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Abstract
Previous work has shown that false information affects decision-making even after being corrected, a phenomenon known as “continued 
influence effects” (CIEs). Using mock social media posts about fictional political candidates, we observe robust within-participant CIEs: 
candidates targeted by corrected accusations are rated more poorly than candidates not targeted by allegations. These effects occur 
both immediately and after as much as a 2-day delay. We further demonstrate that vulnerability to CIEs in a political context varies 
systematically between individuals. We found that certain groups are more susceptible to CIEs on immediate candidate ratings (i) 
those who rely more on intuitive feelings, (ii) those with lower digital literacy knowledge, and (iii) younger individuals. These 
individuals’ judgments appear to be relatively more influenced by the refuted accusations and/or less influenced by the factual 
refutations. Interestingly, political orientation did not affect CIEs, despite its influence on explicitly identifying misinformation. 
Moreover, people recalled accusation stimuli better than refutations at a delay, suggesting that emotions may drive the prioritized 
processing of accusations. Our results indicate that analytic thinking could be protective when people judge political candidates 
targeted by refuted false information.
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Significance Statement

False information, even after being corrected, can still influence subjective impressions and decisions about its targets. We address 
this issue using a novel approach: presenting mock social media posts regarding a large set of fictional political candidates. Refuted 
misconduct allegations yield lower candidate ratings both immediately after the posts were presented and at 30-min and 2-day de
lays. Consistent individual differences are observed on the immediate ratings, as individuals who self-report relying more on intuitive 
thinking, who demonstrate lower digital literacy, or are younger, are more vulnerable to influence from corrected false information. 
Since real-world harms from misinformation occur primarily via distortion of decision-making, our approach elucidates who is more 
vulnerable to making poor decisions based on false information.
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Introduction
Content that evokes strong moral and emotional responses tends 
to receive greater social media engagement (1). False information 
often elicits more negative emotions than true content (2), causing 
it to spread rapidly across social media platforms. In an ideal 
world, factual refutations would reverse the harmful effects of 
misinformation. In actuality, even when people learn of the false
hood, inaccurate information can still influence their later judg
ments, a phenomenon known as “continued influence effects” 
(CIEs) (3). Past work has documented some cognitive mechanisms 
as well as correction strategies for CIEs (4, 5). Still, CIEs typically 
persist even when best practices for corrections are followed, 
thus it remains crucial to understand the lingering impacts of 

false information on behavior. We measure CIEs in the context 
of accusations of political misconduct using novel stimuli de
signed to resemble social media postings, and examine demo
graphic and psychometric predictors of the magnitude of these 
effects in political decision-making.

CIEs were first studied in the domain of causal reasoning (3), for 
example, about the causes of a fire. Studies in this domain have 
proposed potential cognitive mechanisms for CIEs. One possible 
mechanism is a failure to integrate new information into one’s 
mental model (e.g. 3). An alternate mechanism is selective re
trieval (5, 6)—automatically remembering misinformation but 
not remembering its refutation, and failing to engage in strategic 
retrieval sufficient to associate the two. Individual differences in 
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CIE vulnerability have been linked to cognitive abilities like vo
cabulary knowledge (7), working memory capacity (8), and long- 
term memory for stimulus details (9). However, working memo
ry’s predictive power disappears when controlling for long-term 
memory (9). Although the present studies do not focus primarily 
on these mechanisms, we measure recognition memory in part 
to test a simple selective retrieval account of CIEs.

Political misinformation has gained significant societal atten
tion in recent years, but there are challenges to integrating the 
cognitive psychology literature on CIEs with research on political 
misinformation. One key question is whether and when CIEs oc
cur when forming impressions about other people. CIEs were ob
served in one study using hypothetical political candidates, in 
which refuted misconduct allegations still negatively impacted 
candidate evaluations (10). Classic social psychology research 
has shown that impressions of task ability, both for oneself and 
an observed other person, remain influenced by false feedback 
even after debriefing (11). Similarly, evidence presented but then 
declared inadmissible tends to impact real-world jury verdicts 
(12). However, in more recent work presenting a series of short 
narratives about a hypothetical nonpolitical target, a retraction 
fully countered the negative effects from accusations of immoral 
behavior (13). A second set of studies using a similar approach 
likewise found no evidence for CIEs and saw some evidence of 
overcorrection, even under conditions where other presented in
formation could support the truth of the retracted accusation 
(14). Our study will help to resolve these conflicting findings by 
testing whether CIEs limit effectiveness of corrections when polit
ical candidates are targeted by false misconduct accusations, 
across various candidate stimuli, on both single evaluations and 
binary choices, and in a context resembling real-world political in
formation environments.

Another missing connection between CIEs and other ap
proaches to researching misinformation is that many individual 
differences that predict vulnerability to misinformation and con
spiracy theories in the real world have not been examined with re
spect to CIEs. Some work has found that CIEs in a causal inference 
paradigm are unchanged when excluding those who forget the re
traction but are notably larger in people who report not believing 
the retraction, relative to those who claim to believe it (15). This 
suggests that individual differences in how people process and 
trust information could affect CIEs towards political candidates. 
Thus, predictors of real-world vulnerability to misinformation 
may also be relevant to understanding which people are more vul
nerable to persistent effects of refuted misinformation when 
making sociopolitical decisions.

One factor that can impact a person’s vulnerability to misinfor
mation is their tendency to think analytically. Specifically, higher 
scores on the Cognitive Reflection Test (CRT), which measures the 
degree to which people use analytical reasoning to overcome in
tuitive but incorrect responses, predicts greater accuracy discern
ment, i.e. success in identifying false information (16). Digital 
literacy—factual knowledge about digital and legacy media—is 
another factor that predicts improved accuracy discernment (17, 
18); this knowledge may enhance analytic thinking about online 
content and responsiveness to cues about the reliability of infor
mation. A self-report measure of epistemic beliefs also correlates 
with belief in conspiracy theories (19, 20) and with measures of 
headline accuracy discernment and willingness to share false 
content (21). Of the three subscales on this measure, having faith 
in one’s intuitive feelings and believing that truth is political (i.e. 
defined by those in power) are associated with stronger endorse
ment of conspiracy theories, poorer accuracy discernment, and 

greater willingness to share false information. Requiring evidence 
as a basis for beliefs is associated with reduced willingness to 
share false content, less endorsement of conspiracy theories, 
and better accuracy discernment.

