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Much research has focused on the language used for debunking false beliefs: communications should lead
with facts, label misinformation as false, and reinforce true information. Pictures are used in debunking
messages, but it remains unclear whether they matter, and what content they should depict. Six experiments
explored these issues, focusing on correcting science misconceptions. There were no effects of nonprobative
pictures on correcting misinformation beyond the effects of corrective text alone. This was true regardless of
whether the image depicted the misconception (Experiments 1, 3—6) or the correct referent (Experiments 2,
3,5, 6), whether a symbol reinforcing truth or falseness (red X or green checkmark) accompanied the image
(Experiments 1-6), whether belief was assessed immediately or after a delay (Experiments 4-6), and in an
exploratory last experiment, whether belief in real-world health issues was targeted. Simple messages
yielded robust correction, but nonprobative pictorial aids did not increase their potency.

General Audience Summary

Misinformation and disinformation increasingly threaten public belief in important health and science
guidance. While guidelines offer increasingly specific advice on how to use language to correct
misconceptions, the guidance for using pictures has been limited to simply advocating that they be
included. The present study investigated how a range of nonprobative pictorial aids—from simple
images that either showed the misconception or correction to “truth tagged” images that reinforced truth
status via a green checkmark or a red X—might improve the effectiveness of debunking messages, but
no added benefits were observed over text-only corrections. Overall, the results suggest that the pictures
and accompanying truth tag symbols used in this study provided no added benefit to misinformation
correction—rather, robust misinformation correction was achieved via text-based messaging.
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2 WHITEHEAD, DAVIS, PARK, AND MARSH

Misinformation and disinformation are ubiquitous—appearing
on billboards, bus stops, and social media—and the effects can be
severe. For example, much misinformation about the COVID-19
vaccine circulated during the pandemic, resulting in a substantial
proportion of the population opting against getting vaccinated (e.g.,
Loomba et al., 2021). It would be impossible to eliminate such
misinformation and disinformation, underscoring the importance of
developing strategies for correcting false beliefs. Most Public
Service Announcements aimed at correcting misinformation pair
text with pictures (e.g., Centers for Disease Control and Prevention,
2023), which makes sense as pictures capture attention, are
memorable, and can illustrate or reinforce a text’s concepts (Carlson
et al., 2020; Fenn et al., 2019; Kim et al., 2017). However, little is
known about the role of pictures in correcting misinformation.
Most research focuses on the language in corrections, emphasizing
simple language, with the general advice that visual aids may help
with conveying corrections (Lewandowsky et al., 2020). Here,
we explore the role of pictures when debunking misinformation.
Specifically, we test the effects of nonprobative pictures, the
addition of visual “truth tags” to denote whether an image accurately
depicts the true referent of the claim, and the effects of these image
properties across different timescales, on debunking effectiveness.
In what follows, we draw on the general literature on misinformation
correction as well as research on the properties of pictures and how
they influence belief, before specifying how different properties of
pictures generate competing hypotheses about how pictures might
aid or impair debunking effectiveness.

Recent research has produced concrete guidelines for correcting
misinformation (Ecker et al., 2020; Lewandowsky et al., 2020).
Current best practices recommend leading with the facts, explicitly
labeling misinformation as false, explaining the fallacy of the
misinformation, and reinforcing the true information at the end of
the debunking message. Of note, researchers no longer advise
against repetition of the misinformation itself (Ecker et al., 2020),
counter to earlier concerns that explicitly mentioning the misinfor-
mation might inadvertently increase belief by making it easier
to process (familiarity backfire effect; Cook & Lewandowsky, 2011;
Lewandowsky et al., 2012; Schwarz et al., 2007; Swire et al., 2017).

At a cognitive level, these practices (a) draw attention to the
source of information and explicitly label information as correct
versus incorrect; (b) point to a flaw in one’s mental model; and (c)
provide information to fill a new gap in one’s mental model. The
best debunking messages do more than simply negate the original
misinformation—they replace it with new, easy-to-process infor-
mation (Lorenz-Spreen et al., 2020; Marsh & Stanley, 2020).
Consistent with literature showing that people interpret easier
processing as evidence of truth (for review, Brashier & Marsh,
2020), fluency (ease of processing) is involved, but is only one of
several processes involved in debunking. Here, we ask whether the
presence of images changes the debunking process.

In practice, pictures are not intrinsically helpful in the fight
against misinformation, as pictures can be used to mislead or
misrepresent claims (for review, see Newman & Schwarz, 2024).
Images may be doctored, changing how events are remembered;
for example, doctored photos increase belief that one flew in a
hot air balloon as a child (Wade et al., 2002) or that large crowds
of people were present in Tiananmen square when a lone
student was photographed facing tanks (Sacchi et al., 2007).
Critically, an image does not have to be explicitly misleading to

affect belief—nonprobative images (i.e., images that do not
provide explicit evidence for or against a claim) increase belief in
ambiguous claims, a finding known as the “truthiness effect”
(Newman et al., 2012). That is, people rate statements like “turtles
are deaf” as truer, when they are accompanied by an image of a turtle
than when the statement appears alone (Newman et al., 2015). Thus,
some images can actually increase belief in misinformation, even if
they are not designed to mislead.

Importantly, as implied in the examples just described, images
can vary widely—with consequences for their potential for
debunking (or exacerbating) misinformation (see Newman &
Schwarz, 2024). Images can be probative (explicitly providing
evidence for a claim made in text), slanted (providing a biased
representation of text-based claims), repurposed (taken from an
unrelated event or source), fake (alterations or deep fakes), or
decorative (merely designed to be semantically related, as a means
of increasing fluency). Exploring all types of images is beyond
the scope of this research; given the lack of prior research, we
focused on the simple images of the sort used by the World Health
Organization, which depict the critical referent of a communica-
tion. For example, the World Health Organization pairs the
statement “Drinking bleach does not cure coronavirus” with a line
drawing of a bleach container. Across studies, we examine whether
depicting the misleading referent increases belief in the false claim.
Because we had no particular hypotheses about the nature of the
simple images, we used a mixture of photographs, clipart, and line
drawings, similar to the wide array of images used in Public Service
Announcements.

Pictures have unique properties that may be particularly relevant
for combating misinformation. First, pictures generally have a
small but positive effect on text comprehension (Carney & Levin,
2002; Guo et al., 2020; Houts et al., 2006; Readence & Moore,
1981; see also dual coding theory, Paivio, 1971). Because we used
relatively simple misconceptions, we did not expect participants to
have difficulty comprehending the claims or their corrections.
Instead, and our focus in this work, is that pictures are on average
more memorable than words (i.e., the picture superiority effect;
Nelson et al., 1976; Paivio, 1969, 1971), and messages are better
remembered when paired with pictures (e.g., Delp & Jones, 1996). If
corrections paired with pictures are better remembered than text-
only corrections, this difference in memorability could increase the
potency of corrections. This property may be particularly relevant
as the amount of time postcorrection increases—long-term memory
for pictures is impressive (e.g., Shepard, 1967), so long as the test
does not require fine perceptual discrimination (e.g., Nickerson &
Adams, 1979; Vogt & Magnussen, 2007). Thus, we test the effect of
different delays across Experiments 1-6.

