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Teaching About Our Climate Crisis
Combining Games and Critical Thinking to Fight Misinformation

By John Cook

Misinformation damages society in a multitude of ways, 
and we ignore its negative impact at our peril—espe-
cially regarding climate change. While studying how 
misinformation does damage, scientists have also 

researched and developed approaches to help build the public’s 
resilience against misinformation. Teachers are in a powerful 
position to implement these evidence-based strategies—not 
only playing a pivotal role in building students’ resilience but 
also providing deeper, more engaging science education that 
equips students with sorely needed critical-thinking skills. Much 

of this article is devoted to sharing those strategies so that teach-
ers and students can effectively counter misinformation, but 
first, let’s explore how misinformation does damage. 

How Misinformation Damages Society
The most obvious way that misinformation does damage is by 
causing people to believe misconceptions or reducing belief in 
accurate facts. One experiment found that just a handful of cherry-
picked statistics about climate change confused people and 
reduced their acceptance that climate change was happening.1 
After being shown the misinformation, they also become less 
supportive of action to reduce climate change. Other, more subtle 
impacts of misinformation are also dangerous, such as eroding 
trust in scientific institutions and scientists. As we’ve seen 
throughout the COVID-19 pandemic, distrust of health experts 
has led to less adoption of safe behaviors like mask wearing and 
vaccination, which endangers both individuals and public health.

The effect of misinformation is not identical across different 
segments of the public. In research my colleagues and I con-
ducted, we found that misinformation about climate change was 
strongly persuasive with political conservatives but had little 
impact on political liberals.2 This means that as misinformation 
washes over society, it splits the public further apart, exacerbating 
an already partisan populace. Misinformation polarizes.

John Cook is a postdoctoral research fellow with the Monash Climate 
Change Communication Research Hub at Monash University in Australia; 
he researches how to use critical thinking to build resilience against mis-
information. In 2020, he published the book Cranky Uncle vs. Climate 
Change and the Cranky Uncle game; both combine critical thinking and 
cartoons to build resilience against misinformation (visit crankyuncle.
com). Cook also founded Skeptical Science, an award-winning website 
that debunks climate myths. Among his many papers and books are two 
coauthored college textbooks, Climate Change: Examining the Facts and 
Climate Change Science: A Modern Synthesis, and two books to address 
climate misinformation, The Debunking Handbook 2020 and The Con-
spiracy Theory Handbook.
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Arguably, one of the most insidious aspects of misinforma-
tion is its capacity to cancel out accurate information. In an 
experiment testing the impact of misinformation that cast doubt 
on the scientific consensus on climate change, participants were 
shown conflicting pieces of information.3 One group was shown 
accurate information about the 97 percent agreement among 
climate scientists that humans are causing climate change. This 
consensus message had a strong positive effect, increasing pub-
lic perceptions of consensus and acceptance of global warming. 
Another group of participants was shown an excerpt from a 
prominent example of climate misinformation: the Global 
Warming Petition Project. This misinformation lists over 31,000 
signatories of a petition stating that humans aren’t disrupting 
our climate, arguing that there is no scientific consensus on 
climate change. As you’d expect, it had a negative impact—
reducing people’s climate change perceptions. A third group of 
participants was shown both the consensus and the misinforma-
tion. With this group, fact and myth cancelled each other out. 
This result has significant consequences for scientists, educators, 
and climate communicators. It means even if we use well-tested, 
effective science explanations, our efforts can be cancelled out 
by misinformation. 

When people are presented with conflicting pieces of informa-
tion and don’t know how to resolve the conflict, the danger is they 
disengage and therefore fail to learn from the accurate informa-
tion. Unfortunately, the information landscape is an uneven play-
ing field. Misinformation doesn’t have to be coherent or based on 
evidence to have an impact. Just by existing, it can cancel out our 
efforts to communicate accurate facts. 

This means that teaching the facts, while necessary, is insuf-
ficient. If we fail to equip students with the ability to distinguish 
between facts and misinformation, we leave them susceptible 
to being misinformed and our facts vulnerable to being under-

mined. Fortunately, this dynamic also points to a solution to 
misinformation. If the problem is that people can’t resolve the 
conflict between fact and myth, then the answer is to help them 
resolve that conflict. We achieve this by explaining the mislead-
ing techniques that promoters of misinformation use to distort 
the facts. 

