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ABSTRACT

Vaccine misinformation causes negative impacts such as decreased vaccine
acceptance and reduced intent to get vaccinated. The association between
susceptibility to vaccine misinformation and vaccine hesitancy underscores
the need for interventions that increase public resilience against misinformation.
One promising intervention is psychological inoculation, where recipients
receive a “weakened form” of misinformation to build immunity to real-world
misinformation. Misinformation is delivered in weakened form by exposing
its misleading techniques. Cranky Uncle Vaccine is an interactive, digital game
that applies inoculation theory, explaining facts about vaccines as well as the
misleading techniques used to cast doubt on the facts. We document a pilot
study testing the effectiveness of an East African version of Cranky Uncle
Vaccine conducted in Rwanda. Two translations of the game were made
available with participants choosing either a Kinyarwandan-speaking (n =
535) or French-speaking (n = 499) version. Among Kinyarwandan-speaking
players, the average age was 27.8 years with more males (52.7%) than females
(46.9%). Among French-speaking players, the average age was 29.9 years with
more males (55.3%) than females (44.7%). Among both languages, participants
were highly educated (median education level “Some/all university”). Before
and after playing the game, participants filled out surveys measuring vaccine
attitudes and discernment between facts and fallacies. French-speaking
participants showed significant improvement in general vaccine attitude and
vaccine importance but while the change in intent to get vaccinated was
positive, it was not statistically significant. Kinyarwandan-speaking players
showed significant improvement in general vaccine attitude, vaccine importance,
and intent to get vaccinated. The game was most effective among players who
expressed vaccine hesitancy in the pre-game survey with 55% of hesitant
French-speaking participants and 71% of Kinyarwandan-speaking participants
switching to being likely to get vaccinated. These results show that a digital
game employing an inoculation approach is effective in building public
resilience against vaccine misinformation and boosting vaccine acceptance,

particularly among those expressing vaccine hesitancy.
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Introduction

Misinformation about vaccines can negatively impact
vaccine acceptance. National surveys spanning five
countries found a clear link between susceptibility
to misinformation and both vaccine hesitancy and a
reduced likelihood to comply with health guidance
measures.” An even wider survey spanning 40
countries found a strong association between
perceived believability of COVID-19 misinformation
and vaccination hesitancy.? People exposed to
online misinformation around COVID-19 vaccines
are less likely to accept a vaccine, with scientific-
sounding misinformation associated with a stronger
decline in vaccination intent.’ Agreement with
COVID-19 misinformation is associated with lowered
trust in scientific institutions and decreased confidence

in governments.*

Health-related misinformation is  particularly
problematic in lower-to-middle-income countries
(LMICs) with poorer regions showing a substantially
higher prevalence of misinformation and greater
susceptibility to believing COVID-19 misinformation.?
The impact of misinformation varies across countries
and communities, having a disproportionate impact
on marginalized populations.®> Misinformation
literacy—defined as the skill to distinguish true from
false information—varies across countries. A cross-
national survey in Kenya, Uganda and Rwanda found
that Kenyans and Rwandans were better at detecting
false COVID-19 statements, while Ugandans were

better at detecting true messages.®

That said, Rwanda is lauded as a best-case example
among LMICs as the first low-income country in the
world to introduce human papillomavirus (HPV)
vaccination into its national program in 2011.” The
campaign to boost vaccination rates among girls in
grade six achieved 93% coverage, with its success
due to school-based vaccination, community
engagement, and a nationwide sensitization
campaign.® Over a five-year period, the Rwandan
government rolled out four vaccines (against
pneumococcus, HPV, rotavirus, and measles &

rubella), achieving over 90% coverage for each. This

was achieved through extensive, cross-sectoral
planning at least one year before introducing each
vaccine, and mobilization of local leaders,
development partners, civil society organizations,

and community health workers.?

A survey of Rwandan adults found a high rate of
vaccination acceptance, with respondents expressing
COVID-19 vaccine acceptance and general vaccine
acceptance at 91.6% and 98.2%, respectively.'” The
high coverage rate for childhood immunisation in
Rwanda (98% in 2015) has been attributed to several
factors, such as community health workers sensitising
communities, strong political will at the government
level, decentralising service delivery approaches to the
district and village level in order to tailor appropriate
approaches for local populations, involving community
leaders and leaders at all levels of government, and
strong relationships with development partners.'
Rwanda has been an exemplar for educating its
population regarding the benefits of vaccination,
with vaccination coverage rates rivaling the higher

levels seen within high-income countries.!?

Proactive strategies have been a key feature of

Rwandan success in bolstering vaccination
acceptance. It is in this spirit that our study focuses
on a proactive intervention designed to build public
resilience against vaccine misinformation. There
are a number of structural features of misinformation
necessitating a pre-emptive approach. Misinformation
spreads faster and deeper than accurate information™
and is difficult to dislodge once it takes hold."*> The
more people are exposed to misinformation, the
more they perceive it as accurate ' and are more
likely to promoteit."” In response to these challenges,
pre-emptive strategies have grown in prominence,
seeking to prevent damage before misinformation
spreads. One way to achieve this is by building critical
thinking skills and resilience against misinformation

through psychological inoculation.™

Inoculation theory
Inoculation theory is a branch of psychological

research that applies the metaphor of vaccination to
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knowledge. Just as exposing people to a weakened
version of a virus conveys immunity to the actual
virus, exposing people to a dose of weakened
misinformation can build a person’s cognitive
immunity, protecting against future misinformation.”*?
Specifically, misinformation is delivered in weakened
form by explaining the rhetorical techniques and
logical fallacies used to distort facts, an approach
known as logic-based or technique-based

inoculation 2!

