. If studying materials associated
with higher-value leads to heightened memory for various
episodic details as some work suggests (Cohen et al., 2017,
Experiments 3-5; Siegel & Castel, 2018a, Experiment 1),
then better context memory should be evident for higher-
value relative to lower-value words. Alternatively, if greater
focus on higher-value items comes at a cost to encoding
contextual details (item-context trade-offs), it may be that
item and objective context memory show different patterns,
where item memory improvements are not accompanied by
similar improvements in context memory, as other work has
shown (Castel et al., 2007, Experiments 1-2; Hennessee
et al., 2017; Hennessee et al., 2018, Experiment 3;
Hennessee et al., 2019, Experiment 1; Stefanidi et al.,
2018, Experiment 4). Given that past works suggest priori-
tizing information in memory relies on controlled use of
resources (i.e., top-down processes) at encoding (Castel
et al., 2009; Castel et al., 2011; Robison & Unsworth,
2017), it may be that VDR effects are evident for some
details such as item memory, but not others, such as objec-
tive context. Fourth, for subjective context memory (and
similar to objective context memory), we expected one of
two results: either that item and subjective context would
show similar increases in memory for higher-value relative
to lower-value items, or that item memory would improve,
whereas subjective context would not. Because our subjec-
tive memory measure accounts for a range of details (visual,
auditory, thoughts and feelings), results will provide a
richer understanding of the influence of value on the con-
tents of episodic memory.
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Experiment 1
Method
Participants

Seventy-five undergraduates (M = 19.70, SD = 1.94, range:
18-35, 37 females) were recruited from the University of
Illinois at Chicago to participate in this experiment. Three
participants did not complete all experimental procedures,
and thus were removed from analyses. We used G*Power
(Faul, Erdfelder, Lang, & Buchner, 2007) to perform an a
priori power analysis to determine the sample size needed to
detect a significant effect. Based on a previous report for con-
text memory in a VDR paradigm (Cohen et al., 2017), we
determined that 60 participants would yield sufficient power
(.90) to detect value effects. We obtained informed consent
from all participants in accordance with the Institutional
Review Board at the University of Illinois at Chicago.
Participants received course credit for participating.

Stimuli

A total of 144 words (72 positive and 72 negative valence
adjectives) from Leshikar et al. (2015) were used as stimuli
in this experiment. Words ranged from three to ten characters
(M ="1.55 characters, SD = 1.60). All 144 words were record-
ed in both a feminine and masculine voice. Words were
counterbalanced across participants to be spoken in either a
feminine or masculine voice, presented in either red or green
font color, presented in either Comic Sans or Times New
Roman font. Because we included an item recognition test
in our procedures, words were also counterbalanced to appear
as studied items at encoding or as novel items at test. Across
participants, words were randomly assigned different values.
Words were presented on a monitor in 24-point font on a black
background. Participants were seated two feet away from the
monitor and were provided headphones with single-use sani-
tary ear caps to listen to the spoken stimuli. Headphone vol-
ume was adjusted prior to beginning the experiment and main-
tained for the duration of the experiment.

Procedure

Participants were tested individually in cubicles in a quiet
room. There were two phases of the experiment—an encoding
(study) phase and a retrieval (test) phase. Before starting the
experiment, participants were given instructions and practice
trials for both the encoding and retrieval phases of the exper-
iment to ensure participants understood task instructions.
There were three encoding and retrieval blocks, respective-
ly. Encoding and retrieval blocks were interleaved such that
participants completed one encoding block before completing

a retrieval block. During encoding, participants studied 96
words (32 words per encoding block; equal numbers of pos-
itive and negative words per block). Each word was associated
with a value ranging from 1 (lowest value) to 8 (highest val-
ue). In each encoding block, there were two trials associated
with each respective value (e.g., two trials associated with a
value of 1, two trials associated with a value of 2, etc.). For
half of the words, value was presented immediately before the
word (value-before trials), and for the other half, value was
presented immediately after the word (value-after trials; see
Fig. 1). Within an encoding block, participants completed 16
consecutive trials where value either came before or after the
presentation of the to-be-learned stimulus. Participants were
told that they would earn the value associated with the word if
they correctly remembered that word at retrieval, as done be-
fore (Hennessee et al., 2017; Hennessee et al., 2018; Schwartz
etal., 2020). Further, instructions emphasized that participants
should try to remember as many words as possible, but also to
prioritize remembering higher-value words. For each
encoding trial, participants saw a single word presented on
screen for 5,000 ms. Words were presented in either red or
green font and in Comic Sans or Times New Roman. While
the word appeared on the computer screen, the word was
simultaneously presented auditorily in either a feminine or
masculine voice. To help ensure participants were attending
to each word (especially lower-value words), participants
were asked to judge whether the word had more than one
syllable by pressing either the “1” (one syllable) or “2” key
(more than one syllable).! Each encoding trial was separated
by a white central fixation cross presented for 250 ms.

The retrieval phase consisted of 96 old words seen at
encoding and 48 novel words presented over three retrieval
blocks. In each retrieval block, participants made a series of
memory judgments for 48 words (16 value-before words stud-
ied at encoding, 16 value-after words studied at encoding, and
16 novel words). For each retrieval trial, a word was shown in
white font. Participants were given 7,000 ms to judge whether
the word was old, new, or whether they did not know (1 = 0ld, 2
= new, 3 = don’t know). This judgment served as the item
memory response. Participants were instructed that they would
receive the amount of points associated with that word (at
encoding) for each correctly remembered old item, but that they
would be penalized four points if they endorsed a novel word as
old. We added this penalty as a means to reduce use of a strat-
egy to respond to all words as “old” to increase their point

! Because we were interested in examining the effects of value and order
(value before, value after) on memory, we saw it as essential to include an
orienting task to induce participant attention to all stimuli on a trial-by-trial
basis. Without such a task, it is possible that participants could elect to simply
ignore lower-value stimuli in the value before condition, as a way to improve
memory for higher value items, which would impede our ability to truly
measure memory effects in this experiment. Given this possibility, we chose
to use an orienting task (syllable task) to make it more likely participants were
attending to all trials.
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Experiment 1
Study

3000 msec

Get ready to do a block
of trials where the value
of the word comes

Test

Item recognition judgment

earnest

Press ‘1’ for old

Press ‘2’ for new

Value of the next word
is:

3000 msec

Get ready to do a block
of trials where the value
of the word comes after [l RrTe

—1000 msec
Val

lue of the last word is:

1

Subjective context
memory judgments

earnest
Visual detail?
1=no
earnest
Auditory detail?
1=no
earnest

Feelings and Extraneous
Thoughts?

