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Engaging the retrieval state (Tulving, 1983) impacts processing and behavior (Long and Kuhl, 2019, 2021; Smith et al., 2022), but the
extent to which top-down factors—explicit instructions and goals—versus bottom-up factors—stimulus properties such as repeti-
tion and similarity—jointly or independently induce the retrieval state is unclear. Identifying the impact of bottom-up and top-down
factors on retrieval state engagement is critical for understanding how control of task-relevant versus task-irrelevant brain states
influence cognition. We conducted between-subjects recognition memory tasks on male and female human participants in which
we varied test phase goals. We recorded scalp electroencephalography and used an independently validated mnemonic state classifier
(Long, 2023) to measure retrieval state engagement as a function of top-down task goals (recognize old vs detect new items) and
bottom-up stimulus repetition (hits vs correct rejections (CRs)). We find that whereas the retrieval state is engaged for hits regardless
of top-down goals, the retrieval state is only engaged during CRs when the top-down goal is to recognize old items. Furthermore,
retrieval state engagement is greater for low compared to high confidence hits when the task goal is to recognize old items. Together,
these results suggest that top-down demands to recognize old items induce the retrieval state independent from bottom-up factors,
potentially reflecting the recruitment of internal attention to enable access of a stored representation.
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Significance Statement

Both top-down goals and automatic bottom-up influences may lead us into a retrieval brain state—a whole-brain pattern of
activity that supports our ability to remember the past. Here we tested the extent to which top-down versus bottom-up factors
independently influence the retrieval state by manipulating participants’ goals and stimulus repetition during a memory test.
We find that in response to the top-down goal to recognize old items, the retrieval state is engaged for both old and new
probes, suggesting that top-down and bottom-up factors independently engage the retrieval state. Our interpretation is
that top-down demands recruit internal attention in service of the attempt to access a stored representation.

Introduction
Despite evidence that a tonically maintained retrieval state (or
mode; Tulving, 1983) impacts behavior (Long and Kuhl, 2019),
the factors that govern how the retrieval state is engaged are
unclear. Although considered a goal-driven, intentional state
(Rugg andWilding, 2000), the retrieval state may also be induced
automatically (Duncan et al., 2012; Smith et al., 2022). If asked if
you have seen the film Best in Show, you may turn your mind’s
eye inward and conclude that you have not. The top-down
demand (try to retrieve Best in Show) may lead you to intention-
ally engage the retrieval state. Alternatively, after hearing the title,
you might automatically bring to mind images of Parker Posey

melting down in a pet shop; here, bottom-up signals—activation
of a stored representation—automatically pull you into the
retrieval state. As these factors are typically considered in isola-
tion, the relative contribution of bottom-up and top-down
factors to retrieval state engagement remains an open question.
An additional challenge is that the exact nature of the retrieval
brain state—and its relation to attentional states—remains
unclear. Addressing these questions is essential to our under-
standing, as top-down versus bottom-up driven states likely
recruit distinct control mechanisms. The aim of this study was
to identify the joint impact of bottom-up and top-down factors
on retrieval state engagement.

The retrieval state may constitute an intentional state that is a
precursor to successful retrieval (Lepage et al., 2000; Herron and
Wilding, 2004, 2006) or may be induced automatically by
bottom-up factors (Duncan et al., 2012; Smith et al., 2022). An
individual may explicitly engage a brain state—a collection of
whole-brain activity/connectivity patterns sustained over time
(Harris and Thiele, 2011)—when given the goal to retrieve a
stored representation. Alternatively, perceiving an item as old
may induce a lingering retrieval state (Duncan et al., 2012).
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Using an explicit mnemonic state task in combination with mul-
tivariate decoding methods, we have shown that individuals both
flexibly engage the retrieval state in response to top-down
demands (Long and Kuhl, 2019) and enter a retrieval state auto-
matically when stimuli have overlapping temporal contexts
(Smith et al., 2022). Together, these findings suggest a role for
both bottom-up and top-down factors in the induction of the
retrieval state.

Regardless of its induction, an important open question is the
extent to which the retrieval state reflects internal attention.
Attention can be divided along multiple dimensions (Corbetta
and Shulman, 2002; Nobre, 2018), including an internal/external
axis (Chun et al., 2011), whereby a focus on sensory, environ-
mental information constitutes external attention and a focus
on thoughts, representations, and task sets constitutes internal
attention. According to this framework, episodic memory
retrieval may fall under the internal attention axis (Long et al.,
2018; Tarder-Stoll et al., 2020) and recent computational model-
ing and neural work have provided evidence for this account
(Logan et al., 2021; Long, 2023).

Insofar as the retrieval state reflects internally directed atten-
tion, bottom-up versus top-down factors should differentially
modulate when and how the retrieval state is engaged.
Specifically, top-down demands should recruit internal attention
prior to representation access. That is, the retrieval state should be
engaged in response to “Have you seen Best in Show” before you
have located the representation in your mind. Difficult-to-access
representations should recruit the retrieval state to subserve
memory search and evidence accumulation (Polyn and Kahana,
2008; Ratcliff and McKoon, 2008). Critically, top-down-driven
retrieval should emerge whenever there are explicit retrieval
demands. In contrast, bottom-up induction of the retrieval
state should occur after representation access. After automatic
activation of Parker Posey, your mind’s eye focuses inward,
away from the external world. Easy-to-access representations
should recruit the retrieval state via reflexive attentional capture
(Cabeza et al., 2011).

Our hypothesis is that top-down and bottom-up factors do not
interact and specifically that top-down demands fully engage the
retrieval state. Alternatively, both factors may be additive such
that top-down demands coupled with stimulus repetition produce
a stronger retrieval state than either factor alone. To test our
hypothesis, we conducted independent recognition memory stud-
ies in which we varied top-down test phase goals while recording
scalp electroencephalography (EEG).We used cross-study classifi-
cation to measure test phase retrieval state engagement. Because
the classifier was trained to distinguish memory states, we refer
to “retrieval state evidence” throughout the text; however, we
expect that this signal broadly reflects internal attention demands.
We predicted that retrieval state evidence would increase for all
test trials when task demands required participants to recognize
old stimuli and stored representations were difficult to access.

