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Abstract

Background: The spread of false and misleading health information on social media can cause individual and social harm.
Research on debunking has shown that properly designed corrections can mitigate the impact of misinformation, but little is
known about the impact of correction in the context of prolonged social media debates. For example, when a social media user
takes to Facebook to make a false claim about a health-related practice and a health expert subsequently refutes the claim, the
conversation rarely ends there. Often, the social media user proceeds by rebuking the critic and doubling down on the claim.

Objective: Theaim of this study wasto examinetheimpact of such extended back and forth between fal se claims and debunking
attempts on observers dispositions toward behavior that science favors. We tested competing predictions about the effect of
extended exposure on peopl €' s attitudes and intentions toward masking in public during the early days of the COVID-19 pandemic
and explored several psychological processes potentially underlying this effect.

Methods: A total of 500 US residents took part in an online experiment in October 2020. They reported on their attitudes and
intentions toward wearing masks in public. They were then randomly assigned to one of four social media exposure conditions
(misinformation only S misinformation+correction VS misinformation+correction+rebuke S
misinformation+correction+rebuke+second correction), and reported their attitudes and intentions for a second time. They also
indicated whether they would consider sharing the thread if they wereto seeit on social mediaand answered questions on potential
mediators and covariates.

Results: Exposure to misinformation had a negative impact on attitudes and intentions toward masking (3=—35, 95% Cl —42
to—.29; P<.001). Moreover, initial debunking of afalse claim generally improved attitudes and i ntentions toward masking (3=.35,
95% Cl .16 to .54; P<.001). However, this improvement was washed out by further exposure to false claims and debunking
attempts (B=—53, 95% ClI —.72 to—.34; P<.001). Thelatter result is partially explained by a decrease in the perceived objectivity
of truth. That is, extended exposure to false claims and debunking attempts appear to weaken the belief that thereisan objectively
correct answer to how people ought to behave in this situation, which in turn leads to less positive reactions toward masking as
the prescribed behavior.

Conclusions. Hedlth professionals and science advocates face an underappreciated challenge in attempting to debunk
misinformation on social media. Although engaging in extended debates with science deniers and other purveyors of bunk appears
necessary, more research is needed to address the unintended consequences of such engagement.
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Introduction

Context

The internet in general and socia media in particular have
become important sources of information for many people
seeking medical and health-related information. As of 2014,
72% of internet users in the United States reported having
searched for hedth-related information online [1]. More
recently, 49% of US adults reported obtaining at |east some of
their news about the COVID-19 vaccine on social media, and
among those who regularly obtain newsfrom social media, 61%
rated social mediaasan important way of keeping up with news
about COVID-19 vaccines [2]. Yet, content disseminated
through social media sites such as Facebook, Twitter, or Reddit
remains largely unregulated, and is replete with false and
misleading information [3-8].

The widespread availability and consumption of false,
inaccurate, or incomplete health information (herein referred
to as “health misinformation”) is a serious problem that can
causeindividual and social harm by promoting erroneous beliefs
about health and illness, leading to detrimental behavior [9,10].
For example, the persistent circulation of unfounded claims
linking vaccination to autism has convinced many parents not
to immunize their children, which has resulted in a significant
rise in vaccine-preventable diseases and death [11]. Believing
misinformation about COVID-19 has been linked to lower
adoption of hedth protective behaviors [12] and greater
consumption of harmful products[13]. Evidence also suggests
that online disinformation campaigns on a global scale have
played a key role in the notable drop in vaccination coverage
over time[14].

Recognizing the potentially disastrous consequences of letting
misinformation proliferate on social media, researchers from
diverse fields have proposed a variety of countermeasures,
including technological solutionsaimed at limiting exposureto
misinformation, educational interventionsaimed at empowering
people to recognize and deal with misinformation, as well as
communication tools designed to help debunk and correct
misinformation [15-19]. Importantly, health experts and health
care professional's have been called upon to play an activerole
in correcting health misinformation when they encounter it on
socia media[20-27].

Elsewhere, a rich literature on debunking has shown that
properly designed corrections can be effective at countering
misinformation [28-31]. This research, however, has examined
the issue mostly from a static perspective. In atypical study,
participants are first exposed to misinformation. Subsequently,
some participants receive a correction, and their responses are
compared to a control group that received no correction or a
comparison group that received an alternate correction varying
in its content, source, or some other relevant attribute (eg,
[27,32-36]). Although this paradigm allows for a clean test of
the relative effectiveness of specific debunking interventions,
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it oversimplifies the dynamic nature of social media
conversations. For example, when a social media user takesto
Facebook to make afalse claim about a health-related practice,
and a health expert subsequently refutes the claim, the
conversation rarely ends there. Often, the social media user
proceeds by rebuking the critic and doubling down on the claim.

Objectives

The aim of this study was to examine the impact of such
extended back and forth between false claims and debunking
attempts on observers dispositions toward behavior favored
by science. The US Centersfor Disease Control and Prevention
(CDC) had been recommending mask wearing in public since
April 2020. However, by thetime of our study in October 2020,
less than half of the states had issued a mandate for mask
wearing in public [37], and misinformation regarding the safety
and efficacy of masking had become rampant on social media
[38].

