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Research Article
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political misinformation

We present Harmony Square, a short, fteglay online game in which players leamow political
misinformation is producednd spread We find that the game confers psychologieistance against
manipulationtechniqgues commonly used in political misinformation: players from around the world find
social media contenmaking use of these techniques significandlys reliable after playing, are more
confident in their ability to ot such contentand less likely to report sharingwith others in their
network.
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Research questions
1 Does playingdarmony Squarmake people better at spotting manipulation techniques commonly
used inpolitical misinformatiorf?
1 Does playinghe gamei ncr ease peopl e
techniques in social media contént
1 Does playinghe gamer e d u c e p ereppriec Wwillingnaseg tio Ehareanipulative social
media content with peoplén their network?

s ¢ o n fsudhenanpuwationn t hei

Essay summary

e In collaboration witlthe Dutch media collective DROG, design agency GusmaadnAdvisors,
the U.S.Department ofSt at e’ s G| obal aB&dntlgedDgpartment of H@reland e r
Security we created a 16ninute, free online browser game calléthrmony Square

e Dr awi ng lation thearyi dletgamef unct i ons as a pbywexpdsind ogi c al
people to weakened doses of ttemmontechniques usedh politicalmisinformationespecially
during elections

e The game incorporates active experiential learning throagierspectivetaking exercise: players
are tasked with spreading misinformation and fomenting internal divisions in the quiet, peaceful
neighborhood of Harmony Square.

L A publication of the Shorenstein Center for Media, Politics and Public Policy, at Harvard University, John F. KennedgfSchool
Government.
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e Over the course of 4 levelglayers learn about 5 manipulation techniques commonly used in the
spread of political media content: trolling, using emotional language, polarizing audiences,
spreading conspiracy theories, and artificially amplifying the reach of their cotitesigh bds
and fake likes

e In a mixed randomized controlled trialh{ernational sampleN = 681), we tested if playing
Harmony Squarenproves(a)p e op | e’ s abboitl hi t“yr #taohal'smpsioribdnation
(b) whether itincreases theiconfidence in their own judgmestand(c) makes them less likely
to report shaiing such contenwithin their network.

e Overall, ve findthat people who play the game find misinformation significantly less reliable after
playing, are significantly more cadént in their assessment, and are significantly less likely to
report sharing misinformationsupportingHarmony Squares e f f e c ttdoltoénocelstess a s a
people against onlinenanipulation

Implications

Harmony Squaris an interactivesocial impactame aboutlection misinformatioA. The goal of the game

is to reveal the tactics and manipulation techniques that fake news producers use to mislead their
audience, build a following, and exploit societal tensionadbievea politicalgopal The game’ s set
Harmony Square, peaceful place where residents have a healthy obsession with demoéstitye start

of the game, fayers arehired asChiefDisinformation Officer.fieirjy ob i s t o ruin the squ
by fomenting internal divisions and pittirts residentsagainst each otherall while gathering as many
“l'i kes” .bs8 otheégrcio deliver sufficient]/| HMarmmoeyakened

Squaremakes use of humor throughout the gantéor example, players can share humorous messages in

a fictional social network, and are shown entertaining headlines in a news ticker at the top aftles s

(see the second panel ingiire 1) Aside fromincreasing the entertainment value of the game, the use of

humor in inoculation interventions has the added benefit of potentially decreasing reactancge, i.e.
resistance to voluntarily engaging with the interventi@ompton, 2018; Vraga et al., 201@ve the

course of 4 different level@lrolling, Emotion, AmplificatioandEscalatiopy, t he pl ayer’ s mi si
campaign causes the square to gradually go from a peaceful state-tddwih mayhem. Figure 1 shows

a number of screenshots of whatthegame | andi ng page and game environ

BREAKING

LA Gaemrs

I = NEW POLL: CORRUPTION ON MANY PEOPLE’S MINDS

TECHNIQUE MASTERED!

A

TROLLING

By acting like you're taking a side in a debate and
expressing extreme or polarizing opinions, it's easy to
evoke a highly emotional response.

Ashley Ploog'’s approval ratings drop as the
internet is awash with corruption rumors. From
Harmony Square, I'm Ronald Bordeaux.

C Wait, "Ronald Bordeaux™? )

Figure 1. Screenshots of the Harmony Square landing page (left) and game environment.

2 The game can be played in any browser at https://www.harmonysquare.game
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Thegamevaspr oduced with and based on the US Depart ment
I nfrastructure Agency’'s (CI SA) approach to under st
“strengthen the national I nBAdaonehedsaycampeaign inf2010 thad i si n f
sought to expose common misinformation tactics through the lens of an ostensibly innocent and non
partisan issue: whether or not to put pineapple on pifdgard, 2019)l n a simi l ar vein to
pi zza” ntlamopyaSquarexposes the 5 steps of the election misinformation playbook: targeting

di visive issues (in | ine wiHamornyBagardnhmich pldyersiegrh & “ er
how to turn an ostensibly neutral issue into a heated aothrizing debate); moving accounts into place;
amplifying and distorting the conversation (the *“
and fake accounts can be used to amplify the reach of manipulative content); making the mainstream;

ard taking the conversation into the real world (t

escalate online debates into realorld action)(CISA, 2019)

Harmony Squarbuilds on the success ofir other gamified antimisinformation interventions, such
asthe Bad Newgyame(Roozenbeek & van der Linden, 2019; Roozenbeek, van der Linden, et al.3 2020)
Similar toBad News playing Harmony Squarduilds cognitive resistance against common forms of
manipulation that people may encounter onlineby preemptively warning and exposing people to
weakened doses of these techniques in a controlled environmignlike Bad NewsHarmony Squares
an election game thafocuses specifically on how misinformation can be used to achieve political
polarization(Bessi et al., 2016; Shao et al., 20X@)y example, by fueling outgroup hostilitg, critical
element of both organic misinformation and targeted disinformation caigps, particularly during
contentiouspolitical eventssuch as the 2020 US Presidential electi@@soshek & Kodlichalska, 2017;
Hindman & Barash, 2018; lyengar & Massey, 2018; Keller et al., 2020)

Thei dea of psychbl e@i oa&B60$ byatht chsgohelagist William McGuire
(McGuire, 1964; McGuire & Papageorgis, 196ixalled inoculation theorit follows a medical analogy:
avaccine is usually a weakened version of a partiqd#énogenwhich, after being introduced to the body,
induces the production of antibodies, preventiag individualfrom becoming sick when exposed to the
real iliness. Inoculation theory states that the saca® be achievedith (maliciouspersuasion attempts:
pre-emptively expomg someone to a weakenedersion of a particular misleading argumeromptsa
process that is akin to t/ whichmake desslikelydhat perfonis ment al
persuaded bmanipuldtienlatérror(@dmpton, 2013van der Linden et al., 20LDuring
gameplay, players are exposed to weakened doses of manipulation techniques by stepping into the shoes
of a fake news producer to trigger the production of psychological antibodies.

