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Gamification is a promising approach to reducing misinformation susceptibility. Previous research has 
found that “inoculation” games such as Bad News and Harmony Square help build cognitive resistance 
against misinformation. However, recent research has offered two important nuances: a potentially 
inadvertent impact of such games on people’s evaluation of non-misinformation (“real news”) and 
exponential decay over time if no memory-strengthening exercise is provided. We address these issues in 
two preregistered lab experiments (N1 = 191, N2 = 321) and four quasi-experimental in-game surveys 
implemented in Harmony Square (N3 = 559) and Bad News (N4 = 2,558, N5 = 419, N6 = 882). In 
Experiments 1 and 2, we test if providing different types of feedback after playing Bad News enhances 
discriminative ability of misinformation and real news 1 week postgameplay and find that doing so resulted 
in homogeneously better accuracy at identifying both misinformation and non-misinformation compared 
with a control condition, which played Bad News without feedback. In Experiments 3–6, we implemented 
two different types of feedback exercises in the Harmony Square and Bad News games and find that this 
significantly boosts discernment compared with playing the game without a feedback exercise, primarily by 
improving accuracy at detecting real news. We confirm these results using signal detection theory. We 
conclude that feedback exercises boost the effectiveness of gamified misinformation interventions, likely 
due to an improved learning environment. 

Public Significance Statement 
Across six separate experiments, we show that gamified inoculation interventions aimed at countering 
misinformation significantly benefit from a brief assessment of learning outcomes and providing players 
with feedback about their performance. Doing so (a) resulted in a stronger veracity discernment effect, 
including 1 week postintervention, and (b) increased the likelihood that all participants benefit equally 
from the intervention while eliminating and even reversing any undue skepticism of non-misinformation 
(or real news). Our findings have implications for misinformation intervention design, as there appear to 
be substantial benefits to optimizing the learning environment. 
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Misinformation is a challenge for modern democracies, which 
rely on an informed citizenry (Kuklinski et al., 2000). The spread of 
misinformation may undermine public health (Swire-Thompson & 
Lazer, 2020; van der Linden, 2022), attitudes toward science (van 
der Linden et al., 2017), and the integrity of elections (Gunther et al., 
2019; Lewandowsky et al., 2017). One approach to countering this 
problem, known as “prebunking,” is to prevent misinformation from 
being ingrained into one’s memory to begin with (Lewandowsky & 
van der Linden, 2021; Roozenbeek et al., 2023). 
The most prominent prebunking approach is to confer psychologi-

cal resistance against misinformation through psychological inocula-
tion (Compton, 2013; Compton et al., 2021; Traberg et al., 2022). 
Inoculation theory (McGuire, 1961b) posits that, much like injecting 
a weakened dose of a virus to help the immune system recognize 
potential attackers and organize an effective immune response, 
people build up “cognitive antibodies” when confronted with a 
“weakened dose” of misinformation that is preemptively refuted in a 
controlled setting (Compton, 2013; McGuire, 1961a, 1964; McGuire 
& Papageorgis, 1962; van der Linden, 2024). 
In recent years, researchers have used online games as a vehicle 

for delivering more “active” (McGuire & Papageorgis, 1962) 
inoculation interventions where players engage in experiential 
learning, such as Cranky Uncle (Cook et al., 2023), Spot the Troll 
(Lees et al., 2023), Harmony Square (Roozenbeek & van der 
Linden, 2020), and Bad News (Roozenbeek & van der Linden, 2019, 
2022). In these types of games, players are inoculated not against 
individual examples of misinformation but against the manipulation 
techniques that often underlie a broader spectrum of misinformation, 
for example, conspiratorial thinking, emotional manipulation, or 
logical fallacies such as whataboutism, false dilemmas, or ad 
hominem attacks (see Roozenbeek, van der Linden, et al., 2022; 
Roozenbeek, Traberg, & van der Linden, 2022). Several studies, 
reviews, and a recent meta-analysis have found that such inoculation 
games are generally effective at reducing belief in misinformation 
(Iyengar et al., 2022; Lu et al., 2023; Traberg et al., 2022). 
At this juncture, it is useful to conceptually distinguish 

inoculation from other forms of prebunking and competence-
boosting interventions. Broadly speaking, the first and most obvious 
difference between prebunking and debunking concerns the timing 
of the intervention, such that any intervention prior to misinforma-
tion exposure can be considered a prebunk (van der Linden, 2024), 
including simple forewarnings (Bertolotti & Catellani, 2023). 
However, the second difference relates to whether or not an actual 
competence or skill is being conferred, which is not the case with 
preemptive interventions such as some types of accuracy prompts 
(Pennycook et al., 2020) but is true of interventions that provide 
people with digital or media literacy tips (Guess et al., 2020; Lutzke 
et al., 2019; McGrew, 2020; Scheibenzuber et al., 2021). 
What distinguishes inoculation from the aforementioned ap-

proaches besides the timing and level of detail is the specific format:  
Inoculations include (a) a forewarning that someone might be 
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targeted with an attempt to manipulate their opinion (this is meant to 
elicit people’s motivation to defend themselves from an impending 
attack) and (b) rather than providing people solely with facts or tips, 
the intervention preemptively exposes people to weakened doses of a 
falsehood or the techniques used to produce falsehoods along with 
ways on how to identify and refute them (this is meant to provide 
people with the actual ability to resist the manipulation attempt). In 
other words, an intervention can only be considered true inoculation if 
it contains weakened doses (examples) of the misinformation or 
manipulation attempt (McGuire, 1964; van der Linden, 2024). As 
mentioned, one novel way of doing this is through simulations in a 
gamified environment. 

Several challenges remain for the efficacy of gamified inoculation 
interventions (and misinformation interventions more generally). 
Maertens et al. (2021) found that the inoculation effect fades over 
time without regular rehearsal. In two separate studies, Maertens et 
al. (2024) and Capewell et al. (2024) found that this decay may set in 
rapidly if no memory-strengthening exercise is provided (e.g., in the 
form of an item rating task administered postintervention). In other 
words, implementing a short task within the intervention that 
requires people to actively apply the lessons from the intervention 
may be a crucial component in its effectiveness. 

Furthermore, there is evidence that participant responses obtained 
in some Bad News game studies were heterogeneous. For example, 
in Maertens et al.’s (2021) study, the standard deviation for the 
inoculation (treatment) group was twice as large postintervention 
compared with the control group. This suggests that the inoculation 
effect conferred by playing the game might be limited to a smaller 
group of participants than intended. Moreover, it has been proposed 
that inoculation games could inadvertently make players unduly 
skeptical of non-misinformation without corrective feedback; a 
reanalysis of several studies on gamified inoculation showed that 
some of these games may not improve “veracity discernment,” a 
measure of people’s ability to distinguish misinformation from non-
misinformation (Modirrousta-Galian & Higham, 2023). This is 
important, as increased skepticism of all information (not just 
misinformation) may be a suboptimal outcome of many misinfor-
mation interventions (see Hameleers, 2023). 

To address these shortcomings, this study assesses the effect of 
including short feedback exercises at the end of inoculation games in 
terms of boosting (a) the inoculation effect (i.e., veracity 
discernment) and (b) their longevity (although this latter outcome 
measure is preliminary). By feedback we here mean “information 
provided by an agent (e.g., teacher, peer, book, parent, self, 
experience) regarding aspects of one’s performance or understand-
ing” (Hattie & Timperley, 2007, p. 81). Feedback is one central 
mechanism for learning the adaptive response to ambiguous stimuli 
(Hattie & Timperley, 2007; Kluger & DeNisi, 1996; Pan & Rickard, 
2018). Research suggests that providing feedback about one’s 
performance on a relevant task may help by reinforcing correct 
responses and correcting errors (Butler et al., 2007; Smith & 

investigation, methodology, validation, visualization, writing–original draft, 
and writing–review and editing. 

