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The ability to effectively encode corrections to misinformation is vital for making well-informed decisions.
However, false information often influences people's beliefs and judgments even after it is corrected. Here, we
employed the electroencephalogram (EEG) to examine neurocognitive processes when participants encoded
events, their causes, and corrections/affirmations to said causes. Participants then judged the veracity of the
causes immediately (day 1) and one day after (day 2). Behaviorally, faster correct judgements on day 1 predicted

more accurate day 2 delayed veracity judgements, suggesting that measuring response times could identify
weakly encoded corrections. Re-exposure to misinformation on day 2 did not modulate subsequent memory for
corrections. Although we did not observe any subsequent memory effects, we found reduced P300 amplitudes for
corrections than affirmations. When only considering subsequent accurate veracity judgements, we observed a
greater frontal slow wave amplitude when encoding corrections than affirmations. These findings provide pre-
liminary neural evidence that processing corrections may be more difficult than affirmations.

As the distribution and proliferation of misinformation in society
becomes more prevalent, understanding how to effectively correct
misinformed beliefs and the relationship between memory and belief is
of paramount importance (Ecker et al., 2022). Causal misinformation
can be especially damaging because cause-effect relationships scaffold
our interpretation of the world and influence how we ascribe blame
(Cushman, 2008; Lombrozo, 2010). Even if outdated causal information
is updated, it can still exert long-lasting impacts on decision-making, a
phenomenon known as the continued influence effect (CIE, Chan et al.,
2017; Ecker et al., 2022; Wilkes and Leatherbarrow, 1988). Failure to
encode or integrate corrections with misinformation may be a driving
force of the CIE (Ecker et al., 2022; Kendeou et al., 2019), and even when
misinformation is successfully corrected at first, misinformation belief
may increase after a delay (Rich and Zaragoza, 2020; Swire-Thompson
et al., 2023). Here, we use electroencephalography (EEG) to examine
neural processes underlying encoding of corrections to misinformation
and relate these processes to subsequent memory for corrections. After a
delay, we examine whether repetition of corrected misinformation leads
to increased belief (i.e., the illusory truth effect).

To facilitate understanding, we provide definitions of key words that
are referenced throughout the study here. Narratives in CIE paradigms

typically describe a specific scenario, which we refer to as an event (e.g.,
a house is on fire). These events typically occur due to a specific reason,
which we refer to as a cause (e.g., the cause of the fire was a stove).
Sometimes, the purported cause of the event can be retracted, and we
refer to these retractions as corrections (e.g., the cause of the house fire
was not a stove). Otherwise, causes can also be confirmed, and we refer
to these confirmations as affirmations (e.g., the cause of the house fire
was a stove).

1. Neural correlates of the CIE

Gaining insights into neurocognitive activity underlying the pro-
cesses of encoding corrections to causal misinformation can help inform
interventions aimed at reducing the CIE. Previous neural investigations
of the CIE revealed that encoding corrections was associated with
reduced brain activity implicating information integration and reading
comprehension, such as the activity in the precuneus, posterior cingu-
late cortex, and left middle temporal gyrus regions, relative to encoding
affirmations (Gordon et al., 2017; Jin et al., 2022). This finding suggests
that corrections may be more difficult to process than affirmations, and
is consistent with accounts that failure to associate misinformation with
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its correction can lead to errant belief in misinformation (Ecker et al.,
2022; Gordon et al., 2017; Kendeou et al, 2014). Although
brain-behavior correlation can provide hints to underlying processes
between subjects, insufficient trials for each participant mean that these
findings are silent regarding whether within-subject brain activity dur-
ing encoding differs between successful and unsuccessful correction
recollection. Increasing the number of trials can help provide this evi-
dence and delineate the mechanisms behind effective corrections of
causal misinformation.

Examining the subsequent memory effect (SME) can reveal neural
activity associated with successful and unsuccessful recollection of
corrections. In SME studies, trials during encoding are typically sorted
based on subsequent memory performance (remembered or forgotten).
Mounting research has identified an early parietal positive deflection
known as the P300 and a late positive deflection in the frontal region
known as the frontal slow wave (FSW) as important components in the
SME (Mecklinger and Kamp, 2023).

The P300 SME is often elicited in studies examining detail-oriented
memory for words and images, with greater amplitudes indicating
more detailed processing of a stimulus (Forester and Kamp, 2023;
Gonsalves and Paller, 2000; Kamp et al., 2017). For example, a larger
P300 amplitude while encoding images was linked to better subsequent
recognition of the images (Forester and Kamp, 2023). The P300 SME is
proposed to support distinctive stimulus encoding and the unitization of
stimulus components, such as encoding two different words into one
coherent representation (Kamp et al., 2017). Whereas the P300 indexes
detailed item encoding, the FSW predicts subsequent associative mem-
ory between pairs of words or images, with more positive amplitudes
predicting greater associative strength between items (Forester and
Kamp, 2023; Kamp et al., 2016, 2017; Kim et al., 2009). The FSW SME is
proposed to reflect working memory processes involved in associative
encoding, independent of whether familiarity or recollection serve as
primary strategies for retrieval (Kamp et al., 2017). For example, when
participants had to remember pairs of images, greater FSW amplitude
while viewing the second image in the pair predicted stronger associa-
tions within the pair (Forester and Kamp, 2023).

Due to the important role of encoding corrections for misinformation
belief (Ecker et al., 2022; Gordon et al., 2017; Guo et al., 2025), one of
our primary objectives was to examine whether P300 and FSW ampli-
tudes during encoding were associated with subsequent memory for
corrections. We had no directional hypotheses about how memory for
corrections would relate to the P300 and FSW when participants enco-
ded events and causes. However, we predicted that larger P300 and FSW
amplitudes when encoding corrections would reflect improved encoding
of corrections and stronger misinformation-correction pairings and thus
be linked to improved memory for corrections.

Even if SMEs are not observed, P300 and FSW amplitudes can pro-
vide information about mental processes that differ between corrections
and affirmations. Past work has shown that attenuated P300 amplitudes
index cognitive effort and working memory load (Scharinger et al.,
2017), greater recruitment of attentional resources (Polich, 2007),
suggesting that more difficult cognitive tasks are associated with
reduced P300 amplitude (Ghani et al., 2020). Examining the P300 may
thus also shed light onto the relative difficulty of corrections and affir-
mations, extending previous fMRI work (Gordon et al., 2017; Jin et al.,
2022). Although our earlier misinformation study found smaller P300
amplitudes when participants were tasked with updating misinforma-
tion with an alternative explanation compared to when no updating was
required, repetition of key phrases confounded repetition with updating,
which hindered interpretation (Guo et al., 2025). In this study, we
examine a similar comparison between corrections and affirmations
while controlling for word repetition effects.