Instead of focusing ospecific examples, also knowniasuebased inoculatiorfwhich has beerthe
standard in inoculation researctarmony Squarbuilds cognitive resistance agaitise techniqueghat
underpina whole range opolitical misinformationin an attempt to achéve broadspectrum resistance
against manipulatior{Basol et al., 2020; Cook et al., 20IIM)e game functions as a perspectiaiing
exercise ieby putting the player in the position of a f
i noc ul(McGuire & Papageorgis, 1961a; Roozenbeek & van der Linden, 2@1i8¢ly involving
individuals in the inocutéon process by playing a gam&s oppaed to subjecting them to a more passive
reading ercise—has the potential advantage dncreasing retention in memory and increasing the
longevity of in the inoculation effedCompton & Pfau, 2005; Maertens et al., 2020; Roozenbeek & van
der Linden, 209).

By playing througkhe 4 levels irHarmony Squareplayers learn aboui manipulation techniquesall
of which are common features @blitical misinformation(van der Linden & Roozenbeek, 2020)

3 The Bad Newsjame can be played at https://www.getbadnews.com
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1. Trolling peoplei.e.,deliberately provoking people to react emotionally, thus evoking outrage
see(McCosker, 2014; Roozenbeek & van der Linden, 2019)

2. Exploiting emotional languagee., trying to make people afraid or angry about a particular
topic (Brady et al., 2017Zollo et al., 2015)

3. Artificially amplifying the reach and popularity of certain messadmsgexamplethrough
social media bots or by buying fake follow@w#cKew, 2018; Shao et al., 2017)

4. Creating and spreading conspiracy theories., blaminga small secretive and nefarious
organization for events going on in the wolldewandowsky et al., 2013; van der Linden,
2015)

5. Polarizing audiences by deliberately emphasizing and magnifyinggraap differences
(lyengar & Massey, 2018; Prior, 2013)

Inthis study,we find that people who playeHarmony Squareated manipulativesocial media posts
making use of the above techniques as less reliable after playing, were more confident in their ability to
spot such content, aniinportantly,were less likely toeport to share it in theilsocialnetwork. This finding
held for both “mteadnt” tmaati pudatdgomre cwi r afictiooalil i ne i
content that participants in our study kianever seen beforeThese findings highlight the potential for
social impact games as an effective approach to counter misleading, dak®anipulative content
proliferating onling(Basol et al., 2020; Maertens et al., 2020; Roozenbeek, Schneider, et al., 2020)

In addition,we find that political ideology did not interact with the learning effeconferred by
Harmony Squaremeaning that the game was effective at teaching manipulation technifpreboth
liberals and conservatives. This finding that the intervention can be effective across partisan lines is

particularly important in light of the polarization of not justtheS medi a | andscape, but
news"” (vantder eindén et al., 2020)
Specificallywe tested if people became better at spotting troll posts (ipost s t hat “bait”

into responding emotionally)exploitativeemotional language use, conspiratorial content, and content

that deliberately seeks to polarize different groups. These are all important manipulation techoisgabs

in political misinformatior(Roozenbeek & van der Linden, 2019; van der Linden & Roozien®@20)In

addition, these techniques are key components of many organized disinformation cam(Bégtwdin et

al.,, 2017; Cook et al.,, 2017; Hindman & Barash, 20B8jlding cognitive resistance against these

techniques at scale is a powerful tool teduce the risk of disinformation campaigns affectitg

democratic processRecent research with th8ad Newsgame has looked into the longevity of the

i nocul ation effect conf eBadMedfMbeytens et a. @20 higesearch g a me s

finds that sgnificant inoculation effects remain detectable for at least one week, and much lovigar

participants are preseetd wi t h very short "eminders or *
In short, we show thaHarmony Squarés effective at reducing somef the harmful effectsthat

manipulative contentcan have orindividuals. Taking only around 10 mingteo complete, the game

conveys criticaihformation aboutkeymanipulation techniques in a fun and interactive manie note

that Harmony Squaré ocuses mostly on political mi stiomalf or mat i

democratic societySince (political) misinformation is a significant problem in-democratic countries,

one of the limitations of this game is its limitegh@icability in coutries that lack free elections. In

addition, althowgh research has shown that gamified inoculation effects can persist for m(vitlestens

et al., 2020)the longevityof the effectof Harmony Squarevas notevaluated here.

booster

Findings

The purpose of this study was find out whether people who plafdiarmony Squaré) find manipulative
social mediacontent less reliable after playing; 2) are more confident in their ability to spath
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manipulative content; and 3) are less likédyindicate that they are willing tahare manipulativesocial
mediacontent in their network, compared to gamifiedcontrol group(which playedTetrisfor around

the same amount of time it takes to completdarmony Squade To answer these questions, we first
calculated the difference between the average scol
and @&cidnalfS8ake newedi aopobalt smthat we used as measur ¢
before and after the interventjprepostdifidremae scerd c Wep ar t i
then checked if thee difference scores for the treatment group were significanthfedént from the

control groupfor each outcome variabjausing an Analysis of Variance (ANOVA).