Pictures also have the advantage of being able to graphically
represent truth tags, as is typically done by the CDC (via a
checkmark for truth or an X through an image to denote falseness).
The recommendation for text-based messages is to explicitly label
any mentions of the misinformation as false (e.g., Clayton et al.,
2020; see Martel & Rand, 2023 for a review), but it is unknown
whether pictorial truth tags work similarly. More generally, negations
are not ideal—they leave holes in one’s mental model—but they are
often unavoidable in cases where no simple alternate explanation is
available (e.g., when arguing that vaccines do not cause autism).
Experiments 1, 3, and 4 examined whether depicting an X with
misinformation (to depict negation) improved belief correction, as
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compared to text-only corrections or those that paired text with
unmarked illustrations of the misinformation. To the extent that
indicators of credibility (e.g., truth tags) are more likely to be
forgotten over time than the content of the images themselves (e.g.,
Underwood & Pezdek, 1998), we examined whether a visual
backfire effect might emerge over time (see Swire-Thompson et al.,
2020). That is, over time, people may remember the content of a
misleading image, but not that it is an incorrect referent, thereby
inadvertently increasing belief in the misconception.

In summary, we investigate how simple images—depicting either
the true information in a correction or the misinformation negated
in that correction—impact the effectiveness of debunking commu-
nications. We have reviewed evidence that would predict both
negative and positive effects of pictures on debunkings: Whereas
truthiness and backfire effects suggest a negative impact of pictures
on debunking effectiveness, picture superiority in memory might
produce greater correction potency. For example, when correcting
the claim that “Encephalitis is a condition that involves an
inflammation of the liver,” does pairing the correction (i.e.,
“Encephalitis is a condition that involves an inflammation of the
brain, not the liver”) with a picture of a liver (the misinformation) or
a brain (the correction) affect the potency of that correction, over and
above the text correction alone? Furthermore, we also explored
whether visual truth tags (green checkmarks and red Xs) impacted
the effectiveness of corrections. Across experiments, we examined

Table 1
Summary of Experiments

both immediate and delayed belief correction. In four studies, we
explored whether the debunkings reduced belief in the misconcep-
tions. In two studies, we examined whether belief in the correct
answers increased. All experiments targeted common science
misconceptions, and the sixth also explored COVID-19-related
misinformation. Across these studies (Table 1), we observed robust
correction of misconceptions. However, pictures did not impact the
effectiveness of debunking messages.

Experiment 1

What are the consequences of visually depicting the misinformation
in debunking messages? The effectiveness of text-only debunking
messages was compared to two conditions where images were
paired with the text messages. In all three correction conditions,
the correct information was presented, and the misinformation
was retracted (e.g., “Encephalitis is a condition that involves an
inflammation of the brain, not the liver”); in two experimental
conditions, an image accompanied the text: in the misconception-
image condition, the image simply depicted the misinformation
(e.g., a liver), whereas in the misconception-image + symbol
condition, the image of the misinformation was marked with an X to
signal its falseness (a liver with a red X beside it).

Experiment 1 allowed us to ask whether two recommendations
for debunking text also hold for debunking images, in the context of

% statements

Experiment Image Symbol Delay corrected
1 Misconception X or No Symbol Immediate 100%
2 Truth Che?k or No Symb.ol Immediate 100%
3 Misconception or Truth 1 week 50%
4 Misconception X or No Symbol 2 weeks 50%
5: Belief in correction Misconception or Truth X or Check 2 weeks 50%
6: Added COVID-19 Misconception or Truth X or Check 2 weeks 50%

related statements

> 4

Note.

The camel images combine clip art images from the open resource Clipart Library at https://clipart-library.com/. Images for correcting COVID-19-

related false claims are public domain content obtained from the CDC website on myths and facts regarding COVID-19 vaccines at https://www.cdc.gov/
covid/vaccines/myths-facts.html?CDC_AAref_Val. See the online article for the color version of this table.


https://clipart-library.com/
https://clipart-library.com/
https://www.cdc.gov/covid/vaccines/myths-facts.html?CDC_AAref_Val
https://www.cdc.gov/covid/vaccines/myths-facts.html?CDC_AAref_Val
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4 WHITEHEAD, DAVIS, PARK, AND MARSH

preexisting science misconceptions (e.g., belief in the statement
camels’ humps contain water; Table 1). First, we examined whether
it is important to visually label images of the misinformation
as false, similar to the need to explicitly label statements of
misinformation as false. To answer this question, we compared the
effectiveness of two image conditions, to see if a visual depiction of
falseness (a red X) increased the efficacy of the correction. Second,
the comparison of the text-only and misconception-image condi-
tions allows us to see whether there is a visual backfire effect,
whereby depicting the misinformation increases belief in it. While
recent research has called the verbal familiarity backfire effect into
question (Swire-Thompson et al., 2020), it is crucial to examine this
issue with pictures for two reasons: (a) Pictures are on average more
memorable than text, leaving open the possibility that participants
will better remember the misleading picture than the corrective text;
and (b) a nonprobative image can increase belief in a paired
statement (truthiness effect). Thus, it is possible that pairing the
correction “Encephalitis is a condition that involves an inflammation
of the brain, not the liver” with a picture of a liver will actually
increase belief in the misconception.

Method

For each experiment, we report how we determined our sample
size, all data exclusions, all manipulations, and all measures in
the study.

Participants

Duke University’s internal review board approved all experiments.
All methods and analyses for Experiment 1 were preregistered on
the Open Science Framework (OSF; https://osf.io/m6agq). Using
G*Power, we determined that for 80% power to detect an effect as
small as d = .2, with an o = .05, we would preregister to collect a
sample size of at least N = 200 in a within-subjects design. We
collected a final sample size of N = 228 (M,z. = 40 years, SD,z. = 11
years; 54.5% men, 45.5% women) to account for potential attrition.
Only one participant was ultimately removed from the data set for
failure to accurately complete attention checks, for a final analysis
sample of N = 227. One additional participant was removed as a
result of response-level filtering (i.e., removing responses to claims
for which participants indicated no initial belief).

Materials

We used common science claims and misconceptions from Butler
etal. (2011). From this set, we chose 20 true claims (randomly), and
importantly, 30 false science claims that could be depicted with
images. For each false claim, we created a corresponding correction
in the form: “correct statement not misconception.” Images for each
correction were created depicting the subject of the misconception
(e.g., an image of a liver was paired with the correction “Encephalitis
is a condition that involves an inflammation of the brain, not the
liver”; see Table 1). All images and a key matching claims with
corresponding images are available on the OSF (https://osf.io/
bmt3w/; Whitehead et al., 2024). The images were a mixture of
photographs, clipart, and line drawings, and were obtained via
internet search. We were less concerned about the exact format of the
picture (i.e., photograph vs. line drawing) and more concerned about

whether it unambiguously depicted the subject of the misconception
(i.e., a clear depiction of a brain). For truth-tagged corrections that
depicted the misconception, a red X was added to the image of the
misconception. Each correction was randomly (by participant)
assigned to one of three conditions: a text-only correction, a
misinformation-image condition, a misinformation-image + symbol
condition (where the symbol was a red X).