Materials and Methods
Participants
Seventy-six native English speakers from the University of Virginia com-
munity participated, with 38 participants enrolled in each experiment
(E1: 28 female; age range = 18–32, mean age = 20.47 years; E2: 26 female;
age range = 18–32, mean age = 20.5 years). All participants had normal or
corrected-to-normal vision. Informed consent was obtained in accor-
dance with University of Virginia Institutional Review Board for Social
and Behavioral Research and participants were compensated for their
participation. Data collection for the two experiments was interleaved

to prevent systematic biases between experiments that might otherwise
arise due to temporal (day/week/month/semester) differences when
the data were collected. Our sample size was determined a priori based
on behavioral pilot data (E1, N= 5; E2, N= 3) described in the
pre-registration report of this study (https://osf.io/6u9px). A total of
four participants (two each from E1 and E2) were excluded from the
final dataset due to EEG event markers not being recorded. Thus data
are reported for the remaining 72 participants.

Experimental design
We conducted two recognition memory experiments (E1 and E2) and
manipulated test phase instructions between subjects. Participants’
goal was to successfully retrieve study items (E1) or to detect new items
(E2). Stimuli consisted of 1,602 words, drawn from the Toronto Noun
Pool (Friendly et al., 1982). From this set, 640 words were randomly
selected for each participant. Participants completed four phases
(Fig. 1). Phase 3 was divided into two subsets; the practice subset
preceded phase 1 and the main subset preceded phase 3.

Phase 1. In each of 10 runs, participants viewed a list containing
16 words, yielding a total of 160 trials. On each trial, participants saw
a single word presented for 2,000ms followed by a 1,000ms inter-
stimulus interval (ISI). In E1, participants were instructed to study the
presented word in anticipation for a later memory test and did not
make any behavioral responses. In E2, participants were instructed to
read the words silently and did not make any behavioral responses.
We have reproduced the phase 1 instructions below (omitting instruc-
tions regarding sitting still, taking breaks, for brevity).

E1 phase 1 instructions. During this experiment, you will be studying
lists of words. Your task is to try to remember the words for a memory
test…. In each run you will view individual words and have 2 seconds
to study each word. There will be fixation crosses (plus signs) shown after
each item. You won’t make a response on the keyboard, we just want you
to look at the word, think about it, and try to remember it.

E2 phase 1 instructions. During this experiment, you will be evaluat-
ing words. In this first phase, your task is to read each of the words
silently to yourself. You’ll see these words again in another phase of
the experiment…. In each run you will view individual words and
have 2 seconds to read each word. There will be fixation crosses (plus
signs) shown after each item. You won’t make a response on the key-
board, we just want you to look at the word, read it, and think about it.

Phase 2. Participants completed a recognition memory test with
different memory goals. On each trial, participants viewed a word which
had either been presented during phase 1 (target) or had not been pre-
sented (lure). In E1, participants’ task was to make an old or new judge-
ment for each word using a confidence rating scale from 1 to 4, with 1
being definitely new and 4 being definitely old. In E2, the task was framed
as a detection phase in which participants’ task was to detect new words
that were not presented in phase 1. Participants made an old or new
judgment without the use of a confidence rating scale for each word by
pressing one of two buttons (“d” or “k”). Response mappings were
counterbalanced across participants. Phase 2 trials were self-paced and
separated by a 1,000ms ISI. There were a total of 320 test trials with
all 160 phase 1 words presented along with 160 novel lures. We have
reproduced the phase 2 instructions below (omitting instructions regard-
ing sitting still, taking breaks, for brevity).

E1 phase 2 instructions. During the test phase, you will see some of the
words you studied along with new words that you haven’t seen before.
On each trial, you will be presented with a word. The word could be
one you’ve seen before, or it could be an entirely new word. We would
like you to rank how confident you are that each word is new or old
on a scale from 1 to 4.

E2 phase 2 instructions. Now you are going to perform a detection
task. You’ll again see words. Some words you will have seen during the
reading phase, some words you will not have seen during the reading
phase. Your goal is to detect all of the new words that you haven’t seen
before. You should press D/K whenever you detect a new word. You
should press K/D to reject any words that aren’t new. It’s really important
that you detect all of the new words, but don’t stress if you forget some of
the old words.

2 • J. Neurosci., July 31, 2024 • 44(31):e0452242024 Smith and Long • Factors That Induce the Retrieval State

https://osf.io/6u9px
https://osf.io/6u9px


Phase 3. Prior to beginning phase 1, participants completed three prac-
tice runs of a flanker task in which they made speeded responses to a
central target in a string of congruent (e.g., >> > >>>>) or incongruent
(e.g., << < ><<<) arrows. Feedback was presented immediately after
each response as either a green check mark indicating a correct response
or a red X indicating an incorrect response. Response duration, the interval
in which a response was accepted, was initially set to 375ms based on pilot
data. To maintain difficulty and ensure an approximately balanced num-
ber of correct and incorrect responses during the main subset of phase 3,
response duration was individually adjusted based on participants’ accu-
racy following each practice run. If accuracy was below 50%, response
duration increased by 25ms, if accuracywas above 50%, response duration
decreased by 25ms. Thus, after completing the three practice runs, the
final response duration could be a minimum of 300ms and a maximum
of 450ms. After completing phase 2, participants completed the main sub-
set of phase 3 which consisted of six runs of the flanker task. Throughout
the main subset of phase 3, the response duration was fixed to that
obtained from the final practice run. As our analyses focus on phase 2,
we do not consider the flanker data further.

Phase 4. Participants completed a final recognition memory test in
which all the words from phases 1 and 2 were presented along with novel
lures. Trials were self-paced and participants made old or new judge-
ments for each word using a confidence rating scale from 1 to 4, with
1 being definitely new and 4 being definitely old. Trials were separated
by a 1,000ms ISI. There were a total of 640 test trials with all 320 phase
2 words presented along with 320 novel lures. As our analyses focus on
phase 2, we do not consider the final test data further.

Independent recognition memory experiment
To control for differing demands with regard to confidence judgments, we
also include data from a third recognition memory experiment (“E3”) on
which we have previously reported (Smith et al., 2024). All of the analyses
and results described here are new. Briefly, in E3, participants studied
twelve 16-item word lists in anticipation of a later memory test. During
the test phase, participants made old/new recognition memory judgments
to targets and lures. We have reproduced the E3 instructions below (omit-
ting instructions regarding sitting still, taking breaks, for brevity).

Phase 1 equivalent. During this experiment, you will be studying lists
of words. Your task is to try to remember the words for a memory test….
In each run, you will view individual words and have 2 seconds to study
each word. There will be fixation crosses (plus signs) shown after each
item. You won’t make a response on the keyboard, we just want you to
look at the word, think about it, and try to remember it.

