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Abstract

Individual control over learning leads to better memory outcomes, yet it is still unclear which 

aspects of control matter. One’s sense of agency may be a key component, but it can be 

challenging to dissociate it from its consequences on the environment. Here, we use a paradigm in 

which participants in one condition have the opportunity to choose between cues (choice 

condition) and in another are instructed which cue to select (fixed condition). Because the cues 

have no effect on the memoranda, we can isolate the effect of choice on memory. Participants also 

rated the cues for preference before and after encoding, allowing us to test how the number of 

times a cue was chosen affected its preference. By pooling multiple behavioral studies, we were 

able to use an individual differences approach to examine the relationship between choice effects 

on preference and memory. Replicating previous work, we found that immediate and delayed (24-

hour) recognition memory was higher for items encountered in the choice condition. We also 

found that cues that were selected more often increased their preference in the choice condition, 

but actually decreased their preference in the fixed condition, suggesting that choice engaged 

value-related processes. Critically, we found a positive across-subjects relationship between choice 

memory enhancements and choice-induced preference change for delayed but not immediate 

memory. These data suggest that a shared value-based mechanism enhances preference for choice 

cues and memory consolidation of choice outcomes. Thus, the value of choice may play an 

important role in learning enhancements.

Introduction

Imbuing individuals with agency—providing individuals with the opportunity to actively 

engage with their experiences—enhances learning and memory. For example, when 

individuals make choices about what they are learning, they acquire information faster and 
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show better episodic memory (Gureckis & Markant, 2012; Markant, DuBrow, Davachi, & 

Gureckis, 2014; Murty, DuBrow, & Davachi, 2015, 2018; Rotem-Turchinski, Ramaty, & 

Mendelsohn, 2018). Accordingly, there is growing interest in manipulating choice 

opportunities to enhance learning, particularly in academic contexts. However, in fully self-

directed settings, it is unclear which of a number of processes may lead to various types of 

learning enhancements. Characterizing these processes at both behavioral and 

neurobiological levels will be necessary in order to tailor effective interventions.

Across a number of studies, multiple aspects of active learning, involving individuals 

directly in the learning process (e.g., through agency), have been proposed to drive choice-

related learning enhancements (Kornell & Metcalfe, 2006; Kornell & Son, 2009; Markant et 

al., 2014; Voss, Gonsalves, Federmeier, Tranel, & Cohen, 2011; Voss, Warren, et al., 2011), 

including strategically deploying attention, adaptively controlling study time, and making 

restudy and self-testing decisions. Interestingly, subsequent studies have shown that giving 

individuals the opportunity to make choices, even inconsequential choices, is sufficient to 

enhance memory (Murty et al., 2015; Rotem-Turchinski et al., 2018). For example, we 

recently found that when given the opportunity to select an occluder screen to reveal a to-be-

remembered object underneath, memory was greater for items that participants actively 

chose to reveal despite there being no relationship between their choice of occluder and 

which items were revealed. Thus, choice can enhance memory even when it has no effect on 

the content of the learning experience. While the majority of research in this domain has 

focused on which specific features of control are related to memory enhancements (Markant 

et al., 2014; Voss, Warren, et al., 2011), how inconsequential choices can enhance memory 

remains unclear.

One mechanism by which choice may improve memory is by enhancing value-related 

processes when individuals have a sense of agency over their environment. A large body of 

literature shows that episodic memory is enhanced for items associated with high value, e.g., 

in the form of monetary rewards (Miendlarzewska, Bavelier, & Schwartz, 2016; Murty & 

Adcock, 2017), intrinsic curiosity (Gruber, Ritchey, Wang, Doss, & Ranganath, 2016; Kang 

et al., 2009; Marvin & Shohamy, 2016), and even survival (Nairne, Pandeirada, & 

Thompson, 2008; Nairne, Thompson, & Pandeirada, 2007). Critically, choice may also be 

inherently valuable -- the choice-induced preference literature has shown that individuals 

prefer items that they actively chose over their unselected counterparts (Ariely & Norton, 

2008; Leotti, Iyengar, & Ochsner, 2010), and will forgo monetary rewards in order to have 

more choices (Fujiwara et al., 2013). Research has also shown that individuals prefer neutral 

cues that indicate the opportunity to make their own choice compared to cues that indicate 

someone else would make a choice for them (Leotti & Delgado, 2011, 2014). These findings 

suggest that learning may also be preferable when given the opportunity to choose. This 

increased value for learning environments associated with choice may in turn drive memory 

enhancements.