Correspondence concerning this article should be addressed to Jon 
Roozenbeek, Department of Psychology, University of Cambridge, Downing 
Street, CB2 3EB Cambridge, United Kingdom. Email: jjr51@cam.ac.uk 

mailto:jjr51@cam.ac.uk


2070 LEDER ET AL. 

Kimball, 2010) and boost memorization (Bird et al., 2015). A meta-
analysis by Rowland (2014) found that the testing effect (i.e., when 
learners are tested on relevant information rather than merely 
revising content) is stronger when followed by feedback. The 
underlying mechanism appears to be that prediction errors (the 
deviation of the observed outcome from the expected outcome) are 
fundamental for episodic memory (Jang et al., 2019), declarative 
memory formation (Greve et al., 2017), and metacognition (Butler et 
al., 2008). In practice, this may mean that discernment and memory 
of the intervention is strengthened if feedback is provided after an 
intervention, which may translate to (among other things) increased 
longevity, that is, reduced effect decay over time (Capewell et 
al., 2024). 
In gamified interventions, it is not practical to provide detailed 

individual feedback to each participant about everything that they 
learned. In the present study, we therefore focus on providing 
feedback on participants’ performance on a relevant outcome 
measure, in this case an item task (e.g., evaluating a series of true and 
false/misleading/unreliable tweets or headlines). In a large number 
of studies (see Roozenbeek & van der Linden, 2024, Chapter 7 for a 
review), this item task performance is taken as a key measure of 
whether a misinformation intervention “works.” Specifically, in the 
present study, we test if feedback in the form of (a) information on 
whether their ratings were correct or incorrect (e.g., correctly 
identifying misinformation as such) and (b) information on which 
manipulation technique (if any) is used in an item can boost task 
performance. 
In terms of how feedback fits with the inoculation analogy, we 

follow Compton’s (2013) suggestion to expand on the analogy to 
further theoretical development. Just as immune cells are excellent 
students insofar that T cells are exposed to a process of trial and error 
(i.e., feedback) to ensure that they are trained appropriately in 
discerning between molecules from our own bodies versus foreign 
invaders (Segel & Bar-Or, 1999), we posit that the process of 
generating psychological resistance will benefit from a similar training 
by bundling resistance with accuracy motivations to enhance 
discernment between manipulative and nonmanipulative information. 
Finally, several recent studies have explored the role of self-

efficacy, which relates to people’s belief in their ability to act in the 
ways necessary to achieve one’s goals (Hopp, 2022; Paciello et al., 
2023; Rasmussen et al., 2022). However, although Rasmussen et al. 
(2022) found that some misinformation interventions can boost self-
efficacy, no studies have been conducted that look at whether self-
efficacy can act as a mediator in the effectiveness of misinformation 
interventions. Moreover, in the context of feedback, positive 
experiences can enhance self-efficacy, whereas negative experi-
ences diminish it (Bandura, 1997). Chan and Lam (2010) found that 
formative feedback (i.e., feedback that allows for subsequent 
additional opportunities to practice) after failure on a test was 
significantly less detrimental to students’ self-efficacy than 
summative feedback (given after the learning process has already 
completed). In the present study, we therefore also sought to explore 
whether providing feedback about people’s performance during a 
misinformation intervention can affect self-efficacy compared with 
when no feedback is provided. 
For this study, we conducted six separate experiments: two 

preregistered lab studies on Prolific where we tested the efficacy of 
various types of feedback exercises administered at the end of the 
Bad News inoculation game, both immediately postgameplay and 1 

week after, and four (non-preregistered) field tests with pre- and 
postsurveys implemented in the Bad News and Harmony Square 
games; these last four studies were quasi-experimental as it was not 
possible to randomly assign participants to play the games either 
with or without feedback (we instead collected data across different 
time points). Across all experiments, we find that including a 
feedback exercise at the end of misinformation interventions 
significantly and substantially boosts veracity discernment, that 
is, people’s ability to distinguish misinformation from non-
misinformation (defined in all experiments as participants’ average 
ratings of real news minus ratings of misinformation, as measured 
on a 1–7 scale ranging from 1 [very unreliable] to  7 [very reliable]; 
see Maertens et al., 2021). In addition, we find that feedback also 
improves performance 1 week after playing the game. This effect is 
robust for various types of feedback exercises and across item sets. 
See Figure 1 for an overview of the design of Experiments 1 and 2. 

Transparency and Openness 

We report how we determined our sample sizes for Experiments 1 and 
2, all data exclusions (if any), all manipulations, and all measures in each 
study, following Journal Article Reporting Standards guidelines (Kazak, 
2018); see Supplemental Material A. Experiments  1 and 2 were  
preregistered at https://aspredicted.org/SXC_VZ4 (Experiment 1) and at 
https://aspredicted.org/SDW_TG7 (Experiment 2). For Experiments 3–6, 
we copied the exact hypotheses and analysis plans from previous similar 
studies. Analyses were conducted in R Markdown (Experiments 1 and 2) 
and R (Version 4.2.3; Experiments 3–6). All analysis scripts as well as 
both the raw and cleaned data sets, along with any other supplementary 
information necessary to replicate our findings, can be found on our Open 
Science Framework (OSF) page (https://osf.io/cnr6t/). 

Experiment 1 

In Experiment 1 (preregistration: https://aspredicted.org/SXC_ 
VZ4), all participants completed an item rating task (consisting of a 
series of Twitter posts, some containing misinformation and some 
not) as a baseline measure (the pretest, T0), and then played Bad 
News. In the game, players roleplay as a “fake news tycoon” and set 
up their own news site and social media platform (this process is 
meant to reveal vulnerability to manipulation). Over the course of 
six levels, each representing a particular manipulation technique 
(impersonating fake accounts, leveraging negative emotions, 
polarizing audiences, spreading conspiracy theories, discrediting 
opponents, and trolling people for attention and outrage), players are 
tasked with gaining as large a following as possible by making use of 
weakened doses of each of these techniques in a controlled simulated 
setting. The game is interactive and choice-based, with players getting 
points (and followers) for making “correct” decisions (such as 
successfully spreading a fake news story and getting it picked up by 
the mainstream media). At the end of the game, players have built up a 
“fake news empire” and can challenge their friends. The Harmony 
Square game (see Experiment 3) is conceptually similar to Bad News; 
only in this game, players operate as a secretive disinformation 
operative, tasked with wreaking havoc in the peaceful community of 
Harmony Square by mounting an influence campaign during an 
election campaign. 

After playing, all participants completed a different item rating task 
(of the same design but with new items, the posttest, T1). Specifically, 

https://doi.org/10.1037/xge0001603.supp
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Figure 1 
Flowchart Depicting the Procedure of Experiments 1 and 2 

half of our participants (the feedback condition) first rated the 
reliability of a news headline (on a 1–7 scale) and then chose which of 
the six manipulation techniques from the Bad News game (e.g., 
conspiratorial reasoning) they believed was used in the headline. The 
feedback contained information about the manipulation technique 
and whether the headline was fake or real, along with whether the 

rating they gave to the headline was correct or incorrect. For the 
misinformation items, ratings below/above neutral (4) were rated as 
correct/incorrect, respectively. For the real news items, ratings above/ 
below neutral were rated as correct/incorrect. We also included a 
feature where participants could ask for additional information about 
the specific manipulation techniques learned about in the game 
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(impersonation, emotional manipulation, polarization, conspiratorial 
thinking, discrediting/ad hominem attacks, and trolling). The aim of 
this feedback was to identify potential errors and show participants a 
strategy for how to better detect misleading content. The participants 
were guided to scrutinize each post for misleading cues and, based on 
this, to infer the reliability of news headlines. Seven days later (T2), 
participants were asked to again complete an item rating task, which 
contained the same items as the pretest (T0); performance at T2 is the 
central test for this study. Doing so also affords us a preliminary 
investigation into whether providing feedback can help reduce effect 
decay over time. For a detailed discussion on this topic, we refer to 
Capewell et al.’s (2024) and Maertens et al.’s (2024)  studies. Finally, 
we explore whether self-efficacy plays a mediating role in the 
inoculation effect conferred by the game. We tested the following 
hypotheses: 

� Hypothesis 1a: Playing Bad News and consecutive testing 
(without feedback) increase the likelihood to assess the 
reliability of misinformation items correctly after 1 
week—the reliability decreases. 

� Hypothesis 1b: Playing Bad News and consecutive testing 
(without feedback) increase the likelihood to assess the 
reliability of real news items correctly—the reliability 
increases. 

� Hypothesis 2a: Playing Bad News with feedback immedi-
ately postgameplay increases the ability of participants to 
assess the reliability of misinformation items correctly—the 
reliability decreases. 

� Hypothesis 2b: Playing Bad News with feedback immedi-
ately postgameplay increases the ability of participants to 
assess the reliability of real news items correctly—the 
reliability increases. 

� Hypothesis 3: Self-efficacy mediates the effects of the 
treatment. 

We decided to deviate from our original preregistration (https:// 
aspredicted.org/SXC_VZ4), as we came to believe after data 
collection that the measurement at T1 was not necessarily indicative 
of an inoculation effect. Maertens et al. (2024) found that item rating 
tasks administered immediately after playing a gamified inoculation 
intervention serve as a memory-strengthening exercise in itself. In 
other words, the item task at T1 should be seen as part of the training, 
and we therefore cannot see the measurement at T1 as entirely 
separate from the intervention (Bad News). Because all participants 
rated the item set at T1, which contained different items than the item 
set administered at T0 and T2, we therefore tested all hypotheses 
comparing T0 and T2 (after 1 week), and the wording of Hypotheses 
1 and 2 was adjusted accordingly. The preregistered regression tables 
(including results at T1) are reported in Supplemental Material F 
(Supplemental Table S10; see also Supplemental Figures S1–S3). 