Finding 1: People whplay Harmony Squardind manipulative social media content significantly less
reliable after playing compared to a control group

For all the “real f ake n(eswese” “snoectihaole $inteadsigeaficapt oosnt)s ¢
main effect of the treatment condition (i.e. playiftarmony Squadeon aggregate reliability judgments,
meaning that playing the game significantlyved es t he percei ved reliability

to the control group (1,679 =43.21, p< .001, 2= .060,d = 0.8, Figure 2* We find the same result for

t h @ctitibtusf ak e n e w$l679i=48e79ms< .001, 2= .67, d = 054).5 Importantly, the effect
sizes are nearly identicathich illustrates that using real or fictitious fake news does not matter much for
assessmenfThe results are visualized in Figure 2.

Post-Pre Difference (Reliability of 'real’ fake news)
[
Post-Pre Difference (Reliability of fictional fake news)

Contro Harmony Square Control Harmony Square

Figure 2 Prepost dfference scoresforthtl 8t A 0 Af Ade 2dzRIAYSyida F2NI 623K aNBIf£¢ | yR
treatment (panel A)and control groupgpanel B) The dots represent the data points. The black dot in the middle indicates the
mean value. Error bars represent 95% confidenterwals. In both plots, the distribution for thdarmony Squargroup is
shifted downwards, indicating that people found fake news posts significantly less reliable after playing in the treabupnt gr
Separate bars for pre and post scores (by condition) are provided in Supplementary Figure 1.

4 Specifically, compared to the control condition, the shift in post-pre difference scores for reliability judgments was significantly
more negative for the treatment group (Muitf,control = -0.16, SDhift,controi= 0.66 VS Muiff treatment= -0.52, SDhift treatment= 0.77, d = 0.51).
We found no main effect (F(2,675) = 0.486, p = 0.62) nor an interaction effect (F(2,675) = 0.663, p = 0.52) for political ideology,
meaning that ideology does not make a significant difference to the inoculation effect.

5 Similar to “real” fake news, the shift in post-pre difference scores for reliability judgments was significantly more negative for
the treatment group (Maift,control = -0.095, SDxiff,controi= 0.55 VS Muit treatment= -0.44, SDhiff treatmen= 0.72, d = 0.54). Here, we also found
no main effect (F(2,675) = 1.154, p = 0.32) nor an interaction effect (F(2,675) = 0.810, p = 0.45) for political ideology.
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Finding 2: People who playéthrmony Squarare significantly more confident in their ability to spot
manipulative content in social media posts, compared tordgrobgroup.

Next, we checked if playingarmony Squarée ncr eases people’s confidence
content. We used the same meth@$ abovefirst, we calculated the difference between the average

scores before and after the intervention for both the treatment and control group, and then conducted

an ANOVA to see if the differences between treatment and control were signifiearticipantswho
playedHarmony Squarb e came signi fi cantly more confHLEGI®nt i n
=1452 p<.001,'?2=.®1 d=0.3)%a n dictidnal" HX,679 =14.55 p< .001,'2=.@1, d =0.30)’
manipulative contentFigure 3 visualizes the results.

n

i
Post-Pre Difference (Confidence in ‘fictional’ fake news)

Post-Pre Difference (Confidence in 'real fake news)

Harmony Square Control Harmony Square

Figure 3Prepostdh T FSNBy OS a02NXa F2N) 0KS O2yFARSYyOS 2dzR3IYSyia F2N o
treatment and control groupsThe black dot in the middle indicates the mean value. Error bars represent 95% confidence
intervals.In both plots, the digsibution for the Harmony Squargroup is shifted upwards, indicating that people were
significantly more confident in their judgments about misinformation after playing in the treatment gBrparate bars for
pre and post scores (by condition) are praddn Supplementary Figure 1.

Finding 3: People who playéthrmony Squarare significantly less likely teport sharing manipulative
social media contenwith others

Finally, we checked whether playiriarmony Square e d u ¢ e s p seléréported williagndssto
share manipulative content with people in their network. Using the same method as above, we found
that people who played the game weFKE7%1888,pf i cant |

6 Compared to the control condition, the shift in post-pre difference scores for confidence judgments was significantly more positive
for the treatment group (Mdiff,controI: '0.051, SDﬁiﬁ,controI: 0.55 vs Mdiff,treatmem: 015, SDjiff.treatment: 082, d= 030)
7 Compared to the control condition, the shift in post-pre difference scores for confidence judgments was significantly more positive
for the treatment group (Mudiff,controi= -0.011, SDuiff,control= 0.59 VS Muitf,treatmen= 0.19, SDxiff treatrent= 0.79, d = 0.30).
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.001,' 2=.019,d =0.28)%a n dicticnal’ HX,679 =12.62 p< .001, 2= .018, d = 027)° manipulative
content that they encounter onlingzigure 4 visualizes the results.

o Tt

Post-Pre Difference (Sharing of 'real fake news)

~
Post-Pre Difference (Sharing of ‘fictional fake news)

Control Harmony Square Control Harmony Square

Figure 4Prepostdh FTFSNBYy OS d02NBa F2N) gAftAydySaa (2 &AKFENB F2NJ 620K &
and control groupsThe black dot in the middle indicates the mean value. Error bars represent 95% confidence irltervals.
both plots, the distribtion for the Harmony Squargroup is shifted downwards, indicating that people shared fake news posts
significantly less after playing in the treatment gro@eparate bars for pre and post scores (by condition) are provided in
Supplementary Figure 1.

Torestrict multiple testing, we only present results for the aggregated fake news indices Hewever,
when looking at the manipulation techniquésatured in the game ftfolling, emotion, conspiracy and
polarization) we show that players improve on each technique as well. The full list of ANOVAs per
manipulation techniqueincluding effect size estimatesan be found in Supplementary Table 83ar
plot which summarizes the resulfsr the pre and postest separatg} in a single figure can be found in
Supplementary Figure StVe conducted two abustness checkw verify the main analyses presented
here: a linear regressiamsing posttest as the dependent variable, ptest as a covariate, and condition
as a betweersubject factor(see the Supplementary Methods and Analyses sectionSamplementary
Table S% and arobust linear regression clustering scores at the participant and rating les the
Supplementary Methods and Analyses section and Supplementary $§bBoth approaches give the
same results awhat ispresentedabove

Methods

To test ifHarmony Squaranprovesp eopl e’ s abil ity to spot manipul at.
2 (treatment vs control) by 2 (pre vs post) mixed desigmdomized controlled trial® The treatment

8 Compared to the control condition, the shift in post-pre difference scores for willingness to share was significantly more negative
for the treatment group (Maif,control = -0.09, SDxift,control= 0.53 VS Maiff treatment= -0.25, SDuiff treatmen= 0.64, d = 0.28).