Outside of indexing associative memory strength in SMEs, FSW
amplitudes have been known to fluctuate with working memory load
(Monfort and Pouthas, 2003), cognitive control (West and Travers,
2008), prediction errors (Van Petten and Luka, 2012), and negation
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processes (Herbert and Kissler, 2014). Examining the FSW outside of the
SME context could thus provide hints to the underlying mechanisms that
differentiate processing of corrections and affirmations, although pre-
cise processes will need to be identified by future research.

1.1. Delayed memory for corrections to causal misinformation

Even if people remember corrections immediately after receiving
them, belief in corrected misinformation has been shown to increase
over time (Carey et al., 2022; Rich and Zaragoza, 2020), and memory for
corrections diminishes over time (Swire-Thompson et al., 2023).
Increased belief in misinformation after a delay could thus be due to
corrections becoming inaccessible or forgotten (Kemp et al., 2024;
Swire-Thompson et al., 2023). Stronger memories have been linked to
greater resistance to forgetting over time (Radvansky et al., 2022),
suggesting that stronger misinformation-correction associations could
be associated with improved correction memory durability. One way to
measure this association may be through response times. Faster response
times (RTs) during recall have been linked to more confident recollec-
tion (i.e., “Remember” rather than “Know” judgements; Dewhurst et al.,
2006; Wixted and Stretch, 2004) and stronger associative memories
between pairs of stimuli (Craddock et al., 2012; Eimas and Zeaman,
1963; Kounios et al., 2001). Because corrections are often linked to
misinformation via associative processes (Ecker et al., 2011; Gilbert
et al., 1990, 1993), we anticipate that RTs could potentially reflect how
strongly corrections are associated with misinformation. In our study,
we therefore examine how correction and affirmation memory RTs are
associated with memory for corrections after a delay.

Given that strong associations between misinformation and its
correction have been linked to reduced misinformation belief (Ecker
et al.,, 2011), we hypothesized that if faster response times reflected
stronger misinformation-correction associations, then faster correct
memory for corrections would be associated with improved memory for
those corrections after a delay.

1.2. Simultaneous recognition and exposure paradigm

In addition to studying whether RTs were associated with memory
for corrections, we were also interested in whether memory for correc-
tions was affected by re-reading misinformation. Outside the laboratory,
people may be exposed to the same misinformation multiple times
(Weng et al., 2024). According to the illusory truth effect, merely
reading a statement increases its fluency, which can then be mis-
attributed to trustworthiness (Fazio et al., 2015; Gilbert et al., 1990).
Although the illusory truth effect suggests that repeated exposure to
misinformation may increase belief, it remains unclear whether this
effect persists when the misinformation has already been corrected (i.e.,
encountering misinformation after reading a debunking statement).
Importantly, this question is distinct from the so-called ‘backfire effect,’
which has generally failed to replicate (Wood and Porter, 2019).

To examine this in greater detail, we designed a new task that
manipulated whether participants saw intact misinformation (defined
here as an event-cause pair, e.g., house on fire-stove). This differed from
how the illusory truth effect is typically elicited (i.e., by repeating
statements or headlines, Fazio et al., 2015), but was more consistent
with how misinformation was initially presented to participants in our
experiment. The instructions for this new task were only to identify
whether the stimulus presented on screen was previously presented in
the experiment (i.e., an old/new recognition task). However, unbe-
knownst to participants, certain cause-event pairs were presented intact
while others were presented separately (i.e., the cause was presented 20
trials after the event). This allowed us to examine whether viewing
intact cause-event pairs would increase the accessibility of misinfor-
mation and potentially increase reliance on more heuristic-based auto-
matic processes during retrieval.

We were unsure of the direction of this effect. On one hand, seeing



S. Guo et al.

intact misinformation can increase its fluency and strengthen cause-
event associations, and this fluency could be misattributed to truth.
On the other hand, the fluency and strength of cause-event associations
may not influence memory for corrections if people primarily rely on
cause-correction associations to recall corrections.

1.3. Experiment overview

To examine the neural correlates underlying the encoding of misin-
formation and corrections, we modified the traditional CIE paradigm for
the EEG. On the first day of the experiment, participants first learned a
series of events, causes and corrections or affirmations to the causes, and
their memory for the veracity of the causes was subsequently tested. On
the second day of the experiment, participants completed a recognition
task that simultaneously exposed them to intact or separated cause-
event misinformation pairs (i.e., simultaneous recognition and expo-
sure task), and their memory for corrections and affirmations was tested
identically to the first day of the experiment.

2. Method
2.1. Participants

We recruited 61 university students (49 female; M = 22.67 years, SD
= 2.71 years). Participants from the age of 18 to 35 were recruited. They
reported normal or corrected-to-normal vision, no colorblindness, no
chronic medical conditions, and no history of severe mental illness,
neurological disorders, or sleep disorders. Because the experiment pre-
sented textual stimuli in Chinese, only native Chinese speakers were
recruited. Participants received monetary compensation (at approxi-
mately 10 USD/hour) for participation. Participants were recruited
through mass emails sent to university students. Participants were
excluded from encoding EEG and veracity judgement behavioral anal-
ysis due to the following reasons: lower than chance veracity judgement
accuracy (less than 50%, n = 4), failure to follow experiment in-
structions (n = 6), and withdrawal from the experiment (n = 2). Par-
ticipants were further excluded from EEG analysis due to technical
issues during recording (n = 1). We reported behavioral analyses from
51 participants for the veracity judgement tasks on Day 1 and 2, and 49
participants for the simultaneous recognition and exposure task. We
reported EEG encoding analyses from 50 participants.

2.2. Design

The experiment used a 2 (Cause veracity: true vs. false) x 2 (Day 2
exposure type: Intact vs. Separated) within-participants design. Partic-
ipants provided veracity judgements in two time points (Day 1, Day 2).