Inoculating the Public Against Misinformation
Inoculation theory is a branch of psychological research that 
offers a framework to help counter misinformation. It takes the 
principle of vaccination—building resistance to a disease by being 
exposed to a weak version of the disease—and applies it to knowl-
edge.4 By exposing people to a weakened form of misinformation, 
they can develop “cognitive antibodies” or “immunity” against 
the misinformation. 

What do I mean by a “weakened form of misinformation”? 
An inoculating message consists of two elements: warning 
people of the threat of being misled—which is important in put-
ting people on guard against the danger of misleading persua-
sion—and then providing counterarguments explaining how the 
misinformation is wrong. In an extension of the experiment 
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described above with the climate consensus and misinforma-
tion, there was an inoculation that explained the different ways 
that the Global Warming Petition Project was misleading.5 First, 
it was an online petition with little quality control, resulting in 
Star Wars characters and Spice Girls appearing on the list of 
signatories. Second, while 31,000 seems like a large number, it’s 
a tiny fraction of the millions of Americans with degrees in sci-
ence. Lastly, while it lists people with all types of science degrees, 
such as computer scientists, medical scientists, and engineers, 
less than 1 percent of the signers have expertise in climate sci-
ence. When participants in the experiment were inoculated 
before being shown the misinformation, the facts had a positive 
effect and the misinformation was mostly neutralized. Crucially, 
this held true for Democrats, Republicans, and Independents; 
the results for Republicans were especially heartening because 
other facets of the study indicated that they were, on average, 
predisposed to believe the misinformation.

Around the same time that this research was happening, my 
colleagues and I were conducting similar research, also testing 
how to inoculate people against climate misinformation.6 Coin-
cidentally, we even used the same misinformation: the Global 
Warming Petition Project. Overall, our results were similar, show-
ing that people at the conservative end of the political spectrum 
were strongly influenced by misinformation, while people who 
were politically liberal were relatively unaffected—and also show-
ing that inoculation can be effective. Notably, we used a different 
inoculation technique. Before being given the misinformation, 
one group in our study learned about fake experts. This is where 
a person appeals to their own expertise and yet doesn’t have rel-
evant expertise. Fake experts are frequently deployed to confuse 
the public and can be highly persuasive. Fortunately, our general 
inoculation against fake experts completely neutralized the mis-
information and, importantly, was effective across the political 
spectrum. This tells us that whether people are politically conser-
vative or liberal, no one likes being misled. 

Facts or Logic? Yes!
My research has focused on two main types of inoculation: fact 
based and logic based.7 Fact-based corrections explain how the 
misinformation is false or misleading. For example, you can show 
how the myth “we should emit CO2 because it’s good for plants” 
is misleading by explaining the various factors plants need to 
flourish, such as a regular water supply and comfortable tempera-
ture range. Emitting CO2 causes climate change, which disrupts 
these conditions.

Logic-based corrections involve explaining the rhetorical 
techniques or logical fallacies used in misinformation. For exam-
ple, you can explain how the “CO2 is plant food” myth uses the 
fallacy of oversimplification. By focusing on a single factor like 
CO2 fertilization, it ignores other factors that plants need to grow. 
This myth is like arguing “our bodies need calcium, so all we need 
to eat is ice cream,” despite the fact that our bodies need a bal-
anced diet.  

Both of these approaches are effective.8 Whenever possible, I 
try to use both in combination—explain the facts, introduce the 
myth, and then reconcile the conflict between the two by explain-
ing the myth’s fallacy. This fact-myth-fallacy format is the recom-
mended structure for debunking (or prebunking) laid out in The 
Debunking Handbook 2020 (which is available for free in multiple 
languages at sks.to/db2020).