Design

Subjects were exposed to a within-subjects design wherein they
first provided initial belief ratings on 30 false and 20 true science
claims, before receiving a correction for each of the false claims.
Each correction was randomly assigned to one of three conditions
within-subjects: a no-image correction, an image correction without
a symbolic X, or an image correction with a symbolic X. The final
phase had participants rate their belief in each of the 50 claims
(30 corrected false claims, 20 true claims).

Procedure

The experiment was divided into three main phases: initial
ratings, corrections, and final ratings. Participants first provided
initial ratings of belief in claims on a 7-point scale, from 1 definitely
false to 7 definitely true for a set of science claims, 30 false and 20
true. After completing an irrelevant task for 3—5 min—naming U.S.
states and playing the video game “Worm”—participants received a
correction for each of the false science claims. Each correction
appeared on the screen for 6 s. After viewing all corrections,
participants again completed an irrelevant distractor task—naming
U.S. state capitals and playing “Worm” for 3-5 min. Finally,
participants again rated their belief in each of the 50 science claims
using a 7-point scale. In each phase, participants received four
attention checks in the form of simple, free-response mathematical
problems (i.e., “4 + 5= 7).

Analysis

Before analyzing results, data were subjected to the following
preregistered cleaning criteria: Any claims initially rated as 1
“definitely false” were removed from analyses (claims known to be
false cannot be corrected). Only false claims that elicited some
degree of belief were analyzed. The distribution of initial belief
ratings, prior to exclusions, can be found in Figure 1. Participants
who missed >50% of attention checks (simple math) in any phase of
the experiment were also removed.

The dependent variable (DV) analyzed was a change score: The
change in belief that a scientific claim is true (on a 7-point scale,
from 1 definitely false to 7 definitely true) from the initial rating to
the final rating. We preregistered three ¢ tests—using Welch’s ¢
test—to assess our hypotheses: comparing belief change for (a) the
text-only versus misconception-image condition, (b) text-only
versus misconception-image + symbol, and (c) between the two
picture conditions, misconception-image versus misconception-
image + symbol. Cohen’s d—reported in absolute values—is
reported as a measure of effect size, and statistical significance was
determined at p < .05. Further, in an exploratory analysis, we
conducted a linear mixed model analysis of belief change, with
participant and specific science claim as crossed random effects and


https://osf.io/m6agq
https://osf.io/m6agq
https://osf.io/bmt3w/
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Distribution of Initial Truth Ratings on False Claims in Each Experiment, Prior to Exclusions for Initial Ratings = 1 (Definitely
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(jitter is introduced in Panel A for readability). Panel A includes all science claims from Experiments 1-6, and Panel B includes the specific
COVID-19-related stimuli used in Experiment 6 (where Question 1 tested the claim that the vaccine can make you magnetic, and Question 2
was that the vaccine ingredients are dangerous). See the online article for the color version of this figure.

the type of correction (no image, image without X, and image with
X) as the fixed effects.

Results

As shown in Figure 2, we successfully corrected people’s
beliefs, but the inclusion of pictures had no effects on belief

Figure 2

Change in Belief in False Science Claims Between Initial and
Postcorrection Ratings as a Function of the Correction Type in
Experiment 1

Belief Change in Misconception
o

No Irﬁage Imaée of Imaée of

Misconception ~ Misconception
with Red X

Correction Type

Note. See the online article for the color version of this figure.

revision. The results of our three preregistered, two-sided  tests
of our hypotheses were as follows: There was no significant
difference in belief change for text-only claims (M = —2.55, SD =
1.68) as compared those corrected with an image without a
symbolic X, that is, the misconception-image condition (M =
—2.56, SD = 1.59), 1(445.41) = .039, p = .969, d = .004. Belief
correction was not significantly different for text-only claims
(M = —=2.55, SD = 1.68) as compared to items corrected with
images with symbolic Xs, that is, the misconception-image +
symbol condition (M = -2.52, SD = 1.65), #(448.89) = —.206,
p = .837, d = .019. And finally, belief change was not signifi-
cantly different as a function of picture condition: Claims correc-
ted in the misconception-image condition (M = —-2.56, SD =
1.59) were corrected at the same rate as those in the misconcep-
tion-image + symbol condition (M = -2.52, SD = 1.65),
1(444.81) = —.249, p = .803, d = .024.

The results of our exploratory mixed model analysis confirmed
the results of the preregistered ¢ tests. Importantly, a significant
effect of the fixed factor intercept (p < .001) indicated that all
corrections significantly lowered belief in false science claims
(see Figure 2). However, the use of misconception images (p = .38)
or a misconception image + symbol (p = .96) during corrections
had no differential impact on change in belief for false science
claims.

These results indicate that while the correction of false
science claims was successful (see Figure 2), the use of images
had no impact on the magnitude of belief change. Importantly,
we observed no evidence for a visual backfire effect (see Ecker
et al., 2020; also Swire-Thompson et al., 2020)—images of the
misinformation did not negatively impact the effectiveness of a
text correction.
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Experiment 2

In Experiment 2, we asked whether debunking messages paired
with accurate images are more powerful than text-only messages
(which, as in Experiment 1, took the form of “correct information, not
misconception”). There was one major change from Experiment 1: In
the two image conditions, the images depicted the correct information,
not the misinformation. That is, the correction “Encephalitis is a
condition that involves an inflammation of the brain, not the liver”
was paired with an image of a brain.

The noneffects of pictures (whether presented alone or with a
negating red X) may be attributable to the fact that misleading pictures
were always paired with corrective text. Functionally, the corrective
text message may have negated the impacts of the misleading images.
What happens when debunking messages reinforce the correct
answer? In such cases, the images and corrective text align, potentially
creating an additive effect. Here, we predict that the correction rate
would be higher in the correction-image condition than in the text-
only condition. Less clear was our prediction for the image condition
that paired the correct image with a visually reinforcing green
checkmark (i.e., the correction-image + symbol condition), given
peoples’ bias is to assume that incoming information is true
(Gilbert, 1991).

Method
Participants

Experiment 2 was also preregistered on the OSF (https://osf.io/
Sykw7) and approved by Duke University’s internal review board.
Using G*Power, we determined that for 80% power to detect an
effect as small as d = .2, with an o = .05, we would preregister to
collect a sample size of at least N = 200 for our within-subjects
design. We collected a final sample size of N = 202 (M, = 39
years, SD,o. = 11 years; 52.5% men, 47.5% women), removing one
participant from the data set for failure to accurately complete
attention checks, for a final analysis sample of N = 201. One
additional participant was removed as a result of response-level
filtering (i.e., removing responses to claims for which participants
indicated no initial belief).