Objective context
memory judgment
earnest

Voice gender?
1 = masculine

2 = feminine

Fig. 1 Trial schematics for the study (encoding) and retrieval (test) phases of Experiment 1

score, as done by others (Cohen et al., 2019; Hennessee et al.,
2019; Schwartz et al., 2020). When a word was endorsed as
“new,” the trial ended and the next retrieval trial began. For
words judged as “old,” participants were then asked four addi-
tional questions for that word that corresponded to subjective
and objective context memory. The first three questions were
the subjective context memory judgments (i.e., MCQ), where
participants were asked to report the amount of details they
could retrieve for visual, auditory, and extraneous thoughts
and feelings, respectively. For each MCQ question, participants
rated the amount of details they could retrieve on a 1-3 scale (1
= no detail remembered, 2 = few details remembered, 3 = a lot
of details remembered, see Fig. 1). Participants were then asked
to make an objective context memory response (source).
Participants reported whether the word was presented in a mas-
culine or feminine voice (1 = masculine, 2 = feminine).> After

% In designing this experiment, we considered expanding our objective mea-
sures to include other objective contextual details (font type, font color); how-
ever, we elected against this procedure because we did not want the retrieval
phase to be unduly burdensome to the participants. Given that participants
were already making many retrieval judgments for each retrieval trial, we
decided to focus on only one objective context measure (source memory).

@ Springer

each retrieval block, participants were given feedback on how
many points they earned for that block.

Data analysis

Memory was assessed using three different measures: item,
subjective context (MCQs), and objective context memory
(source). For all measures (item, subjective context, objec-
tive context), memory for studied items was computed as a
function of value collapsed into three discrete levels:
higher-value items ranged from 7 to 8 points, medium-
value items ranged from 3 to 6 points, and lower-value
items ranged from 1 to 2 points, consistent with past work
(Ariel & Castel, 2014; Hargis & Castel, 2017;
Middlebrooks, McGillivray, Murayama, & Castel, 2016).
For item memory, we computed a corrected measure of
item recognition by subtracting the false alarm rates from
the hit rates. For subjective context, we analyzed the mean
MCAQ ratings for visual, auditory, and thoughts and feel-
ings, respectively. Specifically, we calculated the average
rating across all participants for each detail type (visual,
auditory, thoughts, and feelings), which is analogous to
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our prior work (Leshikar et al., 2015).> For objective con-
text memory, we calculated a corrected measure of source
memory (source correct/source correct + source incorrect),
as we have done before (Leshikar, Cassidy, & Gutchess,
2016; Leshikar & Duarte, 2014; Leshikar, Park, &
Gutchess, 2015; Leshikar & Gutchess, 2015; McCurdy,
Leach, & Leshikar, 2017). For all our memory measures
(item, subjective context, objective context), we computed
3 (value: higher, medium, lower) x 2 (order: value before,
value after) analyses of variance (ANOVAs).* For all
follow-up comparisons in our ANOVA results, we used
Sidak corrections to control for multiple comparisons.

Results

In this section, we report our memory results (item, subjective
context, objective context). Mean responses for studied and
novel items are presented in Table 1 as a function of value
(higher, medium, lower) and order (value before, value after).
Starting first with item memory, results indicated a significant
main effect of value, F(2, 142) = 6.56, p = .002, npz =.09 (see
Fig. 2). Follow-up comparisons showed item memory was
significantly better for higher-value (M = 0.53, SE = 0.02)
compared with medium-value items (M = 0.47, SE = 0.02),
p =.001, 95% CI [.018, .090], but higher-value items did not
differ from lower-value items (M = 0.50, SE = 0.02), p =.26,
95% CI [-0.013, .071]. Medium-value items did not signifi-
cantly differ from lower-value items, p = .14, 95% CI [-0.055,
.005]. The main effect of order and the Value x Order inter-
action were not significant, order effect, F(1, 71) = 0.06, p =
.82, np2 =.00; Value x Order interaction, F(2, 142)=0.10,p =
.90,m,” =.00.”

Because we had a continuous range of values (1-8) in our
stimuli, we ran an additional analysis to assess whether item

3 Since participants were using a range of 1 (no details) to 3 (a lot of details)
for MCQ ratings, the mean scores for each subjective contextual detail (visual,
auditory, thoughts, and feelings) should be interpreted with this range in mind.
For instance, if the mean rating for visual details is around 2, this translates into
participants subjectively reporting they can retrieve a few visual details for a
given trial type. In this example, this could translate to participants remember-
ing a few visual details (like font color), but not other visual details.

4 Although our stimuli had a valence component (positive, negative adjec-
tives), we did not design this experiment to look at the factor of valence in
our primary ANOVA analyses, and thus Experiment 1 was not powered to run
analyses including valence. However, to evaluate whether valence affected
memory data, we performed a paired-samples # test comparing item memory
for valence. Results showed no significance difference for positive words (M =
0.45, SD = 0.11) relative to negative words (M = 0.45, SD = 0.11), #71) =
-33,p<.74,d=—04.

> We also calculated item memory using the signal detection measure d’,
which takes into account both item hits as well as item false alarms
(Snodgrass & Corwin, 1988). We entered d’ scores into a 3 (value: higher,
medium, lower) x 2 (order: value before, value after) ANOVA, as in our
primary analysis. Results of this analysis fully replicated our primary analysis
(based on hits — false alarms): we observed a value effect, F(2, 142)=6.37,p =
.003, 1,7 = .11, but no effect of order, F(1, 71) = 0.12, p = .78, 1, = .00, or
interaction, F(2, 142) = 0.45, p = .64, npz =.01.

