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ARTICLE INFO ABSTRACT

Keywords: After misinformation has been corrected, people initially update their belief extremely well. However, this
Misinformation change is rarely sustained over time, with belief returning towards pre-correction levels. This is called belief
Belief regression regression. The current study aimed to examine the association between memory for the correction and belief
y:lli:?:l); dating regression, and whether corrected misinformation suffers from belief regression more than affirmed facts. Par-

ticipants from Prolific Academic (N = 612) rated the veracity of 16 misinformation and 16 factual items and were
randomly assigned to a correction condition or test-retest control. Immediately after misinformation was cor-
rected and facts affirmed, participants re-rated their belief and were asked whether they could remember the
items’ presented veracity. Participants repeated this post-test one month later. We found that belief and memory
were highly associated, both immediately (p = 0.51), and after one month (p = 0.82), and that memory
explained 66% of the variance in belief regression after correcting for measurement reliability. We found the rate
of dissenting (accurately remembering that misinformation was presented as false but still believing it) remained
stable between the immediate and delayed post-test, while the rate of forgetting quadrupled. After one month,
57% of participants who believed in the misinformation thought that the items were presented to them as true.
Belief regression was more pronounced for misinformation than facts, but this was greatly attenuated once pre-
test belief was equated. Together, these results clearly indicate that memory plays a fundamental role in belief
regression, and that repeated corrections could be an effective method to counteract this phenomenon.

1. Introduction being more relevant to the real world. Studies that include a delayed

retention interval have found belief regression to be a robust phenom-

After misinformation has been corrected, individuals initially update
their belief extremely well. However, this belief change is rarely sus-
tained over time, with participants’ belief in misinformation returning
towards their pre-correction levels (Kowalski & Taylor, 2017; Swire,
Ecker, & Lewandowsky, 2017). We refer to the phenomenon where
people appear to re-endorse or “re-believe” in the original misinforma-
tion over time as belief regression. Where the continued influence effect
refers to the general continued use of corrected misinformation in
memory and reasoning, belief regression is the temporal impermanence
of the correction’s efficacy. The vast majority of misinformation
research examines belief change immediately after corrections have
been presented (Dias & Sippitt, 2020), despite longer-term belief change

enon (Berinsky, 2017; Carey et al., 2022; Rich & Zaragoza, 2020),
although its mechanisms remain unknown. We aimed to examine the
association between memory and belief regression after the correction of
misinformation, and whether corrected misinformation suffers more
from belief regression than affirmed facts.

1.1. Memory and belief updating

It has long been established that memory plays a vital role in the
correction of misinformation (Seifert, 2002), yet the exact association
between memory and belief remains unknown. Intuitively, in order for a
person to believe an item to be false, they must remember that it was
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presented as false. Indeed, Wahlheim, Alexander, and Peske (2020)
found that belief in misinformation was lower when corrections were
remembered than when they were not, and that corrective reminders
increased the accuracy of participants’ beliefs. The cognitive mecha-
nisms usually assumed to be motivating the continued influence effect
often rely upon models of memory—namely that there have been fail-
ures to either retrieve the correct information, or failures to integrate the
new information into one’s mental model (see Sanderson & FEcker,
2020). The mental-model account assumes that people create “mental
models” of events or causal situations, and the continued influence effect
occurs when a relevant correction is encountered, yet there is a failure to
integrate and update the model. Studies from the educational literature
have also relied upon memory models to explain the success of refuta-
tional corrections, where the misconception is directly followed by evi-
dence explaining why it is incorrect. Kendeou and O’Brien (2014) argue
that it is the co-activation of the misconception and corrective infor-
mation that facilitates the new information’s integration into memory
representations.

Belief in the corrective information (and thus disbelief in the
misinformation) is also integral to successful belief updating. To illus-
trate, O’Rear and Radvansky (2020) investigated whether the continued
influence effect was partially due to people failing to believe corrections.
Participants read a fictitious scenario involving a minibus accident,
where passengers were first presented as elderly, and subsequently
revealed to not be elderly. A large proportion of participants, over 40%
of those who remembered the correction, did not believe in the veracity
of the correction. The participants who did not accept the correction as
valid used the misinformation in their inferential reasoning at a similar
rate as those who never received a correction at all. In other words,
participants continued to use the outdated misinformation in their
reasoning simply because they did not believe that the correction was
accurate or genuine.