Phase 2 equivalent. During the test phase, you will see all of the words
you studied from both phases along with new words that you haven’t
seen before. On each trial you will be presented with a word. The word
could be one you’ve seen before or it could be an entirely new word. If
you think you’ve seen the word before, press the K/D key with your right
index finger. If you think this is the first time you’ve seen the word, press
the D/K key with your left index finger.

Mnemonic state task
An independent group of participants completed a mnemonic state task.
Participants were biased via explicit instructions on a trial-by-trial basis
to engage an encoding or retrieval state, while perceptual input and beha-
vioral demands were held constant. In this mnemonic state task (for
specific study parameters, please see references Smith et al., 2022;
Hong et al., 2023), participants viewed two lists of object images. For
the first list, each object was new. For the second list, each object was
again new but was categorically related to an object from the first list.
For example, if list 1 contained an image of a bench, list 2 would contain
an image of a different bench. During list 1, participants were instructed
to encode each new object. During list 2, however, each trial contained an
instruction to either encode the current object (e.g., the new bench) or to
retrieve the corresponding object from list 1 (the old bench). Each
object was presented for 2,000ms. Participants completed either a two-
alternative forced choice recognition test or a recency test on the
object stimuli. We used the stimulus-locked list 2 data to train a
multivariate pattern classifier (see below) to distinguish encoding and
retrieval states.

EEG data acquisition and preprocessing
EEG recordings were collected using a BrainVision system and an
ActiCap equipped with 64 Ag/AgCl active electrodes positioned

Figure 1. Task design. The phase 3 flanker task was divided into a practice subset of three runs and a main subset of six runs. The practice subset was completed prior to phase 1 to determine
response duration during the main subset (see Methods). In E1 phase 1, participants studied individual words in anticipation of a later memory test. In E2 phase 1, participants read the words
silently. In E1 phase 2, participants completed a recognition test and made old or new judgements using a confidence rating scale from 1 to 4, with 1 being definitely new and 4 being definitely
old. In E2 phase 2, participants completed a detection phase in which the goal was to detect new words that were not presented in phase 1. Participants made old or new judgements without
the use of a confidence rating scale. All participants then completed phase 3, a flanker task, in which they made speeded responses to a central target. Immediately after each response, a green
check mark indicating a correct response or a red X indicating an incorrect response was presented. In phase 4, participants completed a final recognition memory test in which all the words from
phases 1 and 2 were presented along with novel lures. Participants made old or new judgements using a confidence rating scale from 1 to 4, with 1 being definitely new and 4 being definitely old.
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according to the extended 10–20 system. All electrodes were digitized at a
sampling rate of 1,000Hz and were referenced to electrode FCz. Offline,
electrodes were later converted to an average reference. Impedances of all
electrodes were kept below 50 kΩ. Electrodes that demonstrated high
impedance or poor contact with the scalp were excluded from the aver-
age reference; however, these electrodes were included in all subsequent
analysis steps. Bad electrodes were determined by voltage thresholding
(see below).

Custompython codes were used to process the EEG data.We applied a
high pass filter at 0.1Hz, followed by a notch filter at 60Hz and harmonics
of 60Hz to each participant’s raw EEG data. We then performed three
preprocessing steps (Nolan et al., 2010) to identify electrodes with severe
artifacts. First, we calculated the mean correlation between each electrode
and all other electrodes as electrodes should bemoderately correlated with
other electrodes due to volume conduction. We z-scored these means
across electrodes and rejected electrodes with z-scores less than −3.
Second, we calculated the variance for each electrode, as electrodes with
very high or low variance across a session are likely dominated by noise
or have poor contact with the scalp. We then z-scored variance across
electrodes and rejected electrodes with a |z|≥ 3. Finally, we expect many
electrical signals to be autocorrelated, but signals generated by the brain
versus noise are likely to have different forms of autocorrelation.
Therefore, we calculated the Hurst exponent, a measure of long-range
autocorrelation, for each electrode and rejected electrodes with a |z|≥ 3.
Electrodes marked as bad by this procedure were excluded from the
average re-reference. We then calculated the average voltage across all
remaining electrodes at each time sample and re-referenced the data by
subtracting the average voltage from the filtered EEG data. We used
wavelet-enhanced independent component analysis (Castellanos and
Makarov, 2006) to remove artifacts from eyeblinks and saccades.

EEG data analysis
We applied the Morlet wavelet transform (wave number 6) to the entire
EEG time series across electrodes, for each of 46 logarithmically spaced
frequencies (2–100Hz; Long and Kahana, 2015), across all experiments.
After log-transforming the power, we downsampled the data by taking a
moving average across 100ms time intervals from −1,000 to 3,000ms
relative to the response and sliding the window every 25ms, resulting
in 157 time intervals (40 non-overlapping). Mean and standard deviation
power were calculated across all trials and across time points for each
frequency. Power values were then z-transformed by subtracting the
mean and dividing by the standard deviation power. We followed the
same procedure for the mnemonic state task, with 317 overlapping
(80 non-overlapping) time windows from 4,000ms preceding to
4,000ms following stimulus onset (Smith et al., 2022).

Pattern classification analyses
Pattern classification analyses were performed using penalized (L2)
logistic regression implemented via the sklearn module (0.24.2) in
Python and custom Python code. For all classification analyses, classifier
features were composed of spectral power across 63 electrodes and 46
frequencies. Before pattern classification analyses were performed, an
additional round of z-scoring was performed across features (electrodes
and frequencies) to eliminate trial-level differences in spectral power
(Kuhl and Chun, 2014; Long and Kuhl, 2018; Smith et al., 2022).
Therefore, mean univariate activity was matched precisely across all con-
ditions and trial types. We extract “classifier evidence”, a continuous
value reflecting the logit-transformed probability that the classifier
assigns the correct mnemonic label (encode and retrieve) for each trial.
Classifier evidence is used as a trial-specific, continuous measure of
memory state information, which is used to assess the degree of retrieval
state evidence present during hit and correct rejection (CR) trials.