memory improved as value increased. To do so, we ran a
multilevel mixed-effects logistic regression to analyze the ef-
fect of value (1-8) and order (value before, value after) on
item memory for the old (studied) items. All mixed-effects
models were conducted using jamovi software, specifically
the GAMLj module (Gallucci, 2019) for testing mixed-
effects generalized linear models.® In this analysis, item accu-
racy was coded as 0 for incorrect and 1 for correct trials. Value
and order were included as fixed effects, whereas subjects
were included as random effects (random intercept per subject
and random slope per subject for value). Controlling for these
random effects of subjects allows us to be confident that any
significant predictors are not due to individual differences in
overall memory performance and individual differences in the
effect of word value across participants (i.e., participants using
different strategies as a function of value). Results showed a
significant effect of value on item memory, x*(1) = 5.00, p =
.025, which is consistent with our ANOVA results.
Specifically, the higher the word value, the more likely par-
ticipants were to make accurate recognition judgments, b =
.03. Order did not significantly affect item accuracy judg-
ments, xz(l) < .001, p = .98. In a subsequent model, we in-
cluded an interaction term to assess whether word value and
condition jointly affected item memory accuracy. The interac-
tion term was not significant, Xz(l) = 7.85, p = .35, but the
pattern of significance for value remained, value effect, x*(1)
=32.24, p <.001; order effect, x*(1) = .001, p = .97.

For subjective context memory, mean responses for MCQs
are presented in Table 1 as a function of value (higher, medi-
um, lower) and order (value before, value after). We ran sep-
arate ANOVAs on each respective MCQ measure (visual,
auditory, thoughts and feelings), as done before (Leshikar
et al., 2015). Our subjective memory findings are presented
in Fig. 3. For visual details, there were no significant effects or
interaction, value effect, F(2, 142) = 0.73, p = .49, np2 =.01;
order effect, F(1,71)=3.72, p = .06, np2 =.05; Value x Order
interaction, F(2, 142) = 1.49, p = .23, np2 =.02.

For auditory details, there was a significant main effect of
value, F(2, 142)=3.26,p = .04, npz =.04; however, follow-up
comparisons controlling for multiple comparisons (Sidak)
showed that higher-value items (M = 2.38, SE = 0.06) did
not significantly differ from either medium-value, (M =
2.33, SE = 0.06), p = .06, 95% CI [—0.001, .095], or lower-
value items (M = 2.32, SE = 0.06), p =.13, 95% CI [-0.011,
.120]. Further, medium-value items did not differ from lower-
value items, p =.98, 95% CI [—0.047, .061]. The main effect of
order and interaction were not significant, order effect, F(1,

® The model employed an effect coding scheme for order, which allowed us to
set the value-before trials as the reference group with which to compare with
value-after trials. This effect coding scheme allows for easier interpretation of
any interaction effects, compared to dummy/treatment coding (Singmann &
Kellen, 2019).
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Table 1 Item recognition and objective context (source memory)
responses, as well as mean subjective context (MCQ) ratings are present-
ed as a function of value (higher, medium, lower) and order (value before,

value after) for Experiment 1 (memory responses for novel [unstudied]
items are also reported)

Value range Value before Value after
Higher Medium Lower Higher Medium Lower
Memory for item

Studied items M SD M SD M SD M SD M SD M SD
Item hits 0.73 (0.20) 0.66 0.16) 0.67 (0.20) 0.71 (0.19) 0.66 (0.19) 0.69 (0.19)
Item misses 0.23 (0.20) 0.28 0.17) 0.29 (0.20) 0.24 (0.18) 0.29 (0.18) 0.27 0.19)
Item don’t know 0.04 (0.04) 0.06 (0.05) 0.04 (0.07) 0.05 (0.06) 0.05 (0.06) 0.04 (0.05)

Unstudied items M SD
Correct rejection 0.76 (0.17)

False alarm 0.17 (0.16)
Don’t know 0.07 (0.04)
Memory for objective context (source)

Studied items M SD M SD M SD M SD M SD M SD
Source hits 0.52 (0.15) 0.52 0.09) 0.49 (0.15) 0.52 0.14) 0.52 (0.09) 0.52 0.14)
Source misses 0.48 (0.15) 0.48 0.09) 0.51 (0.15) 0.48 0.14) 0.48 0.09) 0.48 0.14)

Memory for subjective context (MCQ)

Studied items M SD M SD M SD M SD M SD M SD
Visual details 221 0.59) 2.16 (0.55) 2.14 (0.55) 2.20 (0.55) 2.20 (0.54) 2.21 0.57)
Auditory details 2.37 (0.54) 232 0.51) 2.35 (0.50) 2.39 0.51) 2.34 (0.52) 2.30 (0.56)
Thoughts and feelings 1.89 (0.64) 1.88 0.64) 1.89 (0.66) 1.88 0.61) 1.88 (0.63) 1.88 (0.66)

71)=0.08, p=.77, npz =.00; Value x Order interaction, F(2,
142) = 1.50, p = .23, 1,> = .02.

For thoughts and feelings, results showed no main effects
(or interaction) for value or order (value effect: F(2, 142) =
0.01, p=.99, np2 =.00; order effect: F(1,71) = 0.86, p = .36,
np2 =.01; Value x Order interaction: F(2, 142)=0.30, p=.74,
N, = .00.

Turning to objective context memory (source memory),
mean responses are presented in Table 1 as a function of value
(higher, medium, lower) and order (value before, value after).
Results showed no significant main effects or interaction, val-
ue effect, F(2, 142)=0.86, p = .43, np2 =.01; order effect, F(1,
71)=0.71, p = .40, np2 =.01; Value x Order interaction, F(2,
142) = 1.15, p = .32, 1, = .02; see Fig. 4).” ®

7 Because we had a continuous range of values (1-8) in our stimuli, we ran an
additional analysis to assess whether objective context memory improved as
value increased. To do so, we conducted a logistic regression. Value (1-8) and
order (value before, value after) were included as predictors. Results showed
that memory did not differ as a function of value, x*(1) = .37, b = .008, p = .54,
or order, xz(l) =.09, p =.76. In a subsequent model, we included an interac-
tion to assess whether value and order jointly affected performance. The inter-
action term was not significant, )(2(7) =3.71, p = 81, and the main effects
remained nonsignificant.

8 Because performance on our objective context measure was close to chance,
we performed an analysis comparing objective context memory with chance-
level performance. Results showed that only trials associated with medium-
value items were significantly above chance, 7s > 1.75, ps < .05.