1.2. Memory and belief regression

A core aspect of paradigms that include a delay is that participants
must recall the information as false to maintain belief change over time.’
Several findings suggest that particular aspects of memory failures may
underlie belief regression. Gilbert (1991) proposed that understanding
information as false is more effortful than the acceptance of information
as true, and it is often assumed that a “false tag” is attached to inaccurate
statements as a contextual detail. Failures of recollection, a process
thought to allow for the retrieval of contextual details (Yonelinas, 2002),
could lead to the retrieval of the information without the false tag,
resulting in its inadvertent acceptance (Schacter, 2008). Older adults are
more prone to belief regression than younger adults (Swire, Ecker, &
Lewandowsky, 2017), which aligns well with age-related memory
decline and older adults being particularly poor at recollection (Dennis,
Gutchess, & Thomas, 2020).

However, it is possible that people on occasion correctly recall the
false tag, but increase belief in the corrected misinformation nonethe-
less. For instance, people could forget other associated details such as
the specific reasons explaining why misinformation is false, or that the
information came from a reputable source. Conceptually, the latter
would be the opposite of the sleeper effect (Hovland, Lumsdaine, &
Sheffield, 1949), where messages become more persuasive over time
due to the forgetting or dissociation of the message and the disreputable
source. In sum, it is important that the correction remains persuasive as
time passes (Hill, Lo, Vavreck, & Zaller, 2013). Rich, Van Loon,
Dunlosky, and Zaragoza (2017) found participants who believed in

! This is in contrast to directed forgetting, where participants are instructed
to forget presented items (Zacks, Radvansky, & Hasher, 1996), or the recall to
reject paradigm, where participants recall presented items to reject new foils
(Gallo, Bell, Beier, & Schacter, 2006).

corrective feedback updated their belief more frequently, and were also
more likely to report correct answers one week later than those who did
not. Thus, belief regression may partially occur due to participants
increasingly “dissenting”: accurately remembering that the misinfor-
mation was presented as false but maintaining belief in the
misinformation.

1.3. Asymmetry in belief regression

Finally, it is still an open question whether belief regression is asym-
metrical, with affirmed facts showing more sustained belief change than
corrected misinformation (Skurnik et al. 2007, as cited by Schwarz,
Sanna, Skurnik, & Yoon, 2007). Importantly, asymmetry would suggest
that different mechanisms underlie fact affirmation and misinformation
correction (see Swire, Berinsky, Lewandowsky, & Ecker, 2017). However,
another potential reason for this asymmetry is that misinformation and
fact stimuli used in research already have asymmetrical beliefs prior to
affirmations/corrections. In other words, facts might already be perceived
as more true than misinformation is perceived to be false. This would
make it more difficult to correct misinformation, given that further belief
change is necessary. It would also create unequal scaling issues such as
regression to the mean, given that the facts are closer to the ceiling than
misinformation is to the floor. Previous literature reporting asymmetric
belief updating has either not measured pre-existing beliefs at all (Skurnik
et al. 2007 as cited by Schwarz et al. (2007); Peter & Koch, 2016), or has
not controlled for it (Swire, Ecker, & Lewandowsky, 2017). We aim to
determine if belief regression asymmetry still occurs after correcting for
scaling effects, which could potentially provide support for mechanistic
differences between misinformation and facts.

1.4. The current study

The goals of this study were to investigate (1) the association be-
tween memory for the correction and belief in the misinformation both
immediately and after a one-month delay; (2) the amount of variance
that memory accounts for in belief regression; (3) the degree to which
belief regression occurs due to “dissenting” (accurately remembering
that the misinformation was presented as false but still believing in it) or
forgetting (inaccurately remembering that the misinformation was
presented as true and believing in it), and (4) to replicate whether
corrected misinformation suffers from more belief regression than
affirmed facts (i.e., belief regression asymmetry), even after items are
equated at pre-test.

2. Methods
2.1. Design

This was a longitudinal study with three groups (correction memory-
first vs. correction belief-first vs. test-retest control) assessed at three
different time points (pre-test, immediate post-test, and one-month
delayed post-test). We counterbalanced post-test memory and post-test
belief blocks to examine if participants changed their belief ratings
based upon prior memory ratings (or vice versa).

2.2. Participants

Prolific Academic was selected to recruit participants, as it is more
diverse in age, race, and education than other samples of convenience
(Peer, Brandimarte, Samat, & Acquisti, 2017). The only selection criteria
were that the participants were over the age of 18 and from the U.S.A.
There were 699 participants recruited in the pre-test and 612 completed
the one-month post-test (88% retention). In our final sample there were
298 males, 298 females, and 16 individuals choosing not to disclose
their gender. Participants’ age ranged between 18 and 75 (M = 33.78,
SD = 11.86, see Fig. S1). Participants were randomly assigned to either
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the correction with memory first condition (N = 202), correction with
belief first condition (N = 208), or the control condition (N = 202; see
Table S1 for demographic distributions across conditions).