In contrast, other work has suggested that social and affective 
factors like partisanship and ideological biases play an important 
role in vulnerability to misinformation (22–24). Republicans and 
those scoring lower on actively open-minded thinking (AOT) 
show lower accuracy discernment, suggesting a tendency for 
ideological bias known as “myside bias.” Partisanship and AOT 
are stronger predictors of accuracy discernment than analytic 
thinking measures (25), supporting an “integrative account” of 
misinformation vulnerability. Affective polarization—a strong 
preference for one’s party over opposing partisans—is associated 
with a greater likelihood of sharing false content on Twitter, par
ticularly among Republicans (26). Note that because our stimuli 
are largely devoid of partisan cues, our intention is not to test 
whether people are more influenced by false information that 
aligns with their own partisan identify (cf. 27). Our design instead 
allows us to test whether political orientation and/or polarization 
are associated with being more strongly influenced by compelling 
scandal narratives even when these are factually refuted.

Another potential vulnerability of practical interest is age. It is 
unclear whether older adults are more or less vulnerable to misin
formation. Older adults tend to show declines in working memory 
(28) and associative memory (29), suggesting a possible impair
ment in processes associated with CIEs: integrating refutations 
into mental models and recalling that an accusation has been re
futed. Consistent with this expectation, older adults consume and 
share higher levels of false content on real social media platforms 
(30, 31). Aging has also been associated in the lab with reduced ex
plicit memory for trivia knowledge having been identified as false 
(6). However, in other laboratory research, older adults have 
shown either similar (32) or even reduced CIEs compared to young 
adults in the context of causal inference in a classic CIE paradigm 
(33), and performed better than young adults at explicitly discern
ing true from false news headlines (34, 35). These disparate find
ings could be explained by differences in the cognitive and/or 
socioemotional processes engaged in some laboratory tasks vs. 
real-world social media platforms, or by differences in the older 
adult populations that are being studied. Regardless, additional 
evidence on how age affects CIEs for accusations against hypo
thetical political candidates may help clarify these seemingly con
flicting findings between real-world and laboratory settings.

Finally, we aim to achieve a preliminary understanding of dif
ferences in processing accusations versus factual refutations. 
Specifically, we examined whether recognition memory varies be
tween accusations and refutations. Prior work suggests that nega
tive information is motivationally salient in a variety of evaluative 
contexts, including in social impression formation (36), and that 
negative emotion enhances memory for associated stimuli (37). 
We hypothesized that the negative emotionality evoked by accu
sations causes accusation stimuli to be prioritized in memory and 
decision-making relative to matched neutral stimuli, while refu
tations will receive less or no prioritization. Beyond any direct 
effect of memory modulation on decision-making, prioritized pro
cessing of accusation stimuli is a possible mechanism by which 
refuted accusations may continue to bias decisions (cf. 38).

Results
We ran two large online behavioral experiments with American 
participants, aiming to recruit 500 participants per experiment. 
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The first study was exploratory, while the second was a preregistered 
replication in which candidate judgements were also measured 2 
days later. Note that, to address points raised during peer review, 
some of the analyses highlighted here differ from the preregis
tered analysis plan; deviations from the preregistration are de
tailed in the Methods. In both experiments, participants first 
read introductory bios for all candidates (Fig. 1A) and then saw 
two mock social media posts for each candidate (Fig. 1B). Each 
set of social media posts was presented in one of three formats, 
which were varied within-participants: corrected accusation (post 
1: Accusation; post 2: Refutation), uncorrected accusation (post 1: 
Accusation; post 2: Refutation Control), or no accusation (post 1: 
Accusation Control; post 2: Refutation Control). Accusation con
trol and refutation control stimuli were topically and visually 
matched to their respective accusation and refutation stimuli 
but were designed to have little impact on candidate ratings. 
Participants saw an equal number of candidates in each of the 
three formats, and we counterbalanced across participants 
which candidates appeared in which format. Immediately after 
reading the posts, participants rated the candidate on a feeling 
thermometer (Fig. 1C). The analyses reported here focus largely 
on continued influence effects (CIEs), subtracting mean ratings 
for candidates with no accusation from mean ratings for candidates 
with corrected accusations. Note that more negative scores on CIEs 
indicate a larger decline in ratings for candidates exposed to accu
sations. Analyses of secondary outcomes, which look at the effect 
of accusations and corrections separately, are reported in 
Supplementary Information Results.

After reading posts about each candidate and providing a rat
ing, participants then completed a series of self-report question
naires (see Methods), as well as the MIST-20 headline accuracy 
judgment measure (39). These were followed by delayed ratings 
about each candidate, following the same procedure as the imme
diate ratings, as well as a delayed choice task (Fig. 1D), in which 
participants completed a series of binary choices about which of 
two candidates they would vote for in an election. In the choice 
task, we computed CIEs as the proportion of trials where a cor
rected accusation candidate was chosen over a no accusation can
didate when candidates of those two types were being compared. 
Finally, memory was assessed via a recognition memory test 
(Fig. 1E). In experiment 1, all of these measures were collected in 
a single testing session, while in experiment 2, memory and a se
cond round of delayed ratings and choices were collected 2 days 
later.