2.3. Experimental materials

One hundred and eighty scenarios were selected from the materials
pilot for the experiment. Each scenario consisted of a cause word paired
with an image depicting an event. For example, an image of a house on
fire was paired with the cause “stove”, suggesting that the fire was
caused by a stove in the house. The length of each cause was controlled
at two Chinese characters. Images were obtained online.

Two hundred and forty-seven unique scenarios were created for
pretesting. The goal of the pretest was to remove any stimuli that had
high positive or negative emotional valence, cause-event pairings that
were too strongly or weakly related, or causes that were too highly
believable or unbelievable. We recruited ten university student volun-
teers. Each volunteer rated the emotional valence of images and their
respective causes, relatedness between the image and cause, and how
believable the cause-event relationship was on a scale from 1 (low/
negative) to 7 (high/positive). The final images (M = 3.56, SD = 0.75)
and cause words (M = 3.60, SD = 0.87) were rated as moderately
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emotional. The causes and events were judged to be moderately related
to one another (M = 4.92, SD = 1.01). The believability of cause-event
relationships was relatively high (M = 4.79, SD = 1.05). For details on
how we removed pretesting stimuli, please see Supplementary Material
A.

2.4. Experimental procedure

The experiment was administered using PsychoPy version 2020.2.10
(Peirce et al., 2019) across two days. On the first day (“Day 1) of the
experiment, participants began with a familiarization task, indicating
their familiarity to a series of words that would be used in the following
task. Then, they completed the encoding task, in which events (pre-
sented as images), causes (presented as words), and corrections or af-
firmations were presented. They were told to imagine scenarios that
linked causes to events, and to remember the correction or affirmation.
Afterward, they completed a 3-back task as a distractor. Finally, they
completed a veracity judgement task in which they had to determine
whether causes from the encoding task were corrected or affirmed. On
the second day (“Day 27), participants first completed the simultaneous
recognition and exposure task, followed by another veracity judgement
task. Causes and veracities were presented in Simplified Chinese. Next,
we provide a detailed description of each of the tasks.

2.4.1. Familiarization task (Day 1)

In the task, participants saw a series of words on a computer screen
(max 3s each) and indicated whether they understood the definition of
the word using the ‘a’ or ‘I’ keys that represented ‘understand’ and ‘do
not understand’, counterbalanced between participants. Outside of
testing comprehension, the task also served to attenuate novelty-related
EEG responses. Trials containing unrecognized words were excluded
from later behavioral and EEG analysis. Participants would have been
excluded from the experiment if they scored lower than 80%. However,
no participants scored below the threshold (M = 98.9%, SD = 2.3%).

2.4.2. Encoding task (Day 1)

Participants were told that they would encounter a series of images
and words, that each image would represent an event, and that each
word would represent the cause of the event. They were asked to provide
vividness ratings for each cause-event pair (i.e., the extent to which they
could imagine how the cause led to the outcome depicted in the event),
and were also told not to make preemptive judgements of whether the
cause seemed true or false. Next, they were told that they would see
corrections or affirmations to the cause. They were asked to remember
the event, cause, and correction or affirmation for a subsequent memory
test. Participants completed two practice trials to familiarize themselves
with the procedure.

In each trial, participants began by viewing an image depicting an
event (e.g., a house on fire) in the center of the screen (2s). After a
fixation cross (0.3-0.5s), they viewed a word indicating the cause of the
previous event (e.g., a stove) for 2 s. Participants then had up to 3 s to
rate how vividly they could imagine the relationship between the cause
and the event, using the 1 (low) to 5 (high) number keys. Following
another fixation cross (0.3-0.5s), they were presented with a correction
or affirmation. In the affirmation condition, participants saw the word
“True”. In the correction condition, they saw the word “False” (pre-
sented as a Simplified Chinese character). The inter-trial-interval was set
at 1 s (Fig. 1b). There were 180 unique scenarios (each consisting of an
event, cause, and correction or affirmation) which were evenly and
randomly split between affirmation and correction conditions. Each
scenario appeared twice throughout the task in different halves (i.e.,
first occurrence in the former 180 trials, second in the latter 180 trials),
resulting in a total of 360 trials. Participants took a self-paced break
every 20 trials.
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a. Experiment Timeline
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Note. a) Experiment timeline showing the order of task administration and duration of each task. b) Exemplar encoding trials in the correction condition. Each trial
began with an image depicting an event. Then, the cause of the event was shown as a word. After vividness rating, the veracity of the cause was shown (left, false
condition; right, true condition). Red outlines indicate ERP epochs of interest. ¢) Exemplar veracity judgement trial. Each trial began with a cause word from an
earlier encoding trial, displayed until a response was made, followed by a confidence rating (‘s’ and ‘k’ indicate which keys to press for low and high confidence
respectively). d) Participants completed a recognition and exposure task in which they made old/new judgements to words and images. Unbeknownst to participants,
this was divided into the Intact (e) and Separated (f) conditions. In the intact condition, events and causes were presented in their original order. In the separated
condition, events and causes were separated by a 20 trial gap. Text was translated to English from Simplified Chinese for this figure. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)

2.4.3. 3-Back task (Day 1)

After the encoding task, participants completed a 3-back working
memory task (approximately 10 min long) in which they had to deter-
mine if the current number shown on the screen was the same or
different to the number shown three trials ago. There were 240 trials,
and participants took a self-paced break every 60 trials.

2.4.4. Veracity judgement (Day 1)

Participants were told that they would see a series of causes from the
encoding task, and were instructed to try and remember, quickly and
accurately, whether that cause was corrected or affirmed. Participants
completed two practice trials before the task to familiarize themselves
with the procedure. In each trial, a cause word from the encoding task
was shown on screen. Participants had unlimited time to indicate using
the ‘a’ or ‘I’ keys (counterbalanced between participants) whether they
thought the cause was previously corrected or affirmed. After partici-
pants responded, they rated how confident they were in their answer
using the ‘s’ (low confidence) or ‘k’ (high confidence) keys without a
time limit. Finally, a fixation cross (0.3-0.5s) was presented before the
next cause word appeared on screen (Fig. 1c). Each cause word was
presented twice in different halves of the task (i.e., first occurrence in the
former 180 trials, second in the latter 180 trials), for a total of 360 trials.
Response times (RTs) were recorded.