2.3. Procedure

Using Qualtrics software (Qualtrics, Provo, UT), participants first
read a Northeastern University approved consent form (#19-04-90) and
agreed to participate in the study. In the pre-test, all participants rated
16 facts and 16 misinformation items in a randomized order for (a) how
much they believed them to be true (0 = definitely false; 5 = unsure, and
10 = definitely true), and (b) how much they had considered the claim
in the past (0 = not at all; 10 = a great deal). They were instructed to
answer higher on the scale if they had spent a long time contemplating,
considering, or deliberating the information. Items were presented on
the screen one at a time and all items were rated before moving on.
Participants in the correction conditions were next shown corrections
(for the misinformation) and affirmations (for the facts), which also
appeared on the screen one at a time in a randomized order. For each
item, participants were asked to rate how surprised they were on a 0-10
scale to ensure that participants read the corrections and affirmations
(as in Swire-Thompson, Miklaucic, Wihbey, Lazer, & DeGutis, 2022).

In the immediate post-test, all participants re-rated their beliefs for
each item, presented in a randomized order. The instructions were “Next,
please rate the same statements again on a 0-10 scale for whether or not
you believe them to be true” (0 = definitely false; 5 = unsure, and 10 =
definitely true). Participants in the correction conditions also completed a
memory block, where they were told “This is now a memory test. Can you
remember whether we told you that these statements were true or false?”
Participants were asked to respond on a 0-10 scale (0 = definitely false; 5
= unsure, and 10 = definitely true), and all items were presented on one
page in a randomized order. The memory block and belief block were
counterbalanced such that half of the correction condition participants
received the memory block first and half received the belief block first.
After one month, participants were invited to participate in the delayed
post-test, which was identical to the immediate post-test. Participants in
the control condition rated their belief again, while those in the correction
conditions re-rated both memory and belief in their assigned order.

2.4. Stimuli

Stimuli were 32 items selected primarily from Swire-Thompson et al.
(2022) chosen for their high test-retest reliability (see Swire-Thompson
et al., 2022 for a description of how they were created). Selected items
ranged from p = 0.50 to p = 0.75, and all corrections were designed to
have similar word counts (M = 57.44, SD = 3.60). See Table 1 for an
example item, Table S2 for all misinformation, and Table S3 for all facts.
All corrections repeated the initial statement, included a false tag, a
reputable source, and provided an explanation as to why the misinfor-
mation was false. Similarly, all affirmations repeated the initial statement,
included a true tag, a reputable source, and provided an explanation as to
why it was true. Participants’ pre-test belief rating was also displayed at
the bottom of each correction and affirmation (as in Swire-Thompson

Table 1
Example misinformation and correction.

Misinformation Correction

Mercury in vaccines can
cause harm

Mercury in vaccines can cause harm

This is false

There are two types of mercury. Methyl mercury builds
up in the body and is toxic. Ethyl mercury—the type
within vaccines—is excreted rapidly from the body. In
2006, an expert panel assembled by the World Health
Organization concluded that there was “no evidence of
toxicity in infants, children or adults exposed to
[mercury] in vaccines”.

et al.,, 2022) to promote co-activation between original belief and the
correction or affirmation. The overall test-retest reliability of the misin-
formation stimuli (aggregated across all items, calculated from the control
group) was p = 0.93 and p = 0.80 for the immediate and delayed con-
ditions, respectively. The test-retest reliability of the fact stimuli was p =
0.92 and 0.71 for the immediate and delayed conditions, respectively.

2.5. Sample size justification

Belief regression effect sizes vary substantially ranging from np? =
0.04 (small) to 0.43 (large; Rich & Zaragoza, 2020). One main analysis
was a 2 x 2 repeated measures ANOVA, with the dependent variable
misinformation belief, within-subjects factor post-test retention interval
(immediate vs. delayed), and between-subjects factors correction
(correction vs. control). If we take the smallest effect size from previous
studies (7p? = 0.04), a power analysis conducted by G*Power3 (Faul,
Erdfelder, Buchner, & Lang, 2009) recommends a sample size of 80
participants (for effect size f = 0.20 with « = 0.05, power = 0.95 and a
moderate correlation between repeated measures, r = 0.50). Given that
the memory component of this study is unknown, particularly with
regards to how memory and belief interact, we aimed to boost the
sample size substantially to detect an effect of f = 0.10, requiring 328
participants. We further boosted the total sample to a total of >600 to
achieve 400 participants in the correction conditions. This provided
added sensitivity to detect individual differences associated with the
belief regression index.