Method 

Power Analysis and Sample 

A G*Power analysis (Faul et al., 2007) was conducted with an 
effect size f = 0.175, α = .05, and a power of 0.80 (for details see 

Supplemental Material B). Using these criteria, 196 participants were 
required to be able to detect a main effect. In the first wave, we 
recruited 200 participants via Prolific Academic. The final sample 
was smaller than expected after applying our preregistered exclusion 
criteria (see Supplemental Material A). The final sample consisted of 
169 participants at T1 (i.e., immediately after completing Bad News). 
One week later at T2, a total of 152 participants completed the follow-
up study (attrition rate: 11%). To reach the planned sample size of 200 
participants, we conducted a second wave of data collection where 51 
additional participants were recruited, with another 39 participants 
completing both parts of the study after applying our exclusion 
criteria. Doing so yielded a final sample size of N = 191. Of these, 
49.2% describe themselves as female, 49.2% as male, and 1.6% as 
other. Participants’ age consisted of four age groups: 65.4% 18–29 
years, 31.4% 30–49 years, 2.6% over 50 years; and 0.5% under 18 
years. The sample was international with participants from, for 
example, South Africa (40.3%), the U.K. (13.6%), and Mexico 
(5.2%); for sample descriptives see Supplemental Table S2. All  
demographic information item wordings can be found on the OSF 
page: Experiment_1_codeBook.pdf, pp. 7–9. A detailed description 
of all excluded participants and attention checks is provided in 
Supplemental Material A.1 

Design and Procedure 

Participants were randomly assigned to either a control (Bad 
News only) or a feedback (Bad News + feedback) group. All 
participants were asked at three time points (T0, preintervention; T1, 
immediately postintervention; and T2, 7 days postintervention) to 
rate the reliability of a series of news items (in the form of Twitter 
posts). As feedback was provided on participants’ reliability 
judgments in the feedback condition immediately postintervention 
(T1), we employed different item sets for the time points to control 
for potential memory effects: T0 = item set A; T1 = item set B; T2 = 
item set A (see Figure 1). 

At T0, all participants rated the reliability of Twitter posts from 
item set A (12 items, nine misinformation; three real news; see the 
Measures section) and then played Bad News for approximately 15 
min. The difference between the experimental group and the control 
group was that after completing the game (at T1), participants in the 
feedback group received feedback about their response after rating 
each item. In the feedback condition, immediately after playing the 
game, the items from item set B (nine misinformation; three real 
news) were presented, and participants were asked to rate each item’s 
reliability and select which manipulation technique (from the game) 
was used in the item. They could also choose to get more information 
about each technique by clicking on a small symbol representing each 
technique (e.g., a spiked club representing the “discrediting 
opponents” technique; see Figure 2). Participants could then read 
additional information, taken from the Supplemental Material found 
on the Bad News website (DROG, 2018). The feedback included 
information about the manipulation technique and whether the news 
item contained misinformation or not. Positive feedback was 
provided only if participants gave extreme responses on the Likert 
scale, meaning they rated misinformation news items as very 
unreliable (1) or unreliable (2) and real news items as highly reliable 

1 Attention checks were taken from Shamon and Berning (2020) and 
adapted for the purpose of our study. 
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Figure 2 
Screenshots Depicting the Layout of the Feedback Mechanism 

Note. Left image shows the question page, followed by the actual feedback on the right. See the online article for the color version of this figure. 

(7) or reliable (6). A label was shown over the Likert scale saying real 
or fake. For details on how much time participants spent on the 
feedback exercise at T1, see Supplemental Material H. One week 
postgameplay (at T2), participants again rated the items from item set 
A, this time without any feedback (see Figure 2). 

Measures 

Reliability Ratings. The items from item sets A and B were 
taken from previous research testing the efficacy of Bad News (Basol 
et al., 2020; Maertens et al., 2021; Roozenbeek & van der Linden, 
2019). As in these studies, the reliability of the Twitter posts was 
measured on a Likert scale ranging from 1 (very unreliable) to 7  (very 
reliable), with 4 being neutral. One example of a misinformation item 
is, “the Bitcoin exchange rate is being manipulated by a small group of 
rich bankers. #InvestigateNow” (conspiracy technique). Item set A 
consisted of nine misinformation items and three real news items. For 
item set B, nine different misinformation items and three different real 
news items were used. Both sets cover all six manipulation techniques 
learned about in the Bad News game. At all time points, 12 items were 
shown. The scale properties are shown in Supplemental Table S8. The  
low internal consistency of the three real news items is in line with 
previous studies using the same item set (Maertens et al., 2021). 
Self-Efficacy. We adapted a scale by Bong (2002) to assess 

English and mathematical self-efficacy. Players responded to two 
items on a 7-point Likert scale (1 = not confident at all, 7  = very 
confident; How confident are you that you can successfully identify 
fake news? How confident are you that you can successfully identify 
deception strategies frequently used in the production of fake 
news?). The items yielded good internal consistency (α = .79) and 
were aggregated using the mean. 

Exploratory Variables. We assessed a battery of personality 
characteristics,2 but we do not analyze these in the present study due 
to space limitations. 

Analytical Strategy and Deviations From the 
Preregistration 

In Experiments 1 and 2, we used a statistical multiverse approach. 
This means we tested our preregistered hypotheses using different 
model families, including both Bayesian and frequentist approaches 
(Bürkner, 2018; Bürkner & Vuorre, 2019; Christensen, 2019). We 
ran a linear mixed model to account for repeated measurements. 
We included participants and items (nested in real news and 
misinformation) as random effects. The fixed effects were the 
feedback (control vs. feedback condition), time (pretest T0 vs. 
posttest T2) and item type (real news vs. misinformation), as well as 
their interactions. As preregistered, we report the models with and 
without controlling for age and gender. However, we did not 
preregister the model family that we would use for the main analyses 
nor if we would analyze the individual scores for each item or on 
aggregate. For the main analysis, we decided to use an ordinal 
regression approach estimating individual responses. Because the 
responses for the reliability ratings were on an ordinal scale, we 
report the Bayesian results here, as only Bayesian models do not 
require homogenous variances and using metric models for ordinal 
data can result in biased inferences (Liddell & Kruschke, 
2018). We report the full results in Supplemental Table S10. See 

2 Interpersonal Trust (three items; Beierlein et al., 2012); Personal Need 
for Structure (10 items; Neuberg & Newsom, 1993); Preferences for Intuition 
and Deliberation (19 items; Betsch, 2004). 
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Supplemental Material B for further details about our analysis 
plan (e.g., about the regression equations used to test for main 
effects). 
We deviated from our preregistration in our tests of Hypotheses 1 

and 2, in that we stated that we would compare the interaction with 
time, with time having three levels (T0, T1, T2). We decided not to 
include the results for T1 in our hypothesis testing, as the key 
manipulation of interest (i.e., the feedback) occurred during the item 
rating task at T1, which may interfere with item rating task 
performance at T1. For this reason, we only included ratings at 
baseline (T0) and 7 days later (T2). See Supplemental Table S10 and 
Figures S1–S3 for the results for T1. Finally, for the Bayesian 
analyses, we did not preregister the priors. However, to regularize 
our estimates and allow for faster model convergence, we used 
weakly informative priors with μ = 0 and σ = 5 for all fixed effects 
and intercepts. 

Results 

We report the results for the best-fitting ordinal Bayesian 
model with heterogeneous variance between groups and time (see 
Supplemental Table S10). We present estimates in the unit of standard 
deviation (similar to Cohen’s d, which represents the difference 
between two means standardized to the unit of the standard deviation) 
as point estimates of odds ratios with 95% credible intervals (CIs).3 

See Supplemental Table S7 for a table with the mean reliability 
ratings and their 95% CIs at each time point. See Supplemental 
Material E (Supplemental Figures S1–S3) for item-level plots and for 
plots of reliability ratings aggregated and not aggregated to mean 
scale values. 

Bad News Effect (Without Feedback) 

Testing Hypothesis 1a, in the control group (Bad News without 
feedback), the participants rated misinformation as less reliable at T2 
than at T0, b = −0.14, 95% CI [−0.27, −0.01], in support of 
Hypothesis 1a and confirming that Bad News increases the likelihood 
of participants rating misinformation items correctly 1 week after 
playing (although the effect is weak, possibly due to insufficient 
power). For Hypothesis 1b, control group participants rated real news 
items at T0 as more reliable than misinformation, b = 1.65, 95% CI 
[1.12, 2.18], and did not rate real news as significantly less or more 
reliable at T2, b = .03, 95% CI [−0.16, 0.23] (though we note the low 
internal consistency of the three real news items; see Supplemental 
Table S8). We thus fail to find support for Hypothesis 1b, as we 
predicted that the reliability of real news would increase postgame-
play; instead, the participants rated real news as equally reliable 
before playing Bad News and 7 days later. 