In the current study, we characterized how the opportunity to choose influences memory and 

value-related processes, respectively, as well as the relationship between them. Participants 

performed a choice memory task in which to-be-encoded object images were hidden behind 

occluder screens. We manipulated whether individuals were able to actively select which 
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occluder screen to remove (choice trials) or whether the occluder screen had been pre-

selected (fixed trials). Both conditions required the same motor action, and in neither case 

did the selection actually affect which object image was revealed. To characterize the effect 

of perceived choice on memory, we tested recognition for the object images immediately 

and at a 24-hour delay. To characterize value-related processes, we administered a rating 

task to assess preference for the Hiragana characters appearing on occluder screens before 

and after encoding, computed preference change (post-encoding minus pre-encoding), and 

for each screen, related its preference change to the number of times it was selected during 

encoding (selection-induced preference measure). Finally, we compared how these measures 

differed across the choice and fixed conditions and tested whether individual differences in 

memory and preference change were related. Given that value-related effects on memory 

have been shown to be more pronounced after a 24-hour delay (Murayama & Kitagami, 

2014; Murayama & Kuhbandner, 2011; Patil, Murty, Dunsmoor, Phelps, & Davachi, 2017), 

we hypothesized that the relationship between preference and memory would be stronger for 

the 24-hour versus immediate memory test.

Methods

Participants

Participants were recruited from the New York University and New York City communities 

across three separate cohorts from separate studies. Informed consent was obtained from 

each participant in a manner approved by the University Committee on Activities Involving 

Human Subjects. Data for the current analyses were collapsed across the three studies, 

which used the same paradigm. Study 1 was purely behavioral, Study 2 was behavioral with 

eye tracking, and Study 3 used functional magnetic resonance imaging. In Studies 1 and 2, a 

total of 36 healthy, right-handed participants were paid $25 to participate. Three participants 

from Study 1 were excluded due to failure to follow task instructions (n=1), familiarity with 

the stimuli (n=1), and failure to complete the 24-hour recognition memory test (n=1), 

resulting in 17 participants in Study 1 and 16 participants in Study 2. In Study 3, 24 healthy, 

right-handed participants were paid $50 to participate. Three participants were excluded 

from the present analyses due to either failure to follow task instructions (n=1) or failure to 

complete the memory test (n=2). Thus, the final sample size is 54 (35 females; 18–35; 

median age = 23). Given the secondary nature of the present work (i.e., a re-analysis of 

previously collected data), we opted to include all available data. A post-hoc power analysis 

for our main result is reported below.

General Procedure

After informed consent was obtained, participants were given instructions for the task. They 

then performed, in order, the pre-encoding ratings task, the encoding task, and the post-

encoding ratings task (Figure 1A). The delayed recognition test was conducted after 

approximately 24 hours. Participants in Studies 1 and 2 (n = 33) also completed a 

recognition test after the encoding phase on day 1. These 33 participants completed all tasks 

in a behavioral testing room. Participants in Study 3 (n = 21) completed the ratings and 

encoding tasks in the MRI scanner and then returned the following day to complete the 

delayed memory test in a behavioral testing room.
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Rating Task

The goal of the rating task was to measure changes in preference from before to after the 

encoding task for the hiragana characters that were used as occluder screens during 

encoding. Hiragana characters of the Japanese writing system were chosen for being 

abstract, eliciting some amount of aesthetic preference, and being unfamiliar and unnamable 

to most of our participants. The pre-encoding ratings were used to get baseline preference 

ratings for 80 hiragana characters. On each trial, a character was presented for 4 seconds 

during which participants indicated how much they liked the character on a scale from 1 to 5 

(1 = lowest rating, 5 = highest rating). Each trial was followed by a fixation dot for 2 – 5 

seconds. We selected the 40 most neutrally-rated characters, creating 20 pairs matched for 

preference to use as occluder screens in the encoding task. Notably, pairs of occluder screens 

only appeared in either the choice or fixed condition. The post-encoding rating task followed 

the same procedure, and was used to quantify changes in preference for Hiragana characters 

as a function of the number of times they were selected during encoding (detailed below).

Encoding Task

The goal of the choice encoding task was to measure the effects of agency on episodic 

memory. Each trial started with the presentation of a cue for 1 second, followed by a fixation 

dot for 2–4 seconds. The cue indicated the current trial’s condition (i.e., choice or fixed). 