2.4.5. Simultaneous recognition and exposure task (Day 2)

On Day 2 of the experiment, participants completed a recognition
task, in which they were instructed to determine if the images or words
that appeared on screen had previously been seen in the experiment on
Day 1. For each trial, a single stimulus (image or cause word) was pre-
sented in the center of the screen (1s) followed by a text prompt (1s)
signifying that a response could be made. When this text prompt
appeared, participants indicated whether they thought the stimulus was
old or new with the ‘a’ or ‘I’ keys, counterbalanced between participants.
A fixation cross was presented between trials (0.3-0.5s). All images and
cause words from Day 1 were shown twice, resulting in 720 trials con-
taining old stimuli. An additional 360 trials of new stimuli contained
new stimuli (i.e., lures, 180 new words and 180 new images), created to
resemble old stimuli both visually and semantically. A break was given
to participants every 180 trials.

Unbeknownst to the participants, the recognition task included two
experimental conditions. In the Intact condition (Fig. 1e), cause words
were presented immediately after their corresponding event images (i.
e., preserving the original event-cause order from Day 1). In the Sepa-
rated condition (Fig. 1f), cause words were presented after a temporal
lag (i.e., 20 trials after the corresponding event image). We included the
Separated condition to ensure that all stimuli were presented an equal
number of times to participants to control for absolute levels of stimulus
familiarity. Because we were primarily interested in false causes and
corrections, false causes trials were classified into three accuracy
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categories: Day 1 correct with fast RT (at or below the participant's
median RT), Day 1 correct with slow RT (above the median RT), and Day
1 incorrect. The cause-event pairs in these categories were split evenly
and randomly between Intact and Separated conditions. For true causes,
trials were classified into two categories: Day 1 correct and Day 1
incorrect, and were evenly and randomly assigned to Intact and Sepa-
rated conditions.

2.4.6. Veracity judgement (Day 2)

Immediately after the simultaneous recognition and exposure task,
participants completed a veracity judgement task identical to the ve-
racity judgement task on Day 1.

2.5. EEG processing

2.5.1. EEG acquisition

We recorded continuous EEG data using a 64-channel Waveguard
cap linked to an EEGO amplifier (10/20 system; ANT Neuro, Enschede,
Netherlands). The online sampling rate was 500Hz. The ground elec-
trode was set at AFz, and the online reference was set at CPz. A hori-
zontal electrooculogram (EOG) was placed 1.5 cm below the left
canthus. Before beginning EEG recording, impedance of all electrodes
was below 20 kQ. EEG recordings were obtained on both Day 1 and 2.
However, due to potential confounds with response time, EEG data for
the veracity judgement tasks are not analyzed, and we focus on EEG
during the encoding task only.

2.5.2. EEG preprocessing

EEG data were preprocessed with MATLAB 2021b, EEGLAB 2022.0
and ERPLAB 9.00 (Delorme and Makeig, 2004; Lopez-Calderon and
Luck, 2014). Three electrodes (EOG, M1, M2) were removed before
analysis, as EOG electrodes were used solely for artifact monitoring and
correction, and M1/M2 electrodes served as references during data
acquisition. The raw data were bandpass filtered between 0.1 and 40Hz
using EEGLAB's zero-phase FIR filter. To remove any line noise, a 50Hz
notch filter was applied. Channels that displayed abnormally high EEG
amplitudes or inactivity throughout the experiment were visually
detected and removed before interpolating (M = 4.00, SD = 2.66
channels removed). Segments containing large and persistent ampli-
tudes of noise (e.g., broadband deflections inconsistent with physio-
logical EEG activity) were then visually detected and removed from the
continuous data. Stimuli (including image, cause or veracity) that were
removed did not differ between true (M = 28.4, SE = 4.7 stimuli) and
false (M = 30.1, SE = 4.70 stimuli) conditions, t(49) = —1.26, p = .212.
To facilitate Independent Component Analysis (ICA), a 1Hz high pass
filter was applied and the data were downsampled to 250Hz. ICA was
performed on the continuous data, and resulting independent compo-
nents were labeled with the ICLabel toolbox (Pion-Tonachini et al.,
2019). Components that contributed highly to eye or muscle movements
were identified, and corrections were applied onto the dataset prior to
ICA (M = 3.82, SD = 1.62 components removed). After re-referencing
the data to the common average across all electrodes, epochs from
—200ms to 2000ms were created. Automatic artifact rejection was
applied to the epoched data on regions of interest (ROI) - any epoch
containing peak to peak differences over 100 pV (sliding time window of
200ms, step size of 100ms), or amplitudes greater than +75 pV was
rejected. ERPs were baseline corrected from —200 to Oms (stimulus
onset).

2.5.3. ERP quantifications

The FSW channels (Fz, F1, F2, F3, F4) and time window (1000-
2000ms) were based on the FSW's description as a frontal and central
component that manifested at around 1000ms (Forester et al., 2020;
Forester and Kamp, 2023; Kamp et al., 2017; Mecklinger and Kamp,
2023), and a visual inspection of grand mean waveforms (Fig. S1) sup-
ported this characterization. The P300 channels (CP1, CP2, Pz, P3, P4)
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was similarly defined based on prior descriptions of a centroparietal
positivity (Forester and Kamp, 2023; Kamp et al., 2017; Mecklinger and
Kamp, 2023). However, examination of the grand mean waveforms
(Fig. S1) revealed that the positivity began at around 200ms, earlier than
previously reported latencies (Mecklinger and Kamp, 2023). Therefore,
we adapted the time window here to 200-500ms to capture most of the
parietal positivity. Adaptive means were calculated as the mean
amplitude spanning 50ms in each direction of the peak value within
these predefined time windows (Nielsen and Gonzalez, 2020). The
minimum number of trials required in each condition was 8, and all
participants fulfilled this requirement (Moran et al., 2013).

3. Results

We first present behavioral results followed by ERP results. Standard
errors of the mean (SE) have been corrected for within-subjects com-
parisons for all following results (Morey, 2008).

3.1. Day 1 veracity judgements

During veracity judgement on Day 1, each stimulus appeared two
times in total. Responses were only counted as correct if both instances
of the stimuli were answered correctly. Otherwise, the response was
counted as incorrect.

First, we characterized the effects of corrections and affirmations on
memory. A paired t-test showed that accuracy for true causes (M =
66.4%, SE = 1.9%) was significantly greater than for false causes (M =
59.4%, SE = 1.9%), t(50) = 2.54, p = .014, d = 0.35 (Fig. 2a), suggesting
that affirmations were remembered to a greater extent than corrections.