Materials

The materials used in Experiment 2 were identical to those in
Experiment 1, with two critical differences: (a) images for each
correction illustrated accurate information, not misconceptions
(thus, the correction “Encephalitis is a condition that involves an
inflammation of the brain, not the liver” was paired with an image of
a brain), and (b) the presence/absence of a green checkmark was
manipulated instead of a red X (see Table 1), to denote the truth of
the correction.

Design

The design was structurally identical to that in Experiment 1,
except that the image depicted the correct subject rather than the
misconception, and the truth tag condition showed a green checkmark
instead of a red X.

Procedure

The procedure in Experiment 2 was identical to that of
Experiment 1.

Analysis

The preregistered data cleaning and analysis was identical to
Experiment 1. Further, we again conducted an exploratory mixed
model analysis of the belief change dependent variable, with
participant and specific science claim as crossed random effects and
the type of correction (text-only, correction-image, and correction-
image + symbol) as the fixed effects.

Results

The distribution of initial belief ratings, prior to exclusions, can be
found in Figure 1. Overall, the results paralleled those of Experiment
1: The corrections were successful, but the inclusion of accurate
images did not matter. The results of our three preregistered, two-
sided ¢ tests were as follows (Figure 3): Average change in belief was
similar for claims that received text-only corrections (M = —2.39,
SD = 1.59) and claims in the correction-image condition (M = —2.41,
SD = 1.55), #(394) = .113, p = 910, d = .011. There was no
difference in average belief change for text-only claims (M = —2.39,
SD = 1.59) as compared to those in the correction-image + symbol
condition (M = —2.36, SD = 1.58), #(397.98) = —.203, p = .839,d =
.020. And finally, belief change was similar in the two image
conditions: average belief change in the correction-image condition
(M = =241, SD = 1.55) did not differ from that observed in the
correction-image + symbol condition, where symbolic green checks
were used to reinforce the correct information (M = —2.36, SD =
1.58), #(393.99) = —.318, p = .751, d = .032.

The results of our exploratory mixed model analysis confirmed
the results of the preregistered ¢ tests. Importantly, a significant

Figure 3

Change in Belief in False Science Claims Between Initial and
Postcorrection Ratings as a Function of the Correction Type in
Experiment 2

Belief Change in Misconception
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Note. See the online article for the color version of this figure.
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effect of the fixed factor intercept (p < .001) indicated that all
corrections significantly lowered belief in false science claims (see
Figure 3). However, the use of correction images (p = .29) or green
checks as reinforcing symbols (p = .90) during corrections had no
differential impact on change in belief for false science claims. These
results extend our findings from Experiment 1; again, the correction
of false science claims was successful (see Figure 3), but the use of
images had no impact on the magnitude of belief change. Importantly,
cross-experiment comparisons between the results of Experiment 1
and 2 indicate no differential effect of images of misinformation over
images of correct information during corrections.

Experiment 3

Experiments 1 and 2 demonstrate the acute effectiveness of
corrections, but debunking in the world occurs over a much longer
timeframe. Corrections do not last forever—misconceptions are
spontaneously recovered (Butler et al., 2011), presumably as
corrections are forgotten. This change is consistent with Jost’s law
(more recent associations decay at a faster rate than something
stored longer ago; Jost, 1897; Wixted, 2004).

‘Why might time change the results observed in Experiments 1 and
27 First, pictures tend to be more memorable than words—even if
the two stimuli decay at the same rate, we would predict that
difference would persist over time (and it is possible that memory for
pictures decays at a slower rate, exacerbating any effects). Second,
hypermnesia is more likely for pictures than words (Erdelyi &
Becker, 1974; Shapiro & Erdelyi, 1974), presumably because their
form is more unique and thus more likely to be cued by the
environment, meaning that the visual component of a correction
may be more likely to be primed in the time between the correction
and the truth judgment.

Experiment 3 introduced two other key changes to allow a stronger
test of our hypotheses about images. First, images of both the
misconception and the correction were included, permitting a direct
comparison of their effectiveness. Post hoc cross-experiment analyses
of Experiments 1 and 2 did not suggest any difference as a function of
image content; however, Experiment 3 provided a stronger test by
directly comparing positive and negative images in the same study.
The mixing of correct and misinformation images also ruled out any
possibility that participants were responding heuristically in the first
two experiments—earlier participants may have realized that pictures
always depicted the misinformation (Experiment 1) or the correct
answer (Experiment 2). If participants were responding heuristically,
Experiment 1 might have underestimated any potential backfire
effect from pictures of the misconception.

Finally, not all beliefs were corrected. This allowed a baseline
comparison of each correction type against belief in uncorrected
science misconceptions. In short, Experiment 3 examined
the effectiveness of four different correction conditions after a
1-week delay: a no-correction control, a text-only correction, a
misinformation-image + symbol, and a correction-image + symbol.

Method
Participants

Experiment 3 was preregistered on the OSF (https://osf.io/adfyg)
and approved by Duke University’s internal review board. Using

G*Power, we determined that for 80% power to detect an effect as
small as d = .2, with an a = .05, we would preregister a target sample
size of at least N = 200 for our within-subjects design. Given
expected attrition with the 1-week delay, we collected an initial
sample of N = 251 (M. = 28 years, SD,,. = 5 years; 39.8% men,
58.2% women, 1.6% nonbinary, 0.4% transgender) in this two-part
experiment, with a final completion sample size of N = 197. Four
participants were removed from the data set for failure to accurately
complete attention checks, for a final analysis sample of N = 193.

Materials

The materials used in Experiment 3 were nearly identical to those
in the previous two experiments with one critical difference: Only 24
false science claims were used and the number of true science claims
was increased to 24 (see Butler et al., 2011).

Design

The design was identical to that in Experiments 1 and 2, except for
the inclusion of the no-correction control condition and the direct
comparison of the correction-image + symbol and misconception-
image + symbol conditions.

Procedure

As in prior studies, Experiment 3 consisted of an initial rating
stage, a correction phase, and a final belief test. The correction phase
differed from earlier studies in that only 12 of the 24 false claims were
corrected; these were randomly assigned to one of three conditions:
text-only, correction-image + symbol (where the symbol is a green
check), or misconception-image + symbol (where the symbol is a
red X). However, unlike in previous experiments, participants were
dismissed after the correction phase and did not complete the final
rating test until 1 week had passed.

Analysis

Before analyzing the results, data were subjected to the same
preregistered cleaning criteria as in previous experiments. Our
dependent variable was the change in belief for a scientific claim:
the difference between initial belief ratings on a 7-point scale, from 1
definitely false to 7 definitely true, and postcorrection ratings taken 1
week after correction.

