
Misinformation about climate change does damage in multiple 
ways. It causes people to believe wrong things [1], polarizes 
the public [2], and reduces trust in scientists [3]. Climate 
misinformation reduces support for climate action [1], delaying 
policies to mitigate climate change [4]. One of  the most 
insidious aspects of  misinformation is it can cancel out accurate 
information [5, 6]. When people are presented with fact and 

two, the risk is they disengage and believe neither. 

Consequently, an effective way to counter misinformation is to 

is achieved by inoculating the public against the misleading 
rhetorical techniques used in misinformation. Inoculation 
theory is a branch of  psychological research that applies the 
concept of  vaccination to knowledge [7]. Just as exposing 
people to a weakened form of  a virus develops resistance to 
the real virus, similarly, exposing people to a weakened form of  
misinformation builds immunity to real-world misinformation. 
Inoculation has been found to be effective in neutralizing 

human-caused global warming [2, 6]. Inoculation messages are 
also long lasting [8]. 

There are two main inoculation approaches – fact-based 
and logic-based [9]. Fact-based inoculations expose how the 
misinformation is wrong by explaining the facts. Logic-based 
inoculations explain the rhetorical techniques or logical fallacies 
used by the myth to distort the facts. While both methods are 
effective in neutralizing misinformation [10, 11], the logic-

based approach is particularly attractive because it works across 
topics. In one experiment, when participants were inoculated 
against a rhetorical technique used by the tobacco industry, they 
were no longer misled by the same technique used in climate 
misinformation [2]. Logic-based inoculation is like a universal 
vaccine against misinformation. 

Identifying the techniques of  denial requires a framework 
that organizes and describes the misleading fallacies found 

of  science denial: fake experts, logical fallacies, impossible 
expectations, cherry picking, and conspiracy theories [12]. This 
framework, summarized with the acronym FLICC, has been 
subsequently expanded over the years into a more detailed 
taxonomy of  rhetorical techniques, logical fallacies, and 
conspiratorial traits (see Figure 1, adapted from [13]).

Parallel argumentation is a powerful technique for explaining 
the misleading techniques of  misinformation. This involves 

into an analogous situation, often an extreme or absurd one 
[14]. This approach has strong pedagogical value, expressing 
abstract logical concepts in concrete, relatable terms [15]. By 
focusing on reasoning errors, parallel argumentation debunks 
misinformation while sidestepping the need to provide 
complicated explanations. It is also a technique conducive to 
entertaining and humorous applications. Figure 2 shows some 
examples of  parallel arguments in cartoon form, adapted from 
the book Cranky Uncle vs. Climate Change [16].
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Generally, humor in science communication offers a number of  

mediates greater support for climate action [17]. Humorous 
messages are more engaging, showing the greatest impact with 
people who are disengaged from issues like climate change 
[18]. Using humor to explain a serious topic such as climate 
change with humor makes the issue less threatening and more 
accessible [19]. People respond to humorous messages with 
less counterarguing [20].

come with potential drawbacks. While humor makes climate 
change less intimidating, people also come away less concerned 
about the issue relative to a serious climate message [21]. 
Similarly, humorous messages may lead to less counterarguing 
but they’re also perceived as less informative than serious 
messages, even when containing the same information [22].

Cartoon parallel arguments have been shown to be effective 
in debunking misinformation about vaccines [23] and climate 
change [24]. Using mediation analysis with eye-tracking data, 
humorous cartoons were found to be successful in discrediting 
misinformation because people spent more time paying 
attention to the cartoons [24]. This research shows that using 
cartoon parallel arguments are an effective way to deliver 
explanations of  logical fallacies and inoculate people against 
misinformation.

One limitation of  logic-based inoculation is that it depends on 
building resilience by increasing critical thinking, a cognitively 
effortful activity. The vast majority of  our thinking is effortless, 
fast thinking (e. g., mental shortcuts or heuristics) rather than 
effortful, slow thinking (e. g., critically assessing the logical 
validity of  misinformation), an aspect of  psychology explored 
in the book Fast and Slow Thinking [25]. This reliance on 
heuristics makes people vulnerable to logical fallacies which 

discusses a third type of  thinking – expert heuristics. When 

evolve into fast thinking responses. 