9 Compared to the control condition, the shift in post-pre difference scores for willingness to share was significantly more negative
for the treatment group (Mdiff,controI: -0.06, SDjiff,controI: 0.51vs Mdiff,treatment: -0.20, SDjiff,treatmem: 056, d= 027)

10 The full dataset, “real” and “fictional” social media posts and R scripts used in this study are available on the OSF. Link:
https://osf.io/r89h3/.
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condition involved playinglarmony Squarfom beginning to end. The control conditiptayedTetrisfor
about 10 minutesWe choseTetrisbecause it is in the public domaimost people knowhow it works
without practicing, andt involves about the same amount of cognitive effort as playiagmony Square
Followingthe methodology established iprior research on* f a k e n e WBasol ¢l 2026
Maertens et al., 2020; Roozenbeek, Maertens, et al., 2020; Roozenbeek & van der Lindenw2019)
measurel reliability judgmentsof social media posts containing misinformatidigth before and after
the interventionon a 17 Likert scale

Measures

We sought to answer three questions about the effectiveness ldarmony Squareas an anti
misinformation tool
1. Does playingdarmony Squarmake people better at spotting manipulation techniques commonly
used in political misinformation?
2. Doesplayig t he game increase people’s confidence
techniques in social media content?
3. Does playing the ¢ aapatedrwilidgnesseto gharenapipulatives sockale | f
media content with peoplén their network?
Toaddress theseuestions we showed the participants in our study 16 social media p@ssh of
which made use of one of 4 manipulation techniques learned while plaliagnony Squaretrolling,
using emotional language, conspiradrieasoning, and group polarizatiofhese posts were selected to
be a mix of politically partisan and politically neutral content. Politically neutral items covered topics such
as a kidnapping at an amusement pa@kice theHarmony Squargame is aboupolitical misinformation,
we also included several items that were ideologically or politically charged. These items were balanced
overall, withan equal number ofight-leaningand left-leaning itemsAll items are available on our OSF
pageas well as in supplementary table S6.
Intotal, 8 of t hese posts were exampl €s noft h“er ena Il "d " maom
media and in fake news article§ he ot her 8 were soci al media post s

news"” ) werewdlidatedin previous resear(Basol et al., 2020; Maertens et al., 2020; Roozenbeek,
Maertens, et al.,, 20200We di d not hypothesize any significan
assessments of “real” and “dinclode babhrtypds for tmeifodowingd o r ma t
reasons: 1) including “real” items increases the
on information that they could have encountered *
experimental control and thus allows us to better isolate each manipulation technigue and ensure political
neutrality, and 3) by including “fictional” items

seen the real” ma n a memorg tonfourd whichrcoukl bias theireassessraent
(Roozenbeek & van der Linden, 20¥%ollowing Basol et a2020) we deliberately chose to only include
manipulative content, as opposed to a mix of manipulative and-mamipulative content. The purpose

of the Harmony Squargame was not to learn how to distinguish highality and lowquality content,

but rather to teach people how to spot common types of misinformation on social media. We therefore
chose to focus on addressing the question of whethtarmony Squaras effective at reducing
susceptibility to political misinformation, rather than truth discernméRemycook et al., 202®ut we

note that media literacy interventions can affect the rating of both credible anderedible items (Guess

et al ., 2020) . For a more detailed discussion on
per cepteiadn’ -gpfdlity) s we refer the reader to Roozenbeek, Maertens €2aR0)

11 The Supplementary Methods & Analyses appendix contains further information on the item selection procedure and a Principal
Component Analysis for both the real and fake social media posts.
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Figure5 shows an example of whatur items looklike in the survey environment. The social media
postin the figure is a real example of a rumor that went viral aboutralgging kidnapped in ¢heme
par k, an example of the “emoti onallAFR @anaglay 2a04% t ec
Pennycook et al., 2019Thefull list of items can be foundn the OSE? and in the supplement (Table S6).

-

Beware! An 8 year old girl was abducted yesterday at Disneyworld. 9
Minutes later she was found THANK GOD. In 9 minutes of her being
taken they shaved her head and changed her into boy clothes. We

really can't take our eyes off of our kids, not even for a second!

See more

Not at all Neutral Very
How reliable do you find this
post?

How confident are you in
your judgement?

forward this post to others?

Figure5. Example of a social media post (item) used in the survey.

For each of the 16 items, we asked participants 3 questions, which they could answerbsale (1
being “not “anteuatlrldl,” 4am®immgbeing “very”)

1. How reliable do you find this post?

2. How confident are you in your judgment?

3. How likely are you to forward this post to others?

We asked these questions for all 16 social media posts both before and after the intervention
(Harmony Squaréor the treatment group, and etrisfor the control group). This allowed us to measure
the difference between the “bef or(et hseepostpifféeeneend t he
s ¢ o r\We"thus arrive at our hypothese§ Hamony Squarés effective as an anthisinformation tool,
participants who played it should 1) find manipulative content significantly less reliable after playing, 2)
be significantly more confident in their judgment, and 3) be significantly less likedpot sharingsuch
content with people in their netwrk, whereas the control groupwho did not learn anything about
manipulative content while playingetris—should show no significant differences for each of the three
guestions before and after playingo control for multiple testing, we only evaluated the aggregate
indices for each dependent variable but for completeness we report effects fot ailnipulation
techniquesseparately in the supplementary informatigBupplementarylableS3) Descriptive statistics
for each individual item can be found in Supplementary Table S2.