Results

The distribution of initial belief ratings, prior to exclusions, can be
found in Figure 1. Consistent with Experiments 1 and 2, including
pictures in the corrections did not increase their effects, even after a
1-week delay. The results of our three preregistered, two-sided # tests
were as follows (see also Figure 4): There was no significant
difference in average belief change between text-only items
(M = -2.28, SD = 1.83) and misconception-image + symbol
corrections (M = —2.46, SD =1.77),1(182) = 1.032, p =.303,d =
.076. There was no significant difference in belief change when
the text-only condition—M = —2.28, SD = 1.83—was compared
to the correction-image + symbol condition (M = —-2.43, SD =
1.67), t(183) = 0.788, p = .432, d = .058. And finally, belief
change did not differ significantly between the two picture
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Figure 4

Change in Belief in False Science Claims Between Initial and
Postcorrection Ratings as a Function of the Correction Type (or
Lack Thereof) in Experiment 3
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Note. See the online article for the color version of this figure.

conditions, #(183) = —.221, p = .825, d = .016. That is, average
belief change was similar regardless of whether the correction
image depicted the misconception (M = —2.46, SD = 1.77) or the
correction (M = —2.43, SD = 1.67).

Importantly, receiving a correction significantly decreased belief
in false science claims (M = —2.39, SD = 1.76) as compared to the
no-correction control, M = —0.43, SD = 0.83; #(541) = -23.14,p <
.001, d = .99. Further, the results of our exploratory mixed model
analysis again confirmed the results of the preregistered 7 tests—
there was a significant effect of the fixed factor intercept (p < .001),
indicating that all corrections significantly lowered belief in false
science claims (see Figure 4). However, the use of images had no
differential impact on belief change.

These results extend our findings from Experiments 1 and 2—
again, the correction of false science claims was successful (see
Figure 4). However, the use of images—regardless of whether those
images depicted the misconception or the correction—had no
impact on the magnitude of belief change. Experiment 3 builds on
earlier studies in two important ways: (a) The effects persisted 1 week
after the corrections were processed, and (b) a direct comparison
of correction content (misconception vs. correct answer) confirmed
no difference in correction effectiveness. This finding further
supports a lack of a visual backfire effect when using images of the
misconception when correcting misinformation.

Experiment 4

Experiment 4 further explored whether the value of images in
corrections changes as time passes. Experiment 3 extended the
time between correction and final test from a few minutes to 1 week,
with no changes in the observed results. However, correction rates
remained high in Experiment 3, with little change from the earlier
studies. In Experiment 4, we further extended the delay, from 1
week to 2 weeks. The goal was to observe the typical drop in

corrections with delay in the text-only condition, so that we could
determine if the delay had a similar effect on beliefs in the conditions
that paired corrections with images.

The only other change made in Experiment 4 was to restrict
the images to those that depicted the misinformation (given the
observed lack of differences between images that depicted
corrective vs. misleading information).

Method
Participants

Experiment 4 was preregistered on the OSF (https://osf.io/gyh7t)
and approved by Duke University’s internal review board. Using
G™*Power, we determined that for 80% power to detect an effect as
small as d = .2, with an o = .05, we would preregister a target sample
size of at least N = 200. To achieve this, and anticipating a dropout
rate of 25%-30% after 2 weeks, we initially aimed to collect N =
300. We collected an initial sample of N = 317 (M, = 27 years,
SDyee = 5 years; 42.2% men, 52.2% women, 2.8% agender/
nonbinary, 0.9% other) in this two-part experiment, with a final
completion sample size of N = 138, reflecting a greater-than-
anticipated attrition rate. Two participants were removed from the
data set for failure to accurately complete attention checks, for a
final analysis sample of N = 136.

Materials

The materials used in Experiment 4 were almost identical to those
used in Experiment 3, except that only pictures of misconceptions
were used.

Design

The design was identical to that in Experiment 3, except that only
images of the misconception were used, yielding the following
conditions within-subjects: no-correction, text-only correction,
misconception-image, and misconception-image + symbol.

Procedure

As in earlier experiments, Experiment 4 had an initial rating stage,
a correction phase, and a final test to measure belief postcorrection.
The only difference (beyond materials) was that the final test
occurred 2 weeks after the correction phase.

Analysis

The analysis of Experiment 4 was identical to Experiment 3.

Results

The distribution of initial belief ratings, prior to exclusions, can be
found in Figure 1. Extending the delay to 2 weeks did not change the
results. The results of our three preregistered, two-sided ¢ tests of our
hypotheses were as follows (see also Figure 5): The average change
in belief in false science claims in the text-only condition (M =
—1.85, SD = 1.83) compared to the change in belief for
misconception-image condition (M = —1.71, SD = 1.81) was not
significantly different, #(252.7) = —.616, p = .538, d = .077. Belief
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Figure 5

Change in Belief in False Science Claims Between Initial and
Postcorrection Ratings as a Function of the Correction Type
(or Lack Thereof) in Experiment 4
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Note. See the online article for the color version of this figure.

change in the text-only condition (M = —1.85, SD = 1.83) was not
significantly different from belief change in the misconception-
image + symbol condition (M = —1.93, SD = 1.72), #(251.32) =
0.383 p =.702, d = .048. And finally, the average change in belief in
false science claims in the misconception-image + symbol condition
(M = —1.93, SD = 1.72) was not significantly different from that
in the misconception-image condition (M = —1.71, SD = 1.81),
1(255.43) = 1.03, p = .306, d = .128. Importantly, receiving a
correction of any kind significantly decreased belief in false
science claims (M = —1.83, SD = 1.78) as compared to the control
no-correction condition (M = —0.49, SD = 0.80), #(492.44) =
—11.80, p < .001, d = .846.

The results of our exploratory mixed model analysis again
confirmed the results of the preregistered ¢ test—there was a
significant effect of the fixed factor intercept (p < .001), indicating
that all corrections significantly lowered belief in false science
claims (see Figure 5). However, the use of images had no differential
impact on change in belief for false science claims. These results
extend our findings, showing successful correction of false science
beliefs after 2 weeks, but including images of misconceptions again
had no impact on the potency of those corrections.

Experiment 5

In Experiment 5, we focused on whether the presence of images in
debunking messages affects belief in the correct information. Most
debunking studies examine belief in misinformation, targeting a
reduction in belief. However, equally (if not more) important is
increasing belief in the correct information. That is, following
debunking of the claim that a camel’s hump contains water, are
subjects more likely to believe that the hump contains fat? Following
debunking of the claim that encephalitis involves inflammation of the
liver, are subjects more likely to believe that the condition in fact
affects the brain? Success means that participants have updated their

mental models with the corrective information, as opposed to
simply tagging the misinformation as false. An updated mental
model is more likely to stick over time: false tags are forgotten more
quickly than the content of the mental model (Gilbert, 1991). Given
that a picture of misinformation is conceptually similar to a false
tag, we asked whether pictures of the correct information would
boost belief in the correct information, over and above a text-only
correction.