@ Springer

Experiment 1 discussion

We investigated the extent that value influenced item memory
as well as both subjective and objective context memory de-
pending on whether value was presented before or after an
item was studied. Results indicated item memory value ef-
fects, but we did not find evidence that value influenced con-
text memory (either subjective or objective). Finding item
memory value effects is consistent with many previous inves-
tigations (Castel et al., 2013; Elliott et al., 2020; Hennessee
et al., 2019; Middlebrooks et al., 2017) and highlights the
notion that participants are readily able to prioritize learning
valuable materials. Interestingly, although we did not find that
item memory was better for higher-value relative to lower-
value items, results of the logistic regression showed clear
evidence of item memory value effects, where item memory
improved with each increase in value. Further, finding that
item memory was lowest for medium-value items (e.g., mem-
ory for medium-value items was numerically reduced relative
to lower-value items) was not expected; however, a closer
look through existing VDR literature does sometimes show
this pattern (where lower-value items show better memory
than medium-value items, at least numerically; Castel et al.,
2002; Castel et al., 2007; Middlebrooks et al., 2017).
Additionally, we did not find evidence for true item-context
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Fig. 2 Mean item memory performance as a function of value and order for Experiment 1. Error bars denote standard error of mean

trade-offs (where memory was enhanced for item, but de-
creased for context).

Although some past work has shown value effects for both
subjective (Cohen et al., 2017; Elliott et al., 2020; Siegel &
Castel, 2018b) as well as objective context memory (Cohen
et al., 2017, Experiments 3-5; Siegel & Castel, 2018a,
Experiment 1), we found no such evidence in Experiment 1.
The fact that we did not see subjective context memory value
effects is particularly surprising, given that past VDR work has
consistently shown value effects for subjective context memory
as measured by “remember” judgments (Cohen et al., 2017,
Elliott & Brewer, 2019; Hennessee et al., 2017). One possible
reason participants did not show value effects for our subjective
context memory measures (as measured by MCQ), is that par-
ticipants may have been challenged to remember the various
episodic contextual details associated with each trial (value
range of 1-8, voice source, font color, etc.), which in turn could
have made it more difficult to allocate encoding resources (in a
top-down manner) to sufficiently remember higher-value ver-
sus lower-value materials. Thus, it is possible that with fewer
details to encode, participants might be better able to more
effectively allocate encoding resources to remember peripheral
contextual details associated with valuable materials.

To further investigate value effects on item, subjective, and
objective context memory, we conducted an additional exper-
iment. To reduce the context memory burden on participants
we reduced the range of valuable items to 14 (instead of 1-8,
as in Experiment 1). By reducing the range of values, it is
possible that participants are able to more flexibly deploy
(top-down) encoding resources since it may be easier to de-
termine what are higher-value versus lower-value items. By
reducing the range of value, it may be that participants are
better able to use resources to encode richer episodic repre-
sentations that include contextual details for higher-value rel-
ative to lower-value materials.

Experiment 2
Methods
Participants

Seventy-nine undergraduates (M = 19.54, SD = 2.70, range:
17-33, 52 females) were recruited from the University of
Illinois at Chicago to participate in this experiment. We ob-
tained informed consent from all participants in accordance
with the Institutional Review Board at the University of
Illinois at Chicago. Participants received course credit for
participating.

Stimuli

Stimuli were identical to Experiment 1, except that the range
of values associated with items was 1-4° (instead of 1-8, as in
Experiment 1).

Procedure

The procedure was identical that of to Experiment 1.

°In Experiment 2, we chose to associate items with four different values (1-4).
Although past VDR studies using few values to associate with items have used
values at extreme ends of a scale, such as using only a few higher values (i.e., 7
and 9) and a few lower values (i.e., 1 and 3; Elliott et al., 2020), we elected not
to use values at the extreme ends of a value range, because we wanted to
replicate our use a continuous range of values as we did in Experiment 1.
Further, because some of our ancillary analyses treat value as a continuous
variable (logistic regression), using a continuous range of values allows us to
perform analogous analyses in Experiment 2, which allows for more direct
comparison to the effects identified in Experiment 1.
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Memory Characteristics Questionnaire (MCQ)
Visual Details m Value Before

u Value After
25
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17

Subjectively Reported Details

15
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Auditory Details
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1.5
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Extraneous Thoughts & Feelings Details
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Fig. 3 Mean subjective context memory (MCQs) performance as a func- they could retrieve for each respective detail type. Error bars denote
tion of value and order for Experiment 1. Participants were asked to standard error of mean
subjectively rate the “amount” of details (1 = none, 2 = few, 3 = a lot)

Data analysis objective context), we computed 2 (value: higher, lower) x 2
(order: value before, value after) ANOVAs.

As in Experiment 1, we computed three memory measures: item,

subjective context (MCQs), and objective context (source). Trials ~ Results

associated with values of 3—4 were binned as higher-value items,

whereas trials associated with 1-2 were binned as lower-value  Mean responses for studied items are presented in Table 2 as a
items. For all our memory measures (item, subjective context,  function of value (higher, lower) and order (value before, value
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Fig.4 Mean objective context memory (source) performance as a function of value and order for Experiment 1. Error bars denote standard error of mean

after) as well as the responses to novel items. Starting first with
item memory, results indicated a significant Value x Order
interaction, F(1, 78) = 5.43, p = .02, npz = .07 (see Fig. 5).
This interaction was driven by significantly better memory for
higher-value (M = 0.50, SE = 0.03) compared with lower-value
words (M = 0.46, SE = 0.02) when the value was presented
before, #(78) = 2.89, p = .005; however, there was no difference
between higher-value (M = 0.47, SE = 0.03) and lower-value
words (M = 0.47, SE = 0.03) when value was presented after,
#78) = 0.28, p = .78. The main effects of order and value were
not significant, value effect, F(1, 78) =2.11, p = .15, np2 =.03;
order effect, F(1, 78) = 1.20, p = .28, T]p2 =.02.

As in Experiment 1, we also performed a multilevel mixed-
effects logistic regression on item memory, with value (1-4) and
order (value before, value after) as fixed effects, and subjects as
random effects (random intercept per subject and random slope
per subject for value). Item memory did not differ as a function of
value, x*(1)=1.53, 5= .03, p= 21, or order, X*(1) = .55, p = 45.
In a subsequent model, we included an interaction to assess
whether word value and condition jointly affected item memory
accuracy. The interaction term was not significant, x°(1) = 5.66,
p = .13, and the main effects remained nonsignificant, value,
(1) =244, p = 49; order, x*(1) = .57, p = 45.