Although factual corrections are often crucial, the logic-
based approach offers some unique benefits. Explaining the 
rhetorical technique used in one topic can help build resistance 
to the same technique used in a different topic. For example, 
consider the two inoculations described above for the Global 
Warming Petition Project. Pointing out that many of the signa-
tories are computer scientists and not climate scientists is a 
factual correction that applies to the petition. Highlighting that 
such fake experts are widely used to intentionally mislead puts 
people on guard for the petition and for other situations in which 
claims rely on “experts.” In our research, my colleagues and I 
explained how tobacco companies used the fake expert strategy* 
to cast doubt on the scientific evidence linking smoking to nega-
tive health impacts.9 When people were subsequently shown 
misinformation about climate change using the same fake expert 
technique, the misinformation no longer had an impact. Logic-
based inoculation conveys immunity across topics—it’s like a 
universal vaccine against misinformation.† 

In a different experiment, my colleagues and I directly com-
pared the logic-based and fact-based approaches in addressing 
the climate myth that we should emit more carbon dioxide 
because it’s plant food.10 We also tested whether order mattered 
when encountering misinformation and corrections. We asked 
whether debunking—seeing the correction after the misinforma-
tion—had a different effect than prebunking—seeing the correc-
tion before the misinformation. When people were shown the 
logic-based correction, it reduced belief in the myth regardless of 
whether it came as a prebunking or a debunking. Order didn’t 
matter with the logic-based correction. But with the fact-based 
correction, order did matter: prebunking did not work. If the fact-
based correction was the last thing people were shown, the myth 
was successfully debunked. But if the misinformation was the last 
thing people read, the myth cancelled out the facts. This under-
scores the inherent danger of misinformation and its ability to 
cancel out our factual explanations—especially since, in the real 
world, people see a mix of facts and myths regularly. 

An inoculating message consists 
of warning of the threat of being 
misled and then explaining how 
the misinformation is wrong.

*To learn more about how tobacco companies have intentionally misled the public, 
see “Mercenary Science: A Field Guide to Recognizing Scientific Disinformation” on 
page 20. 
†My colleagues and I have not yet been able to conduct studies to determine how 
long this inoculation may last. Generally, the research shows inoculation effects fade 
over time, so “booster shots” are required; it also shows logic-based inoculations last 
longer than factual explanations. 

https://sks.to/db2020
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Logic-based inoculation conveys 
immunity across topics—it’s like a 
universal vaccine against 
misinformation. 

The bottom line is that communicating both the facts and the 
rhetorical techniques used to cast doubt on facts is important. In 
practice, I try to incorporate both. But the unique benefits of logic-
based corrections are crucially important; to prevent misinforma-
tion from spreading, raising awareness of the logical fallacies and 
rhetorical techniques used to intentionally mislead is imperative.

Giving Misinformation the FLICC
In order to explain misleading techniques, it helps to have a 
vocabulary to describe them. I’ve explored different ways of orga-
nizing and explaining misinformation techniques, but I’ve always 
come back to FLICC: fake experts, logical fallacies, impossible 
expectations, cherry picking, and conspiracy theories.11 Over the 
years, I’ve expanded these five categories into an ever-growing 
taxonomy (shown on page 16) of rhetorical techniques, logical 
fallacies, and conspiratorial traits.12

Along with documenting the landscape of misinformation 
techniques, I’ve also explored approaches to more effectively 
explain them to the public. One powerful approach is parallel 
argumentation, which involves transplanting the flawed logic 
from a fallacious argument into an analogous situation (e.g., I 
used this strategy above to clarify that just as humans need more 
than ice cream, plants need more than CO2).13 Parallel arguments 
have strong pedagogical value, allowing educators to explain 
abstract logical concepts in concrete terms, typically using exam-
ples from everyday life.14 One key benefit—particularly for stu-
dents who are just beginning to learn science—is that by focusing 
on errors in reasoning, we can show how misinformation is mis-
leading while sidestepping the need to provide complicated 
explanations that rely on extensive science knowledge. 

Parallel argumentation is also conducive to attention-grabbing 
and humorous applications. Through several studies, my col-

leagues and I have found cartoons with parallel arguments are 
effective in debunking misinformation about vaccines15 and cli-
mate change.16 Using eye-tracking data, we found humorous 
cartoons successful in discrediting misinformation because 
people spent more time paying attention to the cartoons than to 
corrections delivered in other, less engaging ways.17 As a bonus, 
humorous corrections were more likely to be shared, increasing 
their chances of going viral. (The most viral tweet I ever posted, 
reaching several million impressions, was a cartoon debunking 
COVID-19 misinformation; it is shown on page 17.)