Next, the selection phase consisted of two occluder screens labeled with hiragana characters 

presented with a button below each that would be selected to reveal a to-be-remembered 

trial-unique object image underneath. On choice trials, participants selected either of the two 

screens, and on fixed trials, they were instructed to select a given screen indicated by red text 

on the button. In both cases, responses had to be made within 2 seconds to reveal an object 

image, which was presented for another 2 seconds. Participants were instructed to remember 

each object for a later memory test (note: participants were instructed that they only needed 

to remember object images, not hiragana characters). A fixation dot lasting 3–24 seconds 

(exponentially distributed, M = 6.3 seconds) followed each encoding trial. This range of ITIs 

was selected to optimize fMRI data analysis and was consistent across all studies despite 

only one using fMRI. Each participant completed 120 trials in total, 60 of each in the choice 

and fixed conditions. Choice and fixed trials were pseudo-randomly interleaved such that 

were no more than 3 subsequent presentations of the same condition.

Pairs of hiragana characters were repeated 6 times in the same condition across the 

experiment, and the left/right position of each character was counterbalanced across trials. 

Repetition of hiragana pairs allowed us to track preference changes that might arise from 

selection during the task. Unbeknownst to participants, their choice of hiragana characters 

had no effect on which objects were revealed. If no selection was made within 2 seconds or 

if the non-indicated screen was selected in the fixed condition, that trial was removed from 

analysis (mean/range of excluded trials: 2.4/0–15).

Recognition Task

In the recognition task, participants were shown object images that were either old (i.e., 

presented during encoding) or new (i.e., novel foil). They were asked to indicate whether 

they had previously seen each image (yes/no) and then rate their confidence (very sure, 
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pretty sure, or just guessing). The test was self-paced with a 1 second ITI. Participants 

completed 240 trials in all, 60 objects from the choice condition, 60 from the fixed 

condition, and 120 novel foils. Participants in Studies 1 and 2 (n = 33) completed half of the 

trials immediately after the post-encoding rating task on day 1 and half when they returned 

on day 2. Participants in Study 3 completed all recognition trials during the day-2 memory 

test.

Analysis

For the rating task, we developed a behavioral marker to track how the number of times an 

occluder screen was selected in either the choice or fixed condition influences participants’ 

preference for the hiragana character appearing on that screen, i.e., selection-induced 

preference (Figure 1B). We calculated these scores separately for hiragana characters 

appearing in the choice and fixed conditions. For each participant, we calculated the 

difference in pre- versus post-encoding preference ratings for each hiragana character (Δ-

preference). Then, we calculated how many times each character was selected during the 

encoding task (#- selected). Then, for all the hiragana characters within a given condition 

(choice, fixed), we calculated a simple regression between Δ-preference and #-selected. 

Positive beta values would reflect an increase in preference as a function of the number of 

times a hiragana character was selected.

To test for memory differences between the choice and fixed conditions, we performed 

paired t- tests with corrected recognition (hit rate – false alarm rate) in each condition as a 

within- subjects factor. This measure of corrected recognition was used to avoid altering the 

data, which would be necessary for calculating d-prime for individuals with no false alarms 

on the immediate memory test. Separate t-tests were run with memory performance at the 

24-hour delay (with all 54 participants) and the immediate test (with the 33 participants in 

Studies 1 and 2). Note, the results of these memory analyses have been reported previously 

(Murty et al., 2015, 2018). For the novel preference change analyses, we again performed 

paired t-tests to investigate whether selection-induced preference differed between the 

choice and fixed conditions. We also performed post-hoc, one-sample t-tests to compare 

each condition against a baseline (beta = 0) that represents no influence of selection on 

preference change.

Given prior research demonstrating choice-related enhancements in both value and memory, 

we hypothesized that choice-induced preference and choice memory enhancements would 

be positively associated. To investigate the relationship between the influence of choice on 

long-term memory and its influence on selection-induced preference, we first calculated 

difference scores (choice minus fixed) for each individual and behavioral measure 

separately. Then, we ran an across-subjects correlation between memory difference scores 

and selection-induced preference difference scores. We also ran post-hoc tests to investigate 

relationships between memory benefits and selection-induced preference in each condition 

separately. The same procedures were then implemented for immediate recognition memory 

in the subgroup that performed the immediate test. Comparisons between correlations with 

immediate versus 24-hour memory were calculated using an R-to-Z transform.
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Finally, since data from three studies were combined in these analyses, we wanted to ensure 

that the observed relationships were not driven by differences between studies. Therefore, 

we ran an across-subjects multiple regression on memory with study number as an 

additional predictor variable. We tested for both a main effect of study number and an 

interaction with selection-induced preference. Statistical thresholds for all analyses were 

considered to be significant when p < 0.05, and trending when p < 0.10.

