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I n spite of fast and continuous progress in

science, general education, and easy

access to high-quality information, many

non-scientists are surprisingly uninformed,

or misinformed, about the state of expert

consensus on scientific debates and tech-

nologies. A sizeable number of laypeople in

the USA are still skeptical of global warming

or the theory of evolution, and a significant

proportion of people in the West believe that

genetically modified foods are dangerous,

that vaccines are not safe, or that nuclear

power plants release significant amounts of

CO2 into the atmosphere.

......................................................

“Not only does misinformation
about scientific facts contribute
to feeding unnecessary anxi-
eties, it also has hazardous
political and economic conse-
quences.”
......................................................

Not only does misinformation about scien-

tific facts contribute to feeding unnecessary

anxieties, it also has hazardous political and

economic consequences. Public policies are

partly oriented by moral choices about which

values society should pursue or uphold, but

their implementation critically relies on

factual beliefs about how the world works

and which technology can achieve what. The

accuracy of these beliefs conditions the poli-

cies’ success. Whether they are in the position

of voters, journalists, or policy makers, it is

therefore crucial that citizens be informed

about the state of the art if they are to make

decisions that effectively achieve stated goals.

This commentary draws on research in

the cognitive social sciences to outline a

simplified model of how scientific findings

become distorted, impoverished, exagger-

ated, or ignored when being transmitted

among non-scientific audiences. It focuses

on the psychological mechanisms that make

certain misbeliefs more likely to emerge, to

be retained, and widely transmitted, thereby

constituting obstacles to accurate science

communication. The last part of the paper

puts forward a few practical recommenda-

tions on how scientists could present and

discuss findings on controversial topics if

they want to mitigate risks that they be

misunderstood and twisted.

How communication works

Society is ultimately made of networks of

individuals interacting and exchanging infor-

mation. In the case of scientific information,

communication can be described as a two-

step process: Information first emerges in

mass media sources based on reading of the

scientific literature and press releases by

journalists, and it is then reinterpreted by the

lay public through informal discussions [1].

Crucially, and in contrast with genetic or

electronic information, communicated infor-

mation gets significantly modified when trav-

eling from one individual to another. The

beliefs we express are transcripted in

language in terms that are often vague or

underspecified, and language comprehension

is often piecemeal and incomplete. When

someone says “there have been concerns

about GMOs being toxic”, do they mean that

a majority of GMOs may be dangerous, or

only just one? What negative outcomes are

they supposed to cause, and in which dosage?

Assuming speakers even know the answers

to those questions, their addresses often do

not, which leaves room for reinterpretation

and misinterpretation. Information is thus

inevitably reconstructed at the level of under-

standing and often selectively retransmitted

at the level of emission. To understand how

everyday communication works, and how it

contributes to science misinformation, it is

therefore indispensable to explore the

mechanics of the human mind.

......................................................

“Information is thus inevitably
reconstructed at the level of
understanding, and often
selectively retransmitted at the
level of emission.”
......................................................

Human minds are made of intuitive
mechanisms

The mind relies on specialized and intuitive

inference systems, shaped by natural selec-

tion to quickly react to the practical chal-

lenges and opportunities faced by our

hunter–gatherer ancestors in their everyday

lives. The function of these intuitive systems

is to attend to a certain type of information

in the environment in order to quickly and

often automatically generate representa-

tions, attitudes, and behaviors that, ances-

trally, would on the whole have promoted

survival and reproduction. For instance, to

the extent a certain pattern of movement in

the grassland could have indicated a lurking
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predator or enemy, it would have been

adaptive to develop automatic systems dedi-

cated to detecting such motion patterns and

triggering fight-or-flight responses.

While these intuitive processes owe their

existence to the favors they did to our ances-

tors, our environments have significantly

changed since the Pleistocene, so these

processes now sometimes lead us astray by

producing attitudes and behaviors that are ill-

adaptive or irrational from the point of view

of modern standards. Think for instance of

our addiction to sugar and fat, whose original

function was to help us store as much calo-

ries as possible for bad times, but which is

now one of the primary causes of cardio-

vascular diseases all over the world (Fig 1).

We trust familiar sources we see as
benevolent and competent

Intuitive processes can shape how we derive

our personal positions on complex topics

such as nuclear power, GMOs, or economic

policy. We do not typically form judgments

on such issues through arduous study, but

rather through the word of others—whether

mass media or informal discussions with

friends, family, or colleagues. Given that it is

impossible to personally assess the accuracy

of all claims we encounter, and that there are

immense benefits in trusting others—thereby

taking advantage of the “division of cogni-

tive labor”—our minds evolved intuitive

mechanisms of trust calibration that dispose

us to trust sources we see as competent and

benevolent, and opinions we see as being

widespread.