In this study, we tested competing predictions about the effect
of extended exposure on peopl€ s attitudes and intentionstoward
masking in public and explored several psychological processes
potentially underlying this effect.

On the one hand, properly debunking afalse claim may have a
lasting effect, such that when the purveyor of misinformation
proceedsto rebuke the critic and double down on thefalse claim,
observers' attitudes toward masking would remain unaffected
by the new round of misinformation. A detailed refutation that
includes aclear explanation of why aclaimisfalseand what is
trueinstead [ 16,39] could have a persistent impact on observers

attitudes because, in addition to arming them with facts, it
underminesthe credibility of the argument underlying the false
claim [40]. Moreover, research on “prebunking” has shown that
it is possible to inoculate individuals against misinformation
before it is even encountered [41-43]. Extending the principle
of prebunking to prolonged social media debates, one could
surmise that witnessing a thorough refutation of afalse claim
early in the debate may inocul ate people against later assertions
of the false claim.

On the other hand, repeated exposure to misinformation and its
rebuttal could create uncertainty about the very existence of
truefacts[4,44]. For example, in reference to President Donald
Trump's extensive record of making false and misleading
claims, Lewandowski et a [44] quoted a 2017 editorial from
the Bangor Daily News suggesting that one important
consequence of the repeated falsehoods is that “A third of the
population will say ‘clearly the White House is lying, athird
will say ‘if Trump says it, it must be true,’ and the remaining
third will say ‘gosh, | guessthisis unknowable'.” A year later,
former Director of National Intelligence, James Clapper [45],
warned that “many Americans are questioning if facts are even
knowable, as foreign adversaries and our nationa leaders
continue to deny objective reality while advancing their own
alternative facts”
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In the health domain, exposure to conflicting information about
a wide range of topics, including mammography [46,47],
nutrition [48,49], and the human papillomavirus vaccine [50],
has been shown to increase confusion, uncertainty, and negative
attitudes toward the health topic in question. Together, these
results suggest that exposure to an extended back and forth
between false claims and debunking attempts may generate
doubt about the very existence of a nonsubjective true answer
to a health-related question. This study specifically examined
the discourse surrounding the question of whether wearing
masks in public should be prescribed. Based on extant theory,
we hypothesized that such discourse would weaken people’s
attitudes and intentions toward masking in public as the
prescribed behavior.

In addition to testing these competing predictions, we explored
theimpact of extended exposure on peopl€'sintentionsto share
the social media threads. This has direct implications for
understanding how misinformation spreads on social media.

Methods

Participants and Procedure

Respondents were recruited from Prolific, a platform for
recruiting online participantsthat explicitly catersto researchers.
Prolific provides diverse and valid samples, and its data quality
compares favorably with that of other online platforms such as
MTurk [51,52]. USresidentswith an existing account on Prolific
took part in the study on October 16, 2020, in exchange for
monetary compensation.
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Upon consenting in writing, participants answered questions
about the relevance of various sources of health information,
the impact of COVID-19 (including their perceived risk of
infection), and reported on their attitudes and intentions toward
wearing masksin public. They then completed afirst attention
check and were randomly assigned to one of four social media
exposure conditions (misinformation only [M] vs
misinformation+correction [MC] vs misinformation+
correction+rebuke [MCR] vs misinformation+correction+
rebuke+second correction [MCRC]). The attention check
consisted of a statement at the end of a question asking
participants to choose a specific answer to ensure they were
reading the questions.

The social media content consisted of Reddit posts that were
adapted from real social media posts and expert responses
collected by the International Fact Checking Network [38],
which are shown in full in Figure 1. Participants in the M
condition reviewed a post by a user with the username
citizen-health arguing that wearing face masks can cause anew
disease called “mask mouth.” Those in the MC condition saw
the same post plus a correction from a user with the username
Health_Scientist, pointing out that there isin fact no scientific
evidence of any new disease caused by wearing face masks.
Those in the MCR group saw athread containing the previous
two posts plus a second post from citizen-health rebuking
Health_Scientist and doubling down on the origina claim.
Finally, those in the MCRC condition saw athread containing
the previous three posts plus a second correction from
Health Scientist.
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Figure 1. Reddit posts for the misinformation+correction+rebuke+second correction condition.

+

u/fcitizen-health - Posted by tizen-healt)
Mask Mouth

"Mask Mouth” a new medical condition caused by wearing a masks all day. The bacteria in yr mouth
along with the dampness causes the skin around your mouth to breakout in hives. Not to mention the
oxygen deficiency due to the fact that you are breathing in your own carbon dioxide,

There is so much bacteria, yeast, virus & fungus that lives in the mouth that is expelled as you breath,
but it is trapped around your mouth when wearing a mask all day. That along with the moisture from
your breath creates the dampness that bacteria & fungus thrive in.

It's basically like wearing a soiled diaper all day. You will get a diaper rash.
Other mask mouth symptoms include tooth decay, bad breath & gum inflammation
W 10 Comments # Share [j Save

Health_Sclentist . 33 minutes ago

# The claims made by citizen-health are simply incorrect and unsupported. There is no evidence that
wearing masks leads to bacterial overgrowth or causes infections. Physicians, nurses, and other
frontline healthcare workers have been wearing masks for decades to centuries at this point, Some
surgical procedures takes hours, sometimes 10, 12, or even 18 hours. Surgeons wear masks
continuously during this peried. There is no evidence that doing so increases risk of bacterial or
fungal infection.