There are two elements to an inoculation message.
First, the recipient is warned of the threat of being
misled, putting them cognitively on guard against
misinforming content. The threat warning motivates
recipients to protect themselves from being
deceived.? Second, the inoculation contains counter-
arguments that explain how the misinformation
misleads, such as explaining different logical fallacies.
Inoculation has been found to be effective across a
range of topics including health,? climate change,*

and political misinformation.?®

As well as technique-based inoculation, another
common approach is fact-based inoculation, which
exposes how the misinformation is misleading
through factual explanations.?! This approach has
also been labeled as topic-based % or issue-based.?’
One limitation of fact-based inoculation is that
addressing a specific fact restricts the generalizability
of the intervention.?® Another limitation is that
misinformation has the potential to cancel out factual

explanation.?42%31

In contrast, an advantage of technique-based
inoculation is it has the potential to generalize—
teaching people a misleading technique can help
them spot misinformation across multiple topics.?
Another advantage of the technique-based
approach is it is effective when presented along
with misinformation while fact-based inoculations

can be cancelled out by misinformation.*!

However, one danger of inoculating interventions
is that warning people about the danger of being
misled might cause them to also become distrustful

of factual information.’? Some interventions targeting
misinformation have had the inadvertent effect of
reducing perceived reliability of factual information.'®
It's not sufficient for a misinformation intervention
to reduce susceptibility to misinformation—the
intervention should increase discernment, defined
as people’s ability to accurately distinguish facts from

misinformation.**

Another challenge of technique-based inoculation
is the sheer number of misleading fallacies used in
misinformation. A useful framework for explaining
misleading techniques is the FLICC framework, a
taxonomy of techniques and fallacies used in
misinformation.®> However, conveying this large
taxonomy to the public presents an education and

communication challenge.

Past inoculation studies have relied on text or video
messages passively consumed by recipients. Videos
targeting vaccine misinformation are effective in
increasing vaccine intent and resistance to
misinformation.’® In addition, a recent, innovative
approach has been to actively involve recipients in
an inoculating intervention through digital games.
This offers an engaging and interactive way to
convey the comprehensive and detailed list of
fallacies in the FLICC taxonomy.

Cranky Uncle Vaccine game

Digital games have been shown to be effective in
improving players’ ability to discern facts from
misinformation.?’?’ The climate misinformation game
Cranky Uncle incorporates research into technique-
based inoculation ?* and critical thinking * as well
as the use of persuasive humour.* The game has been
adopted by hundreds of educators across the world.*

The Cranky Uncle Vaccine game was subsequently
co-designed in Rwanda, Uganda, and Kenya,
narrowing the focus to vaccine misinformation.*!
Cranky Uncle Vaccine contains the two elements of
an inoculation intervention. The first element is a
threat warning, where the player is warned about
different tricks used to mislead (Figure 1a). This
occurs in the onboarding stage at the start of the

© 2025 European Society of Medicine 3
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game. The second element is counterarguments,
in this case explanations of the different techniques
employed to distort or cast doubt on facts (Figure 1b).

a) Threat warning

9:41 9:41
Onboarding Onboarding

| don’t care about facts.
I'll show you the different tricks
| use to cast doubt on facts.

When you understand
Cranky Unclée's tricks, you're less
likely to be fooled.

Sonspll ) Pick and
Theorit’ choose

> @

False B8 Personal
cause stories

O 7

Evil Natural
intent is best

These occur throughout the game as the player
navigates through explanations of ten common

fallacies used in vaccine misinformation.

b) Counter-arguments

9:41
Tricks

9:41
Pick and choose

Pick and choose focuses on
information you agree with while
ignoring evidence you don't like.

Personal stories Natural is best

Personal attack Misrepresentation
Impossible Fake experts
expectations

w %) @ O

Home Tricks.

Figure 1. Two elements of an inoculation intervention, found in Cranky Uncle Vaccine. a) Threat warning.

b) Counter-arguments.

Pilot tests measured the game’s effectiveness in
Uganda and Kenya (co-designed East African
characters shown in Figure 2),% as well as Ghana.®
In these pilot studies, Cranky Uncle Vaccine was found
to be effective in improving players’ discernment—
the ability to distinguish facts from misinformation.
Further, both studies found improvement in players’
attitudes towards vaccines with more than half of

players who were unlikely to get vaccinated before

the game switching to being likely to get vaccinated
after completing the game (58% in Uganda/Kenya,
53% in Ghana). This strong result shows the powerful
effect of the combination of vaccine facts and
inoculating explanation of misinformation fallacies,
in an engaging, interactive intervention. However,
the effectiveness of the game had yet to be tested

in non-English languages.

Figure 2. Co-designed characters in the East African version of Cranky Uncle Vaccine. From left to right: younger

man, younger woman, healthcare professional, Cranky Uncle, older woman, professional man with disability.
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This study reports a pilot study conducted with
Rwandan participants playing French or Kinyarwandan
translations of Cranky Uncle Vaccine. It is the first study
testing the effectiveness of Cranky Uncle Vaccine
in improving vaccine attitudes and misinformation

discernment in non-English languages.

Materials and Methods

We used convenient sampling to invite 1034
Rwandans—535 Kinyarwandan-speaking and 499
French-speaking—to participate in the research. The
sample size (N~1000) was calculated using One-
Way Repeated Measures ANOVA power analysis
assuming small effect size on some of the more
difficult to move dependent variables (e.g., f=".08),
power 0.95, and significance level of 0.05. Data
was collected from 4 December 2023 to 29 January
2024.

Participants were recruited through partner
organisations and institutions, including Youth
Centres, University faculty, WhatsApp groups of
staff and students (public and private), community
members, and public members available on email or
WhatsApp. Study participants were also encouraged
to share the invitation link with family members and
friends, so that additional participants were recruited
through chain referral (snowballing) from those
who previously completed the game. In addition,
recruitment involved personal contacts, telephone,
and participants approached in-person. Alink to an
explanatory statement and consent form was shared
through these networks. Those who consented to
participate were redirected to a page to download
the game onto their phones or play on their

computers via a browser.