Bad News + Feedback Compared With Bad News Only 

Testing Hypothesis 2a, in the feedback condition, the participants 
rated misinformation as less reliable after playing Bad News than the 
control group at T2 compared with T0, b = −0.56, 95% CI [−0.77, 
−.35]. This confirms that providing feedback postgameplay is more 
effective in conferring resistance against misinformation compared 
with only playing Bad News, supporting Hypothesis 2a. For 
Hypothesis 2b, real news was rated as more reliable in the feedback 
condition than the control group at T2 compared with T0, b = 1.03, 

95% CI [0.69, 1.38]. These results support Hypothesis 2b. 
Furthermore, the variance of the feedback group was lower than 
in the control group at T2, b = −0.40, 95% CI [−0.51, −0.28], as 
indicated by the model parameters (for all coefficients see 
Supplemental Table S10). We plotted the marginal effects and 
the observed and predicted probabilities for each response category 
in reliability ratings in Figure 3. 

Self-Efficacy Effect. Finally, as preregistered, we also tested if 
the difference between experimental conditions could be explained 
by the difference in self-efficacy (mediation Hypothesis 3). We did 
not observe a difference in self-efficacy between experimental 
conditions (see Figures S7 and S8 in Supplemental G). Including self-
efficacy in the regression predicting responses at T2 did not change 
the estimates, suggesting that no variance between conditions in 
ratings is explained by self-efficacy (see Supplemental Table S12). 

Discussion 

We tested if providing performance feedback after playing Bad 
News increases players’ ability to correctly judge Twitter posts as 
real news or misinformation. In line with our hypotheses, 7 days 
after playing, participants in the feedback group increased their 
ability to rate misinformation as more unreliable and increased their 
trust in real news compared with participants who only played Bad 
News without feedback. Overall, the results suggest that the 
feedback had a positive influence on the efficacy of the intervention: 
A low reliability rating of misinformation was twice as likely 7 days 
postintervention if participants were given feedback about their 
performance. Moreover, in line with other research (Capewell et al., 
2024; Maertens et al., 2024), our findings suggest that providing 
feedback can strengthen the effect of the intervention over time 
compared with when no feedback is provided. Finally, perceived 
self-efficacy to identify Twitter posts as real news or misinformation 
did not differ between groups, and it did not explain any variance in 
the reliability ratings, indicating that self-efficacy may play a limited 
role as a moderator of misinformation intervention effectiveness. 

However, Experiment 1 had several limitations. Most impor-
tantly, the feedback condition contained several components that 
might drive the observed effects. First, the feedback informed 
players about the type of news (whether it contained misinformation 
or not). Second, the feedback showed the exemplary correct 
responses only as end-of-axis responses (1 or 7) visually, and 
positive feedback was provided only for extreme responses, (1) or 
(2) for misinformation and (6) or (7) for real news items, which 
could have resulted in more extreme response patterns. Furthermore, 
feedback entailed not only information about the ideal reliability 
rating but also about the manipulation technique used in each item. 
Finally, participants in the feedback condition were able to review 
the manipulation strategies at their own pace when making 
reliability judgments during training (immediately postgameplay), 
which could help to boost the effect further. We address these 
limitations in Experiment 2. 

3 Credible intervals (CIs), which are Bayesian confidence intervals (the 
numbers refer to the 2.5th and 97.5th percentiles of the posterior 
distributions), can be numerically similar to their frequentist counterparts 
(i.e., confidence intervals); however, they have an intuitive probabilistic 
interpretation, unlike confidence intervals, which are often mistakenly 
interpreted as probabilities (Hoekstra et al., 2014; Morey et al., 2016). 
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Figure 3 
Experiment 1: Observed and Predicted Responses and Estimated Effects or Experimental Group, Time Point (t0 = 
Pregameplay, t2 = 1 Week Postgameplay), and Item Type (Real News or Misinformation) 

Note. Plot A shows the reliability ratings observed with the line and ribbon (95% CI). The point and error bars show the model 
prediction based on a 95% highest density interval. Plot B violins show the posterior distribution of the beta coefficients in relation to 
the normalized responses and the cutoff points, based on 4,000 draws. Control = Bad News without feedback; CI = confidence interval; 
Exp. Group = experimental group. See the online article for the color version of this figure. 

Experiment 2 

In Experiment 2 (preregistration: https://aspredicted.org/SDW_ 
TG7), we administered three separate treatment conditions: feedback 
only, feedback with manipulation technique choice, and feedback 
with polarization. In the feedback-only condition, participants were 
only told if their rating was correct or incorrect. Ratings below/above 
neutral (4) were rated as correct/incorrect, respectively. In the 
feedback + strategy condition, the participants also had to identify 
the manipulation technique used in each item and were able to read 
the information about the manipulation techniques again if they 
chose to. In the feedback + polarization condition, feedback included 
a correct extreme response: low (1) for misinformation and high (7) 

for real news (so rather than only indicating if the participant’s 
response was correct or incorrect, participants in this condition were 
also shown the “correct” [extreme] rating for each item, 1/7 for 
misinformation items and 7/7 for real news). We preregistered the 
following hypotheses: 

� Hypothesis 1a: Playing Bad News increases the likelihood 
to assess the reliability of misinformation items 
correctly—the reliability decreases. 

� Hypothesis 1b: Playing Bad News increases the likelihood 
to assess the reliability of real news items correctly—the 
reliability increases. 

https://aspredicted.org/SDW_TG7
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� Hypothesis 2a: Playing Bad News with feedback immedi-
ately postgameplay increases the ability of participants 
to assess the reliability of misinformation news items 
correctly—the reliability decreases. 

� Hypothesis 2b: Playing Bad News with feedback immedi-
ately postgameplay increases the ability of participants to 
assess the reliability of real news items correctly—the 
reliability increases. 

� Hypothesis 3a: The effect of simple feedback (feedback 
only) is weaker than the effect of feedback + polarization. 

� Hypothesis 3b: The effect of simple feedback (feedback 
only) is weaker than the effect of feedback + manipulation 
technique information. 

Method 

A power analysis was conducted to test Hypothesis 2. As the 
responses were on a Likert scale, we used an ordinal regression 
approach (see Liddell & Kruschke, 2018). We simulated results for 
the estimated regression coefficients from Experiment 1 with N = 
1,000 iterations and calculated the proportion of p < .05. We 
assumed an effect size of β = 1.89 (logit scale) for the feedback 
effect at T1.4 We assumed that the effect would be 50% of the effect 
size from Experiment 1, so we simulated the interaction of Time × 
Real news × Feedback with β = .90 and α = .05. To achieve power 
within a 95% CI of 1 − β = [.96, .98] (meaning power is between 
96% and 98%), our simulation suggested that 140 participants (n = 
70 per condition) would be required. Details for the simulation can 
be found in Supplemental Material B. The script and resulting power 
curves from the power analysis are found in our OSF (https://osf.io/ 
cnr6t/) repository (“Power Simulation” folder). As Experiment 2 has 
four experimental conditions, we therefore aimed to collect data 
from 280 participants (i.e., n = 70 per group) from Prolific 
Academic. Taking into account a potential attrition of 20%, we 
sampled 350 participants at T0. The sample consisted of U.K. 
residents only. As preregistered (see Supplemental Material A), once 
350 participants had successfully completed the first part of the study, 
we stopped the data collection. In total, 312 participants completed 
Part 1 and Part 2, that is, a slight oversampling. Of these 65.7% were 
female, 33.7% were male, and 0.6% categorized themselves as 
“other.” The average age was 39.9 years (SD = 12.4).5 For sample 
descriptives see Supplemental Material C and Supplemental Table 
S3. Other than the experimental conditions (see above), the study 
design, measures, deviations from the preregistration, and exclusion 
criteria were the same as in Experiment 1.6 The preregistered analysis 
plan was the same as the approach used in Experiment 1 as well; see 
Supplemental Material B for more details. 

Exploratory Variables 

We included one exploratory measure not included in Experiment 
1, which we will discuss here: After all participants completed T2, 
they were again shown four misinformation items. For each item, 
participants were asked to identify which manipulation technique 
was used. The misinformation items were taken from item set A, and 
the Likert scale was replaced by categorical response options: 

impersonation, emotion, polarization, conspiracy, trolling, discre-
diting, or none. We did not find a significant effect in the 
identification of the correct techniques between conditions 
(feedback only, feedback + manipulation technique information, 
feedback + polarization, control); see Supplemental Material H for 
more details. However, when comparing performance across all 
conditions with an additional pretest, feedback type showed the 
strongest effect (β = 1.47, 95% CI [1.14, 1.90], p = .003), and 
participants in the feedback + manipulation technique information 
group had the highest percentage of correct responses. 

Results 

As in Experiment 1, we report the results of the best-fitting ordinal 
Bayesian model with heterogenous variance between groups and time 
(T0 and T2); see Supplemental Table S11. We again report the 
estimates in the unit of the standard deviation and report these as point 
estimates with 95% CIs. For the observed and predicted ratings as 
well as the distribution of the group means, we used the posterior 
distribution of the inverse logit transformed values. See Supplemental 
Table S7 for a table with the mean reliability ratings and their 95% CIs 
at each time point and Supplemental Table S8 for scale properties. 
See Supplemental Material E (Supplemental Figures S4–S6) for item-
level plots at T0, T1, and T2 and for plots of reliability ratings, both 
aggregated and not aggregated to mean scale values. 