Cross-study memory state classification
To measure retrieval state engagement in E1, E2, and E3, we conducted
three stages of classification using the same methods as in our prior work
(Long, 2023). First, we conducted within participant leave-one-run-out
cross-validated classification (penalty parameter = 1) on all participants
who completed the mnemonic state task (N= 103; see Hong et al.,
2023 for details). Four additional participants were included who did

not have resting state data (precluding inclusion in the cited study),
but did have mnemonic state data. The classifier was trained to distin-
guish encoding versus retrieval states based on spectral power averaged
across the 2,000ms stimulus interval during list 2 trials. For each partic-
ipant, we generated true and null classification accuracy values. We per-
muted condition labels (encode and retrieve) for 1,000 iterations to
generate a null distribution for each participant. Any participant whose
true classification accuracy fell above the 90th percentile of their respec-
tive null distribution was selected for further analysis (N= 37; 28 female;
age range = 18–42, mean age = 21.24 years). This thresholding reduces
the degree to which noise contributes to the training data by excluding
participants who do not have robust spectral dissociations between
encode and retrieve trials. Second, we conducted leave-one-participant-
out cross-validated classification (penalty parameter = 0.0001) on the
selected participants to validate the mnemonic state classifier and
obtained classification accuracy of 60% which is significantly above
chance (t36 = 6.000, p < 0.0001), indicating that the cross-subject mne-
monic state classifier is able to distinguish encoding and retrieval states.
Finally, we applied the cross-subject mnemonic state classifier to the
phase 2 trials of E1 and E2, and to the test phase trials of E3, specifically
in 100ms intervals from 500ms pre-response to 500ms post-response.
We extracted classifier evidence, the logit-transformed probability that
the classifier assigned a given phase 2 trial a label of encoding or retrieval.
This approach provides a trial-level estimate of retrieval state evidence
during hit and CR trials.

Statistical analyses
We used an independent samples t-test to assess the difference in CR rate
between E1 and E2. We used mixed effects ANOVAs and t-tests to assess
the effect of experiment (E1 and E2), response (hit and CR), and time
interval on memory state evidence. We used a mixed effects ANOVA
and t-tests to assess the effect of experiment (E2 and E3) and response
(hit and CR) on memory state evidence during the pre-response interval.
We used a repeated measures ANOVA and t-tests to assess the effect of
response confidence (high and low) and time interval onmemory state evi-
dence for hits in E1.We used false discovery rate (FDR) to correct for mul-
tiple comparisons for post hoc t-tests (Benjamini and Hochberg, 1995).

Code accessibility
All raw, de-identified data and the associated experimental and analysis
codes used in this study are available via the Long Term Memory Lab
Website (longtermmemorylab.com).

Results
Top-down goals modulate test phase reaction times
Our general expectation is that the task instructions to either
recognize old items (E1) or detect new items (E2) will impact the
processes in which participants engage when responding to the
test stimuli. The implicit assumption is that “old” is equal to “not-
new”, but behavioral evidence (Brainerd et al., 2021) suggests that
recognizing old items is not equivalent to detecting new items. To
the extent that encoding specificity—the match between test goals
and test probes—drives memory judgments, we would expect to
find greater accuracy when the goal and probe type match (e.g.,
goal is to detect new and probe type is lure) compared to when
the goal and probe type do not match (e.g., goal is to detect new
and probe type is target). Alternatively, to the extent that partici-
pants use general or gist level information to reject items, we would
expect to find greater accuracywhen the goal and probe type do not
match compared to when the goal and probe type match.

Based on our pre-registered pilot data, we expected participants
in E2 to be more conservative, whereby their CR rates would be
lower than those in E1. However, we did not find a significant
difference in CR rates (t70 = 0.3977, p = 0.6921, d = 0.0951)
between E1 (M= 0.8141, SD= 0.1499) and E2 (M=0.8273,
SD=0.1268; Fig. 2A).
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As the lack of difference in CR rates is difficult to interpret, we
conducted an exploratory analysis of reaction times (RTs). Because
participants in E1 made confidence judgments whereas partici-
pants in E2 did not, we divided response types into six conditions:
CRs (E2), high confidence CRs (E1, response of “1”) and low confi-
dence CRs (E1, responses of “2”), hits (E2), high confidence hits
(E1, response of “4”) and low confidence hits (E1, responses of
“3”; Fig. 2B). For a direct comparison between experiments, we
excluded low confidence responses and conducted a 2× 2 mixed
effects ANOVA with factors of experiment (E1 and E2) and
response type (hit and CR). We do not find a significant main
effect of experiment (F1,70 = 0.137, p = 0.712, h2

p = 0.002). We
find a significant main effect of response type (F1,70 = 42.91,
p , 0.0001, h2

p = 0.38) and a significant interaction between
response type and experiment (F1,70 = 22.05, p , 0.0001,
h2

p = 0.24). This interaction was driven by significantly faster
CRs in E2 (M=1302ms, SD=328.1ms) than high confidence
CRs in E1 (M=1479ms, SD=379.6ms; t70 = 2.080, p=0.0411,
d=0.4973) and numerically faster high confidence hits in
E1 (M=1123ms, SD=200.3ms) than hits in E2 (M=1,244ms,
SD=421.1ms; t70 = 1.529, p=0.1308, d=0.3655). These findings
are consistent with the encoding specificity account. When the par-
ticipant’s goal (e.g., detect new) matches the probe type (e.g., lure),
responses are facilitated. These results demonstrate that the manip-
ulated task goals impact recognition memory responses.

Top-down goals modulate retrieval state engagement
Our central goal was to test the hypothesis that top-down and
bottom-up factors do not interact and specifically that top-down
demands fully engage the retrieval state. We consider stimulus
repetition to be a bottom-up factor, here represented by the
memory response whereby hits constitute a repetition and CRs
do not. We expect hits to induce a retrieval state in both E1
and E2.We consider test phase instructions to be a top-down fac-
tor. We expect that the demand to recognize old items (E1) will
induce a retrieval state, regardless of the actual probe, whereas the
demand to detect new items (E2) will not induce a retrieval state.
To the extent that these top-down and bottom-up factors do not
interact, we expect to find differential levels of retrieval state evi-
dence specifically for CRs between E1 and E2 with no difference

in retrieval state evidence for hits. Alternatively, if top-down and
bottom-up factors interact, we expect to find greater retrieval
state evidence for hits in E1, whereby the combination of explicit
demand to retrieve coupled with automatic repetition-driven
retrieval will produce greatest engagement of the retrieval state.