Participants were at least 18 years old, residing in
Rwanda, literate in French or Kinyarwandan, and had
access to a smartphone or computer with internet
access. Participants were excluded if they indicated
a location outside Rwanda, if they couldn’t speak
French or Kinyarwandan, or if they withdrew their
consent. As players were anonymous, there was no
way to track whether there was linguistic overlap

between groups (such as a participant playing both
translated versions of the game). Location was
determined in two ways—by asking players to enter
details of their location and using location data from
the player’s phone. A sum of 5,000 (3.5 USD) Rwandan
Francs were sent to each of the participants as
compensation for their internet expenses and time.
Reimbursement was provided once the participant

completed the post-game survey.

Prior to the onset of data collection, a narrative
explanation was included within the mobile app
describing the purpose of the study, procedures to be
followed, and the risks and benefits of participation.
At the start of the game, players were invited to
participate in research. If they indicated yes, they
were shown a consent form. Consent was granted
by clicking the Next button on the Informed Consent
Form. To withdraw during or after gameplay,
participants followed the Consent link on the About
screen within the game—then unchecked “Allow
collection of anonymous game data.” Only data that
had been consented by the participant was included

in research analysis.

Measures

Our research approach was primarily quantitative.
Participants filled out a pre-game survey embedded
within the game, then played the game until they
completed explanations of ten misinformation tricks,
then filled out a post-game survey. The measures
used in this experiment and described below were
the same as those used in previous Cranky Uncle
Vaccine pilot studies.*** All the questions except
for demographic and feedback items were repeated

in both the pre-game survey and post-game survey.

DEMOGRAPHICS. In the pre-game research survey,
participants were wasked demographic questions
concerning age, gender, region, and education level

(categories for gender and education level are shown
in Q2 and Q4 in Table 1).

VACCINE ATTITUDES. Participants answered three

questions on a four-point scale, measuring whether

© 2025 European Society of Medicine 5



the participant was personally for or against
vaccination, agreed with the statement “| feel that
itis important that | get vaccinated,” and was likely
to get recommended vaccinations for themselves
or their children. The first two items were drawn from
the validated Vaccination Trust Indicator.* We used
4-point Likert scales to measure vaccine knowledge,

acceptance/intent, and misinformation resistance.

GAME FEEDBACK. Two open-ended questions
were included in the post-game survey, asking what
features stood out to players and what changes they
would like to see made in the game. This data was
content analysed for quantitative analysis, identifying

the most common themes.

FACT RELIABILITY. Participants were shown two
factual statements about vaccines and asked to rate
how true or false they thought they were on a four-
point scale. To obtain the two fact items, we first
conducted a literature review of research studying
vaccine misinformation (a detailed summary is
provided in the description of the East Africa co-
design workshops).*' From this literature review,
scripts were created explaining the ten most common
fallacies, which included relevant vaccine facts for
each fallacy. From the scripts, two factual items were
chosen to reflect the broad themes expressed in
the fact-based content in the game. The factual
statements were “Vaccines are among the most
thoroughly tested medical products available” and
“Vaccines help protect us against many serious

diseases that can pass from person to person.”

FALLACY RELIABILITY. Participants were shown six
misleading statements, each representing a different
fallacy: natural is best (“Natural herbs boost the
immune system better than vaccines”), false cause
(“Someone got sick after a vaccine so the vaccine
must be to blame”), evil intent (“The COVID-19
virus was intentionally created and spread for profit
reasons”), conspiracy theory (“The COVID-19 vaccine
contains a microchip to track people”), pick and
choose (“Vaccines aren't safe as a study was published
mentioning safety concerns”), and personal attack

(“Drug companies earn large amounts of money

from vaccines so vaccines are untrustworthy”). The
fallacy items were identified using the same process
as the two fact items, selected as common arguments
taken from the game script which was derived from
a literature review of research studying vaccine

misinformation.

GAME FEEDBACK. Participants who completed
the game and the post-game survey answered two
open-ended questions soliciting qualitative feedback
about the game: “What stood out the most to you
in the game?” and “"What changes would you like
made to the game?” Answers to both questions were
content analyzed by two annotators, using the

major themes identified in an earlier pilot study.*

STATISTICAL ANALYSIS. To explore the game'’s
effectiveness, paired t-tests were conducted on the
dependent variables of interest—the three vaccine
attitude measures, two fact reliability measure, and
six fallacy reliability measures—collected prior and
after playing the game. Further, the area undera ROC
curve (derived from the fact and fallacy measures)
was calculated as a single measure of discernment
and a paired t-test was conducted to explore any
change in discernment from before to after the game.
Analyses were conducted separately for French-

speaking and Kinyarwandan-speaking participants.

© 2025 European Society of Medicine 6



Table 1. Research questions (English version)

Q1 Can you share your age in years? (pre-game only)
Q2  Please share your gender. (pre-game only)
e Options: Female, Male, Other, Prefer not to say
Q3  Please share your country in which you live and if you can, the county where you currently live. (pre-
game only)
Q4  Please share your highest level of education completed. (pre-game only)
e No formal education
e Some/all of primary school
e Some of secondary school/high school
e Completed secondary school/high school
e Some/all college/diploma level
e Some/all university/degree level
e Some/all postgraduate degree level
Q5  Thinking about vaccination in general, would you say you are personally...
e Strongly for vaccination
e Somewhat for vaccination
e Somewhat against vaccination
e Strongly against vaccination
Q6 Please respond to the following statement: “| feel that it is important that | get vaccinated”.
e Strongly agree
e Somewhat agree
e Somewhat disagree
e Strongly disagree
Q7  How likely are you to get recommended vaccinations for yourself or your children, if applicable?
o Very likely
e Somewhat likely
e Somewhat unlikely
e Very unlikely
How true do you think the following statements are?
Options for Q8 to Q15:
e True
e Mostly true
e Mostly false
e False
Q8  (Fact #1). Vaccines are among the most thoroughly tested medical products available.
Q9 (Natural is best). Natural herbs boost the immune system better than vaccines.