3. Results
3.1. Participants

We first sought to determine if our correction and control groups
were well-balanced across demographic and baseline belief variables.
There were no significant differences between the correction memory-
first group, correction belief first-group, and control group for age (p
= .805), education (p = .534), gender (p = .249), partisanship (p =
.453), or baseline beliefs (p = .129). See Table S1 for details.

3.2. The influence of reporting memory prior to belief

We next investigated whether rating memory prior to belief influ-
enced belief ratings. Focusing on the correction conditions only (i.e.,
disregarding the control), a 2 x 2 between-within ANOVA with factors
block order (memory first vs. belief first) and retention interval (imme-
diate post-test, delayed post-test) on belief ratings did not reveal any main
effects of block order (p = .251) nor an interaction with retention interval
(p =.519). We replicated this analysis using Bayes factors (BFs) given that
this method can quantify relative evidence favoring the null hypothesis.
The findings can be expressed as either BF;( which quantifies support for
the alternative hypothesis, or BFy; which quantifies support for the null
hypothesis. A BF between 1 and 3 provides anecdotal evidence, 3-10
provides moderate evidence, 10-30 provides strong evidence, 30-100
provides very strong evidence, and a BF >100 constitutes extreme evi-
dence (Wagenmakers, Marsman, Jamil, et al., 2018). We found moderate
evidence that there was no main effect for block order (BFy; = 4.99) nor
block order x retention interval interaction (BFg; = 6.76).

For completeness, we also tested whether rating belief first influ-
enced subsequent memory ratings. We conducted a 2 x 2 ANOVA with
factors block order (memory first vs. belief first), retention interval
(immediate post-test vs. delayed post-test) on memory ratings. There
was no main effect of block order (p =.367), nor a retention interval x
block order interaction (p = .778). We also found moderate evidence
using BFs that there was no main effect for block order (BFy; = 7.50) nor
block order x retention interval interaction (BFy; = 9.89). Given that
presentation order did not impact post-test memory or belief, we
collapsed across block order in all subsequent analyses.
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3.3. The association between memory and belief after corrective
information

In order to investigate the association between memory for the
correction and belief in the misinformation, we ran correlations at both
the immediate and delayed post-tests. As seen in Fig. 1, belief in cor-
rected misinformation was correlated highly with memory in both the
immediate post-test (p = 0.51, p < .001) and the delayed post-test (p =
0.82,p < .001).” While the relationship between memory and belief was
significantly stronger at one month than immediately after correction (Z
= -10.61, p < .001, 95% CI = [—0.40, —0.26]), this is likely due to
severe floor effects for memory in the immediate post-test restricting the
range of beliefs. For facts, memory and belief were similarly highly
correlated at the immediate (p = 0.51, p < .001) and delayed post-test (p
= 0.85, p < .001), with the delayed post-test correlation being signifi-
cantly stronger than immediate (Z = —11.22, p < .001, 95% CI =
[-0.41, —0.27]), as seen in Fig. S2.

3.4. The role of memory in belief regression

It is clear that memory for the correction and belief were highly
associated at the same time-point. We next wanted to test whether
memory for the correction at the delayed time-point explained the degree
to which beliefs increased from immediate to one-month post-correction
(i.e., belief regression). To this end, we first confirmed that there was a
significant belief regression effect by conducting a 2 x 2 between-within
ANOVA on misinformation belief with between-subjects factors correc-
tion (correction vs. control), and within-subjects factors post-correction
retention interval (immediate vs. 1 month). We found an interaction be-
tween correction and retention interval, showing that the impact of the
correction indeed changed over time (F (1, 610) = 178.01; p < .001; MSE
= 0.98; 7p? = 0.23). This can be seen in Fig. 2, which shows belief change
in the control and correction condition. We found a similar interaction
between control vs. affirmation of facts and retention interval, (F (1, 610)
= 195.67; p < .001; MSE = 0.59; np? = 0.24), see Fig. S4.