There is also no scientific basis for the claim that wearing masks causes dental problems like tooth
decay, gum disease, or bad breath, Dentists themsehves wear face masks for long periods of time
without any impact on their oral health.

Also, face mask filters are small enough to keep out infectious droplets containing viruses, but gas
maolecules such as carbon dioxide and oxygen can still pass through freely. Healthcare workers
who wear masks for long periods of time do not demenstrate significant impairment in work
performance, as would be the case if masks did cause oxygen deficiency.

In some cases, prolonged wearing of face masks might cause skin irritation, but this can be
prevented by selecting comfortable masks and following proper hygiene guidelines.

citizen-health /*+ 15 minutes ago

% Of course, a government shill like “Health_Scientist® would deny the existence of this new mouth
mask. What else do you expect? Hey, they say “A picture is worth a thousand words” & this
picture screams TRUTH & & &

TAKE YOUR NASTY GERM & BACTERLA INFESTED MASKS OFFI @ & = © &

Health_Selontist . just row

LR J

citizen-health is resorting to imagery to provoke an emotional response, But, scientific evidence
does not support the claim that wearing masks increases the risk of oral and skin infections or
bacterial overgrowth.

Masks are an incredibly effective public health toal, and essential in stemming the spread of SARS-
CoV-2, the virus that causes COVID-19. While initially there was a lack of scientific certainty about
the bevel of protection that different masks conferred, it is now clear that masks are helpful. And
not just "my mask protects you, your mask protects me” (if | wear a mask, and am infected, |
breath out and spread less virus), but beyond that, wearing a mask means that If you come into
contact with the virus, you are likely to be exposed to a lower amount of virus, and give your body
and immune system a chance to respond better, with better outcomes.

It is important to pay attention to where your information is coming from, and what it's based on.
The recommendation to wear masks is from doctors, infectious disease experts, epidemiologists,
and those leading the efforts to curb the pandemic. Countries with widespread mask use have
lower rates of infection, fewer infected patients, and better outcomes - and are able to get back
closer to ‘normal’ ife, with their economy doing better, and more places of business and schools
able to open, and able to stay open.

Mourai & Drake

After reviewing the Reddit thread, participants completed a
comprehension check assessing their comprehension of the
position argued by citizen-health. They then indicated whether
they would consider sharing the thread if they wereto seeit on
social media, and reported their attitudes and intentions for a
second time. They also answered questions on potential
mediators and additional covariates. Mediators included
perceptions of objectivity of truth, argument strength, and
warmth and competence of the protagonists in the Reddit
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exchange. Covariates included perceived COVID-19 risk,
cognitive reflection, conspiracy mentality, and political
orientation.

Ethical Considerations

The study was approved by the University of Calgary Conjoint
Faculty Research Ethics Board (REB20-1178) and was
conducted according to the principles expressed in the
Declaration of Helsinki.
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M easures

Attitudeswere measured using threeitems (“Masking in public
is necessary; good; beneficial”) rated on 7-point scales
(1=strongly disagree, 7=strongly agree). Participants indicated
their intention to wear a mask in public using a single item
(“Over the next months, how often do you intend to wear aface
mask when in public?’) also on a 7-point scale (1=never, 7=all
thetime). Since the attitude and intention measureswere highly
correlated, we combined them into asingleindex of disposition
toward masking in public (0=.96 preexposure and 0a=.97
postexposure).

To measure perceived objectivity of truth, we asked respondents
to consider the question “ Shoul d people wear masksin public?”
and indicate the extent to which they think thereisan objectively
true answer to thisquestion [53,54]. They reported their answers
on a 7-point scale (1=definitely no objective truth, 7=definitely
an objective truth).

Perceived argument strength was measured using five items
adapted from Zhao et a [55]. A sampleitemis“ The arguments
of citizen-health are a convincing reason against masking in
public” (1=strongly disagree, 7=strongly agree). The complete
scale (0=.86 for citizen-health and a=.94 for Health_Scientist)
is detailed in Multimedia Appendix 1.

Participants rated the warmth and competence of both
protagonists on 11-point bipolar scales adapted from previous
research [40,56]. Perceived warmth was assessed using four
items (a=.93 for citizen-health and 0=.96 for Health_Scientist),
including unfriendly/friendly, cold/warm, irritable/good-natured,
unsympatheti c/sympathetic. Perceived competence was assessed
using six items (a=.97 for citizen-health and a=.98 for
Health_Scientist), including uninformed/informed,
unqualified/qualified, unreliable/reliable,
unbelievable/believable, and incompetent/competent.

Respondentsindicated the probability they will beinfected with
the coronavirusin the next 12 months on asliding scale (0=0%,
100=100%), and rated how harmful it would be for their health
if they wereto becomeinfected (1=not at all, 5=extremely). We
computed a perceived COVID-19 risk score by multiplying the
probability of infection by the perceived harm and dividing by
100.