© 2025 European Society of Medicine 7



Q10 (False cause). Someone got sick after a vaccine so the vaccine must be to blame.

Q11  (Evil intent). The COVID-19 virus was intentionally created and spread for profit reasons.

Q12 (Fact #2). Vaccines help protect us against many serious diseases that can pass from person to

person.

Q13 (Conspiracy theory). The COVID-19 vaccine contains a microchip to track people.

Q14 (Pick & choose). Vaccines aren't safe as a study was published mentioning safety concerns.

Q15 (Personal attack). Drug companies earn large amounts of money from vaccines so vaccines are

untrustworthy.

Q16 What stood out the most to you in the game? (post-game only

Q17 What changes would you like made to the game? (post-game only)

Results

Participants filled out a pre-game survey embedded
within the game (median time 3.1 minutes), then
played the game until they completed explanations
of ten misinformation tricks (median time 27.2
minutes), then filled out a post-game survey (median

time 4.2 minutes).

For French-speaking players, demographic questions
concemed age (Mean M = 29.9, Standard Deviation
SD =9.5), gender (44.7% female, 55.3% male), and
education level (median education level “Some/all

university”). Kinyarwandan-speaking participants

also answered demographics questions: age (Mean
M = 27.8, Standard Deviation SD = 9.2), gender
(46.9% female, 52.7% male), and education level
(median education level “Some/all university”). T-
tests showed no significant difference between the
French-speaking and  Kinyarwandan-speaking
participants on gender (t(1031) = .467, p= .64, d =
0.029) but showed a significant difference between
the two groups with regard to age (t(1021) = 3.481,
p <.001, d=10.217) and education (t (1030) = -2.129,
p=.03,d=0.132). The wording of the questions are
given in Table 1 and demographic data is shown in
Table 2.

Table 2. Demographics of French-speaking and Kinyarwanda-speaking participants. a) Age, b) Gender, c)

Education levels.

Demographics Description French total (n, %) Kinyarwandan total (n, %)
Age 18-20 28,5.6 54,101

21-30 291,58.3 368, 68.8

31-40 122,24.4 67,12.5

41-50 39,7.8 23,4.3

51-60 12,2.4 12,2.2

61-70 7,1.4 11,21

© 2025 European Society of Medicine
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Gender Female 223,447 251, 46.9
Male 276, 55.3 282, 52.7
Other 0,0 0,0
Prefer not to say 0,0 0,0

Education No formal education 20,4.0 8,1.5
Some/all of primary 13,2.6 21,39
Some of secondary 31,6.2 48, 9.0
Completed secondary 90, 18.0 93,17.4
Some/all college 254, 50.9 198, 37.0
Some/all university 84, 16.8 150, 28.0
Some/all postgraduate 7,1.4 17,3.2

Main effects on vaccine attitudes
and misinformation discernment

Figure 3 shows pre-game and post-game vaccine
attitudes. For French-speaking players, paired t-
tests showed significant improvement from pre-
game to post-game in general vaccine attitude (t
(498) -2.6, p = .008, d = .12) and vaccine
importance (t(498) = -3.4, p < .001, d = .15). While

a) French vaccine attitudes
4

. Pre-game . Post-game

3.77

367 374 3.69

Vaccine attitude
w

%]
1

Vaccine Intent

General vaccine attitude

Vaccine importance

Vaccine attitude

N
L

intent to get vaccinated increased, the change wasn't
significant (t (498) = -1.6, p = .11, d = .07). For
Kinyarwandan-speaking players, paired t-tests
showed significant improvement from pre-game to
post-game in general vaccine attitude (t (534) = -
5.9, p<.001, d = .26), vaccine importance (t (534)
=-2.9, p=.004, d=.13), and intent to get vaccinated
(t(534) = -2.6, p=.009, d=.11). Results are shown

in Figure 3.

b) Kinyarwandan vaccine attitudes W pre-game [ Post-game
4

w
L

Vaccine Intent

General vaccine attitude ~ Vaccine importance

Figure 3. Vaccine attitudes before (red) and after (blue) playing the game, measuring whether participants are

generally for or against vaccines, perceived importance of vaccines, and likelihood of getting recommended

vaccinations.
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Among the French-speaking participants (AUC) of a ROC curve representing a single

expressing vaccine hesitancy in the pre-game measure of discernment. For French-speaking
survey, selecting unlikely or very unlikely to get participants, a paired samples t-test showed a
vaccinated (n = 29 or 5.8%), just over half of decrease from pre-game AUC values (M =

these participants (n = 16 or 55%) switched to 6997, SD = .3174) to post-game AUC values
likely or very likely to get vaccinated in the post- (M = .676, SD = .339) with the change being

game survey. Similarly among the Kinyarwandan- statistically significant, t(498) =-2.09, p = .036,
speaking participants, among those expressing d = .09, Cl [-0.046393800, -0.001535391]. For
hesitancy before the game (n = 21 or 3.9%), Kinyarwandan-speaking participants, a paired
nearly three quarters (n = 15 or 71%) switched samples t-test showed an increase from pre-
to being likely to get vaccinated. game AUC values (M = .7424, SD = .2976) to

post-game AUC values (M = .7627, SD = .2931)

‘ ‘ ' with the increase in AUC being marginal, t(534)
exploring changes in players’ discernment = 1.666, p = .09, d = .07, CI [-0.003644129,

iy , 2
between factual and misinforming statements. 0.044298335]. Figure 4 shows the ROC curves
ROC (Receiver Operating Characteristic) analysis