In order to investigate memory’s role in belief regression we created
a belief regression index (b). We chose this index because it accounts for
both the amount that a belief reduces as well as the amount that it re-
bounds. The equation is as follows, where p = pre-test belief ratings, i =
immediate post-test rating, and d = delayed post-test ratings.

d—i

b= -
p—i

If belief regressed to the exact rating where it started, the b value
would be 1. If belief regression falls between 0 and 1, this indicates that
the pre-test remains higher than the delayed post-test; we expected the
vast majority of participants to fall between these bounds. If belief
regression is above 1, the belief has backfired, with people rating the
post-test above the pre-test. Finally, if participants reduce their belief
even more after a delay than immediately, the b value will be <0.°

As can be seen in Fig. 3, collapsed across items, 77.81% of partici-
pants exhibited belief regression indices that fell between 0 and 1. Only

2 For robustness, we also examined this at the item level, collapsed over
participants. The immediate post-test was non-significant due to severe floor
effects p = 0.09, p = .755; See Supplementary Fig. 3), and the delayed post-test
replicated this finding (p = 0.83, p < .001).

3 We excluded all participants for which this interpretation does not hold
true. We removed participants (1) who backfired both immediately and after a
delay and thus had a belief regression index below zero (N = 6), (2) who
backfired immediately and then reduced and thus had a belief regression index
between 0 and 1 (N = 2), and (3) those with belief regression index denomi-
nator of 0, since this produces an undefined value (N = 1). Note that this
involved removing 2.2% of participants in the correction conditions and 1.4%
of total data.

11.97% reduced their belief even more in the delayed condition than the
immediate condition as shown by participants below 0, and 10.22%
increased their belief (or backfired) as shown by those above 1. Next, we
examined the extent to which delayed memory accounts for belief
regression. We performed a Spearman correlation and found that poorer
memory at the delayed post-test was significantly correlated with a
greater belief regression index (p = 0.58, p < .001). Note that using a
subtraction score capturing the difference between memory at one-
month and the immediate post-test produced similar results, p = 0.56,
p < .001. We focus on the delayed post-test given that subtraction scores
are often less reliable (Cronbach & Furby, 1970).4

To better understand the strength of the relationship between
delayed post-test memory and the belief regression index, we sought to
calculate the theoretical upper bound of the correlation. This is the
correlation that would be expected if their true correlation was 1.0, once
reliability is taken into account (Schmidt & Hunter, 1996). To determine
this, we calculated the reliability of memory at the delayed post-test
(Cronbach’s alpha = 0.85) as well as the Spearman-Brown-corrected
split-half reliability of the belief regression index (p = 0.61). We found
that the upper-bound correlation considering their reliability was 0.72
(geometric mean of 0.61 and 0.85). The relationship between memory
and the belief regression index was 0.58/0.72 = 0.81, suggesting that
memory at the delayed post-test accounted for 66% of the variance in
the belief regression index after correcting for measurement reliability.

For both robustness and converging evidence, we also examined
associations between variations in the belief regression index and
memory on the item level, collapsed over participants. Using a
Spearman correlation, we found that items that were less well remem-
bered had significantly larger belief regression indices (p = 0.65, p =
.008). While there were only 16 items and thus findings must be inter-
preted with caution, this provides additional evidence that memory
plays an important role in belief regression. See Fig. S5 for the corre-
lation between belief regression index and memory for affirmed fact
items (p = —0.54, p < .001).

We next checked whether age correlated with the belief regression
index, given that older adults have previously been shown to have
greater belief regression (Swire, Berinsky, et al., 2017). We found that
the correlation between age and the belief regression index was non-
significant (p = 0.02, p = .736). However, given that we only had four
individuals over the age of 65 in our sample, this restriction of age range
may have limited our ability to detect a correlation. Finally, we corre-
lated how surprised participants were that the misinformation was false
(averaged across items) with the belief regression index. This was to test
whether inaccurate information was updated more successfully if an
individual is more surprised when it turns out to be false (Butler, Fazio
and Marsh, 2011; Metcalfe, 2017). We indeed found that surprise was
negatively correlated with the belief regression index (p = —0.11, p =
.031), showing that people who were more surprised immediately after
the correction had a lower belief regression index.

3.5. Dissenting vs. forgetting over time

To further investigate whether memory, reduced belief, or both un-
derlies belief regression, we examined belief and memory ratings of each
participant for each item. This allowed us to identify the prevalence of

4 We examined whether belief regression was associated with the extent that
people had considered the claim. If participants’ had spent a good deal of time
contemplating it, we would expect them to be more resistant to belief change,
both immediately after a correction and in a delayed post-test. We investigated
the association between consideration and (1) the belief regression index, (2)
belief change from pre-test to immediate post-test, (3) belief change from im-
mediate to delayed post-test, and (4) immediate to delayed post-test memory
change. These were all non-signification after the Bonferroni-Holm correction
was applied (adjusted p = .052, 0.216, 1.00 and 1.00, respectively)
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Immediate Post Test
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Delayed Post Test

10+
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(&)}

Belief

Fig. 1. Correlation between participants’ memory for correction veracity and belief in misinformation (collapsed across items) immediately after the correction

(left), and one month after the correction (right).