Results

Memory Performance

All memory scores reported are corrected recognition (i.e., hit rates minus false alarm 

rates=s). At the immediate memory test there was greater memory performance for items in 

the choice compared to the fixed condition (t(32) = 3.06, p < 0.01, d = 0.53). A similar 

pattern of results was also observed at the 24-hour memory test (t(53) = 5.44, p < 0.001, d = 

0.74, Figure 2). A breakdown of all recognition memory data can be found in Table 1.

Selection-Induced Preference

Next, we wanted to investigate whether the opportunity to choose enhanced selection-

induced preference, operationalized as whether more selections of an occluder screen during 

encoding increases participants’ preference for the hiragana character appearing on that 

specific occluder screen relative to its pre-encoding rating. Selection-induced preference was 

indeed greater in the choice versus fixed condition (t(53) = 5.72, p < 0.001, d = 0.78, Figure 

3). Post-hoc tests revealed that selection-induced preference enhancement in the choice 

condition was also significantly greater than baseline (t(53) = 5.77, p < 0.001), indicating 

that the number of times an occluder screen was chosen during encoding did positively 

influence its preference rating. Conversely, selection- induced preference in the fixed 

condition was below baseline (t(53) = −2.54, p < 0.05), indicating that more frequent 

instructed selections actually reduced preference ratings.

Notably, positive preference changes for hiragana characters could not be explained simply 

by their appearance in the choice condition, as there was no overall difference between 

preference ratings for hiragana characters in the choice and fixed conditions (t(53) = 0.99, p 
= 0.33). Instead, this suggests that rather than having a general increase in preference for any 

of the characters that they were able to choose, there was a specific relationship between 

preference change and number of times characters were actively selected.

Relationships between choice’s influence on memory and preference

In the principal analysis, we tested for a relationship between choice’s influence on long-

term memory and selection-induced preference using an individual differences approach. We 

found a significant positive relationship between choice-memory benefits on the 24-hour 

memory test and choice-related increases in selection-induced preference (r2(53) = 0.09, p < 

0.05, Figure 4). A post-hoc power analysis indicated power of 0.60 to detect this effect. 

Correlations for the choice and fixed conditions separately showed a significant positive 

relationship between 24- hour memory and selection-induced preference in the choice 

condition (r2(53) = 0.12, p < 0.05) but not the fixed condition (r2(53) = 0.01, p = 0.61). This 
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suggests that when given the opportunity to choose, people who show greater choice-

induced preference for actively selected Hiragana characters are also more likely to show 

choice-related enhancement of long-term memory. This effect was not present at the 

individual trial level, as a within-subject regression between the ratings change for a 

particular character and memory for the associated items showed no significant relationship 

in either the choice (t(50) = −.76, p = .45) or fixed (t(50) = − 1.23, p = .22) conditions or 

when comparing conditions (t(50) = −.008, p = .99).

Next, we asked if this relationship between choice’s influence on memory and selection-

induced preference was also evident at the immediate test, limiting our analysis to the sub-

group of participants that completed both immediate and 24-hour memory tests (n=33). 

Despite reducing power to detect our main result to 0.39, this subgroup showed no change in 

effect size with a statistical trend for the relationship between choice-related memory 

enhancements at the 24- hour memory test and choice-related increases in selection induced 

preference (r2(32) = 0.09, p = 0.08). By contrast, choice-related enhancements in memory 

performance at the immediate test was not associated with choice-related increases in 

selection-induced preference (r2(32) = 0.003, p = 0.76, Figure 4). In order to test whether 

selection-induced preference influenced 24-hour memory significantly more than day 1 

memory, we directly compared these relationships (Steiger, 1980), but found no significant 

difference (z(32) = 1.46, p = 0.14).

Finally, to consider the possibility that one of the three groups combined for the 24-hour 

memory analyses was driving the relationship between choice-memory benefits and choice-

related increases in selection-induced preference, we ran a multiple regression with group as 

a between-subjects factor. The relationship between choice-memory benefits and selection- 

induced preference remained significant when controlling for study (β(53) = 0.02, p < 0.05), 

suggesting that group differences in preference and/or memory are not artificially driving 

this across-subject relationship.