Experiment 5 thus presents a critical test of whether
corrections promote belief in the correct information, as opposed
to only reducing confidence in the original misconception—this
distinction is critical to the real-world success of campaigns
against mis- and disinformation. Initial belief ratings were
again gathered for all misconceptions (e.g., “Water is stored in a
camel’s hump”). At 2-weeks postcorrection, we assessed belief in
the correct information—that is, “Fat is stored in a camel’s hump.”
Corrections were manipulated to pair the text with no image, an
image of the misconception with a red X, or an image of the
correction with a green check, thus testing whether pictures of the
corrective information boosted effectiveness of the debunking
message.

Method
Participants

Experiment 5 was not preregistered but was approved by
Duke University’s internal review board, and all sampling,
preprocessing, and analysis choices were identical to those used in
Experiments 1-4. Using G*Power, we determined that for 80%
power to detect an effect as small as d = .2, with an a = .05, we
would collect a sample size of at least N = 200. We collected an
initial sample of N = 209 (Mg, = 38 years, SD,,. = 15 years; 48.8%
men, 48.3% women, 2.4% genderfluid/nonbinary) in this two-part
experiment, with a final 2-week completion sample size of N = 148.
Six participants were removed from the data set for failure to
accurately complete attention checks, for a final analysis sample of
N = 142.

Materials

The materials used in Experiment 5 were nearly identical to those
used in Experiment 3, except for the following changes. During the
postcorrection rating phase, instead of querying participants about
their belief in the scientific misconception (i.e., “Water is stored in a
camel’s hump”), we queried their belief in the correction (i.e., “Fat is
stored in a camel’s hump”).

Design

The design was largely the same as in previous experiments,
except for the abovementioned changes to conditions and the
assessment of belief in the correction instead of the misconception.

Procedure

The same basic procedure was used in Experiment 5 as in
Experiment 4. However, there were two critical changes: (a)
Participants were queried on their belief in the correct scientific
claim, not the misconception, during the postcorrection rating phase,
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and (b) image use during correction was manipulated between
three conditions: text-only, misconception-image + symbol, and
correction-image + symbol.

Analysis

The analysis of Experiment 5 was identical to Experiment 4,
with the following exception: the dependent variable of interest was
reverse coded between pre- and postcorrection claims (i.e., assessing
belief in the corrected information not the original misconception).
This changes the interpretation of the dependent measure—a
positive difference between initial ratings and postcorrection ratings
indicates a higher level of belief in the true information and
subsequently the effectiveness of the correction.

Results

As in Experiments 1-4, the distribution of initial belief ratings,
prior to exclusions, can be found in Figure 1. The results of our
three two-sided 7 tests were as follows (see also Figure 6): The
average change in belief in true science claims in the text-only
condition (M = 0.88, SD = 1.99) was not significantly different
from the change in belief in the misconception-image + symbol
condition (M = 1.03, SD = 1.84), #(263.13) = -0.638 p = .524,d =
.078. There was not a reliable difference in average change in belief
in true science claims between the text-only condition (M = 0.88,
SD = 1.99) and the correction-image + symbol condition (M =
0.68, SD = 1.99), 1(264) = 0.831, p = .407, d = .102. And finally,
the average change in belief in true science claims in the
misconception-image + symbol condition (M = 1.03, SD = 1.84)
was not significantly different from the correction-image + symbol
condition (M = 0.68, SD = 1.99), #(263) = 1.500, p = .135, d =
.184.

Figure 6

Change in Belief in True Science Claims Between Initial and
Postcorrection Ratings as a Function of the Correction Type (or
Lack Thereof) in Experiment 5
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Importantly, receiving a correction of any kind significantly
increased belief in the true science claims (M = 0.862, SD = 1.94)
as compared to the no-correction control condition (M = 0.210,
SD = 1.40), #(340.72) = 4.28, p < .001, d = .359. Further, the
results of our exploratory mixed model analysis again confirmed
the results of the preregistered ¢ test—there was a significant
effect of the fixed factor intercept (p < .001) indicating that all
corrections significantly increased belief in true science claims.
However, the use of images had no differential impact on change
in belief for false science claims. We note that the high dropout
rate in this study resulted in a sample size below our preregistered
target. While this difference in statistical power is noteworthy,
the results mirror those in Experiments 1-4: All corrections
reliably increased belief in true science claims (in a similar way to
the reduction in false belief in Experiments 1-4), but pictures
did not have any effect above and beyond that of text-based
corrections alone.

These results extend our findings by demonstrating that
corrections of scientific misconceptions can increase belief in
true claims (see Figure 6). However, the use of images in particular
during correction conferred no additional benefits on belief in the
true, corrected scientific claim, even when 2 weeks had passed
between correction and postcorrection rating.

Experiment 6

Across Experiments 1-5, we observed no impact of including
pictures on the effectiveness of debunking messages. This was true
regardless of whether belief in the misconception or belief in the
correct information was assessed at follow-up, and regardless of
whether follow-up was immediate or delayed. However, the science
misconceptions used were low-stakes, with little relevance to real-
life behavior, as opposed to misconceptions people are motivated
to maintain. Thus, in Experiment 6, we sought to generalize our
findings to misconceptions about COVID-19. We embedded two
pieces of COVID-19 misinformation into a new experiment that
was otherwise the same as Experiment 5. Thus, Experiment 6
served as a replication of Experiment 5, which tested belief in the
true claim as opposed to belief in the misconception (Experiments
1-4), in addition to testing belief in real-world misconceptions.
The debunking texts for the COVID-19-related items came from
the CDC website. To preview, one issue that arose was that our
participants largely rejected both COVID-19-related claims
(Figure 1B). Only 87 participants indicated an initial belief rating
greater than 1 (definitely false) in the claim that the COVID-19
vaccine makes one magnetic, and 285 people gave ratings greater
than 1 for the claim that the vaccine contains dangerous ingredients.
A challenge related to working during the pandemic with pandemic-
related items is that people’s beliefs naturally shifted over time,
meaning that fewer subjects came into the experiment believing
the misinformation than desired. While this meant that our analyses
for these items were underpowered—we return to this issue in the
General Discussion section—it is noteworthy that the same patterns
were obtained for the two different COVID-19 items. And we were
successful at correcting beliefs, even with lower power, successfully
reducing belief in the misinformation around a half point on average
across conditions. There is no hint that additional subjects would
have changed the conclusions about pictures.
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Method
Participants

Experiment 6 was preregistered on the OSF (https://osf.io/
82m6v) and approved by Duke University’s internal review board.
Using G*Power, we determined that due to the between-participants
design of the specific COVID-19 misconceptions, for 80% power to
detect an effect as small as d = .28, with an o = .05, a sample of at
least N = 600 was required. To achieve this, and anticipating a
dropout rate of 20% after 2 weeks, we aimed to collect data from at
least 720 participants and collected an initial sample of N = 768
(Mg = 41 years, SD,. = 14 years; 51.0% men, 47.6% women,
1.2% genderfluid/nonbinary, 0.1% transgender) in this two-part
experiment, with a final sample size of N = 640. One additional
participant was removed as a result of response-level filtering (i.e.,
removing responses to claims for which participants indicated no
initial belief).