Our subjective context memory (MCQ) findings are present-
ed in Fig. 6 as a function of value and order. For visual details,
there was a significant main effect of value, F{(1, 78) = 12.56, p =
.001, np2 = .14, which was driven by better memory for higher-
value (M = 2.29, SE = 0.06) compared with lower-value words
(M =2.22, SE = 0.06). The main effect of order and the Value x
Order interaction were not significant, order effect, F(1, 78) =
0.02, p = .90, npz = .00; Value x Order interaction, F(1, 78) =
255, p=.11,m,"=.03.

For auditory details, there was a significant main effect of
value, F(1, 78) = 13.96, p < .001, np2 = .15, stemming from
better memory for higher-value (M = 2.45, SE = 0.05) com-
pared with lower-value words (M = 2.39, SE = 0.05). The

main effect of order and interaction were not significant, order
effect, F(1, 78) = 1.89, p = .17, np2 = .02; Value x Order
interaction, F(1, 78) = 1.07, p = .30, np2 =.01.

For thoughts and feelings, the main effect of value was
significant, F(1, 78)=5.72,p = .02, np2 =.07, driven by better
memory for higher-value (M = 2.00, SE = 0.07) compared
with lower-value words (M = 1.94, SE = 0.07). The main
effect of order and Value x Order interaction were not signif-
icant, order effect, F(1, 78)=0.93, p = .34, np2 =.01; Value x
Order interaction, F(1, 78) = 1.55, p = .22, np2 =.02.

Turning to objective context memory (source memory),
mean source memory responses are presented in Table 2 as
a function of value (higher, lower) and order (value before,
value after). Results showed a significant main effect of order,
F(1,78) = 4.60, p = .04, 1,” = .06 (see Fig. 7), denoted by
better memory for trials in the value before (M = 0.53, SE =
0.01) versus value-after condition (M =0.51, SE =0.01). The
main effects of value and interaction were not significant,
value effect, F(1, 78) = 0.95, p = .33, np2 = .01; Value x
Order interaction, F(1, 78) = 0.03, p = .86,n,” = .00.'> ' 1

19 We also performed a logistic regression on the objective context memory
measure, as in Experiment 1. Results showed that memory did not differ as a
function of value, x*(1) = .04, b = —.005, p = .84, or order, x2(1) = 1.86, p=
.17. In a subsequent model, we included an interaction to assess whether value
and order affected objective context memory. The interaction term was not
significant, X2(3) =.33, p=.95, and the main effects remained nonsignificant.
we performed an analysis comparing objective context memory with
chance level performance. Results showed that only value before trials (higher,
lower) were above chance, s > 1.93, ps < .05.

12 Because we had both positive and negative stimuli in this data, we ran
additional 2 (value: higher, lower) x 2 (order: value before, value after) x 2
(valence: positive, negative) ANOVAs for item, objective context, and sub-
jective context memory (visual, auditory, thoughts and feelings). Results
showed no significant effects of valence or valence interactions for item, ob-
jective context, and two of the subjective context details (visual, auditory), F's
<2.60, ps > .11. There was a main effect of valence for thoughts and feelings,
F(1, 76) = 5.66, p = .02, np2 = .09, however, which was driven by more
subjective reported details for negative (M = 1.99, SE = .07) than positive
items (M = 1.94, SE = .07).
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Table 2 Item recognition and objective context (source memory)
responses, as well as mean subjective context (MCQ) ratings are present-
ed as a function of value (higher, medium, lower) and order (value before,

value after) for Experiment 2 (memory responses for novel [unstudied]
items are also reported)

Value Range Value before Value after
Higher Lower Higher Lower
Memory for item

Studied items M SD M SD M SD M SD
Item hits 0.69 (0.20) 0.66 (0.18) 0.65 0.21) 0.67 0.21)
Item misses 0.26 0.19) 0.27 0.17) 0.29 (0.20) 0.28 0.21)
Item don’t know 0.04 0.07) 0.04 (0.06) 0.03 (0.06) 0.03 (0.06)

Unstudied items M SD
Correct rejection 0.70 (0.18)

False alarm 0.21 (0.16)
Don’t know 0.06 (0.08)
Memory for objective context (source)

Studied items M SD M SD M SD M SD
Source hits 0.52 0.11) 0.55 (0.11) 0.51 0.13) 0.52 0.09)
Source misses 0.48 0.11) 0.45 0.11) 0.49 0.13) 0.48 0.09)

Memory for subjective context (MCQ)

Studied items M SD M SD M SD M SD
Visual details 2.30 (0.50) 221 (0.54) 2.28 0.51) 2.24 (0.56)
Auditory details 248 (0.48) 2.40 (0.50) 243 (0.50) 2.39 (0.50)
Thoughts and feelings 2.00 (0.65) 1.96 (0.66) 2.00 0.62) 1.92 (0.66)

Experiment 2 discussion

In Experiment 2, we reduced the value range associated with
items (1—4) to further investigate the effects of value on item,
objective context, and subjective context memory. As in
Experiment 1, results showed that value had an influence on
item memory. Specifically, we found a Value x Order inter-
action where memory was better for higher-value compared

o o o o o o
(V) w > (&) o ~N

Corrected Item Memory Accuracy
(a=]

Higher-Values

with lower-value items when value was known before, but not
when value was known after. Additionally, we found no evi-
dence that value affected objective context memory consistent
with the findings of Experiment 1, and in line with previous
work that has failed to find objective context memory value
effects (Castel et al., 2007, Experiments 1-2; Hennessee et al.,
2017; Hennessee et al., 2018, Experiment 3; Hennessee et al.,
2019, Experiment 1; Stefanidi et al., 2018, Experiment 4).

mValue Before
mValue After

Lower-Values

Fig. 5 Mean item memory performance as a function of value and order for Experiment 2. Error bars denote standard error of mean
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Memory Characteristics Questionnaire (MCQ)
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Fig. 6 Mean subjective context memory (MCQs) performance as a func-
tion of value and order for Experiment 2. Participants were asked to
subjectively rate the “amount” of details (1 = none, 2 = few, 3 = a lot)

For subjective context, we found evidence of value effects
on subjective memory for visual, auditory, and thoughts and
feelings as measured by MCQ. We found these subjective
context memory effects under conditions where we reduced
the range of values associated with items (1-4) which reduced
the context memory burden on participants, and may have