Discussion

In this study, we used an individual differences approach to investigate the relationship 

between choice-induced memory enhancements and choice-induced preference. We found a 

positive relationship between these measures across subjects, suggesting as association 

between the influence of the opportunity to choose on memory and preference. The results 

from this study are consistent with a value-based account in which the intrinsic value of 

choice increases preference for chosen items (Hiragana characters) and enhances long-term 

memory for the outcomes of those choices (object images). The finding that the relationship 

between preference change and memory benefits only emerges after a delay provides further 

evidence for a value-based mechanism, as monetary value has been shown to specifically 

enhance memory through consolidation-dependent processes (Murayama & Kitagami, 2014; 

Murayama & Kuhbandner, 2011; Patil et al., 2017). The lack of a relationship between 

preference and memory at the item level suggests that individual differences drives the 

observed relationship, whereby sensitivity to agency may induce a state that separately 

guides memory and preference changes.
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It is important to note that neither differences in looking times nor motor demands could 

drive the observed memory benefits. Eye-tracking data collected for Study 2 (reported in 

Murty, DuBrow, & Davachi, 2015) revealed that individuals actually spent more time 

looking at the target objects in the fixed versus choice condition. The motor demands were 

matched in the two conditions, and, importantly, were insufficient to enhance preference. 

Rather, only when individuals exerted agency over their choices did selections increase 

preference. This is in line with previous work that has shown that active relative to passive 

encoding, in terms of motor actions, does not benefit memory unless there is a volitional 

component (Voss, Gonsalves, et al., 2011). Together, these data suggest that imbuing 

individuals with a sense of agency may be an important component of active learning that is 

sufficient to enhance memory.

In addition to the effects on memory, we replicated prior findings that giving individuals the 

opportunity to choose enhances preference. Interestingly, the current analyses show that 

screens that were selected more frequently in the fixed condition, per the instructions, 

actually decreased in preference from pre to post-encoding. These results build upon a 

growing literature showing that withholding agency from individuals may result in 

devaluation (Leotti et al., 2010). Leotti and colleagues state that because people value the 

opportunity to choose, it can be aversive when perceived control is taken away. In our 

paradigm, participants experienced interleaved choice and fixed trials such that fixed trials 

may have been perceived as the removal of control. Indeed, decreases in preference for 

selected items on fixed trials relative to baseline suggest that the lack of choice may have 

been aversive. Open questions remain, however, as to the mechanism driving this negative 

selection-induced preference and whether this devaluation is related to lower memory in the 

fixed condition. Because the fixed condition served as our baseline in the memory task, we 

cannot evaluate whether selecting items in the fixed condition would have decreased 

memory relative to passive encoding. However, it is unlikely that memory differences would 

be driven by impairments from the removal of control, as aversive states do not necessarily 

cause memory impairments and in many instances can actually enhance memory (LaBar & 

Cabeza, 2006; Murty & Adcock, 2017).

Our current behavioral findings dovetail with an emerging neuroimaging literature 

investigating the neurocognitive mechanisms underlying choice. In particular, cues that 

signal the opportunity to choose have been shown to recruit reward-sensitive brain regions 

including the midbrain and ventral striatum during the anticipation of choice (Leotti & 

Delgado, 2011). Moreover, we have shown that a similar striatal signal at choice cues 

correlates with later memory for choice outcomes (Murty et al., 2015), and that relationship 

is mediated by post-encoding consolidation processes, specifically in the choice condition 

(Murty et al., 2018). We extend these prior neuroimaging findings by demonstrating that the 

opportunity to choose is also associated with behavioral measures of value (i.e., choice-

induced preference) and find that this expression of choice value predicts choice-

enhancements in long-term memory across individuals. Thus, together these data are 

consistent with a model by which a sense of agency may enhance memory for choice 

outcomes by engaging anticipatory value-based processes.
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Theories regarding how a sense of agency over one’s environment arises tend to focus on 

interpreting causal relationships between one’s actions and subsequent observed outcomes 

(Haggard & Tsakiris, 2009). However, as noted above, the action-outcome contingency 

involved in the selection and object reveal in the fixed condition was insufficient to drive 

positive selection-induced preference. An alternative account suggests that one’s sense of 

agency may be prospective, imbued by monitoring selection processes in anticipation of an 

action, independent of outcomes (Metcalfe & Greene, 2007). Findings that behavioral and 

neural signatures of agency are modulated by anticipatory processes support this account 