Behavioral main effects
Immediate and delayed CIEs
As expected based on pilot testing (see Supplementary 
Information Results), CIEs were present in the aggregate in experi
ment 1 on immediate ratings, t(436) = –11.73, P < 0.0001, d = −0.56 
(Fig. 2A). CIEs persisted on ratings made after a short (∼20–30 min) 
delay, t(436) = −5.63, P < 0.0001, d = −0.27 (Fig. 2B). CIEs were also 
evident on the choice task at a short delay in experiment 1, 
t(436) = –5.48, P < 0.0001, d = −0.26 (Fig. 2C). In preregistered ana
lyses for experiment 2, CIEs were present on immediate ratings, 
t(516) = −11.35, P < 0.0001, d = −0.50 (Fig. 2D), on ratings made 
after a short delay, t(516) = –6.17, P < 0.0001, d = 0.27 (Fig. 2E), 
and on choices made after a short delay, t(516) = –5.12, P <  
0.0001, d = −0.23 (Fig. 2F). In experiment 2, we also examined 
CIEs after a 2-day delay; these effects were present in preregis
tered analyses for both the delayed rating task, t(401) = −5.45, 
P < 0.0001, d = −0.27, and the delayed choice task, t(401) = −4.32, 

P < 0.0001, d = −0.22 (see Fig. S1). Contrary to our preregistered 
prediction, CIEs in experiment 2 did not differ between short- 
delay and long-delay measurements for the rating task, t(401) =  
1.17, d = 0.06, or for the choice task, |t|(401) < 1, d = −0.04 (this issue 
is discussed further in Supplementary Information Results). 
Analyses of CIEs that show similar results for alternative exclu
sion criteria are reported in Table S1.

Comparison of initial and immediate ratings
To control for any effects of candidate demographic and biograph
ical details, assignment of candidate to condition was counterbal
anced between individuals. Mixed-effects models that account for 
initial ratings made prior to reading the social media posts, pre
sented in Supplementary Information Results, confirm that CIEs 
were robust to differences in these initial ratings. Another ap
proach to measuring effects of the mock social media posts is to 
compare immediate ratings after reading each social media post 
to the initial rating for that candidate. This approach also showed 
a clear decline from initial ratings to immediate post-story ratings 
for candidates with corrected accusations in experiment 1, t(436)  
= −8.24, P < 0.0001, d = −0.39, and in experiment 2, t(516) = −8.19, 
P < 0.0001, d = −0.36 (see Fig. S2).

CIEs and memory
We additionally find that CIEs do not appear to be a direct conse
quence of trials in which the accusation was remembered while 
the refutation was not, as would be implied by a simple version 
of the selective retrieval account of CIEs. That is, CIEs were still 
present when limiting the analysis to trials in which all four 
stimulus types (see Fig. 1B) were correctly categorized on the later 
recognition test, though many participants needed to be excluded 
from these analyses due to having no such trials in a given condi
tion. On this recognition test, familiarity with a candidate was not 
sufficient to yield a correct response, as all stories involved candi
dates who participants had seen before; instead, participants 
needed to remember which two specific social media posts (accus
ation, accusation control, refutation, or refutation control) they 
had seen previously for a given candidate and which two they 
had not. When conditionalizing on memory, CIEs were present 
on immediate ratings in experiment 1, t(319) = −5.94, P < 0.0001, 
d = −0.33, and in experiment 2, t(217) = −6.06, P < 0.0001, d =  
−0.41. CIEs conditionalized on memory were also present on 
short-delay ratings in experiment 1, t(319) = −5.79, P < 0.0001, d  
= −0.32, on short-delay ratings in experiment 2, t(217) = −4.48, P  
< 0.0001, d = −0.30, and on long-delay ratings in experiment 2, 
t(217) = −4.99, P < 0.0001, d = −0.34.

Data from the choice task were less clear. Here, we limited the 
analysis to candidate pairings in which all four stimulus types 
were remembered correctly for both candidates, and to individu
als for whom at least three choice trials relevant to CIEs met this 
criterion. This analysis shows a significant CIE at a short delay in 
experiment 1, t(186) = −3.44, P = 0.0007, d = –0.25, but not in ex
periment 2, whether at a short delay, t(48) = −1.57, P = 0.124, d  
= –0.22, or at a long delay, |t|(48) < 1, d = −0.11. Still, all effects 
were in the same direction as in the analysis not conditionalized 
on memory, with corrected accusation candidates less likely to 
be chosen than no accusation candidates, and with effect sizes 
that are largely comparable to the main analysis. To more system
atically test whether the observed null effects may be due to a fail
ure to remember the refutation, we compared whether the 
proportion of corrected accusation candidates chosen differs 
within the same individuals when the analyses are or are not 
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Fig. 1. Stimulus/task design for A) introductory bios, B) core stimuli, C) ratings (immediate and delayed), D) delayed choices, and E) memory test.
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conditionalized on memory. No evidence for such a difference was 
found, whether in experiment 1, t(186) = −1.49, d = −0.11, P = 0.14, 
in experiment 2 at a short delay, |t|(48) < 1, d = −0.06, or in experiment 
2 at a long delay, |t|(48) < 1, d = −0.06. Thus, the null effects for choices 
in experiment 2 are more likely due to a lack of power when condi
tionalizing on successful memory after a 2-day delay; we find no dir
ect evidence supporting a role for memory failures in producing CIEs. 
Analyses of CIEs conditional on memory that show similar results for 
alternative exclusion criteria are reported in Table S2.

Individual difference predictors of CIEs
We examined bivariate correlations to determine which factors 
predict CIEs on the immediate feeling thermometer measure. 
We focus on immediate ratings because CIEs are larger and 
more reliable for this measure than for delayed ratings or choices. 
Specifically, as an estimate of reliability, we calculated CIEs for 
three subsets of the candidates, each composed of all candidates 
running for one of the three political offices, and examined 
whether CIEs were correlated across these three subsets. As de
scribed further in Supplementary Information Results and 
Table S3, these correlations were consistently and significantly 
greater than zero for immediate ratings in both experiments, 
but no significant positive correlations were observed for delayed 
ratings or choices. As might be expected based on this lack of in
ternal consistency, no individual difference measures reliably 
predicted CIEs on delayed ratings and choices in either experi
ment (see Supplementary Information Results).