The reality that our factual explanations are vulnerable to 
misinformation highlights the importance of logic-based cor-
rections. It’s like shielding our factual explanations with protec-
tive bubble wrap as we send them out into a cold, hard world. 
And it turns out that the classroom is the ideal venue for building 
resilience against misinformation.

Inoculation in the Classroom
How does inoculation work in an educational context? There is a 
teaching approach known as refutational teaching or agnotology-
based learning (I personally refer to it as misconception-based 

Climate change caused by CO2 results in heat waves 
and increased flooding. While plants do use CO2 to 
grow, CO2 emissions ultimately harm plant growth. 
Plants are fussy—they need a comfortable temperature 
range and the right amount of water to flourish. 

Debunking the myth “CO2 is plant food”

he’s so
prickly!

I'd like some CO2, 
some water but not too much 

water, a side of nutrients... 
and turn the thermostat

down 2 degrees!

Climate change caused by CO2 disrupts the 
environment, with heat stress and increased 
flooding harming plant growth.  This myth is an 
oversimplification—it’s like saying humans need 
calcium so all we need to eat is ice cream.

Debunking the myth “CO2 is plant food”

keep
eating that

healthy
calcium!

grandpa,
i feel
sick!

Fact-Based Correction Logic-Based Correction
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learning). This approach involves teaching science by directly 
tackling scientific misconceptions. For example, one can explain 
the carbon cycle by addressing how the phenomenon might be 
misunderstood. Every year, vast amounts of carbon move through 
our climate system. In the fall, plants give up billions of metric 
tons of carbon dioxide into the atmosphere as leaves fall and 
decompose. In the spring, plants absorb the carbon dioxide back 
from the air as leaves grow back. This system is balanced, with the 
amount of carbon absorbed during the spring roughly equal to 
the amount of carbon released during the fall. 

One myth about climate change is that human CO2 emissions 
don’t matter because they’re tiny compared with natural CO2 
emissions. After all, we emit around 30 billion metric tons per year, 
while nature emits over 700 billion metric tons every year. This 
myth ignores that nature is roughly in balance, with natural 
absorptions matching natural emissions.18 Our CO2 emissions 
disrupt the natural balance, resulting in atmospheric CO2 increas-
ing to levels not seen in millions of years. By directly addressing 
the myth, we not only address a misconception about the carbon 
cycle but also deepen our understanding of how human activity 
has disrupted the natural balance.

Misconception-based learning is one of the most powerful ways 
of teaching science. It’s been shown to result in higher learning 
gains, and, importantly, the gains last longer relative to standard 
lessons.19 Students find misconception-based learning more 

engaging,20 and it appears to have the curious benefit of instilling 
appropriate humility. One study compared the effect of standard 
lessons versus misconception-based lessons, finding that students 
made stronger learning gains from the misconception-based les-
sons21—but students who received the standard lessons were more 
confident of their understanding (despite recording lower learning 
gains). Unfounded confidence can be a roadblock to learning, and 
misconception-based learning reduces that barrier.

Unfortunately, there is a dearth of educational resources to help 
teachers apply misconception-based learning. Over the last decade, 
I’ve been working on developing resources in a number of different 
contexts to address this deficit. For high school educators, I col-
laborated with the National Center for Science Education to 
develop a curriculum teaching fundamental concepts of climate 
science while addressing common myths and misconceptions 
about climate change.* For college professors, I coauthored a cli-
mate textbook with Weber State University’s Dan Bedford in which 
each chapter not only explains key concepts regarding climate 
change but also debunks common myths associated with them.22 
And in a more informal learning context, I led a collaboration 
between the online learning team at the University of Queensland 
and the team of climate misinformation debunkers at Skeptical 

The FLICC Taxonomy organizes the five categories of intentional misinformation techniques and the various fallacies and 
rhetorical techniques within each category. For more details, see crankyuncle.com/a-history-of-flicc-the-5-techniques-of-science-denial.

*To download this free curriculum, visit ncse.ngo/supporting-teachers/
classroom-resources. 
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Science to develop a massive open online course, “Making Sense 
of Climate Science Denial.”† This course features around 50 short 
videos explaining the facts of climate change as well as debunking 
related myths and exposing the logical fallacies in each myth. 