Conspiracy mentality was measured using five items (a=.89)
rated on 7-point scales (1=strongly disagree, 7=strongly agree)
adapted from Bruder et al [57]. A sampleitemis”Eventswhich
superficially seem to lack a connection are often the result of
secret activities”

We assessed cognitive reflection by combining the three items
of Frederick’s [58] original Cognitive Reflection Test (CRT;
eg, “A bat and a ball cost $1.10 in total. The bat costs $1.00
more than the ball. How much does the ball cost?’) with the
four items of Thomson and Oppenheimer’s [59] nonnumeric
CRT (eg, “If you're running arace and you pass the person in
second place, what place are you in?"). Answerswere coded 1
for a correct answer and O for an incorrect answer. The final
cognitive reflection score is the sum of al the correct answers.

https://www.jmir.org/2022/3/e34831
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The following two items (r=0.89) adapted from Schmid and
Betsch [40] were used to measure political orientation: (1) If
you think about your own political views, where would you
classify your views on this scale? (1=very conservative, 7=very
liberal), and (2) If you think about your own political identity,
where would you classify your views on this scale?
(1=Republican, 7=Democrat). Scores were reversed so that
higher scoresindicate political conservatism.

Participants rated their sharing intention on a single item: “If
you were to see this post on social media, would you consider
sharing it?’ (1=definitely not, 5=definitely yes).

Statistical Analysis

Disposition Toward Masking in Public

Data analysis was performed using the statistical program R,
version 4.0[60], and the level of statistical significance was set
at a=.05. To answer our main research question, we examined
how progressive exposure to false claims and debunking
attempts aff ects peopl € s attitudes and intentions toward masking
in public. Specifically, wetested whether achangein disposition
toward masking in public varied from one exposure condition
to the next.

Given the structure in our data (each participant provided two
sets of ratings), we fit a linear mixed-effects model with
disposition toward masking in public as the outcome variable;
random intercepts for participants (ID); and fixed effects for
exposure condition (contrast-coded using repeated contrasts),
time of rating (contrast-coded using treatment contrast), and
their interaction. We also added perceived COVID-19 risk,
cognitive reflection, political orientation, and conspiracy
mentality as mean-centered covariatesin the model. The model
was estimated using maximum likelihood. We compared this
model’s goodness of fit to a second model that was identical
but did not include the conditionxtime interaction term. The
likelihood ratio test indicated that model fit improved

significantly when theinteraction term was present (x%=33.71,
P<.001), thus suggesting a significant interaction.

The P values for the mixed-effects model with interaction were
estimated viat tests using the Satterthwaite approximations to
degrees of freedom. Effect sizes for the fixed effects are
indicated by the standardized regression coefficients (3 values)
and their 95% Cls

Perceived Objectivity of Truth

Should peoplewear masksin public? We speculated that during
extended debates, the reiteration of falseinformation and rebuke
of experts might shake peopl€e's confidence, not only in the
veracity of any answer to the question but also in the very
existence of an objectively true answer. To test this idea, we
performed an analysis of covariance (ANCOVA) on perceived
objectivity of truth with exposure condition as the independent
variable. Our model controlled for preexposure disposition
toward masking in public, perceived COVID-19 risk, cognitive
reflection, political orientation, and conspiracy mentality.
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Perceived Argument Strength

To test whether exposure to extended debates influences
perceptions of the strength of citizen-health’s arguments, we
performed an ANCOVA on perceived argument strength, with
condition as the independent variable and controlling for the
same set of covariates as indicated above.

Mediation Analysis

We examined whether multiple processes may underly the effect
of exposure to misinformation and debunking attempts on the
change in people’s disposition toward masking in public.
Specifically, wetested theideathat correcting the original false
claim may improve disposition toward masking, in part, by
undermining the strength of the arguments put forth by the
misinformation purveyor. Yet, further exposure may generate
some doubt about the very existence of an objectively true
answer, which, in turn, may weaken peopl€e's attitudes and
intentions toward masking.

We performed two parallel mediation analyses. Thefirst focused
on the difference between the MC and M conditions, whereas
the second focused on the difference between the MCR and MC
conditions. The mediation models included the change in

Table 1. Sample characteristics (N=479).

Mourali & Drake

disposition toward masking in public asthe dependent variable,
exposure condition as the independent variable, perceived
objectivity asthefirst mediator, and perceived argument strength
as the second mediator. Change in disposition toward masking
in public was computed by subtracting participants’ initial
disposition scores from their postexposure scores. The models
were estimated using maximum likelihood with robust standard
errors.

Results

Sample Characteristics

A total of 500 participants responded to the survey. Four
participants failed the initial attention check and 17 failed the
comprehension check. Of those, 6 werein the MC condition, 3
wereinthe MCR condition, and 8 werein the M CRC condition.
After removing responses from participants who failed at least
one attention check, we were left with a final sample of 479
participants. The sample’'s demographic characteristics are
shown in Table 1. It is worth noting that including data from
participants who failed the attention or comprehension checks
did not materially change the size, direction, or statistical
significance of the reported effects.