......................................................

“Given that it is impossible to
personally assess the accuracy
of all claims we encounter [. . .]
our minds evolved intuitive
mechanisms of trust calibra-
tion that dispose us to trust
sources we see as competent
and benevolent. . .”
......................................................

Our trust-calibration mechanisms perform

pretty well in most everyday situations.

However, they evolved to work in tight-knit

communities in which personally knowing

others was a good proxy for assessing their

trustworthiness and in which no one

possessed advanced scientific expertise. As a

consequence, without formal teaching about

the experimental method, peer-reviewing,

meta-analyses, or other features distinguishing

personal experience from a scientific study,

our minds are ill-prepared for understanding

what makes scientific beliefs better grounded

in reality than other beliefs. People end up

giving too much authority to family and

friends or people who hold ideologically simi-

lar beliefs (other Democrats, Republicans,

Muslims, environmental activists, etc.), and

they have difficulties distinguishing self-

appointed pundits from scholars recognized

as true experts in their fields.

We tend to be partial towards the
beliefs we and our groups hold§

In addition to their inclination to not trust

experts enough, people are also endowed

with a robust and unconscious tendency to

expose themselves to, interpret, and selec-

tively retain information in ways that are

partial to the beliefs and hypotheses they

already favor. This “myside bias”, or “con-

firmation bias”, is especially strong with

regard to topics in which they have invested

emotionally, such as nuclear power, GMOs,

or economic policy, often because those are

part of the moral matrices and identities of

the groups they belong to. It is on those

polarizing topics that information running
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Figure 1. From ancestral challenges to evolved intuitive systems to misbeliefs about scientific facts.

§Correction added on 15 June 2020, after first online publication: the subheading has been updated.
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against favored narratives is most likely to

be discounted and forgotten, or to be selec-

tively retained and exaggerated when it fits

preconceived notions. Some studies even

suggest that this form of “motivated think-

ing” can bring partisan individuals to forgo

small monetary gains to avoid exposure to

cross-cutting political information [2]. In

interaction with our tribal dispositions, our

inclination to see and defend only one side

of otherwise complex issues makes it diffi-

cult to recognize that alternative stand-

points often have a kernel of truth.

Moreover, the informational isolation

effects of the myside bias are all the stronger

as people preferentially interact with like-

minded others in ideologically homogeneous

networks, thereby depriving themselves of

well-argued, dialectic attacks on their own

positions. It is worth noting however that

while social media have been accused of

constituting such ideological “echo cham-

bers”, careful examination of the informa-

tion exchanged on those virtual networks

suggests that they are actually more ideolog-

ically diverse than the information people

are exposed to in real life, face-to-face inter-

actions.

We have naïve theories about
many things

Of critical importance for understanding

scientific misinformation are also naı̈ve theo-

ries, such as our naı̈ve understanding of

physics (e.g., we expect solid objects to be

impenetrable and to fall to the ground), of

human psychology (we tend to see others as

driven by unambiguous beliefs, desires, and

intentions), or our “intuitive essentialism”.

As regards the latter, our ancestors were

surrounded by plant and animal species

about which they had to draw quick infer-

ences: Can it move? Is it edible? Is it danger-

ous? Evidence suggests that those selection

pressures endowed us with a set of intuitive,

innate expectations, emerging early in child

development, about what constitutes a

biological species: that all living things

belong to mutually exclusive taxonomic cate-

gories, which are fixed in time, and whose

members, e.g., roses, contain a set of intrin-

sic traits that distinguish them from tigers,

bathtubs, and sunflowers.

Considered from the perspective of modern

biology, our intuitive essentialism is partially

false: There is genetic diversity within each

species, which are all subject to changes

caused by mutation, drift, gene flow, and

selection. But essentialist intuitions provide us

with a conceptual template about what biolog-

ical species are that, at the conscious level,

makes it counter-intuitive and even dubious

to a lot of people that species could have

evolved by natural selection, and a fortiori

that it should be possible to engender new

ones by simply modifying their genome in the

lab [3]. This likely triggers distrust and even

disgust in a lot of people, who tend to

conceive of GMOs as degenerate hybrids,

which in turn causes cognitively attractive

beliefs, such as “GMOs are weird because they

involve meddling with natural species” or

“GMOs are dangerous for health”, to enjoy

spectacular cultural success.