To test our hypothesis, we applied a cross-study classifier to
the response-locked whole-brain spectral data in each experi-
ment and extracted retrieval state evidence from 500ms
preceding to 500ms following the response (Fig. 3). Following
our pre-registration, we conducted a 2×2×10 mixed effects
ANOVA with factors of response (hit and CR), experiment (E1
and E2), and time interval. We do not find a significant main
effect of experiment (F1,70 = 0.0019, p = 0.9657, h2

p , 0.0001)
or response type (F1,70 = 0.339, p = 0.5623, h2

p = 0.0048). We
find a significant main effect of time interval (F9,630 = 5.444,
p , 0.0001, h2

p = 0.0722), with generally more retrieval state
evidence around the time of the response. We do not find
a significant interaction between response type and time
(F9,630 = 0.848, p = 0.572, h2

p = 0.012), response type and
experiment (F1,70 = 1.777, p = 0.1869, h2

p = 0.0248), or time
and experiment (F9,630 = 1.579, p = 0.1179, h2

p = 0.0221). We
find a significant three-way interaction between response type,
time, and experiment (F9,630 = 2.174, p = 0.0222, h2

p = 0.0301).
We performed post hoc two sample t-tests comparing E1 and E2
at each time point separately for CRs and hits. We find significantly
greater retrieval state evidence during E1 compared to E2 CRs
in the −500 to −400ms and −400 to −300ms intervals (−500
to −400: t70 = 3.634, p = 0.0005, d = 0.8687; − 400 to −300:
t70 = 3.234, p = 0.0019, d = 0.7731; FDR corrected). All other
post hoc comparisons did not survivemultiple comparisons correc-
tion (ts < 1.914, ps > 0.0597).

We had expected that top-down demands could dissociate
the two experiments early relative to the response onset and
our initial finding of significant dissociations in retrieval state
evidence in the 500–300ms preceding the response is consistent
with this expectation. Our next step was to directly test the
specificity of the timing of this effect. Following our pre-
registration, we averaged retrieval state evidence across the pre-
response (−500 to 0ms) and post-response (0–500ms) intervals.
We conducted a 2×2 mixed effects ANOVA with factors of

Figure 2. Test phase instructions modulate reaction times (RTs). A, Correct rejection (CR) proportions for E1 (black) and E2 (gray). We do not find a significant difference in CR rates across
experiments. B, RTs for E2 CRs (orange) and hits (teal). For E1, we divided CRs and hits into high confident (HC; dark orange/teal) and low confident (LC; light orange/teal) responses. RTs are
significantly faster for E2 CRs compared to E1 HC CRs and numerically faster for E1 HC hits compared to E2 hits. Box-and-whisker plots show median (center line), upper and lower quartiles (box
limits), 1.5× interquartile range (whiskers) and outliers (diamonds).
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interval (pre-response and post-response) and experiment
(E1 and E2). We do not find a significant main effect of
experiment (F1,70 = 0.4657, p = 0.4972, h2

p = 0.0066) or
interval (F1,70 = 0.3475, p = 0.5574, h2

p = 0.0049). We find
a marginal interaction between interval and experiment
(F1,70 = 3.974, p = 0.0501, h2

p = 0.0537), driven by a greater dis-
sociation between experiments in the pre-response compared to the
post-response interval. This dissociation in time between experi-
ments is consistent with the expectation that top-down demands
should engage the retrieval state early relative to response onset.

As it is possible that the observed dissociations in CRs extend
even earlier, prior to the a priori selected pre-response window of
−500 to 0ms, we conducted an exploratory analysis in which we
extended the pre-response interval and measured retrieval state
evidence during E1 and E2 CRs for the 1,000ms preceding the
response (Fig. 3A, lower panel). We conducted a 2×10 mixed
effects ANOVA with factors of experiment (E1 and E2) and
time interval. We find a significant main effect of experiment
(F1,70 = 11.61, p = 0.0011, h2

p = 0.1423), driven by greater
retrieval state evidence for E1 compared to E2. We find a signifi-
cant main effect of time interval (F9,630 = 21.63, p , 0.0001,
h2
p = 0.2361), driven by greater retrieval state evidence immedi-

ately preceding the response. We find a significant interaction

between experiment and time interval (F9,630 = 2.955,
p = 0.0019, h2

p = 0.0405), driven by greater retrieval state
evidence for E1 compared to E2 for the intervals spanning
800–300ms preceding the response (Table 1; FDR corrected).
These results show that the retrieval state is engaged several hun-
dred milliseconds prior to a CR specifically when participants’
goal is to recognize old items.

Considering the results for both hits andCRs together, we show
that top-down task demands can lead to the recruitment of the
retrieval state independent from bottom-up stimulus repetition.
That we do not find an additive or over-additive interaction
between experiment and response suggests that the combination
of the demand to retrieve and stimulus repetition does not further
enhance retrieval state engagement beyond either factor alone.
Instead, these results suggest that the retrieval state may be
engaged any time participants are explicitly directed to retrieve a
past experience, regardless of the actual status of the test probe.

Top-down demands induce the retrieval state in the absence of
confidence judgments
Given our motivation to test the hypothesis that a retrieval state
engaged by top-down versus bottom-up factors should differen-
tially relate to the content that is or is not retrieved, participants

Figure 3. Top-down demands modulate retrieval state engagement. We applied a cross-study classifier to response-locked test phase data to measure retrieval state evidence separately for
CRs and hits in E1 (solid) and E2 (dashed). Positive y-axis values indicate greater retrieval state evidence. The vertical line at time 0 to 100 ms indicates the onset of the response. A, Retrieval state
evidence preceding the response is significantly greater for CRs in E1 compared to E2. Lower panel. When we extend the pre-response interval, we find greater retrieval state evidence for E1
compared to E2 in the 800–300 ms preceding the response. B, There is no significant difference in retrieval state evidence for hits across experiments. Stars reflect paired t-tests that survived false
discovery rate (FDR) correction. Error bars reflect standard error of the mean.
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were instructed to provide a confidence judgment specifically for
E1. This manipulation further differentiates E1 from E2 and may
thus underlie the observed retrieval state dissociations reported
above. Namely, greater retrieval evidence for CRs in E1 may
reflect the demand to make a confidence judgment, rather than
the demand to recognize old items.

To rule out confidence as an alternative explanation for our
findings, we conducted an exploratory analysis in which we
re-analyzed an independently collected dataset from our lab
(Smith et al., 2024; “E3”). In E3, participants performed a traditional
old/new recognition memory task on lists of words. The instruc-
tions in E3 were identical to those in E1 phases 1 and 2 (Fig. 1)
except that, critically, there was no demand to provide a confidence
judgment. Thus the response options (“old” and “new”) were
matched across E2 and E3 and the only difference was the task
goal to either detect new items (E2) or recognize old items (E3).
To the extent that the demand to recognize old items induces
retrieval, we should observe the same pattern when comparing
E2 to E3 as when E2 is compared to E1—namely, elevated retrieval
state evidence during E3 compared to E2 CRs. We applied our
cross-study classifier to the response-locked test phase data in E3.