Characteristic Value
Age (years), mean (SD) 32.1(12.3)
Gender, n (%)
Female 257 (53.7)
Male 212 (44.6)
Other 8(1.7)
Prefer not to answer 2(0.4)
Education, n (%)
Less than high school 8(1.7)
High school graduate 55(11.5)
Some college but no degree 124 (25.9)
Associate degree 42 (8.8)
Bachelor’s degree 158 (33.0)
Master’s degree 73(15.2)
Doctoral degree 3(0.6)
Professional degree 16 (3.3)
Employment, n (%)
Employed full time 183 (38.2)
Employed part time 101 (21.2)
Unemployed looking for work 61 (12.7)
Unemployed not looking for work 28 (5.8)
Retired 17 (3.5)
Student 80 (16.7)
Disabled 9(1.9
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Disposition Toward Masking in Public

Figure 2 shows the estimated marginal means and their 95%
Cls. Themeansand SDsfor all variables are presented in Table
S1 of Multimedia Appendix 1. Prior to reviewing the Reddit
threads, participants in all conditions reported similarly high
dispositions toward masking in public. The estimated marginal
meansdid not differ significantly between successive conditions,
as shown in Table 2 (ie, P values for MC vs M, MCR vs MC,
and MCRC vs MCR are al greater than .05). This confirmed
that random assignment produced groups with equivalent
baselines. The model statistics are summarized in Table 3.
Furthermore, exposureto misinformation without any correction
resulted in lower disposition toward masking in public (Time
2 in Table 2), while correcting false information improved
disposition toward masking. Indeed, participants in the MC
condition expressed more positive attitudes and intentions at
time 2 thanthosein theM condition (Time2: MCvsM in Table
2). Interestingly, the positive effect of correction seemed to
vanish when the source of misinformation rebukesthe correction

Mourali & Drake

and doubles down on the false claim. Participantsin the MCR
condition reported significantly lower disposition scores than
those in the MC condition (Time 2: MCR vs MC in Table 2).
Perhaps even more concerning, a second round of corrections
did not appear to effectively counter the impact of the rebuke
and doubling down. Indeed, disposition toward masking in
public did not differ significantly between participants in the
MCRC and MCR conditions.

Although not our primary focus, it is worth noting that all four
covariates had significant effects in the expected directions.
Disposition toward masking in public was positively related to
perceived COVID-19 risk and cognitive reflection (CRT). The
latter is consistent with recent research showing CRT to be
negatively correlated with the perceived accuracy of fake news,
and positively correlated with the ability to discern fake news
from real news [61]. Conversely, disposition toward masking
in public was negatively related to conspiratorial thinking and
political conservatism.

Figure 2. Estimated margina means and 95% Cls for disposition toward masking in public across conditions and measurement times. M:
misinformation-only experimental condition; MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke
experimental condition; MCRC: misinformation+correction+rebuke+second correction experimental condition.
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Table 2. Fixed effects for disposition toward masking in public from the mixed-effects regression model.

Predictors Estimate, b (SE) t (df=479) P value B (95% CI)
Intercept 6.33 (0.05) 121.13 <.001 .18 (.10t0 .25)
COVID-19risk 0.15 (0.05) 3.00 .003 11 (.04 to0 .18)
CRT2 0.06 (0.02) 2.74 .006 .10(.0310.17)
Palitical orientation -0.31(0.03) -10.48 <.001 -39 (-.46t0-32)
Conspiracy mentality —-0.12 (0.04) —2.99 .003 -11(-.18t0—-.04)
Time 2 -0.49 (0.05) -10.38 <.001 —.35 (=42 t0 —29)
MCP versus M€ 0.01 (0.15) 0.07 94 .01 (-20t0—.22)
MCRY versus MC 0.03 (0.15) 0.22 83 02 (-19to—.24)
MCRCE versus MCR -0.03(0.15) -0.21 83 —02 (~2410 .19)
Time 2: MC versus M 0.48 (0.13) 3.63 <.001 .35(.16t0 .54)
Time 2: MCR versusMC -0.73(0.13) -5.48 <.001 —53(-72to—34)
Time 2: MCRC versus MCR 0.11 (0.13) 0.84 40 .08 (-.11t0.27)

8CRT: Cognition Reflection Test.

BMC: misinformation-+correction.

M: misinformation only.

dMCR: misinformation+correction+rebuke.

eMCRC: misinformation+correction+rebuke+second correction.

Table 3. Random effects of the mixed-effects regression model for disposition toward masking in public.

Random effect Value

o? 0.53

Tooid 0.78
Intracorrelation coefficient 0.60

Nig 479
Observations 958
Marginal RZ/Conditional R? 0.308/0.721

information and rebuke of experts might weaken people’'s

Perceived Objectivity of Truth confidence in the very existence of an objectively true answer.

The patterns in our data (see the estimated marginal meansin
Figure 3) lend support to the idea that reiteration of false

Figure 3. Estimated marginal means and 95% Clsfor perceived objectivity of truth across conditions. M: misinformation-only experimental condition;
MC: misinformation+correction experimental condition; MCR: misinformation+correctiontrebuke experimental condition; MCRC:

misinformation+correction+rebuke+second correction experimental condition.
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Wefound asignificant effect of condition (F3 47,=16.96, P<.001,

np2=0.098). Planned contrasts with Bonferroni correction for

multipletestsrevea ed that peopl€'s perception of the objectivity
of truth did not change significantly between the MC and M
conditions (mean 6.18, SD 1.14 vs mean 5.91, SD 1.34,
respectively; t47,=0.53, P>.99, d=0.22, 95% Cl —0.03 to 0.47).