We next examined RTs during veracity judgments. There was a sig-
nificant main effect of accuracy, F(1,50) = 53.5, p < .001, n% =0.517,
such that correct responses (M = 2.36s, SE = 0.08s) had faster RTs than
incorrect responses (M = 3.19s, SE = 0.08s). There was no main effect of
veracity, F(1,50) = 1.3, p = .262, ng = 0.025. Importantly, there was a
significant interaction between accuracy and veracity, F(1,50) = 13.8, p
< .001, nf, = 0.216. Post hoc tests revealed that for correct answers,
responses for true causes (M = 2.22s, SE = 0.04s) were faster than for
false causes (M = 2.50s, SE = 0.04s), t(50) = 4.52, p < .001, d = 0.37.
However, there was no difference for incorrect answers between true (M
= 3.27s, SE = 0.07s) and false causes (M = 3.11s, SE = 0.07s), t(50) =
1.74,p = .087,d = 0.13 (Fig. 2b). Results suggest that participants took
longer to accurately remember corrections than affirmations.

3.2. Day 1 confidence responses

Regarding confidence responses, there was a significant main effect
of accuracy, F(1,50) = 150.8, p < .001, ng = 0.751, such that correct
answers (M = 73.9%, SE = 1.8%) had a larger proportion of high con-
fidence ratings than incorrect answers (M = 42.5%, SE = 1.8%). There
was no main effect of veracity, F(1,50) =2.0,p =.163, ng =0.039. There
was a significant interaction, F(1,50) = 10.3, p = .002, ng =0.171. Post
hoc tests revealed that for correct answers, true causes (M = 77.0%, SE
= 2.2%) had significantly more high confidence responses than false
causes (M = 70.7%, SE = 2.2%), t(50) = 2.07, p = .044, d = 0.28. For
incorrect answers, false causes (M = 47.3%, SE = 1.7%) had more high
confidence responses than true causes (M = 37.7%, SE = 1.7%), t(50) =
4.01, p < .001, d = 0.46 (Fig. 2¢). These results show that correct
memory of affirmations was associated with greater confidence than
memory for corrections, while incorrectly remembering affirmations to
false causes was associated with higher confidence than incorrectly
remembering corrections to true causes.

To examine the association between confidence and RT, we used a
linear mixed-effect model with log RT as the outcome variable, fixed
effects of confidence and veracity, and random intercept effects of
participant and scenario (Table S1). Confidence was negatively associ-
ated with RT (b = —0.40, SE = 0.01, p < .001), while veracity was not
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Fig. 2. Day 1 Behavioral Results

Note. a) Veracity judgement accuracy for true and false causes on Day 1. b) response time and c) percentage of ‘high confidence’ responses in correct or incorrect
answers on Day 1, split by true and false causes. Error bars denote standard error. *p < .05, **p < .01, ***p < .001.

associated with RT (b = 0.02, SE = 0.02, p = .367). There was a sig-
nificant interaction between confidence and veracity (b = —0.14 SE =
0.02, p < .001). Simple slopes analysis showed that the effect of confi-
dence on RT was more negative for true causes (f = —0.47, SE = 0.02)
than false causes (f = —0.33, SE = 0.02), z = 6.39, p < .001. These
results suggest that while greater confidence is related to faster RTs,
confidence was more strongly related to RT for true causes.

3.3. Recognition accuracy

We next examined recognition accuracy during the simultaneous
recognition and exposure task as a manipulation check. If cause words in
the Intact condition had a higher recognition accuracy than those in the
Separated condition, this would indicate that presenting event images
before causes facilitated processing of the causes, suggesting that par-
ticipants were more likely to comprehend the misinformation as an
event-cause unit. During the simultaneous recognition and association

task, events and causes were shown twice in total. Responses were
counted as correct only when both occurrences were correct.

A 2 (Day 2 exposure type: Intact, Separated) x 2 (Cause veracity:
true, false) ANOVA revealed a significant main effect of exposure type, F
(1,48) =110.3,p < .001, nf) = 0.697. Intact conditions had significantly
higher accuracy than Separated conditions (Fig. 3a). There was also a
significant main effect of veracity, F(1,48) = 4.2, p = .046, nf, = 0.080,
such that true cause words had higher recognition accuracy compared to
false cause words. There was also a significant interaction between
exposure type and veracity, F(1,48) = 4.3,p = .044, Th% =0.082. Post hoc
tests revealed that Intact true causes (M = 93.1%, SE = 0.9%) had higher
accuracy than Intact false causes (M = 90.9%, SE = 1.1%), t(48) = 3.49,
p = .001, d = 0.32. There were no significant differences between
Separated true (M = 80.9%, SE = 1.5%) and Separated false (M =
80.8%, SE = 1.4%) causes, t(48) = 0.05, p = .963, d = 0.0. This suggests
that our manipulation was successful and that event images facilitated
recognition of true causes more than false causes.
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Fig. 3. Day 2 Recognition Accuracy and Difference in Accuracy

Note. a) Cause recognition accuracy in the Intact and Separated conditions, split across true and false causes. b) Difference in accuracy between Day 1 and Day 2 for
false causes assigned to intact or separated presentation conditions. Fast: below or equal median reaction time, Slow: above median reaction time when answering
correctly during retrieval Day 1, calculated individually for each participant. ¢) predicted probability of retaining correct memory for correction on day 2 based on
day 1 response time. Although RT was log-transformed, the x-axis shows actual (untransformed) response time values for easier interpretation. Error bars and shaded

regions denote standard error. **p < .01.
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3.4. Difference in memory for corrections between day 1 and day 2

We next examined the relationship between cause-correction asso-
ciations and memory for corrections, and whether seeing an intact
misinformation pairing in the simultaneous recognition and exposure
task modulated this relationship. To examine how memory for correc-
tions changed from Day 1 to Day 2, we calculated the difference in ac-
curacy between days. This was calculated by subtracting the number of
items correctly answered on Day 1 from the number of items correctly
answered on Day 2 that were also correct on Day 1. This can be repre-
sented as Correctpgy2n Correctpgy; — Correctpgy;. For example, if a
participant correctly answered 10 items on Day 1, but only correctly
answered 5 of those 10 items on Day 2, their difference in accuracy was
—5.