Signal detection theory offers a technique for

summarizing participants’ discrimination between

examines discrimination between accurate and facts and misinformation

false information, with the area under the curve

a) ROC Curve (French) b) ROC Curve (Kinyarwandan)
o (=]
= - —
[ee] @
S ] S ]
© [{=]
o o 7
2 2
© ©
o (1
T ¥
< <t
S ] S ]
[aV) [aV)
o ] S ]
—e— Pre-game —e— Pre-game
& —=— Popst-game 5 —=— Post-game
o T T T T o T T T T
0.0 02 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False Alarm Rate False Alarm Rate

Figure 4. ROC (Receiver Operating Characteristic) Curves for the Pre-game and Post-game surveys for a)
French-speaking and b) Kinyarwandan-speaking participants.

Figure 5 shows the pre-game and post-game p=.897, d=.01). They showed a significant decrease

perceived reliability of vaccine facts and fallacies in their reliability ratings for the false cause (t (498)
for both countries (see Appendix for wording of = 3.22, p = .001, d = .14) and a marginal increase
research questions). French-speaking participants in reliability for personal attack (t (498) = -1.71, p =
showed no change in perceived reliability for fact .087, d = .08). However, there was no significant
#1 (498)=0,p=1, d=0) or fact #2 (1(498) = -.13, decrease in reliability for the natural is best fallacy
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(t(498) = 1.44, p = .15, d = .06), evil intent (t (498)
= 1.23, p=.218, d = .06), pick and choose (t (498)
=499, p < .617, d = .002), or conspiracy theory (t
(498) = -.513, p = .608, d = .02).

Kinyarwandan-speaking participants showed no
change in perceived reliability for fact #1 (t (534) =
-1.373, p=.17,d = .06) or fact #2 (t (534) = 1.038,
p = .299, d = .04). They showed a significant

a) French agreement with facts/fallacies

decrease in their reliability ratings for the natural is
best fallacy (t (534) = 2.23, p = .026, d = .1) false
cause (t(534) = 10.129, p < .001, d = .44), evil intent
(t (534) = 4319, p < .001, d = .19), and personal
attack (t(534) = 3.482, p < .001, d=.15). However,
there was no significant decrease in reliability for
pick and choose (t(534) = 1.221, p< .223, d = .05) or
conspiracy theory (t(534) =-1.328, p=.185, d = .06).

4

3.47 3.47 3.45 345

w
L

Reliability

225
224 216

r
1

Fact #1 Fact #2 Natural is best

b) Kinyarwandan agreement with facts/fallacies

2.00

False cause

. Pre-game . Post-game

211 213 2.1
2.04 20 202 204
195 -

Evil intent Conspiracy theory Pick & choose Personal attack

3.68 372

Reliability

Fact #1 Fact #2 Natural is best

False cause

. Pre-game . Post-game

Personal attack

Evil intent Conspiracy theory Pick & choose

Figure 5. Perceived reliability of vaccine facts: fact 1, fact 2, and vaccine fallacies: natural is best, false cause, evil

intent, pick & choose, conspiracy theories, and personal attack. Red shades represent pre-game measures,

blue shades represent post-game measures.

Moderating effect of pre-existing
vaccine attitudes

One limitation with our pilot study design was the
non-representativeness of the participant sample,
with high education levels and high vaccine
acceptance in the pre-game survey. Consequently,

we conducted further analysis to explore whether

the game's effectiveness varied depending on
players’ pre-existing vaccine attitudes. A pre-game
vaccine attitude variable was created by averaging
general vaccine attitude, vaccine importance, and
vaccine intent (questions 5, 6, and 7 in the pre-game
survey). Linear regression indicated a significant

relationship between pre-existing vaccine attitudes

© 2025 European Society of Medicine 11



and change in general vaccine attitude (t (1032) =
-21.5, p < .001). Figure 6éa shows the change in
general vaccine attitude for participants split into
high vaccine acceptance (pre-game average vaccine
attitude > 2) and low vaccine acceptance (pre—game
average vaccine attitude <= 2). The change in vaccine
importance was significantly associated with pre-
existing vaccine attitudes ({1032) = -19.6, p < .001)
with the relationship visualised in Figure 6b. Similarly,

the change in vaccine intent was significantly

a) General vaccine attitude

b) Vaccine importance

associated with pre-existing vaccine attitudes (t(1032)
=-15.6, p < .001), shown in Figure 6b.

Fact reliability, calculated by averaging the two fact
items, was significantly associated with pre-existing
vaccine attitudes (t (1032) = -5.9, p < .001). Fallacy
reliability was calculated by averaging the six fallacy
items. This was the one dependent variable that
didn’t show a significant relationship with pre-existing
vaccine attitudes (1032) = 1.6, p = .1).

c¢) Vaccine intent

4 4 4
—e— High vaccine acceptance —— High vaccine acceptance
§ 3 —s— High vaccine acceptance § 34 —— Low vaccine acceptance § 3 —— Low vaccine acceptance
= —— Low vaccine acceptance = =
© © ©
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Figure 6. Pre-game and post-game values for participants with low or high pre-game vaccine acceptance

for a) general vaccine attitude, b) vaccine importance, c) vaccine intent, d) fact reliability, and e) fallacy

reliability.

Content analysis of player feedback
Player feedback invited participants to describe
highlights in the game and request changes.
Qualitative feedback was content analysed by two
annotators, with interrater reliability calculated
using Cohen’s kappa. Interrater reliability for the
highlight answers showed substantial agreement
(kappa = .68), while answers for changes answers
showed very good agreement (kappa = .85). In cases

of disagreement, the two annotators deliberated

and decided on consensus codings. Table 3 lists
the highlight themes in order of prevalence, with
example quotes from each category.
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Table 3. Themes identified in response to the question "What stood out the most to you in the game?”,

percentage of participants in each theme, and examples.