Running on empty: the illusion
of understanding

An important consequence of our minds

being full of naı̈ve expectations about how

the world works, tuned to the practical

demands of prehistorical life, is that they are

very much unprepared for forming scientifi-

cally accurate representations of most facts

on the basis of the input they receive. This

applies to processes that, either because they

are too big, too small, or because they could

not possibly have occurred in our ancestral

past—such as genetic engineering or nuclear

fission—take place beyond the range of

evolutionary meaningful experience. Our

default intellectual predicament is therefore

one of ignorance on most matters covered by

the sciences, coupled with a general igno-

rance of our own ignorance [4], at least until

special circumstances oblige us to engage

with the details of a specific area of knowl-

edge—for example, when attending a course

at a university or when being personally

affected by a disease that will force one to

acquire basic notions of biology.

......................................................

“An important consequence of
our minds being full of naı̈ve
expectations about how the
world works [. . .] is that they
are very much unprepared for
forming scientifically accurate
representations of most facts
on the basis of the input they
receive.”
......................................................

Informational market workers know
many biases and exploit them

Needless to say, many journalists, university

press staffs, bloggers, and politicians exploit

these cognitive biases to further their own

careers, reputations, and incomes. This is

entirely rational: Workers in the information

market are economically incentivized to

leverage cognitive bias in their audiences.

Journalists, for instance, get rewarded by

their peers and employers for their ability to

capture audiences’ attention and generate

traffic on the websites. By summarizing a

scientific article’s claims so as to make it

easier to understand and attractive for a

specific readership, they are in turn more

likely to attract clicks and eyeballs, which

translate into revenue through sales, adver-

tising, donations, and so on.

Relevance = Revenue: The lure of
exaggerated claims

In order to sound more interesting and

competent, and to distinguish ourselves from

others, we naturally exaggerate things—at

least when we think the odds that our audi-

ences will find out are low. This tendency to

artificially inflate relevance is so ubiquitous

that we often do it unconsciously. Yet, we

might believe that contrary to ordinary indi-

viduals, institutions like universities’

communication departments refrain from it,

especially since, as the main link between

researchers and the media, they are respon-

sible for correctly informing the public.

Unfortunately, a recent study by Sumner

et al [5] found that press releases from

universities are often an early locus of exag-

geration of research findings’ significance in

the information chain. The authors showed

that 40% of press releases that gave health-

related recommendations to the public

“contained more direct or explicit advice

than did the journal article”, that “33% of

primary claims in press releases were more

strongly deterministic than those present in

the associated journal article”, and that “for

studies on animals, cells, or simulations,

36% of press releases exhibited inflated

inference to humans compared with the

journal article”. In the category of inflated

causal claims, confusion between relative

and absolute risk is also a frequent culprit.

Reports of health research may state, for

instance, that risks of cancer have tripled

(relative risk), which can sound quite
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frightening without any contextual informa-

tion about their prevalence in the population

(absolute risk), which may be quite low—

learning that risks of cancer have increased

from merely 0.001 to 0.003% is indeed less

impressive news.

Why such exaggerations? Humans’

evolved psychology of communication is

constructed on mutual expectations of rele-

vance, which are like an implicit contract

between communicators that the informa-

tion they exchange should be worth it.

When we speak, specialized systems work

to package what we are saying to others in a

way that maximizes its informativity or

impact, while keeping the mental cost

required for understanding it low.

Turning scientific research into tales

A common technique for repackaging infor-

mation so as to enhance its relevance is

through storytelling. Narratives involving

protagonists with sharply contrasting inter-

ests and worldviews, competing with one

another by resorting to tactics, are found in

all cultures and do not spare conversations

and publications about scientific discovery.

Stories’ cultural success comes from them

simultaneously exploiting many folk psycho-

logical biases, such as our inclination to

ascribe simple purposes and traits to people,

our disposition to imagine all sorts of social

plots, and our taste for gossiping about the

trials and tribulations of others. By exploit-

ing those inclinations to attract readers,

scientific journalists like to frame the logic of

scientific investigation in terms that attribute

more influence and determination to individ-

ual figures than what happens in reality,

where teamwork, uncertainty, hesitation,

and repeated attempts are more prevalent.