Games offers engaging tools for incentivizing people to 
repeatedly perform misinformation-spotting tasks in order 
to build up their critical thinking skills. Games that are fun 
to engage with while serving a useful educational purpose 
are known as serious games [26]. Gameplay elements such 
as achievement rewards offer learning incentives [27], while 
leaderboards and player-to-player features add social and 
community elements [28]. In the case of  misinformation, 
sequences of  quizzes where players repeatedly identify fallacies 
in misleading arguments offer the potential to convert the slow 
thinking process of  analyzing the logic of  an argument into 
easier, faster heuristics. 

Games are already being explored as a tool for building 
resilience against misinformation, using an approach known as 
active inoculation [29]. Typically, inoculation interventions are 
passive, with messages received in a one-way direction from 
communicator to audience. In contrast, active inoculation 
involves participants in an interactive inoculation process – 
having them learn the techniques of  science denial by ironically 
learning to use the misleading techniques themselves. Digital 
games have already been applied in games targeting fake news 
[30] and misinformation undermining democracy [31].

The Cranky Uncle game adopts an active inoculation approach, 
where a Cranky Uncle cartoon character mentors players to 
learn the techniques of  science denial. Cranky Uncle is a free 
game available on iPhone (sks.to/crankyiphone) and Android 
(sks.to/crankyandroid) smartphones as well as web browsers 
(app.crankyuncle.info). The player’s aim is to become a 
“cranky uncle” – a science denier who skillfully applies a 

the mindset of  a cranky uncle, the player develops a deeper 
understanding of  science denial techniques, thus acquiring 
the knowledge to resist misleading persuasion attempts in the 
future. 

One danger of  serious games is players can lose motivation if  
they see the game as all education and no fun. By featuring an 
ornery cartoon character as a mentor and humorous examples 



of  logical fallacies (e. g., parallel arguments in cartoon form), 
this pitfall is avoided. Humor is employed throughout the trails, 
with Cranky Uncle’s prickly personality shining through. Fun is 
one of  the key predictors of  players’ willingness to play a game 
again [32]. In the Cranky Uncle game, humor is an integral part 
of  the learning process, with cartoon analogies providing not 
only humor but also instructive illustrations of  fallacious logic. 
Explanations of  denial techniques form the spine of  the game 
(Figure 3a). Each denial technique is explained in a “trail”, a 
sequence of  screens featuring text explanations (Figure 3b, 3c) 
and cartoon examples of  logical fallacies. Gameplay elements 
such as point accumulation (Figure 3d) and leveling up (Figure 
4d) provide regular feedback, incentivizing the player to 
continue deeper into the game and develop greater resilience 
against misinformation. 

After completing trails, players practise their newly acquired 
critical thinking knowledge by completing quiz questions. The 

false questions (Figure 4a) – either false statements containing 
a logical fallacy or inherently true statements (e. g., tautologies 
such as “people are dying who never died before”). The second 

several false statements (Figure 4b). The third question type 
presents a false statement (in text or cartoon form) with the 
player identifying the denial technique from four options 
(Figure 4c). 

Games show the greatest player outcomes when they combine 

Players are regularly shown their points progress throughout the 
game (Figures 3d) and given immediate feedback in response to 
correct or incorrect quiz answers. When a player levels up, they 
are shown a pop-up informing them of  their new cranky mood 
(e. g., “peevish”, Figure 4d).

While the Cranky Uncle game can be played by any member 
of  the public with a smartphone or access to a web browser, 
arguably its greatest social impact will be as a classroom activity. 
Critical thinking and resilience against misinformation are skills 
required across many grade levels and subjects. Currently, 
educators are using the game in classes from middle school 
to grad school at university level, across subjects as diverse as 
biology, environmental science, English, and philosophy. To 
provide additional educational scaffolding, a Teachers’ Guide 
to Cranky Uncle was published, offering a number of  critical 
thinking activities to complement and reinforce the game’s 
content [33].

In recent years, misinformation has been an ever-present 

media platforms and exacerbated by global developments 
such as the COVID-19 pandemic, the problem is complex, 
ubiquitous, and interconnected. Holistic solutions are required 



that can be scaled up to address the immensity of  the challenge –  
interdisciplinary projects combining science, technology, and 

information in entertaining formats that engage the attention 
of  disengaged audiences. Technology enables the dissemination 
of  interactive games at a scale commensurate with the problem. 
Science provides evidence-based approaches for addressing 
misinformation such as research into logic-based inoculation 
and cartoon parallel arguments. The Cranky Uncle game brings 

together these diverse threads, synthesizing research into 
inoculation, critical thinking, and science humor, wrapped in 
a technological package that makes critical thinking content 
accessible to players in an engaging, interactive format.
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