Control Condition

Correction Condition

Belief Rating
@ & e O O

Belief Rating

N W s~ OO N O © O

Immediate
Retention Interval

Pre Delayed

Immediate
Retention Interval

Pre Deléyed

Fig. 2. Average misinformation belief per participant at pre-test, immediate post-test, and delayed post-test. In both control (left) and correction (right) conditions,
green indicates a reduction of belief, dark blue indicates increasing belief, and pink lines indicate no change. For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.

different trial types, focusing on dissenting and forgetting. We consid-
ered ratings of 0—4 on the 11-point scale as believing/remembering the
item to be false, 6-10 as believing/remembering the item to be true, and
5 as unsure. We found that 11.72% of all misinformation items were
believed immediately following the correction. This increased to
27.42% after one month, reflecting belief regression over time.

At the immediate and one-month delayed post-tests we identified the
prevalence of “dissenting trials,” where participants correctly remem-
bered the misinformation as false (i.e., memory ratings 0-4) but still
reported believing in the misinformation (i.e., belief ratings 6-10). In
other words, participants’ memory for the correction is accurate but
they are not persuaded and continue to believe in the misinformation. If
the number of dissenting trials increase between the immediate and

delayed post-tests, this provides evidence for reduced persuasion as a
mechanism underlying belief regression. Conversely, if trials increase
where participants inaccurately remember that the misinformation was
presented as “true” (i.e., memory ratings of 6-10) and report believing in
the misinformation (i.e., belief ratings 6-10), this would reflect
increased forgetting. If belief regression is due to both failed persuasion
and failed memory, we would expect both to increase between the im-
mediate and one-month delay.

Dissenting trials—where misinformation is correctly remembered as
false but participants still report believing it—were 7.01% immediately
after the correction. This numerically reduced over time, with 6.19% in
the delayed post-test (XZ (1, N = 6550) = 3.47, p = .062), although the
difference was not significant. If we focus on those who report believing
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Delayed Post Test Memory
Fig. 3. Correlation between belief regression index and memory for whether
the misinformation is false in the delayed post-test (p = 0.58, p < .001). Par-
ticipants who backfired (shaded blue area), demonstrated belief regression (the
white area), or reduced their belief even more after a delay than immediately
after corrections (shaded pink area). For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of
this article.

in the misinformation, the dissenters are a sizeable 59.82% at the im-
mediate time point, which reduces to 22.57% at the delayed time point
(Xz (1, N = 6550) = 332.78, p < .001). For the full breakdown of the
different trial types regarding belief and memory, see Fig. 4 for misin-
formation and Fig. S6 for facts.

In contrast to the dissenting trials, the proportion of forgetting tri-
als—where participants incorrectly remembered that the misinforma-
tion was presented as true and reported believing it—significantly
increased from 4.13% in the immediate to 15.59% at the delayed time

Immediate Post Test

True 2.79% 0.62%
(183) (1)
g
g False 7.01% 4.45%
= (460) (292)
Unsure 0.58% 1.16% 0.95%
(38) (76) (62)
True False Unsure
Belief

point (X2 (1, N = 6550) = 483.55, p < .001). When we focus on trials
where participants report believing in the misinformation, the per-
centage of trials where participants incorrectly recall the misinforma-
tion as true increases from 35.24% at the immediate time point, to
56.86% at the delayed time point (Xz (1, N=6550) = 99.91, p < .001).
Together, this suggests that the correction was not perceived to be less
persuasive over time, but rather that people’s memory for veracity
faded. Indeed, 78% of the participants who thought the item was true in
the delayed condition had correctly labeled the item as false in the im-
mediate condition.