To examine the relationship between cause-correction associations
and delayed memory for corrections, we divided correct Day 1 veracity
judgements into slow (RT above the median) and fast (RT below or equal
to the median) trials for each participant individually (see Table S2 for
the mean and SD of fast, slow and incorrect judgements). We further
divided the analysis into Intact and Separated conditions, resulting in
four conditions (i.e., fast Intact, fast Separated, slow Intact and slow
Separated) for false causes. We did not consider RTs for true causes and
thus do not report these results.

A 2 (Day 2 exposure type: Intact, Separated) x 2 (RT: fast, slow)
ANOVA showed no main effect of exposure type, F(1,50) = 0.00, p =
.967, ng = 0.00, and no significant interaction between exposure type
and Day 1 response time, F(1,50) = 0.14,p =.709, ng = 0.003. However,
there was a main effect of Day 1 response time, F(1,50) = 9.49, p =.003,
1]1% = 0.159 (Fig. 3b). This suggests that faster response times on Day 1
resulted in a less negative difference score (i.e., better accuracy on Day
2) compared to slow Day 1 response times, but there was no difference
between Intact and Separated conditions.

Although difference scores are widely used to examine memory
change (Roheger et al., 2020), they may also be unreliable (Edwards,
2001). To address this potential concern, and to examine whether using
continuous RT data would result in a similar pattern of results, we used a
logistic mixed-effects regression model (glmer function, Ime4 package,
Bates et al., 2015) with the likelihood of a correct response on Day 2 as
the outcome variable, fixed effects of log-transformed day 1 RT (log RT)
and day 2 exposure (Intact vs. Separated), and their interaction. Random
intercept effects for participants and scenario were included (for full
model specification and results, see Table S3). We used a sum contrast to
code the day 2 exposure condition, which allowed us to examine main
effects of coefficients similar to an ANOVA. As seen in Fig. 3¢, we found
that log RT negatively predicted day 2 accuracy, with each 1-unit in-
crease associated with 36% lower odds of a correct response on day 2
(OR = 0.64, p < .001). Neither day 2 exposure condition (OR = 0.99, p
= .863) nor its interaction with log RT (OR = 1.03, p = .750) signifi-
cantly predicted day 2 accuracy. These results are consistent with the
ANOVA analysis and suggest that RT could predict delayed memory for
corrections.

3.5. ERP results

For the following ERP analyses, we first examined the subsequent
memory effect (SME) by dividing ERPs during encoding into subsequent
correct and incorrect veracity judgements. Then, motivated by obser-
vations that faster correct veracity judgements resulted in less difference
in accuracy (i.e., better accuracy) after a delay compared to slow correct
veracity judgements, we conducted exploratory analyses comparing
ERPs between subsequent fast and slow veracity judgements within
subsequently correct veracity judgements. For mean and standard de-
viation of remaining trials in each condition, refer to Table S5.

3.5.1. Encoding - event
We first examined the P300 when participants encountered an image
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depicting an event. A repeated measures ANOVA between veracity
condition (true, false) and subsequent accuracy (correct, incorrect) with
P300 amplitude as the outcome measure revealed no significant effect of
subsequent accuracy (F(1,49) = 3.53, p = .066, ng = 0.067), veracity (F
(1,49) = 0.65, p = .424, ng = 0.013), or interaction (F(1,49) = 1.57,p =
.216, nf) = 0.031). This suggested that there was no subsequent memory
effect for the P300 during event encoding.

We next compared ERPs within subsequently correct answers be-
tween fast and slow responses. A repeated measures ANOVA between
veracity (true, false) and subsequent RT (fast correct, slow correct)
showed a significant main effect of RT, F(1,49) = 5.54, p = .023, ng =
0.102, such that subsequent fast correct answers (M = 6.20 pV, SE =
0.12 pV) were associated with greater P300 than subsequent slow cor-
rect (M = 5.82, SE = 0.12) answers. However, after correcting for
multiple comparisons across image, cause and veracity stages for the
P300 using the FDR method, the difference was not significant (p =
.069). There was no main effect of veracity, F(1,49) = 0.10, p = .750, r]f,
= 0.002, and no interaction, F(1,49) = 0.40, p = .533, ng = 0.008.

To fully account for the continuous nature of RT, we also conducted
linear mixed models analysis with continuous log RT as the outcome
variable, fixed effects of P300 amplitude and veracity, and random
intercept effects of subject and stimulus (Table S6). A similar pattern of
results emerged: although P300 amplitudes were initially a significant
predictor of faster RTs (p = .040), they were not significant after cor-
recting for multiple comparisons across image, cause and veracity stages
(p =.063).

3.5.2. Encoding — cause

We next examined P300 when participants viewed the cause word. A
repeated measures ANOVA between veracity condition (true, false) and
subsequent accuracy (correct, incorrect) with P300 amplitude as the
outcome measure showed no significant main effect of subsequent ac-
curacy, F(1,49) =1.90,p = .174, ng = 0.037, no significant main effect
of veracity, F(1,49) = 0.12, p = .733, T]12> = 0.002, and no significant
interaction, F(1,49) = 1.24, p = .271, nf, = 0.025. A follow-up analysis
with RTs showed no significant main effect of subsequent RT, F(1,49) =
0.53, p = .469, n% = 0.011, no significant main effect of condition, F
(1,49) = 1.55, p = .219, nf, = 0.031, and no significant interaction, F
(1,49) = 3.15,p = .082, T]S = 0.060.

To examine whether associative encoding between cause and event
would aid subsequent veracity judgement, we analyzed the FSW when
participants viewed the cause word. A repeated measures ANOVA be-
tween veracity condition (true, false) and subsequent accuracy (correct,
incorrect) with FSW amplitude as the outcome measure showed no
significant main effect of subsequent accuracy, F(1,49) = 0.03, p =.863,
1]12, = 0.001, no significant main effect of veracity, F(1,49) = 0.17,p =
.680, ng = 0.004, and no significant interaction, F(1,49) = 0.17, p =
.680, ng = 0.004. A follow-up analysis between subsequently fast and
slow correct answers showed no significant main effect of subsequent
RT, F(1,49) = 2.25, p = .140, r]g = 0.044, no significant main effect of
veracity, F(1,49) = 0.58, p = .450, ng = 0.012, and no significant
interaction, F(1,49) = 0.67, p = .418, ng = 0.013. Overall, there was no
evidence that in-depth encoding or associative memory processes during
presentation of the cause word differed according to subsequent accu-
racy or RT. Analyses with continuous RT values using linear mixed
models showed the same pattern of results for the P300 and FSW
(Table S7 and S8; ps > 0.340).