Highlight Theme

Percent Examples

Importance & 22.6 “This game enabled me to find out exactly what vaccines are and how they play their
benefits of vaccines part in the human body”, “Before playing this game, | thought that vaccination was
no good, but now | know that without vaccination, there could be a lot of deaths”, “I
learnt a lot about vaccines and found an answer to all my questions about them”, “I
liked the way you explained and addressed worries people often express on vaccines”
Educational value ~ 24.5 “| used to think like a Cranky uncle, but that's no longer the case. The game was
and knowledge informative and fun”, “I realized there was a part where | misunderstood things, like
gain cranky uncle”, “I loved this game because it contains important information about
vaccines, especially the COVID-19 vaccine”, "It was more than a game for me, |
gained more knowledge about vaccination”, “This game made me think a lot and
stimulated my critical thinking”, “This game surprised me so much. It has all the
content of what taught me about vaccines”, “I've learnt to distinguish between true
and false information about the vaccine”
Engagement and 17.5 “1'm amazed by this game's creativity and content”, “This game made me laugh a lot
game experience and | really enjoyed it”, “The game is magnificent”, “The game is interactive,
informative and fun. it's great”, “The game was very engaging. The graphics were
well drawn”, “| liked the way the game has good and thought evoking questions”,
“The questions are asked in an attractive way”, “To play this game, you need to
concentrate”, "It is an exciting game”
Other 10.5 “We need many more games”, “I'd like to keep it for myself”, "There were delicate
questions”, “I've had many vaccines in my life”, “No comment”, “It's very strategic”
Misinformation & 9.4 “| realised that we need to change the way we think about vaccines and help others
misconceptions who think like the cranky Uncles”, “The game made me realise the misunderstandings
| had about vaccines”, "l was saddened by how people blame the government while
it does everything to ensure that we live healthy”, “People often have wrong
perceptions about vaccines and spread misinformation about them; however,
vaccines are important because they reduce the chances of being infected by various
diseases”
Tricks used to 9.3 “To understand the tricks of people with wrong perceptions towards vaccines”, “The
mislead game opened my mind to the tactics used by people who deny the benefits of
vaccines”, “The tactics used by crunky uncles are the same tactics used in real life”
Characters 4.4 “I was surprised by Cranky Uncle's resistance”, “Good expression from a nurse”
Skepticism and 2.3 “| learnt that vaccines can cause some side effects and that natural remedies are the

doubts about

vaccines

best”, “I myself am a Cranky uncle!”
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In the post-game survey, participants were asked
“What changes would you like made to the game?”
(samples of answers shown in Table 4). For the
Kinyarwanda version, this was translated to “Ni izihe
mpinduka wifuza ko uyu mukino wakuzanira?” which
could be interpreted as “What changes would you
like this game to bring you?” While some participants
answered this question by listing what they would

like to see changed in the game (as per the original

intent of the question), others answered this question
by listing what impact the game had or might have
had on themselves or others. Consequently, we
created a new category for our content analysis
capturing “Impact of the game” answers, which we
then subdivided into what personal impact the game
had on the player's perceptions/behaviour or what
changes they would like to see the game have on

society more broadly.

Table 4. Themes identified in response to the question “What changes would you like made to the game?”,

percentage of participants in each theme, and examples.

" ou

The game is perfect! Itillustrates different
ways of being misinformed about vaccines”, “I do not want any change, because the game provides

complete information about vaccines”, “The game is beautiful”, “This was an eye opener for me”

Impact on personal beliefs: “To reveal the truth about medications or vaccines, allowing
you to make an informed decision about whether to take them or not”, “My way of perceiving
vaccines has changed”, “Not having a mindset like that of uncle in this game, and not
believing that vaccines cause diseases”, “This game has helped me to understand the
effectiveness of vaccines”, “There are things | learned that | didn't know”, “Changing perceptions
about things | don't know much about”, “It has increased my knowledge as far as vaccines

are concerned”, “The change is that now | have strong knowledge about vaccines”

Impact on personal behaviour: “| was inspired to get vaccinated and to encourage my
Having my children vaccinated based on the national calendar”,
“I will change the way | take care of my health”, “Having adequate information about vaccines so
that | can explain their benefits to others”, “l am going to confront those who deny the vaccines”,
“Acquiring knowledge to educate others”, “Helping me convince others that vaccination is
important”, “Changing the perceptions about the importance of vaccines and what is being

said about it and trying to explain it to others because | don't want to be an angry uncle”

Impact they would like to see on society: “Educate children through this game”, “That
people stop fearing to take vaccines”, “People have to understand that vaccines are not
dangerous”, “Better understanding on the importance of vaccines”, “Our way of perceiving
health has to change”, "Changing perceptions about the importance of vaccines and what is
being said about them, and to try to explain this to others because it is very important”,
“Encourage everyone to get vaccinated, including their families”, “To clear up confusion

about vaccines”, “Encouraging those who avoid taking vaccines to actively participate”

Theme Percent Examples
No changes 30.7 “The game is perfect. No need to change anything”,
Impact of the 29.8
game
(misinterpreted
question)
relatives to do the same”, “
Other 13.4

“Enlarging the capacity of the game to cover several other subjects in which it is easy to be
misled and misinformed. The same way this one focuses on misinformations related to vaccines,
Other topics such as climate change, conspiracy theories, and political polarization could
equally be addressed”, “Introducing other health topics, including showing the importance
of getting tested even if you feel healthy”, "Give us more games”, “A graphic novel about
vaccines”, “Including open-ended questions so that the person can respond as they feel”,
“Knowing how to respond when | meet someone who denies vaccines”, “Improving the

game would be good so that the one interested could receive training related to it”
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“Add more information telling us about the side effects of vaccines”, “l would suggest that
to this game you add lots of exercises”, “Testimonials from people who have taken the
vaccine”, “Understanding how to receive treatment”, “Teach us more, even on other topics”,
“Telling us about other diseases”, “There should be a section for writing how people perceive

it, as it often required choosing among many options”, “Talking about other vaccines other