Information fitting preconceived
notions can spread like wildfire

While the claim that humans are strongly

gullible is likely overstated, our abilities to

spot misinformation are weakest when this

information is simultaneously cognitively

attractive and comes from sources we have no

reasons to distrust. One paradigmatic form of

relevant information is that eliciting fear or

disgust. Through its ability to trigger negative

emotions, threat-related information tends to

attract more attention, to be more easily

remembered, and to make speakers appear

more competent than emotionally neutral or

positive information. Lab experiments simu-

lating real-world communication on transmis-

sion chains suggest that, as information gets

passed on from one individual to the next,

messages become shorter and their content

becomes increasingly unfaithful to the origi-

nal, except risk-related information that gets

gradually exaggerated [6].

......................................................

“Humans’ evolved psychology
of communication is
constructed on mutual expecta-
tions of relevance, which are
like an implicit contract
between communicators that
the information they exchange
should be worth it.”
......................................................

Incidentally, our high sensitivity to

threatening information also facilitates the

fallacious attribution of moral “implica-

tions” to merely empirical facts. For

instance, people are often quick to infer that

discoveries about the heritability of intelli-

gence will inevitably lead to the “justifi-

cation” of inequalities, despite the logical

fact that, since descriptions imply no

prescriptions, such discoveries can just as

well provide ground for educational policies

targeting underprivileged individuals.

Note that the general susceptibility to

threatening information makes a lot of sense

from an adaptationist standpoint, as it is

better for organisms to err on the side of

caution, even at the cost of slight paranoia,

than to risk missing potentially lethal threats.

But non-threatening information can be

quite successful as well when it emanates

from trusted sources, and taps into naı̈ve

theories or ingrained stereotypes (which,

regarding the latter, depend on people’s

priors, social and professional position, and

so on). On social media such as Facebook or

Twitter, sharing is often based on skim read-

ing of articles’ titles or chapeau, and skim

viewing of YouTube videos. Content can

therefore travel fast without undergoing

much quality check, giving rise to the spec-

tacular spread of attractive but false beliefs

about scientific findings.

Conspiracy theories

In extreme cases, the interplay of our

proclivities for narratives and threatening

information, coupled with our promiscuous

agency-detector and naı̈ve sociological intu-

itions, derail into conspiracy theories that do

not spare scientists. Most people see scien-

tists as competent, but not necessarily trust-

worthy, individuals who are in a position to

take advantage of the majority’s naiveté for

their own benefit [7]. In extreme cases, this

leads some individuals to ascribe hostile

intentions and relationships to scientists that

never existed [8]. Or, more frequently,

people will simply jump to the conclusion

that a given scientific finding cannot possi-

bly be trusted merely because private agen-

cies partly funded the research. Of course,

conflicts of interest exist and can be very

consequential. However, this heuristic-based

reasoning becomes faulty when it is left

unchecked and ignores the organizational

functioning of science. Scientists indeed

have very strong career incentives to

disprove accepted findings—demonstrating

that a widespread GMO corn is in fact

dangerous would be worthy of an article in

a top journal—and free scientific inquiry,

provided material means are available, tends

toward objectivity in the long run.

Addressing misunderstandings:
recommendations to scientists

Knowing all these facts, what can scientists

do to counter misunderstandings and misin-

formation?

Knowing psychology better

As a start, and regardless of the field they

are working in, scientists should update

their knowledge of human cognition, which

will put them in a better position to take

preemptive action. The English-speaking

scholarship is rich with numerous scientific

popularization essays, written to be accessi-

ble for wide audiences, that researchers can

draw on (see Further Reading).

Framing information to make it intuitive,
in the right way

A second set of strategies to reduce risks that

scientific research be misunderstood or

twisted is to make it more intuitive by fram-

ing it in controlled ways. Research questions

and findings will always have to be framed

one way or another, and the ability of vari-

ous frames to persuade and be memorized

by target populations should be tested
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experimentally. On the issue of increasing

vaccines acceptance, for instance, it has been

recently shown that highlighting that “90%

of medical scientists are in favor of vaccina-

tion” (a positive frame) is more efficient than

highlighting that “only 10% are against it” (a

negative frame); contrary to the frequent

finding that people are more sensitive to

negative information, the former frame

ended up being more convincing and more

widely shared by participants. This result is

however contingent, and the opposite effect

could be observed on other topics [9].

......................................................

“A second set of strategies to
reduce risks that scientific
research be misunderstood or
twisted is to make it more intu-
itive by framing it in controlled
ways.”
......................................................

As a word of caution, scientists have to be

careful when appealing to naı̈ve theories

in order to illustrate scientific notions.