Materials

The materials used in Experiment 6 were nearly identical to
those used in Experiment 5 except for the following changes.
In Experiment 6, we included two pieces of COVID-19-related
vaccine misconceptions: The ingredients in COVID-19 vaccines
are dangerous, and receiving a COVID-19 vaccine can make you
magnetic. The corrections for these statements were taken directly
from the Centers for Disease Control website (https://www.cdc.gov/
covid/vaccines/myths-facts.html): Nearly, all the ingredients in
COVID-19 vaccines are also ingredients in many foods—fats,
sugars, and salts, and receiving a COVID-19 vaccine will not make
you magnetic, including at the site of vaccination which is usually
your arm. The images of the misconception for these two COVID-
19 vaccine-related statements were also taken directly from the CDC
website. The images of the corrections were created for this
experiment (see Figure 7). Unlike the basic science claims, the
COVID-19-related claims could not as easily be depicted with a
single referent, and thus the images are semantically related but do
not explicitly depict the misconception or correction.

Design

The design was identical to that in Experiment 5.

Figure 7

Procedure

The same basic procedure was used in Experiment 6 as in
Experiment 5: an initial rating stage, followed by a set of corrections,
and finally a postcorrection rating stage completed 2 weeks after
receiving the corrections, where belief in the correction was assessed.
In a within-between subjects design, after initial ratings for a set of
science misconceptions (24 false, 20 true, two COVID-19-related),
participants received a correction for six random, counterbalanced
false claims, one COVID-19-related claim, and then six more random,
counterbalanced false claims. Each correction was randomly assigned
to one of three conditions: text-only, misconception-image + symbol
(where the symbol was again a red X), or correction-image + symbol
(where the symbol was again a green check). These conditions are
depicted in Figure 7.

Analysis

The common science misconceptions were analyzed separately
from the COVID-19 vaccine-related misconceptions. Common
science misconceptions were assessed on belief in the correct claim,
whereas COVID-19 misconceptions were assessed on belief in the
misconception. Any claims rated as 1 definitely false on the initial
test were removed from analyses (claims that a participant believes
to be false cannot be corrected; see Figure 1). As with the prior
experiments, three ¢ tests were performed on the belief change
dependent measure, between (a) the text-only and misconception-
image + symbol conditions, (b) the text-only and correction-
image + symbol conditions, and (c) the misconception-image +
symbol and correction-image + symbol conditions.

Results

The distribution of initial belief ratings, prior to exclusions, can
be found in Figure 1. Belief in the COVID-19-related items versus
common science claims are separated between Figure 1A and 1B.
The results of our ¢ tests on common science misconceptions (i.e.,
excluding the COVID-19-specific claims) largely mirrored our
results from Experiment 5 (see Figure 8): There was no reliable
difference between the average change in belief in correct science
claims in the text-only condition (M = 0.89, SD = 1.97) and those in
the misinformation-image + symbol condition (M = 0.80, SD =
2.03), 1(1,135.6) = 0.798 p = .425, d = .047. Further, there was no

Lllustration of the Images Used During Corrections of the COVID-19 Vaccine-Related Misconceptions

COVID-19 Vaccine Related Misconception:

Receiving a COVID-19 vaccine can make you magnetic.

COVID-19 Vaccine Related Misconception:

The ingredients in COVID-19 vaccines are dangerous.

Image of Misconception
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&>

Image of Correction
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Images for correcting COVID-19-related false claims are public domain content obtained from the CDC website on

myths and facts regarding COVID-19 vaccines at https://www.cdc.gov/covid/vaccines/myths-facts.html?CDC_AAref_Val. See

the online article for the color version of this figure.
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Figure 8

Change in Belief in True Science Claims Between Initial and
Postcorrection Ratings as a Function of the Correction Type (or
Lack Thereof) in Experiment 6
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significant difference in the average change in belief in the text-
only condition (M = 0.89, SD = 1.97) from those in the correction-
image + symbol condition (M = 0.81, SD = 2.04), #(1,150.7) =
0.678, p = 498, d = .040. And finally, the average change in
belief in false science claims in the misconception-image + symbol
condition (M = 0.80, SD = 2.03) was not significantly different
from that in the correction-image + symbol condition (M = 0.81,
SD = 2.04), #(1,138.5) = —0.122, p = .903, d = .007. Further,
receiving a correction of any kind significantly increased belief

Figure 9

in the true science claims (M = 0.842, SD = 1.55) relative to the
no-correction control condition (M = 0.058, SD = 1.35), #(634) =
9.95, p < .001, d = .540. Together, these results indicate a large-
scale replication of our findings from Experiment 5—that a
correction can indeed increase belief in true scientific claims, but
including images did not impact the effectiveness of a correction.

Our analysis of belief in the specific COVID-19 vaccine-related
misconceptions postcorrection largely yielded similar findings (see
also Figure 9). A text-only correction was as effective in reducing
belief in the COVID-19 misinformation (M = —0.52, SD = 1.96) as
was the misconception-image + symbol condition, which paired an
image of the misconception with a red X (M = —0.69, SD = 1.55),
1(124.04) = 0.551, p = .583, d = .096. The text-only correction was
also as effective as was the correction-image + symbol condition,
which paired a corrective image with a symbolic green check designed
to reinforce the correction (M = —0.47, SD = 0.97), 1(102.28) =
—0.199, p = .843, d = .034. And finally, the two image conditions
were similarly effective in reducing false beliefs. Belief was reduced
similarly regardless of whether the image depicted the misconception
paired with a red X (ie., the misinformation-image + symbol
condition; M = —0.69, SD = 1.55) or the correct information paired
with a green check, that is, the correction-image + symbol condition
(M = -047, SD = 0.97), 1(102.89) = —0.928, p = .355, d = .169.

We found no evidence that images increased or altered the
effectiveness of corrections, regardless of whether they targeted
common science misconceptions or COVID-19 misinformation. Of
course, our conclusions about correcting COVID-19 misconcep-
tions are limited by the two specific misconceptions that we
chose, and by our analyses on these items being underpowered.
As demonstrated in Figure 1B, an overwhelming plurality of
participants did not believe that the COVID-19 vaccine-specific
would make one magnetic. More believed that the vaccine
contained dangerous ingredients, but belief was still relatively low.
These results highlight a challenge of investigating real-world

The Change in Belief in False COVID-19 Vaccine-Related Claims Between Initial and Postcorrection Ratings as a Function of
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Panel A shows results for the claim that “Receiving a COVID-19 vaccine can make you magnetic,” and Panel B shows the results for the

claim that “The ingredients in COVID-19 vaccines are dangerous.” See the online article for the color version of this figure.
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misconceptions, especially in the rapidly changing health misinfor-
mation landscape. Future work should consider targeting a sample
of participants who do believe in such misconceptions. Indeed, the
issue at hand is not that there is no public belief in these
misconceptions, but rather that people who hold such beliefs are
often outside the sampled demographic in online science experiments.