In total, 681 people were recruited in 2 separate data collections;-ailissamplerf = 312) and an
international sampler(= 369). We pooled the results here (effexites are slightly larger for the 1d8ly

12 See https://osf.io/r89h3/
13 A reliability analysis shows acceptable to good internal consistency for all 3 outcome measures, both for the “real” fake news

item set and the “fictional” fake news item set (Mreal reliabiity = 3.26, SDreal retiability = 0.98, U= 0.68; Miake,reliabiity= 2.99, SDake,reliability
=1 06 U 0. 78 Mreal confidence= D. 20 SDreaI confidence= 1. 06 U 0. 84 Mfake confidenc& D. 13 SDake confidence 1. 08 U 0. 86 Mreal ,sharing
=2. 26 SDeal ,sharing= 1. 17 U 0. 85 Myake ,sharing= 2. 15 SDiake ,sharing= 1. 19 U 0. 88)
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sample). In total, 296 participants playeidrmony Squaréhe treatment group), and 385 people played
Tetris(the control group). A detailed overview of the sample selection process and study particigants
well as several robustness checks for the main analysespe found in th&SupplementanMethods &
Analyses appendix
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Appendix: Supplementary methods & analyses

Supplementary information on sample selection and study participants

For this study, we recruited participants via the online platform Prolific Acad@halan & Schitter, 2018;
Peer et al., 2017)Based on previous resear(Basol et al., 2020we first conducted an a priori power
analysis using G* power, with= 0.05f = 0.26 § = 0.52), power of 0.95, and 2 experimental conditions.
The mininal sample size required for detecting the main effect was 258. In total, 681 people were
recruited in 2 separate data collections; a-tt8y samplerf = 312) and an international sample= 369).

We pooled the results here (effesizes are slightly largefor the USonly sample). In total, 296
participants playedHarmony Squaréthe treatment group), and 385 people playdetris(the control
group). This discrepancy is explained by the fact that we only included participants in the treatment group
that played through the game in its entirety; following qualitgntrol practices from previous research
(Basol et al., 2020; Maertens et al., 2028pecifically, participants in the treatment group were required

to fill in a code before proceeding to the next stage of the study, which only appeared after finishing the
game. Some participants € 78) entered the wrong code or no code at all, and were thus excluded from
the dataset. This is important because otheseiwe cannot ensure that participants played through the
whole game. No other exclusions were applied.

In total, 46.3% of our participants were from the United States, 11.0% from Portugal, 10.9% from
Poland, 6.8% from the United Kingdom, 5.6% from [tl¥% from Mexico, and another 15.4% from
elsewhere. 43.2% of participants identified as female, 55.7% as male, and 1.2% as other {bigaryon
or agender). Participants were mostly younger, with 41.4% being between 18 and 24 years of age. The

averageedcati on | evel was high, with 62.4% of partici
degree. The sample also skewed somewhat left in terms of political ideology, with the average score on
thel7 political ideol owyngscalna (71 bimenggdd.1300elyiyd. rli gttt

On average, participants were paid £2.42 (or US $3.TRe average completion time was around 20
minutes.Supplementary Table S1 gives a detailed overview of the sample that was recruited saurdkis

it also shows that the sample of individuals that did not enter the correct completion code after playing
Harmony Squarand were thus excludefth = 78) does not differ meaningfully from the rest of the sample,
aside from their political ideology fwch skews slightly more to the right for excluded participants).

Supplementary analyses & robustness checks

We conducted two separate robustness checks to validate the main analyses. First, we ran a linear
regression analysis for each of the 3 outcomeialdes above, with the podest as the dependent
(outcome) variable, the condition (control or treatment) as a dummy variable, and th¢epteas the

i ndependent variabl e, for the reliability judgme
willingness to share manipulative content. This analysis gives the same result as the ANOVA analysis that
we ran for the difference scores above. The linear regression models for each outcome variable can be
found in Supplementary Table S4. Second, followiegnycook et al2020) we also conducted a muti

level analysis with robust standard errorsthe rating level, clustered on study participants and all 16
items (pre and postintervention). We find a significant interaction between grest differences and the
treatment (inoculation) condition for the reliability, confidence and sharing meastivether validating

the results reported above. These results are reported in Supplementary Table S5.

Items (social media posts) selection procedure & Principal Component Analysis
To maintain balance, we selected 4 posts per manipulation techniquet (2 fic n a | and 2 “real?”
of 2 sets of 8 items (16 items in total). We conducted an exploratory principal component analysis (PCA)

14The dataset for the excluded participants< 78) is available on the O$#ps://osf.io/r89h3/.
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on both the “real” and the “fictional” item sets.
of2.35f or the “real’ item set (accounting for 29.4%
(accounting for 35.7% of the variance). Thus, for ease of interpretation and to limit multiple testing, both

item sets were collapsed and treated as tw@asures, which we report throughout the paper. See
Supplementary Figures S2 and S3 for the scree plots. To check for teclaiguesults, we also report

the results for each individual mani pul atthen tech
fictional misinformation items) in Supplementary Table S3. In addition, descriptive statistics for each of

the 16 items can be found in Supplementary Table S2.
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Appendix: Table S1: Sample composition
Variable N % N %
Included participants (N = 681 Excluded (N =78
Age
1824 282 41. ¢ 20 25.6%
2534 228 33.¢ 35 44.9%
3544 96 14. 1 11 14.1%
4554 55 8.1 8 10.3%
55 or older 20 2.9 5.1%
Gender
Female 294 43. 2 38 48.7%
Male 379 55. 1 40 51.3%
Other 8 1.2 0 0.00%
Education
No formal education above age 16 5 0. 0.00%
Professional or technical qualifications above age 16 25 3. 3 3.8%
School education up to age 18 226 33. ¢ 26 33.3%
Degree (Bachelor's) or equivalent 296 43.¢ 35 44.9%
Degree (Master's) or other postgraduate qualification 112 16. ¢ 13 16.7%
Doctorate 17 2.5 1 1.3%
Country
Italy 38 5.6 6 7.7%
Mexico 28 4.1 12 15.4%
Poland 74 10. ¢ 12 15.4%
Portugal 75 11. ¢ 3 3.8%
United Kingdom 46 6.8 6.4%
United States 315 46 . : 29 37.2%
Other 105 15. ¢ 11 14.1%
Other variables N SD N SD
How often do you check the news-§} 3.68 0.91 3.78 0.95
How often do you use social media?5)L 4.08 0.97 4.10 1.11
How interested are yoin politics? (15) 3.34 1.19 3.28 1.12
Political ideology () 3.13 1.44 3.60 1.41
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Appendix: Table S2: Descriptive statistics for social media posts (items),
per outcome variable, averaged and by item