Lower-Values

they could retrieve for each respective detail type. Error bars denote
standard error of mean

enabled easier allocation of encoding resources (in a top-
down manner) to remember contextual details associated with
valuable items. This evidence suggests that participants are
indeed able to show better memory for higher-value items
for a variety of episodic details, but only under certain condi-
tions, such as those in Experiment 2.
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Fig. 7 Mean objective context memory (source) performance as a function of value and order for Experiment 2. Error bars denote standard error of mean

General discussion

In these experiments, we investigated the extent that value
influences item and context memory (as measured subjective-
ly and objectively), and whether the ability to prioritize learn-
ing valuable information might differ depending on whether
value is known before or after studying an item. There were
four main findings in this experiment. First, we found evi-
dence that value influenced item memory in both
Experiments 1 and 2. This is consistent with past VDR work
demonstrating that people better remember higher-value ver-
sus lower-value materials (Castel et al., 2002; Castel et al.,
2013). Second, we found relatively little evidence that order
(value before versus value after) influenced memory (except
for item memory in Experiment 2), which suggest that pro-
cesses associated with remembering valuable information
might be similar whether value is known immediately before
or after studying an item. Third, we found no evidence of
value effects on objective context memory (source memory)
in either experiment. Fourth, we observed some evidence of
subjective context memory value effects, but only in
Experiment 2, when we reduced the contextual memory bur-
den on participants. Subjective context memory value effects
are consistent with past work showing that participants sub-
jectively report remembering more contextual details for
higher-value relative to lower-value materials (Cohen et al.,
2017; Elliott & Brewer, 2019; Elliott et al., 2020; Hennessee
et al., 2017). Further, we did not observe true item-context
trade-offs (where memory was enhanced for item, and de-
creased for context) in either Experiment 1 or 2, suggesting
that participants’ ability to encode higher-value items does not
come at a cost to encoding of peripheral episodic details.
Overall, these data suggest that people can prioritize remem-
bering higher-value content (i.e., item memory), but that this
memory benefit extends to contextual details only under some
conditions.

@ Springer

Past work has shown that people can prioritize learning
valuable or important information relative to information that
is less valuable as measured by item memory (Castel, 2005;
Castel et al., 2002; Castel et al., 2007; Castel et al., 2013;
Hargis & Castel, 2017; Hayes et al., 2013; Middlebrooks
et al., 2017; Middlebrooks et al., 2016). In Experiments 1
and 2, we examined whether item memory might differ
whether value is known before or after to-be-learned items
are presented. Results indicated value affected item memory
in both Experiments 1 and 2. Interestingly, in Experiment 2,
we found item memory value effects driven by better memory
for higher-value relative to lower-value materials, but only
when value was presented before. The fact that we did not
find value effects in the value-afier condition in Experiment
2 is in contrast to past work (Hayes et al., 2013), and the
results of Experiment 1. It may be that reducing the range of
values associated with items (1-4) allowed participants to
more readily allocate resources to strategically remember
higher-value versus lower-value items, but only when value
was known before trials were presented. Further, it is worth
noting the logistic regression model did not show a significant
Value x Order interaction, as shown by the ANOVA. One
possible reason for this is that we used a corrected measure
of item memory (hits — false alarms) in our ANOVA, whereas
we only used item memory hits (and misses) in the logistic
regression model. Because we applied a correction for false
alarms in our ANOVA analysis, it may be that our ANOVA
results better reflect participants item memory performance as
a function of value. Future work may be necessary to under-
stand how order (value before, value after) affects encoding
processes associated with remembering valuable items.
Identifying ways to enhance memory is important scientific
pursuit (Frankenstein et al., 2021; Giannakopoulos et al., in
press; Jennings & Jacoby, 1993; Leach, McCurdy, Trumbo,
Matzen, & Leshikar, 2018; Leshikar, Duarte, & Hertzog,
2012; Leshikar et al., 2017; Matzen, Trumbo, Leach, &
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Leshikar, 2015; Meyers, McCurdy, Leach, Thomas, &
Leshikar, 2020), and the findings of this study add to that
endeavor.

Turning to our objective context findings (i.e., source
memory), we observed no evidence for memory improve-
ments for higher-value compared with lower-value items in
either Experiment 1 or Experiment 2. Although some studies
have found a context memory benefit for higher-value com-
pared with lower-value items (Cohen et al., 2019; Stefanidi
et al., 2018, Experiment 3), our findings are consistent with
other work showing no evidence for context memory advan-
tages (Castel et al., 2007, Experiments 1-2; Hennessee et al.,
2017, Experiment 3; Hennessee et al., 2018, Experiment 1;
Hennessee et al., 2019, Experiment 1). Past studies have failed
to show a context memory value effect for a variety of details,
including font color (Hennessee et al., 2017, Experiment 3;
Hennessee et al., 2018, Experiment 1; Hennessee et al., 2019,
Experiment 1), precise value of word (Castel et al., 2007,
Experiment 1-2; Hennessee et al., 2017, Experiment 1;
Hennessee et al., 2018, Experiment 1; Hennessee et al.,
2019, Experiment 1; Stefanidi et al., 2018, Experiment 4),
value range of word (Castel et al., 2007, Experiments 1-2),
and grocery prices (Castel, 2005, Experiments 1-2). Overall,
the findings of the current study, in conjunction with these
past findings, may suggest that people have reduced ability
to prioritize learning contextual details, at least those mea-
sured objectively (such as voice source). Given the mixed
finding of objective context memory in past VDR experi-
ments, it may be that memory for peripheral contextual details
can be improved, but these effects are modest and harder to
detect relative to item memory. It is worth noting that some
investigations that have not observed objective context value
effects have used experimental conditions to intentionally de-
plete encoding resources (Elliott & Brewer, 2019; Siegel &
Castel, 2018b). For instance, Siegel and Castel (2018b)
showed that item location memory (as measured by spatial
location error) was not sensitive to value effects under divided
attention conditions, and thus our use of the syllable task may
have reduced encoding resources available to participants to
effectively remember objective contextual details (such as
voice source). Another possible reason we did not see value
effects for objective context memory may be attributable to
the amount of details associated with our stimuli. Specifically,
because stimuli were associated with many contextual attri-
butes (a range of values; various visual and auditory details),
this may have led to reduced ability to retrieve memory for a
specific objective detail (source). Indeed, memory for objec-
tive context was near chance, which means that these objec-
tive context memory measures should be interpreted cautious-
ly. Future work might further investigate the extent partici-
pants are able to encode objective contextual details in tasks
where memory performance is not susceptible to possible
floor effects.