3.5.3. Encoding - veracity

To examine whether in-depth encoding of a correction or affirmation
would be linked to subsequent veracity judgements, the P300 was
analyzed when participants encountered veracity information. A
repeated measures ANOVA between veracity condition (true, false) and
subsequent accuracy (correct, incorrect) with P300 amplitude as the
outcome measure showed no significant main effect of subsequent ac-
curacy, F(1,49) = 2.10, p = .154, ng = 0.041, and no significant
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interaction, F(1,49) =3.11,p =.084, Th% = 0.060. There was a significant
main effect of veracity, such that affirmations (M = 0.47 pV, SE = 0.09
pV) were associated with greater P300s than corrections (M = 0.15 pV,
SE =0.09 pV), F(1,49) = 6.05,p =.017, nﬁ =0.110 (Fig. 4a—c). A follow-
up analysis between subsequent fast and slow correct answers showed
that there was no significant main effect of subsequent RT, F(1,49) =
0.49,p = .487, r]f, = 0.010, no main effect of veracity, F(1,49) = 0.82, p
= .368, ng = 0.017, and no significant interaction, F(1,49) = 0.08,p =
.780, 1112) = 0.002. Although analyses with continuous RT values initially
showed that P300 amplitudes were a significant predictor of RT (p =
.042), they were not significant after correcting for multiple compari-
sons (Table S9; p = .063).

Although it is unclear whether associative memory processes elicited
during encoding of corrections or affirmations would reflect associations
with the event or the cause specifically, examining the FSW SME can
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inform us about whether general associative processes are associated
with subsequent memory. To this end, we analyzed the FSW when
participants read corrections or affirmations. A repeated measures
ANOVA between veracity condition (true, false) and subsequent accu-
racy (correct, incorrect) with FSW amplitude as the outcome measure
revealed no significant main effect of subsequent accuracy, F(1,49) =
0.33, p = .569, nf, = 0.007, and no main effect of veracity, F(1,49) =
2.43,p = .126, ng = 0.047. The interaction was also non-significant, F
(1,49) = 3.51, p = .067, 2 = 0.067.

A follow-up analysis between subsequent fast and slow correct an-
swers revealed a significant effect of veracity, F(1,49) = 7.85, p = .007,
ng = 0.138, such that corrections (M = 2.23 pV, SE = 0.36 pV) elicited a
greater FSW compared to affirmations (M = 0.82 pV, SE = 0.36 pV), as
seen in Fig. 4b and d. Correcting for multiple comparisons with the FDR
method (including FSW-RT analyses in the veracity and cause stages)
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Fig. 4. P300 and FSW Associated with Corrections and Affirmations

Note. ERP and scalp topography showing main effects of veracity in a) Parietal P300 and b) FSW, time-locked to corrections or affirmations (epoch outlined in red).
Adaptive mean amplitude in c) Parietal P300 and d) FSW. Error bars denote standard error. *p < .05. (For interpretation of the references to color in this figure

legend, the reader is referred to the Web version of this article.)
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did not alter the significance of this finding (p = .014). However, there
was no main effect of RT, F(1,49) = 0.10, p = .754, nf, = 0.002, and no
interaction, F(1,49) = 0.07, p = .795, ng = 0.001. FSW amplitude
similarly did not predict continuous RTs (Table S10, ps > 0.131).

Overall, results indicated that when learning about veracity, in-
depth encoding and associative memory processes did not differ for
subsequent correct and incorrect veracity judgements. However, in-
depth encoding during affirmations was greater than during correc-
tions, and within subsequent correct answers, corrections elicited a
greater FSW than affirmations.

3.5.4. Relationship between day 1 encoding and day 2 behavior

To examine whether Day 1 encoding ERPs showed an SME for ve-
racity judgement accuracy on Day 2, we conducted 2 (Cause veracity:
true, false) x 2 (Day 2 accuracy: correct, incorrect) repeated measures
ANOVAs on the same components and epochs as before. No significant
main effect of accuracy on Day 2 or interactions were observed for all
components and epochs (ps > 0.05). For detailed statistics, please refer
to Supplementary Material F.

4. Discussion

Misinformation often continues to influence judgement and decision
making even after its correction (Ecker et al., 2022). In this study, we
sought to uncover the mechanisms behind successful and unsuccessful
corrections to causal misinformation by examining neural activity while
participants encoded events, causes and corrections or affirmations. We
also examined how cause-correction associations related to delayed
memory for corrections, and whether this relationship was modulated
by viewing intact and separated cause-event pairs. We next discuss our
results in greater detail.

4.1. Veracity judgement accuracy

Our results are consistent with prior work showing that corrections
are remembered to a lesser extent than affirmations (Brydges et al.,
2020; Gordon et al., 2017). Participants also took a longer time to
remember corrections than affirmations and were more confident when
failing to remember corrections than when failing to remember affir-
mations. These results suggest that it may be more difficult to retrieve
corrections compared to affirmations, and that people may be confident
even when they do not remember corrections.

4.2. Delayed memory for corrections

Memory for corrections to misinformation diminishes over time
(Swire-Thompson et al., 2023). There may be substantial variation in
how different people believe in misinformation (Porter and Wood, 2024;
Walter and Murphy, 2018), but less is known about the heterogeneity in
memory for corrections. We hypothesized that the strength of
misinformation-correction associations would be linked to delayed ve-
racity judgements. We attempted to measure the strength of this asso-
ciation by recording participants’ response times (RTs) when recalling
corrections or affirmations originally associated with a cause (Dewhurst
et al., 2006; Wixted and Stretch, 2004; Eimas and Zeaman, 1963). Some
support for our hypothesis was found: faster RTs when correctly
remembering corrections on Day 1 predicted a greater likelihood of
remembering those corrections on Day 2, and greater confidence was
linked to faster RT judgements. However, given that RT was only
measured during retrieval, it is also possible that RTs instead reflect
enhanced retrieval processes that could covary with the distinctiveness
of cause words (i.e., reduced interference from similar causes). This was
not investigated in our study, and the relationship between distinc-
tiveness and correction recollection could be an interesting avenue for
future research.