3.6. Asymmetry in belief regression for misinformation versus facts

Finally, we sought to test whether belief regression is greater for
misinformation than facts. We first conducted a 2 x 3 within-subjects
ANOVA on belief scores with factors veracity (misinformation vs fact)
and pre/post (pre-test, immediate post-test, and delayed post-test). For
simplicity we reverse-coded the misinformation items, such that dif-
ferences in belief regression would reveal themselves as an interaction.
We found an interaction of veracity x pre/post, showing that there was
indeed asymmetry in belief updating (F (2, 818) = 76.49; p < .001; MSE
= 0.91; p? = 0.16). However, at pre-test the misinformation and facts
differed significantly (¢(409) = —13.61, p < .001, d = —0.85, 95% CI =
[-1.15, —0.86]). This interaction may therefore be due to scaling dif-
ferences given that the facts were closer to the ceiling than the misin-
formation was to the floor during initial ratings.

To assess misinformation and facts more equally, we winsorized the
items such that the pre-test misinformation was a similar distance to the
floor as the pre-test facts were to the ceiling. We thus kept 8 misinfor-
mation items (M = 4.58) and 8 fact items (M = 5.49). This had the added
benefit that the misinformation items were assumed to be true the same
amount as the fact items were assumed to be false. We reran the same
ANOVA on the belief scores constrained to these items, with factors
veracity and pre/post. We replicated the previous finding, illustrating a
significant veracity x pre/post interaction (F (2, 818) = 7.22; p < .001;
MSE = 1.19; yp? = 0.02). However, the effect size was substantially
smaller, as can be seen from Fig. 5.

A planned comparison of the winsorized items confirmed that facts
were still believed more than the misinformation at the immediate time

Delayed Post Test

True 1.68%
(110)

False 4.70%
(308)

Unsure 5.64% 4.76% 6.72%
(370) (312) (441)

True False Unsure

Belief

Fig. 4. Belief in misinformation and memory for correction veracity broken down by percent trial type across all items and participants for immediate post-test (left)
and delayed post-test (right). Raw trial counts in parentheses. Rating of 04 = false, 5 = unsure, 6-10 = true. The green cells indicate correct trials (accurate memory
and disbelief in misinformation), the pink cells indicate dissenting trials (accurate memory but belief in misinformation), and the red cells indicate forgetting trials
(inaccurate memory and belief in misinformation). For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.



B. Swire-Thompson et al.

point (£(409) = —3.73,p < .001, d = —0.18, 95% CI = [-0.46, —0.14]).
We next tested whether there was a difference in pre-post increase of
misinformation belief and reduction of fact belief. A 2 x 2 within-
subjects ANOVA on belief, with factors item veracity (misinformation
vs. fact) and retention interval (immediate post-test vs. delayed post-
test) revealed a small but significant veracity x retention interval
interaction (F (1, 409) = 4.35; p = .038; MSE = 0.89; 11p2 = 0.01),
demonstrating that the misinformation still regressed at a higher rate
than the facts for winsorized items. However, the very small effect size
must be noted. Indeed, the winsorized belief regression indices of facts
(0.37) and misinformation (0.49), respectively (t(16) = —1.51,p =.131,
d =0.11, 95% CI = [—0.28, 0.04]), did not significantly differ.

4. Discussion

The current study found that the association between memory for the
correction and belief in the misinformation was very strong: participants
with better memory were more likely to reduce their belief in misin-
formation, both immediately post-correction (p = 0.51), and after one
month (p = 0.82). Furthermore, memory at the one-month delayed post-
test explained 66% of the variance in belief regression after correcting
for measurement reliability. We found that dissenting trials remained
stable whereas forgetting trials quadrupled. Indeed, when focusing on
cases where misinformation was believed to be true in the delayed post-
test, 57% were misremembered as true. Together, this indicates that
memory plays a fundamental role in belief regression. While this may
seem intuitive, this is the first study to demonstrate this and quantify the
strength of the effect. With regards to belief regression asymmetry, we
found that corrected misinformation showed more belief regression than
affirmed facts, but that this effect was greatly attenuated when items
were equated at pre-test.

The importance of memory as a mechanism underlying belief
regression aligns well with several previous findings. These include
theoretical accounts that attribute the continued influence effect to
failures of correct information retrieval (Gilbert, 1991; Sanderson &

Ecker, 2020), findings that belief in misinformation is lower when cor-
rections are remembered (Wahlheim et al., 2020), and findings illus-
trating the relative success of corrective strategies that co-activate the
misconception and corrective information in preventing belief regres-
sion (Kendeou & O’Brien, 2014). The current results extend these
findings by more directly quantifying the relationship between belief
regression and memory, and also suggest that individuals who have
memory impairments such as from traumatic brain injuries (Burt,
Zembar, & Niederehe, 1995), psychiatric disorders (Kinsella et al.,
1996), or age-related memory decline (e.g., decreased recollection; see
Brashier & Schacter, 2020, for a review) may be the most susceptible to
believing misinformation.