NoteThe wor d S‘ubPpepd le’'meint ary Tables S2, S3, S4 and S6
i . e., fake stories that have previously appeared
trut hful information) . T he wo rsacial ‘mediakpests (seeedise r s t C
Supplementary Table S6).
Outcome variable Condition N More M post Maitt SDre SDQost
Reliability judgments
Averaged per category
RealReliability Control 385 3.279 3.12 -0.159 1.009 1.116
Harmony Square 296 3.228 271 -0.518 0.951 1.145
FakeReliability Control 385 3.034 2.939 -0.095 1.052 1.135
Harmony Square 296 2.934 2.499 -0.435 1.065 1.189
Per individual item
RealTrolling1-Reliability Control 385 3.358 3.031 -0.327 2.052 1.976
Harmony Square 296 3.22 2439 -0.781 1.918 1.825
RealTrolling2-Reliability Control 385 3.356 3.177 -0.179 1.918 1.841
Harmony Square 296 3.341 2.905 -0.436 1.892 1.932
RealEmotiont1-Reliability Control 385 3.403 3.265 -0.138 1.663 1.668
Harmony Square 296 3.297 2.764 -0.533 1.681 1.619
RealEmotion2-Reliability Control 385 2.855 2.855 0 1.824 1.795
Harmony Square 296 2.791 2.453 -0.338 1.763 1.681
RealConspirl-Reliability Control 385 2.291 2.369 0.078 1.595 1.623
Harmony Square 296 2.203 1.922 -0.281 1.56 1.425
RealConspir2-Reliability Control 385 3.236 2.987 -0.249 1.715 1.709
Harmony Square 296 3.182 2.78 -0.402 1.785 1.808
RealPolariz1l-Reliability Control 385 4.223 3.94 -0.283 1.902 1.902
Harmony Square 296 4.149 3.301 -0.848 1.96 1.922
RealPolariz2-Reliability Control 385 3.506 3.221 -0.285 1.676 1.703
Harmony Square 296 3.642 2.959 -0.683 1.661 1.661
FakeTrolling1-Reliability Control 385 2.771 2.748 -0.023 1.98 1.88
Harmony Square 296 2.736 2446  -0.29 1.853 1.786
FakeTrolling2-Reliability Control 385 3.278 3.213 -0.065 1.567 1.604
Harmony Square 296 3.358 2.774 -0.584 1.675 1.665
FakeEmotion1-Reliability Control 385 2.836 2.818 -0.018 1.596 1.621
Harmony Square 296 2.726 2.351 -0.375 1.627 1.475
FakeEmotion2-Reliability Control 385 3.5687 3.538 -0.049 1.69 1.754
Harmony Square 296 3.497 2726 -0.771 1.739 1.712
FakeConspirl-Reliability Control 385 2.987 2.831 -0.156 1.712 1.728
Harmony Square 296 2.959 2.524 -0.435 1.646 1.577
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FakeConspir2-Reliability Control 385 3.187 2.964 -0.223 1.759 1.726
Harmony Square 296 2.959 2.503 -0.456 1.705 1.588
FakePolariz1-Reliability Control 385 2.688 2.686 -0.002 1.575 1.55
Harmony Square 296 2.537 2.27 -0.267 1.615 1.519
FakePolariz2-Reliability Control 385 2.94 2.717 -0.223 1.688 1.523
Harmony Square 296 2.699 2.399 -0.3 1.62 1.583
Confidence judgments
Averaged per category
RealPre-Confidence Control 385 5.147 5.096 -0.051 1.069 1.179
Harmony Square 296 5.265 5.415 0.15 1.027 1.189
FakePre-Confidence Control 385 5.068 5.057 -0.011 1.062 1.193
Harmony Square 296 5.201 5392 0.191 1.088 1.205
Perindividual item
RealTrolling1-PreConfidence  Control 385 5.374 5.379 0.005 1.625 1.635
Harmony Square 296 5.392 5.608 0.216 1.637 1.582
RealTrolling2-PreConfidence  Control 385 5.187 5.119 -0.068 1.558 1.535
Harmony Square 296 5.378 5.547 0.169 1.456 1.463
RealEmotion1-PreConfidence Control 385 4.958 4878 -0.08 1.462 1.48
Harmony Square 296 5.014 5.176 0.162 1.482 1.526
RealEmotion2-Pre-Confidence Control 385 5.203 5.171 -0.032 1519 1.565
Harmony Square 296 5.179 5412 0.233 1.63 1.564
RealConspirl-Pre-Confidence Control 385 5.239 5.195 -0.044 1.625 1.649
Harmony Square 296 5.446 5.676 0.23 1.544 1.561
RealConspir2-Pre-Confidence Control 385 5.049 4,995 -0.054 1.452 1.615
Harmony Square 296 5.324 5453 0.129 1.432 1.488
RealPolarizl-PreConfidence  Control 385 5.265 5.132 -0.133 1.501 1.485
Harmony Square 296 5.439 5.439 0 1.467 1.513
RealPolariz2-PreConfidence  Control 385 4.899 4958 0.059 1.483 1.505
Harmony Square 296 4.949 5.149 0.2 1.407 1.502
FakeTrolling1-Pre-Confidence Control 385 5.626 5.403 -0.223 1.606 1.598
Harmony Square 296 5.706 5.709 0.003 1.491 1.492
FakeTrolling2-Pre-Confidence Control 385 4,769 48 0.031 1.523 1.489
Harmony Square 296 4.777 5.152 0.375 1.535 1.53
FakeEmotion1-Pre
Confidence Control 385 4.961 5.039 0.078 1.578 1.492
Harmony Square 296 5.091 5416 0.325 1.572 1.542
FakeEmotion2-Pre
Confidence Control 385 4.888 4891 0.003 1.414 1.459
Harmony Square 296 5.084 5206 0.122 1.434 1.55
FakeConspirl-PreConfidence Control 385 5.094 5.117 0.023 1.507 1.549
Harmony Square 296 5.253 5409 0.156 1.509 1.468
FakeConspir2-PreConfidence Control 385 5.073 5.062 -0.011 1.484 1.575
Harmony Square 296 5.111 5432 0.321 1.54 1.483

nocul
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FakePolarizl-Pre-Confidence