However, exposureto asecond round of misinformation (MCR
condition) resulted in appreciably lower perceptions of truth
objectivity compared to those for the M C condition (mean 4.96,
SD 1.88; t47,=—6.01, P<.001, d=—0.79, 95% CI —1.05t0-0.52).
Moreover, witnessing a second correction (MCRC condition)

failed to improve perceptions of truth objectivity compared to
the MCR condition (mean 5.31, SD 1.81; t,;5=1.74, P=.25,

d=0.19, 95% Cl —0.07 to 0.44). These results suggest that once
undermined, perceived objectivity of truth may be difficult to
restore.

With respect to the covariates, we found that initial disposition
toward masking was positively related to perceived objectivity
(b=0.31, SE 0.06; F; 470 =25.88, P<.001, np2:0.05), whereas
political conservatism (b=-0.17, SE 0.04; F, 470=14.48, P<.001,
N,’=0.03) and conspiracy mentality (b=-0.12, SE 0.05;
F1470=5.06, P=.02, n,’=0.01) were negatively related to
perceived objectivity. The effects of cognitive reflection
(b=0.03, SE0.03; F; 470=0.92, P=.34, np2:0.002) and perceived
COVID-19 risk (b=0.10, SE 0.07; F;470=1.96, P=.16,
,°=0.004) were not significart.

Mourali & Drake

Perceived Argument Strength

The previous analysis suggested that reduction in the perceived
objectivity of truth only occursfollowing exposure to the second
round of misinformation. Thus, perceived objectivity of truth
cannot account for the observed changesin attitude and intention
across the entire range of exposure conditions. In particular, it
cannot account for the improvement in disposition toward
masking following correction of the initial false claim.
Therefore, we next examined whether perceptions of the strength
of citizen-health’'s arguments may provide an aternative
account.

Exposure condition had a significant impact on perceived
argument strength (F3470=8.21, P<.001, n,’=0.05). Planned
contrasts with Bonferroni correction for multipletestsrevealed
that citizen-health’'s arguments were perceived to be weaker in
the MC condition than in the M condition (mean 1.95, SD 1.26
vs mean 2.75, SD 1.59, respectively; t,;;=—4.43, P<.001,
d=-0.55, 95% CI —-0.81 t0 —-0.30). However, perceived argument
strength remained low in the MCR condition and showed no
difference from that in the MC condition (mean 2.12, SD 1.31;
t470=0.34, P>.99, d=0.13, 95% CI —0.12 t0 0.39). It aso did not
differ significantly between the MCRC condition and the MCR
condition (mean 2.34, SD 1.30; t,70=1.72, P=.26, d=0.17, 95%
Cl —0.09 to 0.42). The estimated marginal means are shown in
Figure4.

Figure 4. Estimated marginal means and 95% Cls for perceived argument strength across exposure conditions. M: misinformation-only experimental
condition; MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke experimental condition; MCRC:
misinformation+correction+rebuke+second correction experimental condition.
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Asfor the covariates, political conservatism (b=0.14, SE 0.04;
F1470=14.03, P<.001, n,’=.029) and conspiracy mentality
(b=0.16, SE 0.04; F,47,=12.19, P<.001, n,’=0.025) were

positively related to perceived argument strength, whereasinitial
disposition to wearing masks (b=-0.39, SE 0.05; F; 470=62.96,

P<.001, np2:0.118) and cognitive reflection (b=—0.05, SE 0.03;

F1470=4.13, P=.04, n,”=0.009) were negatively related to
perceived argument strength. Perceived COVID-19risk (b=0.08,

https://www.jmir.org/2022/3/e34831

RenderX

SE 0.06; Fy470=1.92, P=.17, n,’=0.004) was unrelated to
perceived argument strength.

Mediation Analysis

When comparing the MC and M conditions, the effect of
increased exposure on change in disposition toward masking
in public was partially mediated by perceived argument strength
(Figure 5). Indeed, both the indirect effect Condition through
Argument Strength through Changein Disposition (b=0.12, SE
0.04, z=2.96; P=.01, 95% CI 0.04-0.19) and the direct effect
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Condition through Change in Disposition (b=0.35, SE 0.09,
7z=3.90; P<.001, 95% CI 0.17-0.52) were significant. However,
the second indirect effect Condition through Objectivity through
Change in Disposition was not significant (b=0.02, SE 0.02,
7=0.93; P=.35, 95% CI —0.02 to 0.05). Moreover, aformal test

Mourali & Drake

of the difference between the indirect effects confirmed that the
indirect effect through Argument Strength was significantly
larger than the indirect effect through Perceived Objectivity
(b=0.10, SE 0.04, z=2.84; P=.004, 95% CI 0.03-0.17).