Post-correction dissenting was still an important component of why
people did not change their minds at the immediate and one-month time
point. Although dissenting trials were only 7% immediately and 6%
after one month, these would likely increase if the corrections were not
citing reputable sources or providing sufficient supporting evidence.
Notably, dissenting trials did not increase between the immediate and
delayed post-test. The current study suggests that belief is unlikely to
increase independently of the recollection of the false tag. This aligns
with research showing that people with vested interests in the misin-
formation being true are not more susceptible to belief regression
(Swire, Berinsky, et al., 2017). In other words, there is limited evidence
for “motivated forgetting,” where people increase belief faster over time
if the correction counters their worldview.

Regarding belief regression asymmetry, we replicated the finding
that corrected misinformation shows more belief regression than
affirmed facts (Skurnik et al. 2007; Swire, Berinsky, et al., 2017).
However, this effect was greatly attenuated when items were equated at
pre-test, suggesting that much of this asymmetrical effect found in
previous reports is due to scaling issues (e.g., regression to the mean).
Although we found that misinformation still regressed at a higher rate
than facts after items were winsorized, we must question how mean-
ingful and generalizable this finding is to the real-world given the small
effect size (p? = 0.01). A prime take-away is that future research

104

Belief
~

104

Belief
~

Pre Immediate
Retention Interval

Delayed

Pre Immediate
Retention Interval

Delayed

Type of ltem -@- Misinformation - Fact

Fig. 5. Belief in misinformation (red; reverse-coded) and facts (blue) pre and post corrections/ affirmations. Panel A (left) shows all items and panel B (right) shows
the winsorized items. For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.
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wishing to investigate asymmetrical updating of misinformation and
facts should ensure that items are equivalent at pre-test.

This research opens several new areas for inquiry regarding the na-
ture of the memory mechanisms involved in belief regression. For
instance, future research could more explicitly investigate deficits of
binding misinformation to the false tag (Zimmer, Mecklinger, & Lin-
denberger, 2006) or binding other corrective components such as the
reputable source or associative details for why the information is false.
Research could also explicitly test the principles of Kendeou and
O’Brien’s (2014) knowledge revision framework (encoding, passive
activation, co-activation, integration, and competing activation) to
further understand which process(es) best accounts for belief regression.
There might also be other mechanisms for belief regression beyond
memory, such as changes in demand characteristics (where participants
attempt to predict and comply with researchers’ expectations) and
expressive responding (where participants report believing in misin-
formation to communicate something else to the researcher, such as
their political viewpoint; Schaffner & Luks, 2018). Furthermore, future
studies should separately measure belief in the correction as well as
belief in the misinformation to gain a more complete understanding of
misinformation processing. Finally, future research could be extended
by measuring memory and belief at three time points rather than only
two. This would allow for forgetting curves to be fitted and would
provide greater predictive power.

Though the current results are compelling, a limitation of this study
is that it was conducted in the general population, and thus cannot be
generalized to conspiracy theorists or other extreme populations of in-
terest. Population-specific studies with beliefs specific to those in-
dividuals (for instance, COVID-19 vaccine beliefs in an anti-vaccine
cohort) would be useful. Furthermore, this study should be replicated
with stimuli that are more emotive, self-relevant, or integral to peoples’
worldviews. Although we found that people who had considered
misinformation more deeply were not more or less prone to belief
change or belief regression, this was with using relatively non-emotive
stimuli. Finally, given that the current participants were asked to rate
their surprise in each item to ensure sufficient encoding of corrections
and affirmations, we may have underestimated forgetting given that
real-world corrections are likely to be processed more shallowly.

In sum, it is not only important to understand what drives initial
belief change, but also how it can be sustained over time. This study
finds that memory failure plays a substantial role in beliefs regressing
back to pre-correction levels over a one-month period. Regarding real-
world implications, fact checkers should aim to improve the memora-
bility of their corrections in order to prevent memory failures. This can
be done with known memory enhancers such as the repetition of cor-
rections (Toppino, Kasserman, and Mracek, 1991) or encouraging peo-
ple to read carefully to increase depth of encoding (Moscovitch & Craik,
1976). While the vast majority of current research is conducted with no
retention interval (Dias & Sippitt, 2020), or does not measure memory at
all, the current findings clearly underscore the importance of measuring
belief regression over time and taking into account the powerful effects
of forgetting. Considering these factors in future studies will enable a
deeper understanding of why people believe in misinformation as well
as provide effective novel intervention approaches.
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