Bad News Effect (Without Feedback) 

Testing Hypothesis 1a, we observe a decrease in reliability ratings 
for misinformation in the control (Bad News without feedback) 
group when comparing T0–T2, b = −0.35, 95% CI [−0.50, −0.19]. 
These results support Hypothesis 1a. Real news items received high 
reliability ratings compared with misinformation at T0, b = 2.17, 
95% CI [1.27, 2.96]. Testing Hypothesis 1b, control group 
participants (Bad News without feedback) rated real news as 
descriptively more reliable at T2, but the effect was nonsignificant as 
the 95% CI includes zero, b = 0.22, 95% CI [−0.01, 0.45]; these 
results do not support Hypothesis 1b, that is, playing Bad News does 
not increase the likelihood of participants identifying real news 
items correctly postgameplay. 

Bad News + Feedback Compared With Bad News Only 

Testing Hypothesis 2a, we found that participants in the feedback-
only condition (b = −0.35, 95% CI [−0.59, −0.13]) and the 
feedback + polarization condition (b = −0.71, 95% CI = [−0.94, 
−0.45]) rated misinformation as less reliable than the control group 
(Bad News without feedback). However, for the feedback + 
manipulation technique condition, this effect only had a 90% 
certainty, and the mode of the 95% CI of the highest density interval 
includes zero, b = −0.21, 95% CI [−0.42, 0.03]. Overall, these 

4 As in Experiment 1, we no longer look at the inoculation effect at T1 
(only at T2). 

5 In contrast to Experiment 1, an open textbox was used to measure age on 
a scale (a detailed overview of the demographic information survey is 
provided on the OSF repository, Experiment_2_CodeBook.pdf, pp. 7–9). 

6 With one exception: the exclusion criterion “participant has played Bad 
News before” was replaced with “participant entered the incorrect Bad News 
completion code (if in Bad News condition).” 
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results partly support Hypothesis 2a: The feedback-only and 
feedback + polarization conditions both boost the ability of 
participants to correctly identify misinformation, but this was not 
the case for the feedback + manipulation technique condition. For the 
real news items (Hypothesis 2b), we find that the increase in the 
perceived reliability of real news is larger in all three feedback 
conditions than the control group (so that all three feedback 
conditions rated real news as more reliable than the control group): 
feedback-only (b = 0.47, 95% CI [0.09, 0.79]), feedback + 
polarization (b = 0.74, 95% CI [0.34, 1.11], and feedback + 
manipulation technique information (b = 0.41, 95% CI = [0.09, 
0.76]. These results support Hypothesis 1b. 
The parameter estimates for the variances show that variance at 

T2 was lower than at T0, b = −0.09, 95% CI [−0.18, −0.01]; 
however, the variance was lower in all feedback conditions, but the 
effect was small, and all 95% CIs included zero. Taken together, all 
feedback conditions showed a stronger decrease in reliability ratings 
of misinformation and a stronger increase in the reliability of real 
news at T2 compared with T0. Overall, the results show that 
providing feedback about individuals’ performance resulted in more 
homogeneous learning across participants, indicated by the fact that 
almost 50% of all respondents in those two groups chose the lowest 
reliability rating on the posttest (see Figure 4). 
Feedback Effect Comparison. Testing Hypothesis 3, we 

calculated the difference between the posteriors for each draw and 
the resulting coefficient for each group reflecting the mean. We find 
that the feedback-only condition decreased the perceived reliability 
of misinformation less than the feedback + polarization condition, 
but the effect is not significant, b = 0.18, 95% CI [−0.05, 0.50]. 
However, both the feedback-only (b = −0.31, 95% CI [−0.57, 
−0.05]) and feedback + polarization (b = −0.50, 95% CI [−0.79, 
−0.25]) conditions resulted in significantly lower reliability ratings 
for misinformation than the feedback + manipulation technique 
condition. These results thus do not support Hypothesis 3a, as we 
hypothesized that simple feedback (feedback only) would result in a 
weaker effect than feedback + polarization, or Hypothesis 3b, as the 
effect of simple feedback is weaker than the effect of feedback + 
manipulation technique information. 
Self-Efficacy Effect. Finally, as in Experiment 1, we did not 

observe a difference in self-efficacy between experimental condi-
tions (see Figures S9 and S10 in Supplemental G). Including self-
efficacy in the regression predicting responses at T2 did not change 
the estimates (see Supplemental Tables S13). 

Discussion 

In Experiment 2, we sought to isolate the effect of various types of 
feedback on participants’ performance on item rating tasks 1 week 
after playing Bad News: only stating whether the participant’s 
response to a (misinformation or real news) item was correct 
(feedback only), asking for additional information about which 
manipulation technique was used in the item (feedback + 
manipulation technique information), and providing a (correct) 
extreme response on the Likert scale (i.e., 1/7 for misinformation 
items and 7/7 for real news items) alongside the correct answer 
(feedback + polarization). Overall, we find that feedback exercises 
resulted in more homogeneous learning across experimental 
conditions compared with the control group, which only played 
Bad News without feedback. The feedback + manipulation 

technique information exercise was only successful at boosting 
the correct identification of real news and not misinformation. On 
the contrary, the feedback + polarization condition appeared to be 
descriptively the most successful, highlighted by the fact that almost 
50% of participants in this condition rated all misinformation items 
as 1/7 on the reliability scale. However, this type of feedback might 
be impractical in the real world, as the goal of inoculation games is 
not to optimize responses on Likert scale rating scales but rather to 
boost a particular skill or competence such as correctly identifying 
manipulative content. In addition, this type of feedback exercise 
rewards black-and-white thinking (encouraging participants to rate 
items as either entirely unreliable or entirely reliable), which has 
little practical value, as real-world misinformation is rarely so 
unambiguous. We therefore test the effectiveness of the feedback-
only and feedback + manipulation technique information feedback 
types in a “live” environment in Experiments 3–6. 

Experiments 3–6 

The goal of Experiments 3–6 was to test if two different feedback 
exercises (adapted versions of the feedback-only and the feedback + 
manipulation technique information exercises, respectively) boost 
performance on item rating tasks in the Harmony Square (https:// 
www.harmonysquare.game/) and  Bad News (https://www.getbadne 
ws.com/) inoculation games. If doing so can be shown to substantially 
boost performance, this would indicate improved learning and 
alleviate concerns about response bias and potentially limited 
longevity (Capewell et al., 2024; Maertens et al., 2024; Modirrousta-
Galian & Higham, 2023). Our (non-preregistered) hypotheses were 
either the same as for Experiments 1 and 2 or taken from previous 
studies with these games that used similar designs (Basol et al., 2021; 
Roozenbeek, Traberg, & van der Linden, 2022) and were as follows: 

� Hypothesis 1a: Playing an inoculation game (Harmony 
Square or Bad News) without feedback reduces the 
perceived reliability of misinformation. 

� Hypothesis 1b: Playing an inoculation game (Harmony 
Square or Bad News) without feedback does not reduce the 
perceived reliability of non-misinformation (real news). 

� Hypothesis 1c: Playing an inoculation game (Harmony 
Square or Bad News) without feedback improves discern-
ment between misinformation and real news. 

� Hypothesis 2a: Feedback increases the ability of partici-
pants to assess the reliability of misinformation items 
correctly—the reliability decreases. 

� Hypothesis 2b: Feedback increases the ability of partici-
pants to assess the reliability of real news items correctly— 
the reliability increases. 

� Hypothesis 2c: Feedback increases discernment between 
misinformation and real news, compared with no feedback. 

Method 

The methodologies in Experiments 3 (Harmony Square) and 4–6 
(all Bad News) are broadly similar: We implemented an item rating 
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Figure 4 
Experiment 2: Observed and Predicted Responses and Estimated Effects or Experimental Group, Time Point (t0 = 
Pregameplay, t2 = 1 Week Postgameplay), and Item Type (Real News or Misinformation) 

Note. Plot A shows the reliability ratings observed with the line and ribbon (95% CI). The point and error bars show the model 
prediction based on a 95% highest density interval. Plot B violins show the distribution of the posterior distribution of the betas in 
relation to the normalized responses and the cutoff points based on 4,000 draws. Control = Bad News without feedback; FB = feedback 
only; FB + Pol. = feedback + polarization; FB + Str. = feedback + manipulation technique information; CI = confidence interval; 
Exp. Group = experimental group. See the online article for the color version of this figure. 

task (consisting of rating the reliability of a series of tweets or 
headlines on a 1–7-point Likert scale, similar to Experiments 1 and 
2) both at the start and the end of each game, as well as a series of 
demographic questions. Responses from participants who gave 
informed consent and who completed both the pre- and postgame 
surveys were recorded. As both games have an organic player base, 
we were able to collect a substantial amount of data over time. We 
then let the games collect data both with and without a feedback 
exercise activated at the end of the game (for Experiments 5 and 6, 
we only collected data with feedback). Doing so allowed us to 
compare players’ performance on the item rating tasks with and 
without feedback. These studies were approved by the Cambridge 

Psychology Research Ethics Committee (PRE.2022.121). We 
discuss the specifics for each experiment below. See Figure 5 for 
a flowchart of the study designs. See Table 1 for study details. 