Figure5. Objectivity and argument strength mediate the effect of exposure on change in disposition. Values are unstandardized coefficients (b values).
M: misinformation-only experimental condition; MC: misinformation+correction experimental condition; MCR: misinformation+correction+rebuke

experimental condition. *P<.05, ***P<.001.
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Conversely, when considering the MCR and MC conditions,
perceived objectivity partially mediated the effect of exposure
on changein disposition. Theindirect effect Condition through
Objectivity through Change in Disposition was statistically
significant (b=-0.14, SE 0.07, z=—2.09; P=.04, 95% CI -0.27
to —0.01), aswas the direct effect Condition through Changein
Disposition (b=—0.58, SE 0.13, z=—4.59; P<.001, 95% CI —0.83
to —0.33). Moreover, the indirect effect Condition through
Argument Strength through Change in Disposition was not
significant (b=—0.004, SE 0.01, z=—0.47; P=.64, 95% CI —0.02
to 0.01), and the indirect effect through Perceived Objectivity
was larger than the indirect effect through Argument Strength
(b=0.14, SE 0.07, z=2.00; P=.05, 95% CI 0.003-0.27).

These results suggest that no single process can fully account
for the observed patterns in the data. Although a decrease in
perceived argument strength partially explains why seeing a
correction following initial exposureto misinformation improves
attitudes and intentions toward masking, this path accounted
for only 24.0% of the total effect of seeing a correction on
change in attitudes and intentions. Moreover, adecrease in the
perceived objectivity of truth partially explains why exposure
to asecond round of misinformation that includes rebuke of the
correction and doubling down on the origina false claim
negatively impacts attitudes and intentions toward masking.
However, this path accounted for only 19.4% of the total effect
of further exposure to misinformation on change in disposition
toward masking.

Given the significant direct effect of exposure on change in
disposition and the modest proportion mediated in both cases,

https://www.jmir.org/2022/3/e34831
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it is likely that there are additional mediators that could
contribute to understanding the dynamic effects of extended
exposure to misinformation on peopl€'s attitudes and intentions
toward behaviors favored by science.

Additional Analyses

Wetested for other potential mediators, but found that increased
exposure did not influence participants perceptions of
citizen-health's warmth  (F34,0=1.73, P=.16, n,’=0.01),
citizen-health’s competence (F3 475=0.92, P=.43, n,?=0.006),
Health_Scientist’s warmth (F,340=0.63, P=.53, r]p2=0.004),

Health_Scientist’s competence (F;349=0.37, P=.69, r]pZ:O.OOZ),
or strength of Health_Scientist’s arguments (F; 349=1.39, P=.25,

,°=0.008).

Finaly, we anayzed participants intention to share
misinformation on social media (see Figure 6). Exposure had
asignificant effect on sharing intention (F3 470=6.24, P<.001,

np220.038). Planned contrasts with Bonferroni correction for
multiple comparisons showed a decrease in the intention to
share the original posting after seeing a correction (MC mean
1.88, SD 1.15 vs M mean 2.48, SD 1.40; t,;,,=3.93, P<.001,
d=-0.47, 95% CI -0.72 to —0.21). Furthermore, there was no
significant difference in sharing intention between the MCR
and MC conditions (mean 2.03, SD 0.99; t47,=0.86, P>.99 1,
d=0.14, 95% Cl —0.11 t0 0.39), or between the MCRC and MCR
conditions (mean 1.96, SD 1.09; t,;,=—0.29, P>.99, d=-0.07,
95% CI -0.32t0 0.19).
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Figure 6. Marginal means and 95% Cls of intention to share across exposure conditions. M: misinformation-only experimental condition; MC:
misinformation+correction+rebuke

misinformation+correction  experimental condition; MCR:

experimental  condition; MCRC:

mi sinformation+correction+rebuke+second correction experimental condition.

h~]
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Examining the covariates, we found that initial disposition to
wearing masks (b=-0.23, SE 0.05; F,4,,=23.76, P<.001,
n,’=0.046) and cognitive reflection (b=—0.06, SE 0.02;
F1.470=6.32, P=.01, ,’=0.013) were negatively associated with
intention to share. Neither perceived COVID-19 risk (b=0.06,
SE 0.05; F; 47=1.33, P=.25, 1,’=0.003) nor political orientation
(0=0.04, SE 0.03; F3 470=1.55, P=.21,,°=0.003) or conspiracy
mentality (b=0.01, SE 0.04; F, 47, 0.03, P=.86, nDZ:O.OOO) was
significantly related to sharing intentions.

These results indicate that people are more likely to share
misinformation when its content is consistent with their existing
beliefs about the issue. Importantly, they also suggest that
correcting a false claim can reduce the extent of its spread on

social media, and this effect seemsresistant to further exposure
to the same misinformation.

Discussion

Principal Findings

Past research from across a variety of domains has shown that
debunking misinformation works. That is, well-crafted
corrections delivered by trusted sources can positively impact
beliefs, attitudes, and intentions toward behavior favored by
science [26-36]. With the explosion of false and misleading
health claims on social media, especially since the start of the
COVID-19 pandemic [62,63], scientists, experts, and health
care professionals have been called upon to increase their
presence on social media and help combat this “infodemic”
[20-27]. A recent study found that US physicians and nurses
are generally willing to take on the task even if it comes with
important challenges [64]. However, little is known about the
impact of extended social mediadebates on observers' attitudes
and intentionstoward the debated issue. In this study, we tested
such an impact in the context of a debate about the safety and
effectiveness of wearing face masks in public during the early
days of the pandemic.

We found that exposure to misinformation has a negative impact
on attitudes and intentions toward masking. This result is
consistent with prior research finding that exposure to

https://www.jmir.org/2022/3/e34831

RenderX

misinformation negatively impacts attitudes and intentions
toward behaviors favored by science [40].