Three variables were significant predictors of immediate CIEs 
in both experiment 1 and experiment 2 (see Fig. 3; Table S4). 
Higher faith in intuition predicted stronger CIEs (Exp. 1: r =  
−0.277, pFDR < 0.0001; Exp. 2: r = −0.144, pFDR = 0.013), while higher 

digital literacy (Exp. 1: r = 0.129, pFDR = 0.018; Exp. 2: r = 0.111, 
pFDR = 0.044) and older age (Exp. 1: r = 0.147, pFDR = 0.008; Exp. 2: 
r = 0.123, pFDR = 0.030) predicted weaker CIEs. Correlation tables 
showing all bivariate correlations with immediate CIEs, as well 
as regressions examining effects of race/ethnicity, are presented 
in Table S4.

Regression analyses suggest that these three variables have 
largely independent effects on CIEs. Faith in intuition and age re
main significant predictors of CIEs in both experiments in a mul
tiple regression that includes all individual difference variables 
simultaneously and both are also selected as significant predic
tors in stepwise regressions, which we had originally preregistered 
as our individual differences analysis for experiment 2 (Tables S5 
and S6). Digital literacy remains a predictor of CIEs in a multiple 
regression including all variables simultaneously, and is retained 
as a significant predictor in stepwise regressions, in experiment 2 
but not experiment 1 (Tables S5 and S6).

We next examined whether any of the tested individual differ
ence measures show reliably different correlation coefficients 
with CIEs compared to headline accuracy discernment. To ad
dress this question, we used tests of dependent correlation coeffi
cients (40), accounting for the correlation between CIE and 
accuracy discernment measures. The most notable finding from 
these analyses (see Table S4) was that the effect of political party 
differed between measures (Fig. 4). Specifically, Republicans 
scored worse on headline accuracy discernment (Exp. 1: r =  
−0.244, pFDR < 0.0001; Exp. 2: r = −0.314, pFDR < 0.0001), but there 
was no effect of party on CIEs (Exp. 1: r = −0.034, P = 0.48; Exp. 2: 
r = −0.013, P = 0.77), and this difference was significant in both ex
periments (Exp. 1: t = 3.60, pFDR = 0.003; Exp. 2: t = 5.61, pFDR <  
0.0001). The effects of political party on CIEs and MIST were also 
significantly different from each other in experiment 2, and 

Fig. 2. Main effects of condition on A) experiment 1 immediate ratings, B) experiment 1 short-delay ratings, C) experiment 1 short-delay choices, D) 
experiment 2 immediate ratings, E) experiment 2 short-delay ratings, and F) experiment 2 short-delay choices. Effects shown in experiment 2 constitute a 
preregistered replication of effects observed in experiment 1. Error bars represent ±1 SE.
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marginally different in experiment 1, when using an SUR regres
sion approach (41) that we had originally preregistered as our ana
lysis for this test for experiment 2 (Tables S5 and S6).

There were other differences between the correlations with 
CIEs and MIST, but these reflected a difference in degree of rela
tionship rather than in whether a relationship is present at all. 
Specifically, digital literacy and all three epistemic belief sub
scales were more strongly correlated with the MIST than CIEs, 
but these variables showed at least marginal relationships with 
both CIEs and MIST. Individual differences analyses that show 
largely similar results (i.e. all significant effects reported above 
are at least marginal) for alternative exclusion criteria are re
ported in Tables S7–S12.

Memory
Finally, we examined whether explicit memory differs for accusa
tions vs. refutations. Although CIEs are still present when 

participants remember all information, memory differences 
could nonetheless provide insight into how accusations and refu
tations are processed differently. We specifically examined 
whether the categorical benefit to memory for stimuli that should 
impact social impressions (i.e. accusations and refutations), 
relative to matched control stimuli lacking such impact, would 
differ for accusations vs. refutations. To do so, we ran a 2 
(Impactfulness: Accusation/Refutation vs. Control) × 2 (Post: 
post 1 vs. post 2) repeated-measures ANOVA. In experiment 1, 
this analysis showed a main effect of impactfulness, F(1, 403) =  
23.89, P < 0.0001, ηp

2 = 0.056, with impactful stimuli generally being 
remembered better than control stimuli. There was no main 
effect of post, F(1, 403) < 1, nor was there a reliable interaction be
tween impactfulness and post, F(1, 403) = 1.90, P = 0.17, ηp

2 = 0.005, 
indicating that accusations benefit about as much as refutations 
in memory relative to matched control stimuli (Fig. 5A).

We examined this effect again in experiment 2, in which memory 
was tested 2 days after encoding rather than ∼30–40 min after 

Fig. 3. Relationship between CIEs showing that A, D) higher self-reported faith in intuition is associated with larger CIEs, i.e. a larger drop in ratings in the 
corrected accusation condition relative to the no accusation condition, B, E) higher digital literacy is associated with reduced CIEs, and C, F) older adults 
show reduced CIEs, in A–C) experiment 1 and D–F) experiment 2. Shaded regions represent 95% CI.

Fig. 4. Relationship between political party and both MIST-20 and CIE scores, showing that republicans perform more poorly on the MIST-20 than 
democrats, but do not show a larger CIE, in A) experiment 1 and B) experiment 2. Shaded regions represent 95% CI.
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encoding (Fig. 5B). Because emotional stimuli tend to affect memory 
consolidation more than immediate memory (42), we preregistered 
a prediction of a reliable interaction effect in experiment 2. Indeed, 
in experiment 2, we found a main effect of impactfulness, F(1, 386) =  
21.24, P < 0.0001, ηp

2 = 0.052, a main effect of post, F(1, 386) = 28.61, 
P < 0.0001, ηp

2 = 0.069, and critically, an interaction between these 
variables, F(1, 386) = 29.06, P < 0.0001, ηp

2 = 0.070. The interaction in
dicates a strong memory benefit for accusation stimuli vs. accus
ation control stimuli, t(386) = 7.22, P < 0.0001, d = 0.37, but no 
advantage for refutation stimuli vs. refutation control stimuli, 
|t|(404) < 1, d = −0.05. Finally, we ran an additional 2 × 2 × 2 (impact
fulness × post × experiment) mixed ANOVA to test whether the 
interaction between impactfulness and post differed as a function 
of the retention interval. This analysis showed a three-way inter
action, F(1, 789) = 10.17, P = 0.001, ηp

2 = 0.013, indicating that the 
memory benefit for accusation stimuli was greater with a longer re
tention interval, as well as a main effect of experiment, F(1, 789) =  
141.74, P < 0.0001, ηp

2 = 0.15, reflecting poorer memory at the longer 
retention interval, an interaction between post and experiment, F(1, 
789) = 11.53, P < 0.0007, ηp

2 = 0.014, and other lower-order effects re
peating those reported above.