To the extent that the top-down demand to recognize old
items induces a retrieval state, we should again observe an exper-
iment by response interaction, whereby pre-response retrieval
evidence is greater for CRs in E3 relative to E2. In our pre-
registration, we planned to separately consider pre- and post-
response intervals in the event that we found interactions with
time interval, thus we averaged retrieval state evidence across
the 500ms pre-response interval (Fig. 4). We conducted a 2×2
mixed effects ANOVA with factors of response type (hit and
CR) and experiment (E2 and E3). We do not find a significant
main effect of experiment (F1,72 = 0.6562, p = 0.4206,
h2
p = 0.009) or response type (F1,72 = 0.8406, p = 0.3623,

h2
p = 0.0115). We find a significant interaction between response

type and experiment (F1,72 = 6.032, p = 0.0165, h2
p = 0.0773).

This interaction was driven by numerically greater retrieval
evidence for CRs in E3 (M= 0.257, SD= 0.0521) compared to E2
(M=0.0014, SD=0.0567; t72 = 1.896, p = 0.0619, d = 0.4466).
The difference in retrieval evidence between hits in E3 (M=
0.0065, SD=0.0475) and E2 (M=0.0107, SD= 0.0733) was not
significant (t72 = 0.2945, p = 0.7692, d = 0.0691). The dissocia-
tion between E2 and E3 mirrors that of E2 and E1, whereby
we find a significant response by experiment interaction
(F1,70 = 4.255, p = 0.048, h2

p = 0.0573), driven by significantly
greater retrieval evidence for CRs in E1 (M=0.033, SD= 0.0519)
compared to E2 (t72 = 2.453, p = 0.0167, d = 0.5864).

In sum, we validated that the dissociation of retrieval evidence
during CRs across experiments is not due to the demand to make
a confidence judgment. We find that when participants are
instructed to recognize old items—classic recognition memory
task instructions—the retrieval state is recruited during CRs,
whereas when participants are instructed to detect new items,
no such engagement is observed. This result suggests that the
top-down goal to retrieve induces a retrieval state even in
instances when the probe itself (a lure) may not automatically
induce retrieval.

Top-down retrieval state engagement is modulated by lack of
retrieved content
Given that top-down demands engage the retrieval state in the
absence of bottom-up factors, our second major goal was to
test the extent to which the retrieval state is engaged by the pres-
ence or absence of retrieved content. Our initial investigation
across experiments E1, E2, and E3 suggests that the retrieval state
may be driven by the absence of retrieved content; however, anal-
ysis of CRs is ambiguous. Theoretically, there is no retrievable
content for CRs, given that the probe is a lure. However, partic-
ipants may evaluate evidence to make a decision for lures. Hits
provide a clearer assessment of retrieved content as the assump-
tion is that participants reinstate study-phase content during the
test phase in order to make a decision for targets (Danker and
Anderson, 2010). The content-present versus content-absent
accounts make opposite predictions for retrieval state engage-
ment during hits made with high versus low confidence. High
confidence responses are thought to be supported by greater rein-
statement or overall evidence, relative to low confidence
responses (Balsdon et al., 2020). Therefore, to the extent that
the retrieval state tracks retrieved content, there should be
more retrieval state evidence during high compared to low confi-
dence hits. Alternatively, to the extent that the retrieval state

Table 1. Post hoc t-tests comparing pre-response retrieval state evidence during
CRs in E1 and E2

E1 versus E2

Time interval (ms) t70 p d

−1000 to −900 1.488 0.1412 0.3558
−900 to −800 1.218 0.2275 0.2911
−800 to −700 2.569 0.0123 0.6141
−700 to −600 3.686 0.0004 0.8811
−600 to −500 4.933 <0.0001 1.179
−500 to −400 3.634 0.0005 0.8687
−400 to −300 3.234 0.0019 0.7731
−300 to −200 1.914 0.0597 0.4575
−200 to −100 1.838 0.0704 0.4393
−100 to 0 0.3005 0.7647 0.0718

Note: Bold values indicate tests that survive FDR correction.

Figure 4. Validation of the modulation of top-down demands on retrieval state engage-
ment. We applied a cross-study classifier to response-locked test phase data in three separate
experiments. We extracted average retrieval state evidence in the 500–0 ms preceding hits
(teal) and CRs (orange). In E1, participants are instructed to recognize old items while making
confidence judgments. In E2, participants are instructed to detect new items. In E3, partic-
ipants are instructed to recognize old items without making confidence judgments. We
find a significant response by experiment interaction between E1 and E2 (p= 0.0428) and
between E2 and E3 (p= 0.0165). Box-and-whisker plots show median (center line), upper
and lower quartiles (box limits), 1.5x interquartile range (whiskers), and outliers (circles).
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tracks attention or control required to access a representation,
there should be more retrieval state evidence during low com-
pared to high confidence hits. The logic is that less evidence
should require more internal attention to support a decision, pos-
sibly by prolonging the search or evidence accumulation process
(Callaway et al., 2023).

We tested the content-present versus content-absent accounts
by assessing retrieval state evidence as a function of confidence
specifically for E1 hits (Fig. 5A). Following our pre-registration,
we conducted a 2 × 10 repeated measures ANOVA with factors
of response confidence (high and low) and time interval (−500
to 500 in 100ms intervals, response-locked). We find a signifi-
cant main effect of response confidence (F1,35 = 7.085,
p = 0.0117, h2

p = 0.1684) driven by greater retrieval state evi-
dence for low (M= 0.0432, SD= 0.0798) compared to high
(M= 0.0078, SD= 0.0526) confidence hits. We find a significant
main effect of time interval (F9,315 = 3.722, p = 0.0002,
h2
p = 0.961), driven by greater pre-response compared to post-

response retrieval evidence. We find a significant interaction
between response confidence and time interval (F9,315 = 7.618,
p , 0.0001, h2

p = 0.1787), whereby retrieval state evidence
is significantly greater pre-response for low (M= 0.0729,
SD= 0.0769) compared to high (M= 0.0045, SD= 0.0744) confi-
dence hits (t35 = 4.104, p = 0.0002, d = 0.905). Post-response
retrieval state evidence does not significantly differ between
low (M= 0.0135, SD= 0.12) and high (M= 0.0111, SD= 0.0742)
confidence hits (t35 = 0.1643, p = 0.8705, d = 0.0241). We
performed post hoc paired sample t-tests comparing high and
low confidence hits at each time point. We find significantly
greater retrieval state evidence during low compared to high
confidence hits in the first three pre-response intervals (−500
to −400: t35 = 5.145, p , 0.0001, d = 1.023; − 400 to −300:
t35 = 3.999, p = 0.0003, d = 0.8972; − 300 to −200: t35 =
3.701, p = 0.0007, d = 0.7862; FDR corrected). All other post
hoc comparisons did not survive multiple comparisons correc-
tion (t’s < 2.434, p’s > 0.0202). Together, these results provide
support for the content-absent account whereby the retrieval
state is more strongly engaged during trials in which less evidence
is available to make a decision.