Experiment 3 

The item sets used in Experiments 1, 2, and 4 have unbalanced 
misinformation–real news ratios. We therefore administered a 
balanced eight-item rating task consisting of four tweets containing 
misinformation and four real news tweets, both at the start and at the 
end of the Harmony Square game (item set C); see Supplemental 
Table S9 for the scale properties. The participants were asked to 
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Figure 5 
Flowchart Depicting the Procedure of Experiments 3, 4, and 5 

Note. Design for Experiment 6, not shown here, is identical to Experiment 5 but with item set C (used in Experiment 3). 

indicate their agreement with the statement “this post is reliable” for See Figure 6 for examples of a real news and misinformation tweet 
each tweet, with 1 being not at all and 7 being very, identical to as shown in the game; see Supplemental Table S24 for the item 
Study 1 from Basol et al. (2021). The tweets were stripped of all wordings. In addition, the participants were asked (at the end of the 
source and social information to avoid these potential confounds. game) to indicate their age group, gender, education level, country/ 
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Table 1 
Experiments 3–6: Overview of Data Collection 

Experiment Game Item set Item set detail Purpose Data collection date Sample size 

3 Harmony Square C Four real and four misinformation 
items, no source information 

4 Bad News D Two real and six misinformation 
items, with source information 

5 Bad News E Four real and four misinformation 
headlines (MIST-8), no source 
information 

6 Bad News C Four real and four misinformation 
items, no source information 

Test feedback versus no feedback 1/10/23–14/2/2023 559 

Test feedback versus no feedback 8/4/2023–27/5/2023 2,558 

Test feedback tool on validated 25/7/2023–18/8/2023 419 
and balanced item set 

Preliminary comparison of Bad 1/1/2024–24/1/2024 882 
News and Harmony Square 

Note. MIST-8 = 8-item Misinformation Susceptibility Test. 

region of origin, and political ideology. The participants who 
indicated being under 18 years old were excluded as per our ethics 
approval. In addition, we excluded participants not from the United 
States. 
The feedback tool was administered at the end of the Harmony 

Square game, just before the posttest. Here, the participants were 
shown five news headlines (three being misleading, two not; the 
headlines were not the same as those from the item rating task) and 
were asked to indicate whether they believed each of them was 
misleading or not misleading. Based on whether they got the answer 
right, they were then given positive or negative feedback for each 
headline. For example, one (misleading) headline read: “Chipping 
imminent? Microchip company sets up office in ‘Big Pharma’s 
hometown.’” If players indicated that they thought this was 
misleading, the game told them “Yep that’s right! This is 
misleading. The headline implies a connection that isn’t there by 
alleging a hidden conspiracy.” If they indicated that they found this 
headline not misleading, the game told them “Nope. That one’s 
clearly misleading. The headline implies a connection that isn’t there 
by alleging a hidden conspiracy.” This was done for each of the five 
headlines. If players indicated that a real news headline was 
misleading, the game warned them not to be overly skeptical and 
that “sometimes a headline is just a headline.” See Supplemental 
Tables S25 for the wordings for each feedback headline. 
The Harmony Square game is a live intervention and constantly 

collecting data (in the current version of the game, the feedback tool 
is activated), so our data collection periods with and without the 
feedback tool spanned a roughly similar amount of time (in an 

attempt to avoid substantial differences in sample size, we followed 
the same procedure in Experiment 4). Specifically, we collected data 
without feedback between October 1 and November 24, 2022, and 
with feedback between November 25, 2022, and February 14, 2023. 
In total, we collected 257 valid responses without the feedback tool 
and 302 valid responses with the feedback tool, for a total of N = 559 
responses. See Supplemental Table S4 for the sample descriptives. 

Experiment 4 

We administered an eight-item rating task consisting rating the 
reliability (1 [not at all] and 7 [very reliable]) of two real news 
tweets (the first being a headline by The Guardian about Amazon, 
Apple, and Google being the biggest brands in the world and the 
second being a tweet by Psychology Today saying that physical 
exercise keeps your brain in good shape) and six misinformation 
tweets, one for each manipulation technique learned about in the 
Bad News game (item set D); see Supplemental Table S9 for the 
scale properties. This procedure is identical to the one used in Study 
1 from Roozenbeek, Traberg, and van der Linden (2022). See 
Supplemental Table S24 for the item wordings. In addition, the 
participants were asked for their age group, gender, political 
ideology, and trust in the mainstream media (from 1 [not at all] to 5  
[a lot]). Finally, we implemented an attention check in the game, 
which we used as an exclusion criterion (participants were asked 
what game they were currently playing). 

The feedback tool differed from the one from Experiment 3 in 
several ways. First, although the headlines themselves were identical, 

Figure 6 
Experiment 3: Examples of a Real News (Left) and Misinformation (Right) Survey Item Implemented in the Harmony Square 
Game 

Note. See the online article for the color version of this figure. 
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the exercise consisted of four instead of five headlines (meaning that 
one headline that was used in Experiment 3 was not used here; see 
Supplemental Table S25). Second, after indicating whether they 
found a headline misleading or not if they selected misleading, 
participants were asked “What makes you think this headline is 
misleading?” and could indicate which manipulation technique they 
believed was being used in it (with response options including “it 
evokes strong negative emotions” or “this is just a headline; I see 
nothing wrong with it”). Based on their answers, the participants (like 
in Experiment 3) were then given positive or negative feedback. For 
instance, if they correctly identified the “Big Pharma” headline from 
above as misleading but indicated the wrong manipulation technique 
(polarization instead of conspiratorial thinking), the game may say 
something like “That’s true but not quite what I was looking for. To 
be more precise: it’s conspiratorial. The headline implies that the 
microchip company and ‘Big Pharma’ are concocting an evil plot 
together.” See Figure 7 for an example of how the feedback tool 
looked in the Bad News game. See Supplemental Table S25 for the 
wordings for each feedback headline. 
Data were collected between April 8 and 29 (with feedback) and 

between April 30 and May 27, 2023 (without feedback). In total, we 
collected 1,342 participants without feedback (960 valid paired pre-
and postresponses, as some responses were incomplete) and 1,216 
participants with feedback (930 valid paired pre- and postre-
sponses), for a total sample size of 2,558 participants (1,890 valid 
pre- and postresponses). See Supplemental Table S5 for the sample 
descriptives. 

Experiment 5 

Experiment 5 was identical to Experiment 4 except for the item 
set used in the pre- and posttests. Here, we used the eight-item 
Misinformation Susceptibility Test, a psychometrically validated 
test of news veracity discernment (item set E; Maertens et al., 2023). 
The Misinformation Susceptibility Test–8 (MIST-8) consists of four 
true and four false headlines (without source information), with 
participants indicating how reliable they believed each headline to 
be on a 7-point Likert scale.7 See Supplemental Table S24 for the 
item wordings. 
A previous study (Maertens et al., 2023) implemented the MIST 

in the Bad News game (without feedback) and found no significant 
pre- and postdifferences for veracity discernment. We therefore only 
collected data with the feedback tool active for this experiment to see 
if the feedback tool can contribute to boosting game players’ 
accuracy in identifying true and false news headlines. Data were 
collected between July 25 and August 18, 2023. In total, we 
collected 419 valid pre- and postresponses. See Supplemental Table 
S6 for the sample descriptives. 

Experiment 6 

The goal of Experiment 6 (N = 882) was to be able to offer a 
preliminary comparison between the Harmony Square and Bad 
News games in terms of participants’ performance on the same item 
rating task. This study was identical to Experiment 5 in every way, 
except we used item set C (from Experiment 3) instead of the MIST 
as the item set for the pre- and postsurvey in Bad News. For the sake 
of brevity, we report only the main results in Table 1. For a detailed 

description of the study design, sample, and results and a discussion, 
see Supplemental Material K. 

Results 

We present the results of our hypothesis tests for Experiments 3–6 
in the same table, following the analysis plan used in previous 
studies with similar or identical designs (Basol et al., 2021; 
Roozenbeek & van der Linden, 2019; see Table 2). Supplementary 
Bayesian analyses show that the below results are robust, with all 
Bayes factors for veracity discernment (Hypothesis 2c) being larger 
than 813 (i.e., strong evidence against the null hypothesis of no pre-
and postdifference in discernment) when the feedback tool is active; 
see Supplemental Table S22 for a summary. See Supplemental 
Table S16–S18 for item-level descriptive statistics and Supplemental 
Tables S19–S21 for item-level t tests (frequentist and Bayesian). 
See Supplemental Material K for a detailed discussion of the results 
for Experiment 6. 