The purpose of misconception-based learning is to improve 
students’ science literacy and boost their critical-thinking skills. 
But in recent years, a new approach to inoculation has emerged 
that may offer an even more engaging and interactive way to neu-
tralize misinformation.

Gamifying Critical Thinking to Build Resilience
Most examples of inoculation against misinformation are what 
researchers describe as passive inoculation—one-way commu-
nication where the audience passively receives the inoculating 
message. But an exciting new approach is active inoculation. This 
involves learning the techniques of misinformation by actively 
employing them. Active inoculation can be applied in a number 
of ways, particularly in the classroom; for example, students could 
do role-playing exercises or purposely attempt to incorporate 
misleading techniques in their writing. 

Among those of us who study inoculation, there’s been an increas-
ing focus on digital games, which are a particularly engaging and 
scalable approach. Generally speaking, games that are designed to 
be both fun and educational are known as serious games.23 In the last 
few years, a growing number of serious games have focused on build-
ing resilience against misinformation through active inoculation.

The Bad News game is an early example of this approach, 
where the goal of the game is to become a fake news merchant. 
Through the course of the game, players learn about six tech-
niques of fake news, such as emotive posts or impersonating 
authoritative sources. Preliminary evidence indicates that by the 
end, players have become somewhat more aware of and resistant 
to misinformation.24 The Bad News game focuses on media lit-
eracy, so that players become better able to assess the reliability 
of online information sources such as news websites and Twitter 
accounts. New games adapting the Bad News game template have 

also focused on misinformation undermining democracy25 and 
COVID-19 misinformation.26

While media literacy is an important skill for students to 
develop, critical thinking is a broad umbrella. As well as assessing 
media sources, students also need to be able to assess arguments, 
whether on social media, on mainstream media, or in conversa-
tion. Over the last few years, I’ve been working with Autonomy 
Co-op to develop a game that teaches players how to spot mis-
leading rhetorical techniques—the kinds of fallacious arguments 
we might hear from our cranky uncle.

Getting Cranky to Stop Misinformation

The Cranky Uncle game (available for free at crankyuncle.com/
game) is designed to build resilience against the techniques of sci-
ence denial. The player’s goal is to become a science-denying 
“cranky uncle” by learning about a range of misleading rhetorical 
techniques used to reject the conclusions of the scientific com-
munity. By adopting the mindset of a cranky uncle—inspired by 
the active inoculation approach—players develop a deeper under-
standing of science denial techniques. Although I intend to conduct 
several more studies to determine the effectiveness of the game and 
improve it, preliminary results show increases in critical thinking. 
Ultimately, the intent is to inoculate players against misleading 
persuasion attempts in the future.

The game consists of two elements. First, Cranky Uncle explains 
the techniques of science denial. This includes the five categories of 

FLICC as well as many of the fallacies and 
techniques found in the FLICC taxonomy. 
But this brings us to a fundamental psycho-
logical challenge when trying to build resil-
ience against misinformation. Critical 
thinking is hard! Our brains are hardwired 
to make fast, snap decisions rather than 
slowly reason through problems.‡ 

However, there is a way to make critical 
thinking faster and less difficult: master-
ing expert heuristics. When a person 
practices a difficult task over and over, the 
slow thinking processes required to com-
plete the difficult task gradually evolve 
into fast thinking responses. For example, 

crankyuncle.com

the curve
is flattening. we 
can stop social

distancing!

the 
parachute has 
slowed my fall.

i can take it
off now!

The most viral tweet I’ve ever posted.

By adopting the mindset of a 
cranky uncle, players develop a 
deeper understanding of science 
denial techniques. 

†To take this free course, visit edx.org/course/making-sense-of-climate-science-denial.

‡To learn about how our minds work and why critical 
thinking requires so much effort, see “Why Don’t 
Students Like School? Because the Mind Is Not 
Designed for Thinking” in the Summer 2009 issue of 
American Educator: go.aft.org/3o2.

https://www.crankyuncle.com/game
https://www.crankyuncle.com/game
http://edx.org/course/making-sense-of-climate-science-denial
http://go.aft.org/3o2
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consider the difference between teenagers who are learning to 
drive—struggling to signal a turn, check the rear view, and lightly 
press the break just to go around the block—and an adult who 
hops in the car and runs errands virtually on autopilot. With 
enough practice, even very complex mental tasks can become 
easy. This is where games offer a potential solution to building 
resilience against misinformation.