Elevated retrieval state evidence for low compared to high
confidence hits may reflect a general effect of difficulty, rather
than a memory-specific response. That is, there may be increased
retrieval state evidence preceding difficult decisions regardless of
top-down goals. To test this alternative, we conducted an explor-
atory analysis of retrieval state evidence as a function of slow ver-
sus fast hits in E2 and E3. The logic is that slow hits should show
more retrieval state evidence than fast hits in both experiments if
retrieval state evidence tracks the difficulty of responding
(whereby slower responses correspond to more difficult deci-
sions). However, to the extent that the retrieval state reflects
the attempt to retrieve, slow and fast hits should only dissociate
in E3, as there should be no attempt to retrieve in E2 given the
task instructions.

We separately assessed retrieval state evidence for slow and
fast hits in E2 and E3 (Fig. 5B,C). To divide the trials based on
RTs, we calculated the median RT across all correct responses
(hits and CRs) for each participant, and labeled hits as either
“fast” (those below the median RT) or “slow” (those above the
median RT; Smith et al., 2024). We conducted two 2 × 10
repeated measures ANOVA with factors of response (slow and
fast) and time interval (−500 to 500 in 100ms intervals,
response-locked). In E2, we do not find a significant main
effect of response (F1,35 = 3.588, p = 0.0665, h2

p = 0.093). We
find a significant main effect of time (F9,315 = 2.936,
p = 0.0023, h2

p = 0.0774). We do not find a significant interac-
tion between response and time (F9,315 = 0.3614, p = 0.9525,
h2
p = 0.0102). Bayes factor analysis revealed that a model with-

out response (H0) is preferred to a model with response (H1;
BF10 = 0.0014, extreme evidence for H0). In E3, we find a signifi-
cant main effect of response (F1,37 = 63.24, p , 0.0001,
h2
p = 0.6309), driven by greater retrieval evidence for slow

(M= 0.0697, SD= 0.0491) compared to fast (M=−0.0115,
SD= 0.0471) hits. We find a significant main effect of time
(F9,333 = 4.143, p , 0.0001, h2

p = 0.1007). We find a significant
interaction between response and time (F9,333 = 11.20,
p , 0.0001, h2

p = 0.2323), driven by greater retrieval evidence
for slow compared to fast hits in the pre-response interval
(M= 0.1056, SD= 0.079) compared to the post-response interval

Figure 5. Confidence during successful retrieval modulates retrieval state engagement. We applied a cross-study classifier to response-locked test phase data in E1, E2, and E3 across ten time
intervals from 500 ms preceding to 500 ms following the response. We measured retrieval state evidence for high confidence hits (dark teal) and low confidence hits (light teal) in E1 (A) and for
fast hits (dark teal) and slow hits (light teal) in E2 (B) and E3 (C ). A, We find significantly greater retrieval state evidence for low compared to high confidence hits in the 500–200 ms intervals
preceding the response (p’s < 0.0007). B, We do not find a significant difference in retrieval state evidence for slow versus fast hits in E3 (p= 0.0665). C, We find greater retrieval state evidence
for slow compared to fast hits in all time intervals except the final 400–500 ms interval (p’s < 0.0004). Stars reflect paired t-tests that survived FDR correction. Error bars reflect standard error of
the mean.
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(M= 0.0512, SD= 0.0589).We performed post hoc paired sample
t-tests comparing fast and slow hits at each time point. We find
significantly greater retrieval state evidence during slow com-
pared to fast hits in all time intervals (t’s > 3.870, p’s < 0.0004;
FDR corrected) except the 400–500ms interval (t35 = 1.302,
p = 0.201, d = 0.1935; FDR corrected).

Together, these results provide support for the content-absent
account whereby the retrieval state is more strongly engaged dur-
ing trials in which less evidence is available to make a recognition
decision.

Discussion
The aim of this study was to identify the joint impact of
bottom-up and top-down factors on retrieval state engagement.
We conducted two independent recognition memory experi-
ments in which we manipulated top-down goals to either recog-
nize old items (E1) or detect new items (E2). We included a third
experiment (E3) to control for possible effects of making a confi-
dence judgment. We recorded scalp EEG and used a cross-study
decoding approach (Long, 2023) to measure response-locked
retrieval state engagement during the test phase of each experi-
ment. Retrieval state engagement was greater during CRs when
participants’ goal was to recognize old items (E1 and E3) com-
pared to when participants’ goal was to detect new items (E2).
Furthermore, retrieval state engagement was greater for low,
compared to high confidence hits in E1, and for slow compared
to fast hits in E3, when retrieved content is presumably low.
Together, these findings suggest that the explicit top-down
demand to remember the past recruits the retrieval state inde-
pendent from bottom-up factors such as stimulus repetition.
This intentional retrieval state engagement may reflect internally
directed attention deployed to accomplish the task goal of recog-
nizing old items.

We manipulated participants’ task goals to either identify old
items (E1) or identify new items (E2). Prior behavioral work has
shown that these two goals produce different behavioral outcomes,
despite their surface-level similarity (Brainerd et al., 2021). Here we
find that RTs are facilitated when the test phase goals match the
probe—RTs are faster for hits in E1 and for CRs in E2. These effects
can be explained by the encoding specificity principle (Thomson
and Tulving, 1970) whereby a match between the goal (e.g., recog-
nize old) and the test probe (e.g., target) enables enhanced respond-
ing. Interestingly, the prior work found the opposite pattern
wherebymemory accuracy was better when the goal (e.g., recognize
old) did not match the test probe (e.g., lure). This difference may
potentially be due to the relatively higher CR rates in the current
study compared to the prior study. Ultimately, however, these
findings indicate that the modest manipulation of asking partici-
pants to either recognize old items or detect new items is sufficient
to shift participants’ test phase goals.

We find evidence for a top-down-driven retrieval state
that is independent from bottom-up factors. Whereas hits
recruit the retrieval state regardless of task goals, CRs recruit
the retrieval state when the task goal is to recognize old items.
These findings are consistent with the conceptualization of
the retrieval mode as an intentional state that is a precursor to,
but separate from, retrieval success (Tulving, 1983). The notion
is that one must enter a retrieval state in order to interpret
a stimulus as a retrieval cue (Rugg and Wilding, 2000). Thus,
in the present study, because participants were explicitly
instructed to recognize old items in E1 and E3, they engaged a
retrieval state and treated every test probe—including lures—as
a retrieval cue.