Table 1 shows that, without feedback, both games reduce the 
perceived reliability of misinformation as well as real news, indicating 
support for Hypothesis 1a but not Hypothesis 1b. Hypothesis 1c 
(discernment) is (weakly) supported for the Bad News game 
(Experiment 4; we note that this hypothesis is also not supported 
under a Bayesian framework, BF10 = 0.274; see Supplemental Table 
S22), but not for Harmony Square (Experiment 3). Item-level analyses 
(see Supplemental Table S20) show that for Bad News, the negative 
effect of the intervention on real news is driven by one of the two real 
headlines (the one by Psychology Today about physical exercise 
keeping your brain in good shape, p < .001), whereas the other real 
headline (from the Guardian, about Apple, Google, and Amazon) 
showed no significant reduction in reliability postgameplay ( p = .068). 
It is possible that a source familiarity effect is at play here: As noted by 
Modirrousta-Galian and Higham (2023), people do not evaluate 
uncontroversial true information any differently after playing an 
inoculation game but rather become more skeptical of ambiguous 
(true) information. It is possible that game players were more familiar 
with The Guardian than Psychology Today as a source of reliable 
information and therefore did not become as uncertain about their 
assessment of the headline’s reliability. Experiments 3, 5, and 6 did not 
include source information in the headline sets. For Experiment 3, this 
may have meant that the participants were less certain about the real 
items’ veracity in the pretest (as they were more ambiguous), which 
then led to reduced reliability postgameplay. Overall, the findings from 
Experiments 3 and 4 contrast with those from Experiments 1 and 2, in 
that we did not find a significant reduction in the perceived reliability 
of real news in the latter two studies; this is in line with other studies 
that report inconsistent findings in this regard. For example, 
Roozenbeek and van der Linden (2019) find no change in real 
news item ratings after playing Bad News without feedback, whereas 
some other studies do (e.g., Graham et al., 2023; Roozenbeek et al., 
2021). It is possible that variations in study design or item sets underlie 
this inconsistency. 

7 This procedure deviates from the original MIST, which has a binary 
response mode (real or fake). Roozenbeek, Maertens, et al. (2022) tested 
whether varying the response mode or the question framing (e.g., reliability, 
trustworthiness, real vs. fake) yields substantially different response patterns 
for the MIST. They found that even though there was some variation, the 
MIST retains decent psychometric properties if a different response mode or 
question framing is used. 
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Figure 7 
Experiment 4: Screenshots From the Feedback Tool in the Bad News Game 

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

However, when the feedback tool is active, all four studies show that 
participants become significantly better at correctly identifying real 
news postgameplay (in support of Hypothesis 2b), leading to 
substantially better discernment (supporting Hypothesis 2c). That 
said, although the game with feedback significantly reduced average 
reliability ratings of misinformation, we find no support that feedback 
improves accuracy in detecting misinformation compared with no 
feedback (meaning mixed results for Hypothesis 2a); rather, 
participants in the feedback conditions still rated misinformation as 
significantly less reliable postgameplay but at a descriptively smaller 
effect size than if no feedback is provided. This is in line with the 
findings from Experiment 2, where the feedback + manipulation 
technique information feedback exercise did not yield a significant 
improvement in the detection of misinformation compared with the 
control group. Interestingly, we also find differences between the 
Harmony Square and Bad News games when testing the feedback tool 
on the same item set; while discernment is highly significant in both 
Experiments 3 and 6, the effect size for Experiment 3 is descriptively 
higher than for Experiment 6 (d = 0.567 vs. d = 0.334). This may be 
due to differences in either the games themselves or the implementation 
of the feedback task; see Supplemental Material K for a discussion. 
We also conducted a supplementary analysis using signal detection 

theory, following the method used by Modirrousta-Galian and Higham 
(2023); see our OSF page (https://osf.io/cnr6t/) for the analysis scripts. 
We find that in all four experiments, the feedback condition improved 
the AUC or area under the curve (a measure of discrimination/veracity 

discernment) compared with when no feedback tool was active; this 
effect was significant in Experiments 3 (p < .001, d = .388), 4 
(p = .037, d = .063), and 6 ( p < .001, d = .185), but not in Experiment 
5 (p = .134, d = .060); the latter effect trends in the right direction and 
may thus be significant with a higher sample size. Moreover, in 
Experiments 3 and 4, response bias is reduced (and not present in 
Experiment 5 and negative in Experiment 6) with the feedback tool 
active. See Supplemental Table S23 and Figure S12 for details. 

Overall, Experiments 3–6 yield similar results to Experiments 1 and 
2: in both the Bad News and Harmony Square games, implementing a 
feedback tool at the end of the game substantially and significantly 
boosts both accuracy in identifying real news and discernment between 
real news and misinformation, while mitigating response bias. 
However, unlike in Experiments 1 and 2, we note that we were 
unable to control for order effects (in the sense that headlines/items 
were all displayed in the same order for each participant; this is a feature 
of the data collection tool in the Bad News and Harmony Square 
games, which does not allow for randomized item presentation order). 

General Discussion 

Across six separate experiments (two preregistered lab studies and 
four in-game field studies), we find that inoculation games such as 
Bad News and Harmony Square benefit from implementing feedback 
exercises at the end of the game. We show that administering a task 
where people evaluate a series of headlines or social media posts and 
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Table 2 
Experiments 3–6: Paired-Sample Students for Reliability Ratings of Misinformation, Real News, and Discernment, Pre- and Postgameplay, 
Without and With Feedback 

Experiment H Condition t  df  p  Mdiff Cohen’s d 95% CI 

Harmony Square (Exp. 3) Without feedback 
H1a Misinformation (post) Misinformation (pre) −7.337 256 <.001* −.378 −0.458 [−.586, −.329] 
H1b Real news (post) Real news (pre) −5.126 256 <.001* −.361 −0.320 [−.445, −.194] 
H1c Discernment (post) Discernment (pre) .796 256 .796 .018 0.016 [−.106, .138] 

With feedback 
H2a Misinformation (post) Misinformation (pre) −2.72 301 .007* −.192 −0.157 [−.270, −.043] 
H2b Real news (post) Real news (pre) 9.896 301 <.001* .769 0.569 [.447, .691] 
H2c Discernment (post) Discernment (pre) 9.847 301 <.001* .961 0.567 [.445, .688] 

Bad News (Exp. 4) Without feedback 
H1a Misinformation (post) Misinformation (pre) −9.75 959 <.001* −.370 −0.315 [.379, −.250] 
H1b Real news (post) Real news (pre) −5.88 959 <.001* −.272 −0.190 [−.253, −.126] 
H1c Discernment (post) Discernment (pre) 2.015 959 .049* .098 0.065 [.002, .128] 

With feedback 
H2a Misinformation (post) Misinformation (pre) −7.165 929 <.001* −.259 −0.235 [−.300, −.170] 
H2b Real news (post) Real news (pre) 4.500 929 <.001* .196 0.148 [.083, .212] 
H2c Discernment (post) Discernment (pre) 9.007 929 <.001* .455 0.295 [.230, .361] 

Bad News (Exp. 5) With feedback 
H2a Misinformation (post) Misinformation (pre) −2.976 418 .003* −.180 −0.145 [−.242, −.049] 
H2b Real news (post) Real news (pre) 3.49 418 <.001* .190 0.171 [.074, .267] 
H2c Discernment (post) Discernment (pre) 5.421 418 <.001* .370 0.265 [.167, .362] 

Bad News (Exp. 6) With feedback 
H2a Misinformation (post) Misinformation (pre) −3.600 881 <.001* −.155 0.121 [−.187, −.055] 
H2b Real news (post) Real news (pre) 7.331 881 <.001* .358 0.247 [.180, .314] 
H2c Discernment (post) Discernment (pre) 9.913 881 <.001* .512 0.334 [.266, .402] 

Note. Column H lists the hypotheses; green color indicates that the hypothesis was supported, red color indicates that it was not supported; black 
indicates mixed evidence. See also Supplemental Table S22. Exp. = Experiment. See the online article for the color version of this table. 
* p < .05. 

receive feedback based on how they did significantly increases their 
ability to discern misinformation from real news, compared with a 
version of the game where no feedback is provided. In addition, we 
show that this improved performance persists over time, with people 
who received feedback evaluating both misinformation and real news 
more accurately 1 week postgameplay than people who did not. 
Using an ordinal probit regression in Experiments 1 and 2, we were 
able to show not only that Bad News (and other inoculation games) 
shift responses on item rating tasks but also how homogenous this 
shift is. Importantly, we find that introducing a feedback mechanism 
boosts overall item rating task performance, meaning that not only the 
average but also the distribution of the responses is shifted. Moreover, 
these results were reinforced and replicated in Experiments 3–5 using  
signal detection theory, boosting the area under the curve 
(discrimination/veracity discernment) and significantly reducing or 
mitigating response bias. 
We also report preliminary findings that feedback exercises increase 

the longevity of the intervention, as improved performance was 
detected 1 week postgameplay in Experiments 1 and 2. It is possible 
that this type of feedback exercise helps strengthen the memory of 
the lessons from the intervention, boosting both performance and 
longevity (Bird et al., 2015; Maertens et al., 2024). Providing 
participants with an additional learning opportunity immediately after 
the intervention may be effective at increasing the long-term 
effectiveness of inoculation through memory strengthening and the 
integration of what is learned in associative memory networks (Pfau 
et al., 2005). In line with other recent findings (Capewell et al., 
2024; Maertens et al., 2024), we therefore suggest that feedback and 
practice are likely critical components of successful learning-based 

misinformation interventions (not just inoculation games) and 
“boosting” interventions more generally (Hertwig & Grüne-
Yanoff, 2017). 