Also in line with prior work [28-31], we found that initia
debunking of a false claim generally improves attitudes and
intentions toward masking. Thiseffect is partially explained by
adecrease in the perceived strength of the argument underlying
the false claim. However, this improvement is washed out by
further exposure to false claims and debunking attempts. The
latter result is partially explained by adecreasein the perceived
objectivity of truth. That is, extended exposure to false claims
and debunking attempts appears to weaken the belief that there
isanonsubjective, correct answer to how people ought to behave
in this situation, which in turn leads to less positive reactions
toward masking as the prescribed behavior. Interestingly,
exposure to contradictory information affects perceived truth
objectivity in a nonlinear fashion. For instance, exposure to a
false claim and itsinitial debunking does not weaken the belief
that thereis an objectively true answer. It appears that the level
of exposure to contradictory information needsto reach acertain
threshold before it affects perceived truth objectivity.

Finaly, we found that people are more likely to share
misinformation when its content is consistent with their existing
beliefs. However, correcting misinformation reduces its
likelihood of being shared on socia media, and this effect
persists even after multiple exposures. These results, while
highlighting the value of debunking in combating the spread of
misinformation on social media, suggest that, unlike attitudes,
sharing intentions may be insensitive to extended exposure to
a back and forth between misinformation and correction. This
pattern may reflect a floor effect, in that people had expressed
very low intentions to share corrected misinformation (mean
of 1.89 on a 7-point scale). Exposure to further debate resulted
in more negative attitudes toward masking, but did not impact
sharing intentions because sharing intentions were already
extremely low.

Comparison With Prior Work

Our findings have important implications for research on
debunking misinformation. Extant literature has noted that even
though corrections generally reduce people’s beliefs in false
information, the misinformation often continues to influence
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their thinking, aphenomenon known asthe continued influence
effect [65]. Once people process information that appears
vaguely credible to them, it becomes difficult to retract it. A
popular explanation of the continued influence effect assumes
that people build mental models of the world and want their
models to be complete. They are willing to accept false
information if it allows them to build complete models. When
that falseinformation islater debunked, it createsagap in their
understanding of the world. Since people dislike gaps in their
understanding and prefer their mental models to be complete,
they continueto rely on information they know isfalse. [65,66].

Another explanation of the continued influence effect argues
that attemptsto correct misinformation often end up reinforcing
it through repetition [67,68]. From this perspective, repeating
misinformation when attempting to correct it makesit feel more
familiar and fluent. By inadvertently increasing the ease with
which misinformation is processed, correction attempts also
increase the likelihood of it being accepted as true. Our study
suggests yet another possible explanation of the stickiness of
misinformation. In some situations, witnessing a heated debate
with arguments for and against a controversial issue could
undermine peopl€e's confidencein the existence of an objectively
true answer, which may weaken their commitment to either side
of the debate.

Limitations and Future Research

We set out to study the impact of exposure to extended debates
on social media. However, our study was limited to a single
platform (Reddit), and the debate was restricted to four
exchanges between only two protagonists. This limits the
generalizability of our findings. Interaction norms likely differ
across socia media platforms, which may impact how users
interpret the conversation. Future research could attempt to
replicate our findings using different social media platforms
(eg, Facebook and Twitter), and examine the consequences of
extending the debate to include more than two protagonistsand
more than four exchanges. Relatedly, although extended debates
such as those described in this research are familiar to regular
users of social media, we do not know how often they happen.
Future research would benefit from quantifying the frequency
of their occurrence and how it may vary across platforms.

Mourali & Drake

A possible limitation of our experimental design is that the
rebuke message included an image, whereas all other messages
were strictly text-based. Thus, it is impossible to disentangle
theimpact of exposureto the rebuke message from the presence
of an image. However, pinpointing which message element
(image vs text) accounts for the effect of exposure was not a
goal of this study. Instead, we sought to pit strong refutation
against persuasive misinformation. We chose to include a
graphic image in the rebuke message precisely because of its
persuasive power.

Although the debunking messages used in this study were
developed using recommended best practices, it is possible that
different debunking techniqueswould haveresulted in different
outcomes. Future research would greatly benefit from
mani pul ating features of the debunking argument aswell asthe
source of debunking. For example, previous research has shown
that debunking messages from anonymous social media users
are more effective when they include alink to atrusted source
such as the CDC [26]. Future research could test whether the
positive impact of providing links to credible sources persists
in the context of extended social media debates. Other features
of debunking messages previously found to sometimes reduce
misperceptions include the use of humor [69] and infographics
[70]. However, whether such debunking techniques can be
effective in the context of extended debates remains an open
guestion.

Preemptively refuting misinformation or even just warning
people that they might be misinformed has been shown to
decreaselater reliance on misinformation. Future research could
test the effectiveness of such prebunking in the context of
extended debates, where—to extend the biomedical
analogy—the viral load is higher.

Conclusions

In sum, dynamic conversations present a heretofore
underappreciated challenge faced by health professionals and
science advocates attempting to debunk misinformation on
social media. Engaging in extended debateswith science deniers
and other purveyors of bunk appears necessary, but more
research is needed to address the unintended consequences of
such engagement.
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