"I suggest reducing the duration of the game, to maybe not more than 30 minutes”, “It takes
a lot of time to follow all advises attentively. Make it short”, “The game takes a lot of time to
think and read. Reduce the time”, “Try to reduce the number of questions”, “The game is

nice, but so long”, “Reducing the amount of questions , and tips. It's a bit too long”

“Trying to add more functions to make the game more flexible”, “Make it possible to go back
to previous pages”, “Provide means to play the games such as internet and communication
bundles”, “If only there was a discussion box where people can ask questions for more
clarifications”, “For some questions, you can't go back. If you make a mistake and move to the
next, you can't go back to the previous question”, “To give the correct answer immediately

after one trial”, “Using more than one player”, “A quick and effective way to provide an answer

“Improve on visuals”, “Images need to be a little bit more clear”, “Creating tick boxes and

improving graphics”, “Add images of people getting vaccinated and of different vaccine types”

“Add some background music”, “Voices may be included to help understand it better”, “Including

sound options to assist people who cannot write, allowing them to provide answers via records”

“It would be better to use all languages (Swabhili, English)”, “An English version of the game”,
“I' wish this platform was put into other languages. It would help people to understand these

misconceptions”, “Help us play in English and include pictures to aid our understanding”,

u oo

“It was somehow complicated. Try to make things easy”, “Use simple and understandable

More content 7.4
than COVID-19"
Less content 7.2
Gameplay 5.2
when someone has missed a question is not available”
More/different 1.9
visuals
Add sound 1.8
Translations 1.4
“"There are untranslated words”
Simplify 1.0
language French”

Cultural inclusion 0.1

“Ask for different individual perspectives or opinions”

Discussion
This Rwanda-based

participants, the game showed a strong improvement

in vaccine attitudes and agreement with vaccine facts,

study pilot-tested the

although for French-speaking participants, there was

effectiveness of the Cranky Uncle Vaccine game in
improving vaccine attitudes and discernment
between vaccine facts and misinformation in two
non-English languages—French and Kinyarwandan.
We found that in this context, Cranky Uncle Vaccine
was an effective tool forimproving vaccine attitudes
and building public resilience against vaccine

misinformation.

In particular, we found that the game’s effectiveness
was greatest with those who began the game with

low levels of vaccine acceptance. Among these

only a marginal reduction in agreement with vaccine
misinformation. This result has implications for which
segments of the community should be targeted for

this style of intervention, which we will return to later.

One result from this study that contrasted with
previous Cranky Uncle Vaccine pilot studies

conducted in Kenya, Uganda, and Ghana #%

was
that in this case, agreement with vaccine facts showed
no significant change for both French-speaking and

Kinyarwandan-speaking participants. While an ideal
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outcome is increase in agreement with facts (as we
found in our English-speaking pilot studies), we did
avoid the outcome of inadvertently reducing
agreement with accurate information, which has been
raised as a point of concern regarding misinformation

interventions.®

Another unique insight from this study arose
inadvertently from the misinterpretation of one of
the feedback survey questions, with some participants
mistakenly thinking they were being asked what
changes the game had on themselves or what
changes they would like the game to have on others.
This happy accident yielded qualitative insights
into the personal impact of the game, with players
reporting that the game had successfully shifted
their perceptions and understandings in comments
such as “Changing perceptions about things | don't
know much about” and “The game made me realise
the misunderstandings | had about vaccines”. Players
reported holding erroneous beliefs prior to playing
the game then shifting to more accurate beliefs:
"Before playing this game, | thought that vaccination
was no good, but now | know that without vaccination,
there could be a lot of deaths.” While inoculation
is conceived as a pre-emptive strategy, it can also
be effective for those who have already encountered
misinformation,* an approach described as

therapeutic inoculation.*

As well as changes in perceptions and attitudes
regarding vaccines, participants also reported changes
in behaviour as a result of playing the game, in
comments such as “l will change the way | take care
of my health”. Others went further, describing
changes to family behaviour: I was inspired to get
vaccinated and to encourage my relatives to do the
same” and “Having my children vaccinated based on
the national calendar”. The most common recurring
changes in behaviour involved how they talked to
others about vaccines after playing the game:
“Having adequate information about vaccines so
that | can explain their benefits to others”, “Acquiring
knowledge to educate others”, and “Helping me

convince others that vaccination is important.”

This proactive frame of mind indicated that the game
was successful in increasing player's counterarguments
against vaccine misinformation, one of the expected
outcomes of an inoculation intervention. Passively
holding counterarguments in mind was indicated in
comments such as “The game opened my mind to
the tactics used by people who deny the benefits

1

of vaccines.” However, some participants went
further and displayed an increased intent to talk to
others about vaccines, reporting that after playing

"

the game, they knew “... how to respond when |
meet someone who denies vaccines”, and that they
now had “... adequate information about vaccines
so that | can explain their benefits to others.” This
increased sense of empowerment after an inoculation
intervention is known as post-inoculation talk, a by-
product of inoculation where recipients are more

likely to talk about controversial topics.*’ 48

The other desired outcome from an inoculation
intervention is increased perceived threat of being
misled. Players reported an increased awareness of
the misleading tricks used in vaccine misinformation:
“The game opened my mind to the tactics used by
people who deny the benefits of vaccines” and “The
tactics used by crunky [sic] uncles are the same
tactics used in real life.” Another goal of the game
was to improve misinformation discernment, which
was not only indicated in the quantitative data but
also in the qualitative feedback with one player
reporting that “I've leamnt to distinguish between

true and false information about the vaccine.”