The second feature of the Cranky Uncle game is quizzes in which 
players try to spot fallacies in examples of misinformation. Their 
purpose is to use gameplay elements such as collecting points and 
moving to higher levels to motivate players to practice critical think-
ing, over and over again. The more quizzes completed, the quicker 
and easier it gets to spot common patterns in deceptive arguments. 
For example, the false-choice fallacy, otherwise known as a false 
dichotomy, is widely used in misinformation. The tell-tale red flag 
for this argument is being presented with an either-or choice. When 
you see that form of argument, consider whether other options 
might be available besides the two presented (or perhaps both 
options could be true at the same time).

The game approach does have some limitations. For example, 
spotting the technique of cherry picking can be difficult if you don’t 
have enough relevant background knowledge. But even in this case, 
the game helps players spot one common form of cherry picking 
known as anecdotal thinking. This powerful form of misinformation 
uses compelling narratives and can be quite persuasive. But if play-
ers learn how to spot the use of single examples (i.e., anecdotes) as 
evidence for an argument, they likely will become less vulnerable 
to being misled by that form of cherry picking.

The danger of serious games is players can lose interest in playing 
the game if they see it as no fun and all education. Fun is one of the 
main factors determining whether players are willing to play a game 
again.27 By featuring an ornery cartoon character as the player’s men-
tor guiding them through the game, as well as humorous examples 
of logical fallacies in the quizzes, I hope this pitfall is avoided for most 
youth playing Cranky Uncle. In the Cranky Uncle game, humor is an 
integral part of the learning process, with parallel arguments in car-
toon form providing not only humor but also instructive illustrations 
of fallacious logic. This makes the game an engaging tool for the 
classroom, afterschool clubs, and summer programs. 

By October 2021, just 10 months since the Cranky Uncle game 
was released, educators have signed up to use the game in over 
38 U.S. states (as well as 16 other countries)—in both red and 
blue states—which gives me hope that the game is reaching 
communities across the political spectrum. Further, the game is 
being adopted in a range of subjects as diverse as biology, envi-
ronmental science, English, media studies, and philosophy. This 
demonstrates the growing conviction that critical thinking is 
needed in any subject where misinformation can be found (i.e., 
all subjects). The other intriguing element of the game is to see 
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it being adopted in classes from middle school to graduate 
school (it’s even in a few elementary classes). My colleagues and 
I are in the process of collecting data to assess the game’s effec-
tiveness at different levels.

In the classroom, an activity that seems beneficial after students 
have played the game several times is to role-play. When giving guest 
lectures in college classes on climate change, I have played the 
cranky uncle while the professor tries to convince me of climate 
change. After this demonstration, we divide the class into small 
groups and the students conduct their own role-play exercises. 
Afterward, students often discuss how much easier it is to be the 
cranky uncle and how difficult it is to respond to fallacious argu-
ments in real time.

Misinformation is an immense societal problem—ever 
present and ubiquitous. This necessitates solutions that 
can reach significant proportions of the population at 
a scale commensurate with the problem. But further, 

misinformation is complex and interconnected—with cultural, 
psychological, and technological factors. This complexity means 
we need holistic solutions. I’m convinced we need interdisciplinary 
solutions that combine science, technology, and the arts. Science 
provides evidence-based approaches to addressing misinforma-
tion, such as logic-based inoculation. Art can help package educa-
tional material in engaging, memorable formats. Technology allows 
the development of games that are both interactive and scalable. 

The Cranky Uncle game brings together these diverse threads, 
synthesizing research on inoculation, critical thinking, and science 
humor, wrapped in a technological package that is accessible and 
interactive. But there is no magic bullet that will neutralize the mis-

information problem. This is a multi-front struggle, requiring public 
campaigns and technical solutions implemented in collaboration 
with social media platforms. Nevertheless, educators are in a unique 
and powerful position in the fight against misinformation. ☐
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