FakePolariz2-Pre-Confidence

Willingness to share
Averaged per category
RealPre-Sharing

FakePre-Sharing

Per individual item
RealTrolling1-Pre-Sharing

RealTrolling2-Pre-Sharing

RealEmotion1-PreSharing

RealEmotion2-PreSharing

RealConspirl-Pre-Sharing

RealConspif2-Pre-Sharing

RealPolariz1l-Pre-Sharing

RealPolariz2-Pre-Sharing

FakeTrolling1-Pre-Sharing

FakeTrolling2-Pre-Sharing

FakeEmotion1-Pre-Sharing

FakeEmotion2-Pre-Sharing

FakeConspirl-Pre-Sharing

FakeConspir2-Pre-Sharing

FakePolarizl-Pre-Sharing

FakePolariz2-Pre-Sharing

Control
Harmony Square
Control
Harmony Square

Control
Harmony Square
Control
Harmony Square

Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square
Control
Harmony Square

385
296
385
296

385
296
385
296

385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296
385
296

5.112
5.368
5.018

5.22

2.271
2.255
2.175
2.106

2.117
2.152
2.613
2.804
2.208
2.071
2.291
2.236
1.945
1.858
2.436
2.358
2.426
2.318
2.135
2.243

2.051
2.135
2.037
2.143
2.068
2.457
2.378
2.369
2.216
2.275
2.182
2.013
1.932

2.01
1.983

5.096
5.446
5.047
5.365

2.179
2.003
2.119
1.904

2.013
1.902
2.439
2.324
2.164
1.899

2.19
2.007
1.886
1.723
2.273
2.041
2.369
2.088
2.109
2.024

2.01
1.922
2.096
1.878
2.187
1.868
2.356
2.007
2171
1.922

2.19
1.963
1.987
1.838
1.956
1.834

-0.016
0.078
0.029
0.145

-0.092
-0.252
-0.056
-0.202

-0.104
-0.25
-0.174
-0.48
-0.044
-0.172
-0.101
-0.229
-0.059
-0.135
-0.163
-0.317
-0.057
-0.23
-0.026
-0.219
0.01
-0.129
-0.039
-0.159
0.044
-0.2
-0.101
-0.371
-0.198
-0.294
-0.085
-0.219
-0.026
-0.094
-0.054
-0.149

1.528
1.488
1.528
1.519

1.187
1.151
1.208
1.162

1.668
1.764
1.921
1.947
1.663
1.493
1.791
1.767
15
1.478
1.698
1.693
1.84
1.665
1.549
1.603
1.599
1.686
1.585
1.528
1.672
1.616
1.729
1.659
1.724
1.651
1.719
1.637
1.52
1.455
1.472
1.458

151
1.533
1.492
1.523

1.261
1.243
1.257
1.201

1.606
1.607
1.808
1.812
1.629
1.504
1.658
1.661
1.492
1.394
1.655
1.636
1.801
1.677
1.532
1.478
1.584
1517
1.534
1.387
1.629
1.542

1.72

1.58
1.656
1451

1.65
1521
1471
1.466
1.476
1.344



Breaki

ng

Har mony

Squar e:

A game

t hatd i

Appendix: Table S3ANOVAs for difference scores, averaged by type
and by each of the 4 manipulation techniques

Note: We supply these results for completeness pwtalues are unadjusted.

OneWay ANOVA (Fisher's)

Variable F dfl df2 p ‘2 d
Reliability judgments

Averaged per category

RealReliabilityDiff 43.205 1 679 < 0.06 0.51
FakeReliabilityDiff 48.788 1 679 < 0.067 0.54
Averaged per technique

RealTrollingReliabilityDiff 18.82 1 679 < 0.027 0.33
RealEmotionReliabilityDiff 24.22 1 679 < 0.034 0.38
RealConspiracyReliabilityDiff 11.36 1 679 < 0.016 0.26
RealPolarizationrReliabilityDiff 25.97 1 679 < 0.037 0.39
FakeTrollingReliabilityDiff 24.91 1 679 < 0.035 0.38
FakeEmotionReliabilityDiff 48.04 1 679 < 0.066 0.53
FakeConspiracyReliabilityDiff 11.01 1 679 < . 0.016 0.26
FakePolarizationReliabilityDiff 4.64 1 679 0.032 0.007 0.17
Confidence judgments

Averaged per category

RealConfidenceDiff 14.518 1 679 < 0.021 0.29
FakeConfidenceDiff 14.547 1 679 < 0.021 0.29
Averaged per technique

RealTrollingConfidenceDiff 8.99 1 585 0.003 0.014 0.24
RealEmotionConfidenceDiff 9.83 1 534 0.002 0.015 0.25
RealConspiracyConfidenceDiff 7.39 1 522 0.007 0.012 0.22
RealPolarizationConfidenceDiff 2.36 1 565 0.125 0.004 0.13
FakeTrollingConfidenceDiff 12.44 1 608 < . 0.018 0.27
FakeEmotionConfidenceDiff 471 1 587 0.03 0.007 0.17
FakeConspiracyConfidenceDiff 8.34 1 603 0.004 0.012 0.22
FakePolarizatiorConfidenceDiff 1.56 1 585 0.212 0.002 0.09
Willingness to share

Averaged per category

RealSharingDiff 12.85 1 679 < 0.019 0.28
FakeSharingDiff 12.619 1 679 < 0.018 0.27
Averaged per technique

RealTrollingSharingDiff 8.83 1 679 0.003 0.013 0.23
RealEmotionSharingDiff 3.03 1 679 0.082 0.004 0.13
RealConspiracysharingDiff 3.4 1 679 0.066 0.005 0.14
RealPolarizationSharingDiff 6.28 1 679 0.012 0.009 0.19
FakeTrollingSharingDiff 3.66 1 679 0.056 0.005 0.14
FakeEmotionSharingDiff 14.19 1 679 < . 0.02 0.29
FakeConspiracySharingDiff 2.88 1 679 0.09 0.004 0.13
FakePolarizationSharingDiff 1.51 1 679 0.22 0.002 0.09

nocul
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Appendix: TableéS4:Linear regression model robustness check

Note: Posttest is used as the dependent variable, condition (cortrehtment) as the dummy, and pre
test as covariateRegression models are displayed by outcome variable.