General Discussion

Across six experiments, we tested whether including nonprobative
pictures in debunking messages affected belief revision and observed
robust belief correction. However, it did not matter whether
debunking messages were paired with nonprobative (Experiments
1-6) or semantically related (Experiment 6, COVID-19 misinforma-
tion) pictures. Content did not matter—images portraying correct
information were no more effective than ones portraying misinfor-
mation. Visualizing negations did not matter—pairing images with a
symbolic checkmark or X had no impact on belief correction. The
passage of time did not matter—the results were similar whether a
few minutes, a week, or 2 weeks passed between correction and the
final rating. It did not matter whether the final test examined belief in
the correct information or the misinformation. In all cases, people
benefitted from receiving corrections, with no added benefit from
nonprobative pictures. Even COVID-19 misinformation showed
a similar pattern, with no added benefit from the inclusion of
semantically related images in the debunking communications. In
short, nonprobative pictures did not confer any additional benefit
beyond text-only corrections for the types of debunking commu-
nications we examined.

We also found no evidence for a visual backfire effect—picturing
the misinformation did not reduce correction -effectiveness.
This finding converges with recent failures to replicate the backfire
effect (Swire-Thompson et al., 2020; for meta-analysis, Walter &
Tukachinsky, 2020). The original rationale for expecting a familiarity
backfire effect was that repeating the misinformation increased
processing fluency, which in turn is interpreted as evidence that the
statement is true (i.e., illusory truth effect, Cook & Lewandowsky,
2011; Newman et al., 2012; Skurnik et al., 2005). However, more
recent work (e.g., Ecker et al., 2020; Swire-Thompson et al., 2020)
suggests that people are likely encoding the message holistically,
remembering the gist of the communication, as opposed to individual
statements that differ in fluency. This is also true in the specific case
of COVID-19-related misinformation (Ecker et al., 2023). Critically,
all of these studies involved text-only debunking messages without
pictures (though cf. Ecker et al., 2023, who include an infographic
condition for COVID-19 debunking). Dual-processing theory
(Paivio, 1971) suggests that a mixed-modality message (as was
the case in our studies) yields two representations of the message,
as opposed to a single gist representation. Thus, our studies extend
work on the backfire effect in a critical way, showing no evidence of
a familiarity backfire effect even when the repetition of the
misinformation was particularly memorable (i.e., given that pictures
are on average more memorable than words; Nelson et al., 1976;
Paivio, 1969, 1971). That is, in addition to there being no additional
benefit to pairing pictures with debunking messages, using pictures
to debunk misinformation conferred no cost to repeating the
misinformation in our studies.

Contrary to predictions, delay had no impact on our results.
Our predictions about delay were based on findings about the

memorability of pictures: Long-term memory for pictures is
impressive. Standing (1973) demonstrated that people’s recogni-
tion memory was better for a large set of pictures (1000 or more)
than a similarly sized set of words. Other classic demonstrations
include impressive paired associate learning; after studying 2500
A-B picture pairs, people are above 90% correct when asked to
pick which of two pictures (B, C) was studied with Picture A, even
3 days later (Standing et al., 1970). But these studies all measured
memory, and we did not measure memory in our studies.! Memory
contributes to belief, but one can remember something without
believing it, and belief judgments are often made on fluency-based
heuristics and other nonepisodic strategies (e.g., Zhang et al.,
2021). While there is some evidence that belief in false claims (i.e.,
“truthiness”) can persist over time when those false claims are
originally presented with nonprobative pictures (Fenn et al., 2013),
we also did not find evidence for any truthiness effects: Pictures of
the misconception did not increase belief in the misconception,
either at immediate test or after a delay.

One limitation of our work is that we targeted relatively simple
misconceptions. The text corrections were easily understood in
isolation—the pictures were not needed to understand them nor to
see flaws in one’s mental model. Furthermore, we used pictures that
were nonprobative and did not provide any information beyond that
contained in the texts. These congruencies between the visual
and verbal streams likely led participants to create a single mental
structure for each correction, as opposed to representing visual and
verbal information separately (as was conceptualized in classic Dual
Processing Theory, Paivio, 1971). To the extent that verbal and
visual information were redundant or easily integrated into the same
mental representation (see Gernsbacher, 1990; for a more recent
discussion of multimodal representations see McDaniel et al., 2022),
it is not surprising that the pictures did not boost belief change.
However, our predictions would change if the texts were hard to
comprehend, and the pictures improved the quality of the resulting
mental model. Similarly, probative pictures (that provided additional
information beyond that available in the text) would also change the
resulting mental models, with consequences for belief change.
Consistent with these ideas, a recent meta-analysis suggests stimulus
choices may drive some of the observed benefits of pictures on
reading comprehension, pointing out that researchers deliberately
select high-quality pictures designed to support learning, as opposed
to the types of images often included in educational materials (Guo
et al., 2020). Our results might have differed if we had chosen
more complex misconceptions and provided high-quality debunking
visualizations. For example, students might better understand a
teacher’s explanation of how DNA replicates if paired with a diagram.
While we have speculated here on potential mechanisms underpinning
the null effect of pictures—and the conditions that might give rise
to an effect—these remain only conjecture and require follow-up
experiments. Because we were surprised that pictures did not affect

! Notably, Experiments 1-4 leave open the possibility that participants did
use memory as a strategy for making belief judgments via a recall-to-reject
strategy (see, e.g., Jacoby, 1991). That is, memory of seeing a claim at the
correction phase could have been diagnostic of that claim’s falsity at the
follow-up belief evaluation. By testing belief on true claims in Experiments 5
and 6, we rule out this possibility. Our delay experiments (Experiments 3—6)
also offer counterevidence to this possibility: It would be harder to use a
recall-to-reject strategy with passing time and increased forgetting. Yet delay
did not impact belief revision.
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belief change in our initial experiments, the remaining experiments
focused on confirming the null effect across a range of conditions
where it could plausibly change. The experiments did not explicitly
focus on exploring mechanisms underpinning the null effects reported
here. Moreover, the practical applicability of these findings is further
limited by the low power to detect the hypothesized effect in our
Experiment 6 COVID-19 misinformation items—of considerable
public interest is how current knowledge on correcting misinfor-
mation can be applied to debunking misinformation that actively
threatens public health, and so future work is tasked with finding
more widely adopted false beliefs so that we can determine the
conditions under which they can be debunked.

In summary, this work is (to our knowledge) the first empirical
investigation into the use of pictures in debunking communications.
Contrary to prior research showing the images can increase belief in
both true and false information (Fenn et al., 2019; Newman et al.,
2012), the debunking messages used here were equally effective
regardless of whether or not pictures were included. One difference
between the present and prior work is that studies showing effects
of images on learning and belief tend to investigate new learning,
as opposed to correcting preexisting beliefs (Fenn et al., 2019;
Lewandowsky et al., 2020; Newman et al., 2015). It remains
possible that pictures help in debunking more complex misconcep-
tions, or when the target audience has low literacy skills (Delp &
Jones, 1996; Mbanda et al., 2021; Osborne, 2006).
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