(Chambon, Sidarus, & Haggard, 2014; Wenke, Fleming, & Haggard, 2010). Thus, one 

possibility is that anticipatory processes related to agency induce a heightened encoding 

state such that items encountered in that state will show better long-term memory. This 

parallels motivated memory research in which explicit monetary rewards and intrinsic 

curiosity have been shown to enhance memory through anticipatory processes 

(Miendlarzewska et al., 2016; Murty & Adcock, 2017, Gruber & Ranganath, 2019). As 

agency has also been proposed to be inherently rewarding (Leotti & Delgado, 2011) and 

enhance intrinsic motivation (Patall, Cooper, & Robinson, 2008), it is possible that agency 

enhances preference and memory through a similar anticipatory value state as monetary and 

curiosity-driven encoding.

Our findings also help provide a better understanding of how decision-making more 

generally may influence learning and memory. While a large body of research has 

investigated interactions between choice and learning, these interactions have predominantly 

been studied using classic decision-making tasks that are poorly suited to study episodic 

memory, as reward cues are usually repeated many times. Only a few studies have 

investigated how reinforcement learning and decision-making influence single-shot memory 

encoding. In two such studies, outcome signals (e.g., prediction error), but not anticipatory 

cue value, influenced memory encoding (Rouhani, Norman, & Niv, 2018; Wimmer, Braun, 

Daw, & Shohamy, 2014). At first glance, this may seem at odds with our current results, 

which focus on the mnemonic benefits of increased value in the anticipation of making a 

choice rather than feedback-related effects. However, one possibility is that attention may be 

biased towards uncertain outcomes (Pearce & Hall, 1980) in tasks that require learning 

through feedback. By contrast, in the present study there was no reward feedback to learn 

from and thus no competition for attentional resources. This may explain the clear effects of 

anticipatory value on memory here as well as in other tasks that do not require value 

learning. Future work will be necessary to characterize how agency might influence memory 

in tasks that do require value learning or actively manipulate uncertainty within choice-

based paradigms.

In sum, the present data demonstrate a relationship between choice-induced preference and 

choice memory enhancements that emerges after a delay. This relationship suggests that this 

association affects memory through a consolidation-dependent process. Thus, we argue that 

anticipation of value at the cue engages reward circuitry that leads to enhanced long-term 

memory for outcomes. More work is needed to test this account, e.g., by making choice 

aversive, characterizing the timecourse of the memory benefits, and investigating how 

individual differences in agency-induced stress influence memory. Regardless, the present 

data may have important implications for education, suggesting that simple interventions 
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that enhance active learning without significantly altering content may lead to better long-

term retention.
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Figure 1. 
(A) The study design includes 80 trials each of pre- and post-encoding ratings, 120 trials of 

the encoding task split across the choice and fixed conditions, and 240 trials of the 

recognition test. Participants in studies 1 and 2 completed half of the trials immediately and 

half after a 24-hour delay; participants in study 3 completed all trials after the 24-hour delay. 

(B) Calculation of selection-induced preference. High selection-induced preference results 

from greater ratings at post- than pre-encoding ratings the more times a character was 

selected.
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Figure 2. 
Corrected recognition at the immediate (left) and 24-hour delay (right) memory tests in the 

choice and fixed conditions. * p < 0.05
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Figure 3. 
Selection-induced preference (i.e., change in preference ratings from pre- to post-encoding 

as a function of the number of times occluder screens were selected) in the choice and fixed 

conditions. * p < 0.05
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Figure 4. 
Relationship between choice memory enhancements (choice minus fixed corrected 

recognition) for day 1 (left) and day 2 (right) and selection-induced preference differences 

between conditions (choice minus fixed). The different shades of blue and green represent 

data drawn from different studies. Solid line p < 0.05. Dashed line p > 0.05.
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Table 1.

Hit rates and false alarm rates in the choice and fixed conditions at the immediate and 24- hour tests across 

studies.

Study 1 (n=17) Study 2 (n= 16) Study 3 (n= 21)

Day 1 Mean (SE) Day 2 Mean (SE) Day 1 Mean (SE) Day 2 Mean (SE) Day 1 Mean (SE) Day 2 Mean (SE)

Hits
Choice 0.83 (.20) 0.75 (.10) 0.76 (.19) 0.67 (.17) — 0.72 (.09)

Fixed 0.78 (.19) 0.65 (.11) 0.72 (.18) 0.56 (.14) — 0.66 (.10)

FA 0.14 (.03) 0.22 (.10) 0.11 (.03) 0.20 (.05) — 0.30 (.09)
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