Interestingly, as shown in Experiments 3–6, the increase in 
discernment is driven primarily by an increase in people’s accuracy 
in detecting real news: With feedback, players become less skeptical 
of real news after playing an inoculation game. This is good news, as 
this reduces concerns over misinformation interventions potentially 
causing undue skepticism of true information (Hameleers, 2023; 
Modirrousta-Galian & Higham, 2023). That said, it is important to 
contextualize the nuances of any real news effect. It has been argued 
that an intervention yielding a more conservative response bias (i.e., 
people becoming more skeptical of real as well as false information) 
could have “devastating consequences” such as people losing trust 
in vaccines (Modirrousta-Galian & Higham, 2023, p. 24). We 
believe this assertion to be hyperbolic for several reasons. First, 
there is no evidence for this claim, and it seems unlikely that merely 
playing a humorous game or reading a set of benign media literacy 
tips (Hameleers, 2023) could lead to people losing their belief in 
verifiable facts. On the contrary, research finds that although people 
might question specific (true) headlines after some interventions, 
there was no reduction in overall trust in media or institutions (Hoes 
et al., 2023). Effectively, the argument boils down to the idea that the 
mere act of providing people with information about how they might 
be manipulated online can cause harm. This is reminiscent of the 
“backfire effect” of debunking misinformation, which despite initial 
concerns (Nyhan & Reifler, 2010) was later shown to not be reliably 
observed and mostly due to a design artifact (Ecker et al., 2020; 
Swire-Thompson et al., 2020, 2022; Wood & Porter, 2019). 
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Second, as shown in the present study as well as other studies 
(Hameleers, 2023; Modirrousta-Galian & Higham, 2023), there is 
no evidence that misinformation interventions (including inocula-
tion games) lead to distrust of real news or true information writ 
large, only reduced trust in some (but not all) true headlines. As is 
the case in all these studies (which universally show that people 
continue to rate real news as more reliable/true than not), if people 
evaluate a real news headline as highly reliable (e.g., 6.5 out of 7) 
before an intervention, and as slightly less reliable (e.g., 6 out of 7) 
afterward, does this demonstrate that people have come to distrust 
this headline? Perhaps not: 6 out of 7 is still well above the midpoint 
of the scale (and in the very reliable range), and so while one could 
argue that this effect is unintended and a suboptimal outcome of the 
intervention in terms of item rating task performance (more on this 
below), the claim that an intervention can lead to a generalized 
disbelief in such a headline (let alone true information in general) is 
contentious. 
Another potential issue is the relevance of people’s belief in real 

news relative to belief in fake news (or misinformation) in terms of 
its consequences for society. For instance, Loomba et al. (2021, 
2023) found that, in the United Kingdom at least, susceptibility to 
fake news was independently (and negatively) associated with 
regional COVID-19 vaccine uptake, whereas belief in real news was 
not (and neither was veracity discernment, although this measure did 
trend in the right direction). In other words, while people’s belief in 
fake news can be translated to real-world behavior (in this case 
vaccine uptake), this is less clear for real news; to what extent real 
news belief thus relates to belief in true information in a general 
sense, and what misinformation interventions achieve when they 
decrease or increase belief in real news on item rating tasks, 
therefore requires further attention. 
Finally, whether the real news effect is observed at all is strongly 

related to intervention design considerations and not a necessary or 
even common result of inoculation games (e.g., see Barzilai et al., 
2023; Lees et al., 2023; Ma et al., 2023, whose games showed good 
discernment effects) and, in turn, media literacy tips that can also 
cause real news “skepticism” (Hameleers, 2023; Hoes et al., 2023). 
As we have shown here, the real news effect is easily mitigated and 
even reversed entirely using a simple tweak to the intervention in the 
form of a short feedback exercise. If this effect is so easy to reverse, 
it is highly unlikely that there is something about misinformation 
interventions (or inoculation games specifically) that could lead to 
generalized distrust or skepticism of true information. Instead, the 
real news effect discussion pertains to suboptimal performance on 
an outcome measure (in this case an item rating task) and how to 
optimize learning environments. While an important component of 
measuring an intervention’s efficacy, this performance is relatively 
easy to optimize because the games are “living” interventions that 
can be updated. We therefore urge the field to look beyond item 
rating task performance as a narrow measure of intervention efficacy 
and also take into consideration other factors such as an 
intervention’s entertainment value and potential scalability and 
adaptability as equally important measures of effectiveness. 

Constraints on Generality 

In Experiments 1, 4, 5, and 6, our sample consisted of participants 
from all over the world (albeit with a heavy focus on Western 
countries, particularly the United States), whereas Experiment 2 only 

included participants from the United Kingdom, and Experiment 3 
was limited to participants from the United States. Considering the 
mixed results of studies that tested the efficacy of inoculation games 
in non-Western contexts (Harjani et al., 2023; Iyengar et al., 2022; 
Saleh et al., 2023), we cannot assume that our results generalize 
globally, and we therefore urge caution with the interpretation of our 
findings. As we were able to conceptually replicate the effect of 
feedback in all six experiments, we assume that there is at least some 
level of cross-cultural validity. However, in Experiment 1, the effect 
of Bad News (control group) only resulted in a small (but nonetheless 
significant) difference in reliability ratings when comparing the 
baseline measure with T2. Furthermore, the feedback in Experiment 1 
had a stronger effect than any feedback condition in Experiment 2. 
This suggests that in a diverse international sample with heteroge-
neous language skills/familiarity with Western news content, feedback 
might be particularly beneficial. 

Moreover, in Experiment 2, we observed that the feedback + 
manipulation technique condition performed worse than the two other 
feedback conditions, particularly as there was no significant effect 
(compared with the control group) of this type of feedback exercise on 
misinformation ratings. This is surprising, as the group only received 
additional information on top of the feedback, and this type of 
feedback worked well in Experiments 4 and 5 (albeit descriptively 
less well than the “feedback only” type, cf. Experiments 3 and 6). It is 
possible that this information distracted participants or resulted in 
participants trying to guess the strategies used and not focus on rating 
the reliability of the items, which was our main performance measure. 

Another constraint is that we could not test the effect of the 
feedback exercises in isolation, without playing an inoculation 
game. When looking only at participants’ performance on item 
rating tasks, it is possible that some kind of feedback exercise alone 
might yield a boost in the ability to discern misinformation from real 
news, although previous research has shown mixed results (Epstein 
et al., 2021; Modirrousta-Galian et al., 2022). However, as discussed 
above, we stress the importance of looking beyond item rating task 
performance as a measure for whether misinformation interventions 
“work” (Guay et al., 2023): A hypothetical intervention that does 
nothing but ask participants to evaluate a few headlines and receive 
feedback is likely not very scalable, as there is little motivation for 
people to participate nor would it be useful in, for example, 
educational settings. Inoculation games contain a storyline, may (or 
may not) make use of humor, include reward and punishment 
mechanics, use perspective taking, and feature additional informa-
tion about how misinformation works. While certainly not everyone 
enjoys Bad News or Harmony Square, the games’ organic player 
base and widespread use in education indicates that there is a 
considerable degree of voluntary participation, which we argue is a 
measure of the intervention “working” alongside optimizing item 
rating task performance. 

Conclusion 

Across six separate experiments, we show that inoculation games 
benefit from implementing feedback exercises where players are 
briefed about their performance on item rating tasks (in this case tasks 
that seek to assess people’s ability to recognize misinformation). This 
simple tweak to the interventions results in participants rating 
misinformation as substantially less reliable after gameplay compared 
with before while eliminating and even reversing potentially 
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unwanted skepticism of real news (or non-misinformation), resulting 
in increased veracity discernment. In addition, we find preliminary 
evidence that feedback exercises may boost the longevity of such 
interventions, as we find stronger inoculation effects 1 week 
postgameplay if feedback is provided compared with playing an 
inoculation game without feedback. These effects are robust using 
numerous methods of analyses (including signal detection theory), 
across different item sets, and for different types of feedback exercise. 
Creators of gamified interventions (not only about misinformation but 
about a variety of topics) may consider these findings during the 
design process. For instance, developers may include a short feedback 
exercise at the end of their game to test players’ skills in a particular 
outcome measure (such as identifying manipulation techniques in 
news headlines or social media content). We have now done so in the 
Bad News, Harmony Square, and  Go Viral! (https://www.goviralga 
me.com) games. 
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