In addition to objective context, we also examined subjec-
tive context memory as a function of value and order. In
Experiment 1, analyses showed no evidence of subjective
context memory improvements for trials associated with
higher-value compared with lower-value items, which is con-
sistent with our objective context memory observation, and
further in line with the idea that participants are less able to
prioritize remembering contextual details for valuable mate-
rials. Interestingly, however, in Experiment 2 (where we re-
duced the range of values associated with items to 1-4), we
found strong evidence of subjective context memory value
effects. Specifically, participants subjectively reported more
details for higher-value materials in all our MCQ measures
(visual, auditory, thoughts and feelings). Finding that partici-
pants report retrieving a variety of contextual details (visual,
auditory, thoughts and feelings) is consistent with past VDR
work showing enhanced rates of subjective “remember” judg-
ments for higher-value relative to lower-value materials
(Cohen et al., 2017; Elliott et al., 2020; Hennessee et al.,
2019). It may be that participants in those past studies were
retrieving a variety of contextual details (perceptual details;
self-generated thoughts and feelings) when making remember
judgments for higher-value compared with lower-value mate-
rials. Thus, our subjective context memory findings in
Experiment 2 offer a plausible account of the sort of details
participants were retrieving in past VDR studies which
showed increased “remember” judgments for higher-value
materials. Interestingly, when we examined the influence of
valence on our memory measures in a secondary analysis (in
line with past work showing that value interacts with valence;
Eich & Castel, 2016), we found that participants subjectively
reported more thoughts and feelings details for negative than
positive trials in Experiment 2. There is a rich history showing
that valence affects memory (Kensinger, 2009), and some
work suggests younger adults show a memory advantage for
negative compared with positive stimuli (Kensinger &
Corkin, 2003; Ochsner, 2000; Reed, Chan, & Mikels, 2014).
Given that participants sometimes show such a negativity bias
in memory, it may not be surprising that participants subjec-
tively reported retrieving more thoughts and feelings details
for the negative compared with positive trials, although we
also note that valence effects were not evident in our other
memory measures (i.e., item, objective context, etc.)

In this set of experiments, we observed effects of value on
item memory, but inconsistent effects for our context memory
measures, notably for subjective context memory. One possi-
ble reason we saw item memory value effects in both exper-
iments may be attributable to our use of the syllable task. In
both Experiment 1 and Experiment 2, participants were asked
to count the number of syllables in each word, which may
have induced more “item-specific” encoding processing (pro-
cessing that helps to make items distinctive from one another,
yielding enhanced memory for the items themselves), which
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could have led to pronounced item memory improvement for
higher-value relative to lower-value items. In the broader
memory literature, theoretical and experimental work in so-
called processing accounts have shown that different tasks at
encoding can induce enhanced item-specific processing (lead-
ing to improved memory for items) or enhanced relational
processing (leading to improved memory for details
associated with an item at encoding, such as the value
associated with an item; Einstein & Hunt, 1980; Hunt, 2006;
Hunt & Einstein, 1981) that can influence successful retrieval.
Specifically, this work suggests that some encoding tasks can
bias participants toward processing aspects of the items them-
selves (i.e., enhance item-specific processing), or bias partic-
ipants toward processing the relationship between the item
and other episodic features (i.e., enhanced relational process-
ing). Turning back to the current study, it may be that our use
of'the syllable task induced enhanced item-specific processing
(because participants were attending to features of the item;
i.e., counting syllables), but that the syllable task had little
effect on relational processing at encoding (or perhaps even
reduced relational processing). Indeed, past work suggests
that encoding tasks can enhance one type of processing
(item-specific) while leaving another type (relational-
processing) relatively unaffected, which is in line with some
of our past work in another memory domain (generation
effect; McCurdy, Frankenstein, et al., 2020; McCurdy,
Frankenstein, Sklenar, & Leshikar, in press; McCurdy,
Leach, & Leshikar, 2019; McCurdy, Viechtbauer, et al.,
2020). Such an outcome could yield the effect we saw in
Experiment 1, where item memory showed value effects,
whereas context memory did not. Taken together, it is possible
the syllable task influenced item memory without promoting
relational processing of contextual details, which could have
reduced our ability to see value effects for contextual details in
these experiments. The fact that we found subjective context
memory value effects in Experiment 2, however, suggests that
even if our syllable task led to enhanced item-specific process-
ing, this did not fully disrupt our ability to measure value
effects on context memory.

Past work on value effects on memory have tried to under-
stand how top-down (e.g., controlled use of resources) versus
bottom-up processes (e.g., such as involvement of brain re-
gions associated with processing stimuli that are inherently
valuable or rewarding) influence the ability to remember valu-
able materials. In the current study, participants were given an
orienting task at encoding (syllable task), which means partic-
ipants had less reign to adopt strategies to remember higher-
value versus lower-value materials. Given this, it is possible
the results of our study may reflect a closer measure of
bottom-up processes that influence remembering valuable in-
formation than past work that has allowed top-down influ-
ences (strategy use) to vary freely across participants. Past
neuroimaging work (Adcock, Thangavel, Whitfield-Gabrieli,
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Knutson, & Gabrieli, 2006; Wittmann et al., 2005) has shown
that bottom-up processing of rewarding stimuli is partially
driven by reward systems of the brain (mesolimbic; dopami-
nergic systems), and thus, it may that the results of our exper-
iments reflect the contributions of these bottom-up processes
while offering more control over variation in top-down strat-
egy differences across participants. Additionally, the fact that
participants had reduced ability to freely adopt encoding strat-
egies (because of the syllable task) has implications for possi-
ble boundary conditions of value effects on memory.
Specifically, it may be that when participants have reduced
ability to freely select encoding strategies in VDR tasks, this
leads to a reduced ability to prioritize learning objective con-
textual details (at least voice source, as measured in these
experiments). Future work is necessary to pursue this possible
boundary condition.