Metaphors are a priceless tool for quickly

conveying representations, but, as simplify-

ing analogies, they are susceptible to mislead

the public into overlooking key aspects of the

processes they were meant to explain. A

telling example is the use of artificial selec-

tion as a metaphor for natural selection, used

by Darwin himself, which had the negative

side effect of contributing to sustain the

creationist notion that there is an intelligent

designer behind biological evolution.

The inevitability of framing also means

that scientists should pay special attention

to headlines, whether of their own publica-

tions or of the universities’ press releases

that cover their research. Avoiding mislead-

ing and exaggerating headlines is a way to

mitigate misunderstandings from the start of

the communication process, before the

research gets interpreted by mass media and

citizens.

Data presentation is another important

issue since a graph is worth a thousand

words. Graphs must give readers an accu-

rate sense of effect sizes at stake by provid-

ing the entire y-axis scale, rather than focus

on differences between experimental condi-

tions. Readers should be able to see that a

“doubling” of the efficacy of available treat-

ments is a modest achievement when it

amounts to moving from 0.1 to 0.2 on a

scale from 0 to 5. As regards quantitative

data explained to lay audiences, it is prefer-

able to do without P-values, which require

statistical education to be understood. It is

also helpful to remind readers that a percent

increase is not the same thing as a percent-

age point increase: moving up from 40 to

44% amounts to a 4 percentage point

increase, but a 10% increase in the propor-

tion measured.

Actively responding to objections

Most importantly though, scientists need to

be more active by spontaneously producing

caveats, reminders, and counterarguments

meant to preemptively debunk the most

likely misunderstandings and objections.

Some misunderstandings are quite general,

for instance about what distinguishes

science from mere intuition, in which case

scientists should remind their audiences of

why controlled experimentation, peer

review, replication, and so on can be trusted

to generate reliable knowledge. When, by

contrast, rejection of scientific findings is

motivated by moral fears, caveats should

target common moral concerns likely to

surround the topic. In the case of a study on

the genetics of, say, IQ or personality, scien-

tists should highlight that a trait being heri-

table does not mean it is “100% determined

by genes”, that causal explanations are not

moral justifications, and that the best way of

mitigating the societal impact of a genetic

predisposition is to study it, not deny it.

As regards the locations where to express

caveats and counterarguments, social media

such as Twitter constitute important tools

for reaching the public, not just for profes-

sional exchanges. Authors can also resort to

dedicated sections in the scientific reports

themselves to formulate their reminders,

inspired for instance from PNAS’ “Signifi-

cance” boxes, or create websites or pages

linked to the papers containing pedagogical

images and videos. Face-to-face encounters

with the public, for instance during science

festivals or certain radio and TV shows, are

also excellent occasions for scientists to

change people’s minds—including on such

heated topics as GMOs, nuclear energy, or

vaccination [10]. Contrary to unidirectional

messaging typically used in written science

communication, informal interactive

exchanges make it possible to address

laypeople’s objections precisely and in real

time, and to undermine distrust by showing

the public that scientists are just ordinary

people with good intentions.

......................................................

“. . . informal interactive
exchanges make it possible to
address laypeople’s objections
precisely and in real time, and
to undermine distrust by show-
ing the public that scientists
are just ordinary people with
good intentions.”
......................................................

Other recommendations

Lastly, the media and informal conversa-

tions mainly transmit attention-grabbing

results, so failed replications and refutations

are likely to fall under their radar. Scientists

should therefore systematically mention

them, both in order that public perceptions

do not lag behind the actual state of the art,

and to illustrate the Popperian logic of vali-

dation or refutation on which science

constructs itself.

Conclusions

Populated by many misleading naı̈ve theo-

ries, a difficulty understanding the founda-

tions of scientific expertise and conversely, a

tendency to trust one’s own intuitions too

much and ignore one’s own ignorance, a

built-in myside bias, paranoid tendencies, a

propensity to simplify when remembering

and to exaggerate when communicating,

and so forth, the human mind’s evolved

complexion is, to say the least, little predis-

posed to form accurate scientific beliefs. But

this need not be the end of the story, as

many of those cognitive proclivities can,

under certain conditions, be leveraged to

favor accurate belief formation. Just as jour-

nalists and politicians, science communica-

tors can for instance resort to framing to

maximize intuitiveness and memorability of

scientific information in relatively controlled

ways. And, in analogy with professional

scientists who get their methods and

conclusions critically examined by others

during the peer-reviewing process,

laypeople’s myside bias and misinformation

can be overcome by science communicators

motivated to engage with them actively

and directly.
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