Discussion
In this study, we report a novel approach studying how false accu
sations can harm politicians’ reputations, even after those allega
tions have been factually refuted. We found that hypothetical 
candidates targeted by false but refuted accusations were rated 
more negatively than those never accused. The negative impres
sion persisted regardless of whether people rated the candidates 
immediately, after a short delay, or even after 2 days, consistent 
with prior work (e.g. 33). We also discovered reliable individual dif
ferences in CIEs on immediate ratings. The tendency to maintain 
negative impressions is stronger for those who report relying more 
on intuition, people with lower digital literacy skills, and younger 
individuals. Interestingly, political affiliation did not affect this 
tendency. Finally, although we did not find direct evidence that 
CIEs result from selective retrieval of accusations, we did find 
that people have better memory for accusations than refutations 
after a 2-day delay. We speculate that emotionally charged infor
mation (like accusations) simultaneously impacts both memory 
consolidation processes and decisions about political candidates.

Our findings replicate and extend a prior study testing impres
sions of mock political candidates accused of misconduct (10), 
while differing from other recent studies examining the formation 
of social impressions about ordinary individuals (13, 14). It has 
been suggested (43), based on the finding in (10) that CIEs may 
be eliminated when decisions are both preceded by explicit 

deliberation and are about a same-party political candidate, 
that CIEs towards politicians may be limited to when there is a re
luctance to update negative views about opposing-party politi
cians. In contrast, we conclude that in a nonpartisan political 
context, CIEs towards politicians are robust, and that CIEs apply 
more broadly in sociopolitical impression formation than other 
recent work has suggested (13, 14, 43). Our paradigm does differ 
in other ways, such as in having two stimuli about each of a large 
number of candidates rather than many stimuli about one tar
geted individual. Our design may be more ecologically valid, and 
under these conditions the cognitive bandwidth available for im
pression updating may be reduced, increasing the relative impact 
of emotionally salient accusations. In any case, we find strong evi
dence that people maintain negative opinions about politicians 
even when allegations are demonstrably false.

We find as well that the degree to which retracted information 
continues to influence social impressions varies reliably between 
individuals. Specifically, those who report relying more on intu
ition in choosing what to believe were more affected by debunked 
information. These results build on previous work suggesting that 
an increased reliance on emotion, whether pre-existing or in
duced by task context, can lead to increased belief in false infor
mation (44). In contrast, those with higher digital literacy—an 
acquired understanding of how social media platforms work on 
a mechanistic level—are less influenced by false accusations. 
Understanding how social media works might make people 
more skeptical of the content they encounter online, making 
them more analytical about what they read, and potentially 
more willing to trust refutations from a verified source (cf. 15). 
Another question for future work is to examine how cognitive abil
ities, like working memory, can affect people’s ability to spot false 
information, particularly in political contexts (cf. 7–9). Ultimately, 
these findings are most notable in showing that CIEs vary system
atically with measures (i.e. reliance on intuition and digital liter
acy) that also predict the ability to explicitly discern true from 
false headlines (e.g. 17–19, 44).

We find that partisan orientation is unrelated to the magnitude 
of CIEs. These results are interesting in the context of work em
phasizing the role of partisan orientation and other socioemotion
al factors in headline accuracy discernment, in addition to 
analytic thinking, forming the “integrative account” of misinfor
mation vulnerability (24, 25). We find that while Republicans 
were more likely to believe false headlines in the MIST, they 
were just as willing as Democrats to change their impressions of 
novel political candidates after an accusation was debunked. 
Our results suggest that Republicans are not inherently more vul
nerable to making decisions based on debunked false informa
tion. On the MIST, true headlines reference specific recent issues 

Fig. 5. Memory by stimulus condition. A) Experiment 1, memory after a short delay (∼30 min). B) Experiment 2, preregistered replication showing 
memory after a longer (2-day) delay. Error bars represent ±1 SE.

Cohen et al. | 7
D

ow
nloaded from

 https://academ
ic.oup.com

/pnasnexus/article/3/11/pgae490/7863404 by guest on 22 N
ovem

ber 2024



and events, and false headlines are generated to resemble real- 
world misinformation. In recent years, American conservatives 
have been exposed to more false information than similarly situ
ated liberals (30, 45, 46). In contrast, all participants in our study 
hear the exact same information about the fictional politicians. 
Thus, our data imply that the conservative worldview is not inher
ently more credulous or dogmatic (cf. 47).

We also observed that older adults consistently show reduced 
CIEs, replicating another recent study that used nonpolitical stimuli 
(33). Older adults have previously been shown to have worse expli
cit memory that a piece of information had been tagged as a myth 
(6); however, given that we find age predicts reduced CIEs on imme
diate judgments (where the stimuli are likely still in working mem
ory), and that CIEs are present even when people remember all 
stimuli later, it seems reasonable to assume that the social impres
sion judgments in our study rely to a substantial degree on proc
esses other than explicit memory. Our results align with research 
on the age-related positivity bias (48), including recent work show
ing that older adults are more forgiving of selfish behavior than 
young adults (49). Older adults may be less inclined to judge a pol
itician harshly based solely on an accusation, especially after evi
dence has refuted the allegation. Our result also aligns with prior 
work demonstrating better headline accuracy discernment in older 
adults (34, 35). However, it is possible that older adults who partici
pate in online studies may differ from the general population, 
whether in cognitive ability (e.g. 50), digital savviness, or some other 
factor. Future work will need to address this limitation. It is also 
possible that at a delay longer than 2 days, memory differences 
with age would make older adults more vulnerable to CIEs than 
what we observed. Regardless, it remains unclear why older adults 
share more false information on social media than their younger 
counterparts (30, 31).