Our interpretation that retrieval state engagement is driven
by the demand or attempt to retrieve—and not by retrieval
success—is supported by our finding that retrieval state evidence
is greater for both low confidence hits in E1 and slow hits
in E3. We consider slow versus fast hits in E3 as analogous
to low versus high confidence hits in E1, insofar as high confi-
dence responses are committed more quickly than low confi-
dence responses (e.g., Weidemann and Kahana, 2016). If the
retrieval state specifically reflected retrieval success, we would
not expect to find a confidence-based modulation, as both
trials constitute retrieval success. If anything, we might expect
greater retrieval state evidence for high compared to low confi-
dence hits, whereby stronger representations produce greater
retrieval state engagement. Instead, we find greater retrieval
state evidence for low compared to high confidence hits which
may reflect differences in memory search or evidence accumula-
tion across the two conditions (Balsdon et al., 2020; Callaway
et al., 2023; Lee et al., 2023). That we do not find a slow versus
fast hit dissociation in E2 argues against the interpretation that
the retrieval state is generally driven by task or response
difficulty. Instead, our results are consistent with the inter-
pretation that the retrieval state is engaged via top-down
demands in service of the attempt to access an internally stored
representation.

Our findings suggest that the retrieval state as measured here
reflects internal attention engaged in the service of the attempt to
retrieve. Both theoretical proposals and computational models
suggest that long-term memory retrieval reflects a form of inter-
nally directed attention (Chun et al., 2011; Long et al., 2018;
Logan et al., 2021). Internal attention andmemory retrieval share
a number of neural substrates, including recruitment of the
default mode network (Smallwood et al., 2013; Kim, 2015;
Buckner and DiNicola, 2019) and spectral signals such as theta
and alpha power (Kam et al., 2019; Woodman et al., 2022).
Our interpretation is that the instruction to recognize old items
induces participants to turn their mind’s eye inward when eval-
uating test probes. When more evidence is required to evaluate a
probe, more internal attention should be recruited, which is con-
sistent with our finding of greater retrieval state engagement dur-
ing low compared to high confidence hits. We anticipate that
under any circumstances in which participants are given and fol-
low traditional memory task instructions to recognize or remem-
ber old items, the retrieval state will be recruited, regardless of the
status of the test probe. Theremay be important individual differ-
ences in the ability to engage the retrieval state in the service of
task goals, which will in turn impact downstream processing
and behavior.

Our results suggest that the retrieval state is differentially
engaged based on task goals. As part of our task manipulation,
we also modified participants’ task goals when initially encoun-
tering the stimuli. As E1 participants were explicitly instructed
to intentionally encode the stimuli, this may have created a
levels-of-processing difference (Craik and Lockhart, 1972;
Craik and Tulving, 1975) such that stimuli in E1 might have
been more deeply processed than those in E2. We would expect
a levels-of-processing difference to specifically impact hits.
Although we cannot draw strong conclusions from a null result,
the lack of a difference in retrieval state evidence between E1 and
E2 hits provides evidence against an account whereby study-
phase levels-of-processing differences modulate test phase mem-
ory state engagement. However, we anticipate that different
study-phase goals have the potential to modulate study-phase
memory states and see this as an exciting avenue for future
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work. Prior work has shown that shifts in top-down goals can
change how stimuli are represented in the brain (Aly and
Turk-Browne, 2016; Long and Kuhl, 2021; Lim et al., 2023).
Our results extend these findings by showing that task goals
modulate the processes or states that are engaged in the service
of those task goals.

If the retrieval state is only engaged for CRs when participants
recognize old items, what processes are engaged when partici-
pants are instructed to detect new items in E2? By one account,
participants may engage in some form of novelty detection and
greater univariate activity for lures versus targets may reflect a
novelty signal (Knight, 1996; Tulving et al., 1996; Grunwald et
al., 1998; Ranganath and Rainer, 2003; Duzel et al., 2010).
Potentially, the detection of novelty may induce an encoding
state (Patil and Duncan, 2018), governed by acetylcholine release.
The design of our independent mnemonic state classifier is such
that “negative” retrieval state evidence is equivalent to evidence
for an encoding state. However, we view this as a strength, reflect-
ing our assumption—based on rodent electrophysiological work
(Hasselmo et al., 2002)—that encoding and retrieval exist along a
continuum, due to their reliance on shared neural circuitry. We
find evidence for encoding state engagement during CRs in E2 in
the early time intervals preceding the response, which is consis-
tent with a novelty/encoding interpretation. However, it is
important to note that despite the differences leading into CRs,
we do find evidence of retrieval state engagement immediately
preceding all responses in both E1 and E2. We speculate that
this retrieval state response may reflect the decision process,
rather than a memory process per se. In prior work, we have
found that retrieval state engagement “ramps up” leading to a
behavioral decision in a spatial attention task (Long, 2023), sug-
gesting that the retrieval state may be engaged to evaluate a deci-
sion in addition to supporting episodic memory retrieval
attempts. Future work will be needed to specifically address
how memory versus decision-making processes engage memory
brain states.

Despite clear evidence that top-down demands engage the
retrieval state, we still expect that bottom-up factors play a role
in memory state engagement. We observe retrieval state engage-
ment for hits in both E1 and E2, as would be expected from a
bottom-up account; however, these effects are relatively modest.
Our interpretation is that the retrieval state can be induced
automatically via bottom-up inputs, but that these effects are
likely to be largely masked by top-down factors and will only
emerge either in the absence of top-down demands or when
bottom-up factors are highly salient. Old versus new stimuli
may lead the hippocampus into a pattern separating versus pat-
tern completing state (Duncan et al., 2012; Patil and Duncan,
2018) and temporal contextual overlap between experiences
may automatically induce the retrieval state (Smith et al.,
2022). Our manipulation of bottom-up factors in the present
study was minimal, with targets that were only repeated once,
having been presented during study and during test. Thus,
with more substantial manipulations—more repetitions, higher
similarity to other stimuli, etc.—we might find greater influences
of bottom-up factors on the retrieval state. An exciting future
direction will be to investigate the full range of bottom-up factors
that can induce retrieval state engagement, especially in the
absence of top-down factors.

Taken together, our findings indicate that the retrieval state is
engaged in the service of the top-down goal to recognize old
items. The retrieval state may thus be recruited in response to
any demand to direct attention internally, regardless of whether

stimuli themselves have previously been encountered. These
results advance our understanding of the interplay between top-
down and bottom-up factors on memory state engagement.
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