It is worth noting that there is another purpose the syllable
task served in these experiments: In the aging and memory
literature (Dunlosky & Hertzog, 1998; Hertzog, McGuire, &
Lineweaver, 1998; Leshikar, Gutchess, Hebrank, Sutton, &
Park, 2010; Naveh-Benjamin, Brav, & Levy, 2007), and more
recently in that for younger adults (Kuhns & Touron, 2019;
Leshikar et al., 2012; Mulligan, Rawson, Peterson, &
Wissman, 2018; Schindler, Schindler, & Reinhard, 2019;
Wenzel & Reinhard, 2019), evidence suggests that there can
be important differences in use of encoding strategies across
participants. These lines of work suggest that some partici-
pants are “better” at using encoding strategies than others.
This is important because such differences in strategy use
can interfere with measurement of true memory ability. As
an experimental solution to this challenge (that differences in
strategy can obscure measurement of true memory ability),
past work has shown that providing specific strategies at
encoding can help reduce the variation in performance due
to use of different encoding strategies across participants,
which, in turn, allows for a better measure of memory ability.
Thus, by providing a specific encoding task (syllable task) in
both Experiment 1 and Experiment 2, it may be that we
constrained individual differences in strategy implementation
allowing for a stable measure of VDR ability across
participants.

One important feature of our study was the inclusion of a
condition where value was presented after words were shown
(i.e., value-after condition). Although we used the syllable
task to make it more likely participants were attending to all
trials, it is still possible that participants could have tried to
actively forget lower-value words so as to not use resources to
encode higher-value words (which would be in line with the
principles of directed forgetting; Basden, Basden, & Gargano,
1993; MacLeod, 1998). Although we did not instruct partici-
pants to actively forget items, there is work that has investi-
gated the concept of value-directed forgetting, or the ability to
forget materials according to value (Friedman & Castel, 2011;
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Hennessee et al., 2019, Experiment 1). Interestingly, in this
value-directed forgetting work participants show poorer mem-
ory for lower-value items under directed remembering com-
pared with directed forgetting instructions, which suggests
participants can readily adopt a strategy (e.g., exert top-
down influences) to avoid learning material. This is relevant
because in our study, item recognition rates for the lower-
value items were essentially equivalent regardless of whether
value was presented before or after, suggesting that our par-
ticipants were not likely adopting a strategy to actively forget
lower-value words, which gives greater confidence in the gen-
eralizability of our findings.

Although we found item memory value effects and some
evidence for subjective context memory value effects (in
Experiment 2), there are six limitations of this work worth
considering. First, in both experiments, participants were try-
ing to remember valuable information as well as count sylla-
bles for each item, thus it is possible that our use of the syllable
task may have introduced a dual task element at encoding.
Such dual task conditions may have depleted encoding re-
sources, making it more challenging for participants to encode
episodic contextual details in line with past work (Elliott &
Brewer, 2019; Siegel & Castel, 2018b). Given that we found
subjective context memory value effects in Experiment 2 that
also included the syllable task, however, we see this possibil-
ity as less likely. It is also worth noting that unlike true dual
tasks where the secondary task is fully unrelated to the prima-
ry task (such as making judgments to unrelated stimuli; Elliott
& Brewer, 2019; Middlebrooks et al., 2017; Siegel & Castel,
2018b), the syllable task we used was directly relevant to
processing each item. Further, because participants were mak-
ing the syllable judgment on all trials, any potential dual task
demands should be equivalent across all trials, which means
that our main findings on the effects of value on memory
should still be meaningful. Second, our use of the syllable task
may have also reduced participants’ ability to engage in
deeper or more elaborative encoding in these experiments.
Future work might use a different orienting task (such as mak-
ing a semantic decision about words) to help ensure that par-
ticipants are attending to all items, without reducing partici-
pants’ ability to engage in deeper encoding processes. Third,
in our task we used adjectives as the to-be-studied words,
which is a departure from past VDR studies that often use
nouns as stimuli (Castel et al., 2013; Cohen et al., 2017;
Elliott et al., 2020). Since adjectives are typically less concrete
than nouns, this may have reduced memory performance
overall (Paivio, Khan, & Begg, 2000), given that past work
shows that less concrete materials are typically remembered
more poorly (Fliessbach, Weis, Klaver, Elger, & Weber,
2006; Paivio, Walsh, & Bons, 1994). It is notable that our
use of less concrete stimuli may provide an even more “con-
servative” measure of value effects on memory than past
work, precisely because the stimuli we used were potentially

less memorable than more concrete stimuli (nouns) used in
past VDR work. Thus, the fact that we found value effects
for some of our memory measures, suggests that people can
prioritize remembering higher-value items even when those
items are harder to remember overall. Fourth, we used emo-
tionally valenced materials (positive and negative adjectives),
which is a departure from past work that has used neutral
stimuli (Castel et al., 2013; Cohen et al., 2017; Elliott et al.,
2020). Although valence did not have a strong effect on most
of our memory measures (with the exception of the thoughts
and feelings MCQ measure in Experiment 2), future work
should replicate the current findings using stimuli that are
more neutral. Fifth, as we note above, because our objective
context measure was generally close to chance performance,
this aspect of the data should be interpreted cautiously. Sixth,
as part of our encoding instructions, we explicitly told partic-
ipants to remember higher-value items, which is a slight de-
parture from some VDR studies that have not stated this di-
rectly (and instead allowed participants to determine their own
strategy on how to process items as a function of value). It is
worth noting however, that because we gave such explicit
encoding instruction (e.g., try to remember higher-value
items), this represents yet another way in which we reduced
possible variation in (top-down driven) use of encoding re-
sources across participants.

Past work has shown that people have the ability to remem-
ber higher-value relative to lower-value items. We found ev-
idence of item memory value effects, no evidence of objective
context memory value effects, and more mixed effects of val-
ue on subjective context memory, which suggests limits to
prioritization of contextual information in memory. Given that
we did not observe strong evidence of order effects (whether
value is presented before or after stimuli are encountered), this
further suggests that the processes that guide prioritization of
details into memory may be similar regardless of whether
value is known immediately before or after an item is encoun-
tered. Overall, this work extends knowledge about how peo-
ple prioritize information in memory, which is an important
capability that allows individuals to remember information
that is potentially valuable or important.

Open practices statement Data from this report are available upon rea-
sonable request.
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