Finally, we found evidence that people process accusations 
preferentially relative to refutations. In our second experiment, 
participants remembered accusations better than refutations 
after a 2-day delay. These results differed from our first experi
ment, which used a shorter retention interval and showed no 
significant difference in memory between accusations and refu
tations. This result is consistent with accusations triggering 
greater emotional arousal, thereby enhancing memory consoli
dation (42). We also found tentative evidence, based on a correl
ation between CIEs and memory for accusations in experiment 2 
(see Supplementary Information Results; Fig. S3), that would 
more directly support the interpretation that a common mech
anism such as emotional arousal strengthens both CIEs and 
memory consolidation. Still, more research is needed to estab
lish a role for preferential processing of emotionally evocative 
accusations in decision-making about political candidates.

One limitation of this study is that our newly developed digital 
literacy measure has not been rigorously validated from a psycho
metric standpoint. Nonetheless, our measure offers a more rele
vant assessment of digital literacy than other existing options. 
In one prior study (18), only one of four media literacy measures 
—specifically, information literacy—predicted how well people 
judged headline accuracy. This measure was notable for being 
the only one of the four measures to assess factual knowledge, 
but it does not focus on digital media. To our knowledge, the 
only measure relating factual digital literacy knowledge to misin
formation vulnerability is a single question asking about the 
Facebook news feed (17). We used this question as a starting point 
but added additional questions, as we believe digital literacy is a 
broad enough construct to require multiple questions to assess ro
bustly, following (51). As described further in Supplementary 

Information Results, we confirmed using Cronbach’s alpha that 
our measure had acceptable reliability in a pilot sample, but 
more work is needed to further validate and refine this measure. 
Still, we expect that an ongoing challenge in measuring digital lit
eracy is keeping factual knowledge questions accurate and rele
vant as the online media landscape rapidly evolves.

We expect this work to inspire new avenues for future research. 
Our work is a proof of concept that it is possible to measure how 
strongly refuted false information continues to affect decisions 
about political candidates at the individual level. Moreover, our 
method focuses on how misinformation influences more conse
quential political decisions than the judgment of whether a piece 
of information is accurate, as even information known to be in
accurate can still impact decisions. Finally, this approach allows 
for measurement of misinformation’s impact on political deci
sions over time, not just immediately after exposure. Our method 
can be adapted to study misinformation in other areas, including 
false claims about the COVID-19 vaccine or medical treatments. 
This work is a critical step towards achieving a better understand
ing of how misinformation affects decisions and developing inter
ventions that mitigate the real harms of false information by 
considering not just beliefs but also tangible behaviors.

Methods
Stimuli
We originally developed 36 fictional political candidates but re
duced this number to 27 for the current set of studies to keep 
the experiment under 60 min. Both versions are available in our 
OSF repository (https://osf.io/gjpr9/). Each candidate’s story was 
inspired by a real politician targeted by a false accusation that 
was later debunked by media sources, e.g. FactCheck.org. The 
stories covered nine scandal categories: bribery, electoral fraud/ 
interference, embezzlement/self-dealing, racism, abuse of power 
or discretion, sexual harassment, foreign influence, financial 
fraud, and pedophilia/bestiality.

Our stimulus set included 18 men and 9 women. Of these can
didates, 18 were white, and 9 were nonwhite (equally split be
tween black, Hispanic, and Asian). This distribution roughly 
matches the actual demographics of US political officeholders 
while allowing each of the three counterbalancing groups to 
have an equal proportion of candidates across race and gender. 
Candidates were evenly split between running for US Senate, state 
governor, and US House positions. We tried to match the fictional 
candidates to their real-life inspirations in terms of race, gender, 
age, and political office. However, some deviations were necessary 
because white men were overrepresented in the real-life sample 
relative to our intended distribution.

We constructed a set of core stimuli for each candidate, 
consisting of an introductory biography and four social media 
posts: accusation, refutation, accusation-matched control, and 
refutation-matched control. The bios were loosely based on the 
real politician who inspired the story and typically included vague 
policy positions but avoided identifiable details. Each bio featured 
a campaign-style banner with the candidate’s face, name, and 
prospective political office. The social media posts included this 
banner, along with a blurred stock photo image as a thumbnail 
with a blurred poster name next to it, a brief description of the 
story, and a headline and stock photo image previewing a hypo
thetical linked article on Facebook.

Each participant saw two social media posts about a given 
political candidate. The first post was either an accusation or 
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accusation-matched neutral control post, while the second was 
either a refutation or a refutation-matched neutral control post. 
To minimize possible confounds, the meaningful posts (accusa
tions or refutations) were matched to the paired control stimuli 
on general topic, article preview image (but with different text 
captions), and the blurred author thumbnail. For the second 
post (refutation or neutral), the thumbnail was a blurred logo 
and blurred name of a reputable news source intended to be pol
itically neutral (e.g. Reuters) with an unblurred blue checkmark 
next to it. When refuting the accusation, these posts gave a clear 
causal account of the allegation by explaining how it came about 
via either a misunderstanding or deliberate fabrication.

CIEs were apparent in the first version of our stimulus set (see 
Supplementary Information Results). However, we pilot-tested a 
series of modifications to ensure that for each candidate, uncor
rected accusations negatively impacted post-story ratings, refuta
tions countered this negative impact relative to refutation 
controls, and neutral posts did not change opinions much in ei
ther direction. In this process, we did not modify refutations to 
make them less effective at correcting false allegations. See 
Supplementary Information Methods for additional details about 
stimulus design and pilot testing.

Experiment 1—Exploratory study
Participants
We planned to recruit 500 participants using the CloudResearch 
MTurk Toolkit. We chose the sample size based on our budget 
and preliminary power analysis, which showed that we could de
tect a bivariate correlation of at least r > 0.125 with 80% power. 
Recruitment was stratified by age, with equal samples targeted 
from five age brackets (18–29, 30–39, 40–49, 50–59, 60+). 
Participants were paid $8.00 for completing the study.