Among the requested changes, the most common
category was “no changes”. As roughly equivalent
percentages requested more content (7.4%) or less
content (7.2%), this indicates the amount of content
in the game strikes a good balance. Nevertheless,
there were some criticisms, with some negative
comments reflecting the pilot study design. One
comment was “provide means to play the game.
Such as internet and communication bundles.” For
the pilot study, the game was made available on
smartphones but there are currently efforts to make

the game available on other platforms such as text-
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based chatbots and audio-based Interactive Voice
Recognition (IVR). In particular, a version of the
game is in development for the Internet of Good
Things (loGT) which offers free data access on low-
end phones, improving the game’s accessibility.
Some players also requested other translations
with comments such as “It would be better to use
all languages (Swabhili, English)” or “An english
version of the game.” The pilot study was designed
so that players were only able to access French or
Kinyarwandan versions of the game but publicly,
the game is available in English, Swahili, French,

and Kinyarwandan.

A recurring comment was a request for similar
content or interventions on other topics: “Give us
more games”, “Teach us more, even on other
topics”, “Telling us about other diseases.” The
critical thinking nature of the game means that the
logic-based approach can readily be adapted into
interventions to counter misinformation in other
topics. This is evidenced by the fact that Cranky
Uncle Vaccine was originally adapted from the
Cranky Uncle game, an intervention focused on

climate misinformation.*®

Some updates to the game have already been
implemented since the Rwandan pilot study. For
example, one comment was “For some questions,
you can't go back. If you make a mistake and move
to the next, you can't go back to the previous
question.” After the Rwandan pilot was completed,

a back button was added to the game.

Some participants requested “Developing a better
understanding of how to respond to vaccine
detractors.” This could take the form of an extra
module in the game that trains players on how to
have conversations with people who have concerns
or hold misconceptions about vaccines. Such a
module could form part of training for health
professionals, educators, and communicators.
Another limitation in current misinformation games
is an exclusive focus on building resilience against
misinformation and have yet to include interventions

that would empower players to have conversations

about controversial topics like vaccination and
climate change. Communication strategies have
been developed for clinicians when addressing
vaccine hesitancy and refusal, such as rapport
building and eliciting and addressing concerns.*
However, deploying such training is resource-
intensive. A productive area of future research is
exploring whether such training frameworks could
be deployed in a digital game, offering a powerful

way to deploy the training at scale.

One limitation of our study was that we only
established the efficacy of Cranky Uncle Vaccine in
one east African country. However, this study adds
to a growing body of evidence showing efficacy of
the game now in Kenya, Uganda, and Ghana. We also
show increased generalizability by testing the game
in two additional languages other than English. As
our analysis showed little difference in effectiveness
between French and Kinyarwandan, this also indicates
the game’s effectiveness is conveyed across different
languages. These outcomes will continue to be
explored in ongoing pilot studies being conducted
in Pakistan (with Urdu and Roman Urdu translations)

and Australia (with an Arabic translation).

Another limitation of this study was the use of
convenience sampling which resulted in a non-
representative participant sample that was highly
educated and showed high vaccine acceptance prior
to playing the game. We attempted to circumvent
this limitation by analysing the impact of the game
on different segments of the participants, finding that
the game was most effective with those who started
the game with low vaccine acceptance. Nevertheless,
conducting a study with a representative sample
would offer a more robust assessment of the game

across different population segments.

As the research survey is embedded in the game as
part of a broader cross-country program, this imposes
a degree of inflexibility with regards to amending
the research survey relative to past pilot studies.
Consequently, past pilot studies have acknowledged
the lack of measurement of important inoculation

concepts such as perceived threat and counter-
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arguments.?2°® However, a fortunate accident from
translation of the research question yielded
qualitative insights into these concepts, with
participants reporting both increased perceived
threat and increased counter-arguments. Further,
participants reported an increased feeling of
empowerment after playing the game, intending to

talk more about vaccines with their social networks.

Conclusion

This study broadens the evidence base for the
effectiveness of Cranky Uncle Vaccine in improving
vaccine attitudes and misinformation resilience, by
expanding to another country and two non-English
languages. We add to the growing evidence for
digital games as a powerful and scalable tool to
counter misinformation about vaccines (as well as
other topics). Given that over 80% of misinformation
intervention research has focused on Global North
countries,”! we also fill this research gap by testing

a misinformation intervention in the Global South.

While digital games such as Cranky Uncle and
Cranky Uncle Vaccine have shown to be effective
in countering misinformation, there’s an urgent need
for research on the game’s effectiveness in other
formats and in other contexts. Smartphones are not
always widely adopted in non-WEIRD (Western,
Educated, Industrial, Rich, Democracies) countries.
A text-only chatbot game would be ideally suited
to low-end phones, making the game available to
difficult-to-reach audiences. An audio-only game
could reach illiterate segments of the adult population
which varies in East African countries from 17%
(Kenya) to 21% (Rwanda). African phone users have
to pay for data use but loGT offers free data access
on low-end phones, so an loGT game offers a low-

tech version of the full-featured smartphone game.

Our results also show that inoculation interventions
such as digital games have the potential to convey
multiple benefits. Cranky Uncle Vaccine is most
effective with people who are vaccine hesitant,
improving perceptions and attitudes about vaccines,

including the intent to get vaccinated. However, it

should not be overlooked that the game is also
effective with people who are already accepting of
vaccines by empowering them to talk about vaccines
with their friends and family. In this context, the game
is not about “preaching to the choir” but instead,
it “teaches the choir to sing”, an important benefit
that has already been observed in other topics such

as climate change.*?
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