Another variable that may influence delayed memory for corrections
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is whether people are exposed to misinformation again after it is cor-
rected. The illusory truth effect posits that reading or comprehending
statements can increase their perceived truthfulness (Fazio et al., 2015;
Gilbert et al., 1990). However, it is unclear if the effect persists when
statements have already been corrected. We attempted to address this
gap by showing participants intact or separated cause-event pairings
during a simultaneous recognition and exposure task. Viewing intact
cause-event pairs did not seem to impact memory for corrections rela-
tive to viewing separated pairs, which suggests that the illusory truth
effect may be weak if statements have already been corrected. On the
other hand, it can be argued that presenting events and causes without
explicitly instructing participants to evaluate them propositionally may
elicit different mental processes than reading sentences, headlines or
narratives in traditional illusory truth effect experiments. Although this
is true, we note that participants were previously instructed to interpret
words following images propositionally on Day 1 (i.e., interpret the
word as the cause for the preceding image), which may have resulted in
similar processing of causes and events during the simultaneous recog-
nition and exposure task. Indeed, greater recognition performance in the
Intact than Separated condition suggested that viewing event images
facilitated the recognition of cause words at a higher rate for intact than
separated pairs. Interestingly, we also found that causes in the Intact
condition were recognized more frequently for true than false causes.
Although this was not our primary focus, this suggests that either cor-
rections weakened the strength of cause-event pairs, or affirmations
strengthened the pair. Future research could examine this at a deeper
level for greater insight into correction mechanisms.

4.3. Electrophysiological findings

In addition to behavioral results, analyzing electrophysiological ac-
tivity can provide insight into how encoding processes differ between
subsequent accuracy and veracity condition. We examined how the
P300 and FSW during event, cause, and veracity encoding related to
subsequent veracity judgment accuracy and RTs, which reflected how
well participants could retrieve corrections and affirmations. The P300
and FSW SME index in-depth encoding and associative encoding pro-
cesses respectively (Forester and Kamp, 2023; Johnson, 1995; Kamp
et al., 2016, 2017; Kim et al., 2009). We did not observe SMEs during
event, cause, or veracity encoding. This was surprising, as existing
research finds that associations between misinformation corrections are
important in veracity judgements (Gilbert et al., 1990, 1993), suggesting
that SMEs should arise when encoding corrections. However, strong
conclusions to the contrary cannot be made based on our non-significant
findings alone, highlighting the need for further work in this area. We
provide a few speculations on why we did not find the SME here. Firstly,
previous work on the continued influence effect has shown that the
effectiveness of corrections could depend on the extent to which
incomplete event models cause discomfort (Susmann and Wegener,
2021), or the extent to which participants generated an alternative
explanation for an event (Lewandowsky et al., 2012), processes that
ERPs may struggle to capture. Secondly, SMEs that reflect successful
encoding of corrections and affirmations may manifest in longer
time-windows. For example, Forester and Kamp (2023) discovered SMEs
in 6000ms time-windows, covering an entire trial in which participants
encoded a pair of images one after the other. Finally, when participants
encountered a repeated scenario during encoding, they may have paid
less attention or adjusted their strategy in a non-systematic way,
resulting in increased noise in the final ERPs.

When examining neural activity associated with encoding correc-
tions and affirmations, we found that corrections elicited a weaker P300.
Outside of SME studies, lower P300 amplitudes have been linked to
increased task difficulty and memory load (Kok, 2001; Scharinger et al.,
2017), while greater P300 amplitude has been linked to more effective
encoding of misinformation corrections (Guo et al., 2025). Together,
this suggests that corrections in our experiment may have been more
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difficult than encoding affirmations and thus less effectively encoded. By
reinforcing existing event-cause associations, affirmations may have
elicited greater fluency compared to corrections that prompt revision of
prior beliefs, thus being easier to process. Indeed, greater working
memory capacity and central executive function have been shown to
correlate with reduced CIE (Brydges et al., 2018; Jia et al., 2020), sug-
gesting that the capacity to update information in working memory is an
important component of correcting misinformation.

Within subsequently remembered corrections and affirmations,
corrections were associated with a greater FSW amplitude than affir-
mations. However, a nuanced interpretation of this effect is difficult,
given that FSW amplitudes have been known to fluctuate with working
memory load (McEvoy, 1998; Monfort and Pouthas, 2003; Rama et al.,
2000), cognitive control (West and Travers, 2008), prediction error (Van
Petten and Luka, 2012), and negation processes (Herbert and Kissler,
2014). Thus, while the more positive FSW for corrections suggests that
corrections and affirmations are processed differently, the present data
do not permit a more fine-grained attribution of this effect to any single
underlying mechanism.

4.4. Limitations and future directions

Limitations should be noted. During veracity judgments, only the
cause of an event was used as a cue, whereas outside the laboratory, we
tend to encounter causes with their corresponding events. However, this
was necessary for our experiment to obtain a sensitive measure of
response time, as presenting event cues before or after the cause would
elicit additional recollective processes before participants were able to
respond. Additionally, to increase trial counts for SME analyses, we
presented each trial twice during encoding. Neural activity in response
to trial repetitions may differ from first exposure, and observed effects
may be confounded with recognition or recollection processes.

Future research on refuting misinformation should consider
analyzing response times to assess whether interventions are more
effective for certain types of misinformation. In cases where collecting
longitudinal data is difficult, response times may also be a viable indi-
cator to predict delayed memory for corrections. The present study did
not examine retrieval-related ERP components, which limits our insight
into how retrieval mechanisms influence memory for misinformation
corrections. Future research could examine these components (e.g., late
positive component, FN400, or feedback and error related components)
to explore how the neural correlates of correction retrieval relate to
long-term correction retention.

4.5. Conclusion

Given the potential dangers of misinformation and its persistent in-
fluence after correction, the present experiment recorded electrophysi-
ological activity while participants encoded events, causes and
corrections, and examined their relationships with subsequent memory
for corrections. We found no evidence that ERPs were related to sub-
sequent memory for corrections, but found that corrections may have
been more difficult to process compared to affirmations. Re-exposure to
misinformation did not modulate delayed memory for corrections.
However, stronger initially correct memories for corrections predicted
more accurate memory for corrections after the delay, suggesting that
future interventions could consider measuring response times to target
weaker correction memories and improve the long-term effectiveness of
corrections.
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