We excluded participants if they: failed simple attention 
checks at the start of this study, were removed from the 
CloudResearch Approved Participants list by July 2024, reported 
an age that did not match their birth year on file with 
CloudResearch (i.e. off by more than 1 year), or had a median 
time of less than 1.5 s reading either the first or second post, which 
would imply an implausibly fast reading speed of about 1,800 
words per minute. A total of 499 participants completed experi
ment 1. In total, we excluded 62 participants from all analyses, 
some of whom failed on multiple criteria: 3 failed simple attention 
checks, 15 were removed from the CloudResearch Approved list, 
35 reported their age inconsistently, 11 had below-threshold view
ing time on post 1, and 18 had below-threshold viewing time on 
post 2. After exclusions, we had a final sample of 437 participants.

We also report data from our primary analyses with minimal 
exclusions in Supplementary Information Results. Based on peer 
review feedback, we modified the initial exclusion criteria noted 
in our preregistration. Data using our original preregistered exclu
sion criteria (below-chance performance on either the MIST or 
digital literacy measures) are also reported in Supplementary 
Information Results. Note that in experiment 2, only those who 
met our original exclusion criteria were invited back for the de
layed judgments and memory test. To enable comparisons in 
memory performance across the two experiments, we excluded 
from analyses of memory performance in both experiments indi
viduals who failed our original exclusion criteria. This yielded an 
additional 24 exclusions in experiment 1: 22 individuals who 
were below-chance on the MIST, 1 who was below-chance on 
the digital literacy measure, and 1 who failed on both measures. 
Results were similar without making these additional exclusions. 

Finally, nine additional individuals were excluded from analyses 
of memory performance because they scored below chance on 
the memory test.

Procedure
Study procedures were reviewed and approved by the University 
of Pennsylvania IRB #8 (protocol 844066) as consistent with the 
Declaration of Helsinki and the US federal Common Rule (45 
CFR part 46) regulating human subjects research. Informed con
sent was obtained from participants at the beginning of each 
study session. Participants first saw introductory bios (Fig. 1A) 
for all 27 candidates in random order. Immediately after each 
bio, they rated how much they liked each candidate on a 0–100 
feeling thermometer scale (initial ratings). Participants then saw 
two mock social media posts about each candidate (Fig. 1B). 
Candidates were evenly divided between the three conditions (cor
rected accusation, uncorrected accusation, or no accusation), with candi
date assignment to these conditions counterbalanced across 
participants. This is the only stimulus feature that was varied sys
tematically and counterbalanced. After seeing each pair of posts, 
participants again rated each candidate on the 0–100 feeling 
thermometer scale (immediate post-story ratings; Fig. 1C).

After viewing posts about all 27 candidates, participants com
pleted several questionnaires: the Cognitive Reflection Test 
(CRT-2) (52); epistemic beliefs measure (19); two affective polar
ization measures—a dictator game, following (53), and a partisan 
feeling thermometer, following (54); a belief superiority measure 
(55); and the MIST-20 headline accuracy discernment scale (39). 
We also included a novel digital literacy measure, building on 
(17, 18); the digital literacy measure included nine multiple-choice 
questions with four response options each to examine factual 
knowledge of user experience and content moderation on social 
media platforms. More specifically, the digital literacy measure 
includes three questions about specific platforms (Facebook, 
Twitter, and TikTok) and three questions about specific concepts 
(phishing, blocking, and tagging). We computed digital literacy 
scores as the percent correct across all six items. See additional 
details in Supplementary Information Results and Appendix. All 
measures that were collected are listed here.

Following these questionnaires, participants made two judg
ments about each candidate. First was a choice task. Here, each 
candidate was paired with each of the other candidates running 
for the same political office (Governor, US Senate, or US House), 
and participants chose on each trial which candidate they pre
ferred by clicking on the banner for that candidate (Fig. 1D). 
Participants made 36 choices per office, totaling 108 choice trials. 
Second, participants completed a delayed feeling thermometer 
rating for each candidate, in random order, again prompted only 
by the candidate banner. Third, in a recognition memory test 
(Fig. 1E) they saw all four stimuli (accusation, accusation control, 
refutation, refutation control) for each of the 27 candidates, and 
provided ratings using a 5-point scale ranging from “Definitely 
new” to “Definitely old.” Finally, participants answered demo
graphic questions about their age, race/ethnicity, political affili
ation, and ideology (both following 7-point ANES survey format), 
education, income, household size, city, state, and ZIP code, and 
an open-ended feedback question.

Data analysis
On feeling thermometer rating measures, we computed a CIE 
score for each individual by subtracting the individual’s mean 
score for no accusation candidates from the mean score for corrected 
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accusation candidates. Note that this means that negative scores 
indicate the presence of CIEs, with larger CIEs yielding more nega
tive scores. This approach was chosen so that negative values in
dicate greater influence of false information for both CIEs and 
headline accuracy discernment. For choices, CIEs were computed 
as the proportion of trials for which a corrected accusation candidate 
was chosen, from trials in which the choice was between a cor
rected accusation candidate and a no accusation candidate. Here 
again, lower scores indicate greater CIEs.

We also computed an affective polarization measure for those 
who expressed a preference between the Republican and 
Democratic parties; those with a weak preference were included, 
but this measure could not be computed for those who expressed 
no partisan preference. We computed the difference in the 
amount shared (out of $10) with in-party vs. out-party targets in 
the dictator game, as well as the difference between in-party vs. 
out-party feeling thermometer ratings. The Z-score of the in-party 
vs. out-party difference for each measure was computed across 
the sample, and the final measure of affective polarization was 
the participant’s average Z-score across the two measures. 
Based on the finding in experiment 1 that greater affective polar
ization predicted larger CIEs, our preregistration included a 
mixed-effects analysis examining whether such an effect inter
acted with perceived candidate ideology and participants’ polit
ical ideology on the item level. The overall effect of affective 
polarization did not replicate in experiment 2, however, so this 
analysis is reported only in Supplementary Information Results.