Outcome measure

Real fake news reliability

Model fit R R2

0.792 0.627
Model Coefficients RealPostReliability
Predictor Estimate SE t p
I ntercept a 0.17 0.0964 1.76 0.079
Harmony Square Control -0.364 0.0542 -6.72 <
RealPre-Reliability 0.90 0.0273 32.92 <

Fictional fake news reliability

Model fit R R2

0.848 0.72
Model Coefficients FakePostReliability
Predictor Estimate SE t p
Intercept a 0.138 0.0758 1.81 0.07
Harmony Square Control -0.348 0.0483 -7.19 <
FakePreReliability 0.923 0.0227 40.73

Real fake news confidence

Model fit R R2

0.824 0.679
Model Coefficients RealPostConfidence
Predictor Estimate SE t p
I ntercept a 0.34 0.1317 2.58 0.01
Harmony Square Control 0.21 0.0524 4
RealPre-Confidence 0.924 0.0247 37.41 <

Fictional fake news confidence

Model fit R R2

0.829 0.687
Model Coefficients FakePostConfidence
Predictor Estimate SE t p
Il ntercept a 0.39 0.1275 3.06 0.002
Harmony Square Control 0.212 0.0525 4.04 <

FakePre-Confidence 0.921 0.0242 38.02 <
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Real fakenews- sharing
Model fit R R2

0.889 0.79
Model Coefficients RealPostSharing
Predictor Estimate SE t p
I ntercept a 0.0202 0.0519 0.39 0.697
Harmony Square Control -0.1611 0.0445 -3.618 <
ReaiPre-Sharing 0.9505 0.0189 50.379 <
Fictional fake news sharing
Model fit R R2

0.905 0.82
Model Coefficients FakePostSharing
Predictor Estimate SE t p
I ntercept a 0.077 0.0456 1.69 0.092
Harmony Square Control -0.1499 0.0407 -3.69 <
FakePre-Sharing 0.9388 0.017 55.27 <

a Represents reference

nocul
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Appendix: Table S5: Linear regression model at the rating level
following Pennycook et al(2020)

Note: The code used for the analysis (in STATA) can be found on the O$H.0%5; ** =p<0.01, *** =
p<0.001. Coefficients are standardized.

Difference (reliability/confidence/sharing) Reliability Confidence Sharing
Difference (pre=0post=1) -0.134 -0.0269 -0.737
Condition (Control=1, Treatment=2) -0.0754* 0.126*** -0.0428
Difference * Condition -0.352%** 0.206*** -0.154%**

Constant 3.156*** 5.107*** 2.223**

Observations 21,792 21,792 21,792
Subject clusters 681 681 681
Item clusters 32 32 32
Re 0.0138 0.0069 0.0037

F (3, 21788) 101.63 50.78 27.26
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Appendix: Table S8tems (social media posts)

Note:* Real ” st-anhfle Beampétabk of misi nf omimiaformatiam., “f akeé

Throughout the suppl ement, i t e mollifigl 6 m -Tréllingle’'t, ab |l e
et cetera.

Item name Real Fake

Hey@l it's snowing and freezing in New York. Could use some of

that ilobal u-;arn*mi i/ou‘xe always on about!

Trolling1

My o sty : i I
- L < What wi ol do if

3 twould youdoi Another shark loan for developing countries
yo C d th rct 3 0 sapiens?’ 55% said they would Vor

Trolling2

8 |
! m ed outbreak of new, terrifying

Horrific TV-show inspiring suicide, says filmmaker q ]

Emotionl
I e N
> s e s i 5 s Brutally beaten senior desperately begs for help at hospital, is given
leware! An 8 year old girl was abducted yesterday at Disneyworld. 9 i ) X ) . 11C we
ke s e v v In 9 minutes of her being TERRIBLE medical care only after ENORMOUS wait.
taken they shaved her head and changed her into boy clothes. We
really can't take our eyes off of our kids, not even for a second!
See more
Emotion2

Scientists discovered solution to greenhouse effect years ago but but are
blocked from publishing it, report claims.

-b_

Q

Bitcoin is a secret operation un by the National Security Association
(NSA) in America. Satoshi Nakamoto, the man behind Bitcoin, is an
NSA-created pseudonym.

Conspiracyl

In the last few hundred years we have gone from an agrarian society _ I .

to hypermach stealth aircraft, space travel, and holding N X __ P .
supercomputers connected to all of the libraries of the world in our BREAKING: Insurance companies are now using your phone to track your fast
pockets. What if it isn't the first time this happened?... See more food consumption. #BeAwar

Conspiracy?2
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dk NBC News @
Swe A South Carolina man anc year-old

daughter out hunting were killed by a
v hunter who mistook them for deer
authorities say.

1.5 less MAGADilly’s in the world. At
least they died supporting their

beloved 2nd Amendment

Polarizationl

& _§ | 3
The myth of "equal IQ" between left-wing and right-wing people exposed

Polarization2

Clear difference in career success between left-wing and right-wing voters
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Appendix: Figure S1: Supplementary bar plots

Note: Bar plots show the preand postscores for the reliability, confidence, and sharing measures, for

both “real fake news” (l abelled “real” in the fig
Error bars represent 95% confidence intervalse figure shows that while perceived reliability for both
“real” and *‘fictional” fake news goes down after

the control group. The pattern is the same for the confidence and sharing measures.
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