For demographic variables of education and income, we con
verted categorical responses to ordinal numbers for inclusion in 
regressions, as described in our preregistration. Education was 
converted to years of education such that “Doctoral degree” = 20, 
“Master’s degree” = 18, “Bachelor’s degree” = 16, “Associate’s 
Degree” = 14, “Some college” = 13, “High school diploma” = 12, 
and “Have not finished high school” = 11. A small number of re
spondents chose “Other,” and these responses were coded on an 
ad hoc basis, with vocational/technical school graduates and 
those currently in college coded as 13, and a respondent indicating 
a professional degree coded as 19. Income was converted to a cat
egory, consistent with our preregistered analysis plan, with 
“Under $20,000” = 1, “$20,000–$40,000” = 2, “$40,000–$75,000” = 3, 
“$75,000–$100,000” = 4, “$100,000–$500,000” = 5, and “Over 
$500,000” = 6.

We examined the correlations between CIE and MIST and the 
following measures: CRT % correct, Digital literacy score, 
Epistemic beliefs (Faith in Intuition), Epistemic beliefs (Faith in 
Evidence), Epistemic beliefs (Truth is political), Political party (1– 
7 scale), Affective polarization, Belief superiority, Age, Gender 
(Male = 0, Female = 1), Education, and Income. Each set of correl
ation coefficients was corrected across these 12 measures using a 
false discovery rate (FDR) correction (56), implemented with the R 
p.adjust function. Effects of race and ethnicity were examined (us
ing dummy codes for Black, Hispanic, and Asian identity) in separ
ate multivariate regressions reported in Supplementary 
Information Results. To test whether specific predictor variables 
had a different relationship with CIEs vs. MIST, we used the 
Steiger’s Z test for dependent correlation coefficients (40), ac
counting for the correlation between CIE and MIST measures, 
and applying FDR correction across all 12 tests.

In addition to these bivariate correlations, we also examined 
the significant predictors of CIEs and MIST in multiple linear re
gressions that included all predictor variables, as well as in regres
sion models selected through a stepwise procedure via the 
stepAIC algorithm in R. Note that the examination of the bivariate 

correlations and full multiple regression model was a deviation 
from our preregistered analysis plan, which only specified step
wise regression (see Supplementary Information Results for fur
ther explanation of this change made in response to peer review 
feedback).

In the memory test, for any given candidate and participant, 
two stimuli were actually “old” and two were actually “new,” 
with the specific assignment of candidate to condition varying 
based on counterbalancing. The memory test was structured 
such that only one of the accusation or the accusation control 
stimuli, and only one of the refutation or refutation control stim
uli, would appear in the first half of the memory test, with other 
stimuli presented in the second half of the memory test. Specific 
stimuli presented in each half of the test were counterbalanced. 
For analyses of memory data by condition, we only used data 
from the first half of the test, to avoid contamination of memory 
estimates when participants had already seen a matched stimu
lus earlier in the memory test. Both “Definitely old” and 
“Probably old” were counted as “old” responses, while “Definitely 
new” and “Probably new” were counted as “new” responses, and 
“Not sure” responses were excluded from analysis. Hit rates and 
false alarm rates were computed for each of the four types of stim
uli, with up to 54 trials per condition, and d′ scores for each stimu
lus type were calculated with the log-linear correction applied 
(57). In the separate set of analyses in which candidate impres
sions were computed based only on trials for which all stimuli 
were remembered accurately, data from the full memory test 
data were used, with four stimuli per candidate.

Experiment 2—Replication study
Participants
We planned to recruit 500 participants again using CloudResearch 
MTurk Toolkit, stratifying by age across five brackets (18–29, 30– 
39, 40–49, 50–59, 60+). Due to a data collection error, we recruited 
an additional set of ∼100 participants in the 30–39 age bracket and 
a smaller than anticipated sample in the 18–29 age bracket. 
Participants received $7.50 for completing the first part of the 
study and an additional $5.00 if they returned for the second 
part of the study 2 days later.

Of the 561 participants, we excluded data from 44, yielding a 
sample of 517 participants. Our exclusions mirrored those from 
our first study, with some participants again failing multiple cri
teria: 1 failed simple attention checks, 11 were removed from 
the CloudResearch Approved list, 17 reported their age inconsist
ently, 12 had below-threshold viewing time on post 1, and 12 had 
below-threshold viewing time on post 2. As noted above, these ex
clusion criteria represent a change from our preregistered plan. 
However, for the memory test and other long-delay measures, 
we did not invite back 46 participants who did not meet our origin
al exclusion criteria. This included 42 individuals who scored be
low chance on the MIST, 3 who scored below chance on the digital 
literacy measure, and 1 who scored below chance on both. After 
these exclusions and natural attrition, we had 402 individuals 
who completed both study sessions. For memory performance 
measures, we excluded another 15 participants who scored below 
chance on the memory test.

Procedure
Data collection and analysis for experiment 2 were similar to ex
periment 1, with the preregistered plan for experiment 2 available 
at https://osf.io/ubw6m. We used the same measures as in experi
ment 1, except we removed city and state demographic questions 
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that duplicated ZIP code. We collected three exploratory individ
ual difference measures: the Questionnaire of Cognitive and 
Affective Empathy (58), which includes separate cognitive em
pathy and affective empathy components, the 12-item abbrevi
ated Intolerance of Uncertainty (IUS) scale (59), and the 10-item 
AOT scale (25, 60). Multiple comparison correction for correlation 
coefficients with the 12 measures repeated between the two stud
ies was applied only across those 12 measures. In analyses of the 
additional exploratory measures in experiment 2, we applied mul
tiple comparison correction across all 16 measures. Delayed 
choice and delayed rating measures were collected both at the 
end of the first experimental session and the beginning of the se
cond experimental session. The recognition memory test was 
shifted to the end of the second session and was not administered 
in the first session.
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