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This isn’t right. It'’s not even wrong!
-Wolfgang Pauli.

In the early twentieth century, the philosopher Karl Pop-
per became intrigued by a basic question in the philoso-
phy of science: how does one distinguish true science
from non-science? For Popper, the distinction hinged on
the essential ingredient of falsifiability [1]. True science
was falsifiable: it could be proven incorrect by an experi-
ment that contradicted its predictions. Non-science, on
the other hand, was unfalsifiable: it made no predictions
that could be disproven by experimental methods. Pop-
per highlighted the difference using Einstein’s theory of
general relativity and Freud’s theory of psychoanalysis as
examples. Einstein’s theory inferred specific claims about
the natural world. It invited experimentation and set itself
up to be either corroborated or falsified by experiments.
By contrast, Freud’s theory used observations to posit
a general theory about human nature, but for a given
patient, it made no specific predictions. Since no experi-
ment could be put forth to contradict it, Popper regarded
it as unfalsifiable. This concept was also famously high-
lighted by the physicist Wolfgang Pauli, who, when asked
to review a paper that he deemed to be unfalsifiable,
lamented, “This isn’t right. It’s not even wrong!”

Although Popper’s theories about the essence of sci-
ence have been challenged, the core concept of falsifiabil-
ity to assess whether a claim is scientific has endured. For
clinicians, Popper’s notion might be used to evaluate new
ideas and decide how much weight to give them. This
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framework is important because clinicians today, more
than ever before, face an explosion of ideas of variable
quality, making it difficult to know where to place one’s
trust. There are so many provocative conjectures and
expert opinions being circulated that the task of carefully
assessing their credibility has never been more necessary.
The current coronavirus disease 2019 (COVID-19) pan-
demic has offered several examples of conjectures widely
adopted without rigorous evaluation, sometimes lead-
ing to patient harm. In light of this chaos, what lessons
might Popper’s notion of falsifiability hold for clinicians,
and how can these lessons help clinicians become better
judges of science?

First, there is a useful difference between conjectures
and theories. Conjectures about medicine may stem from
uncontrolled clinical observations in patients, physiologi-
cal experiments, or animal models—sources of evidence
whose trustworthiness is often downgraded because of
high risk of bias, indirectness to actual clinical problems
in patients, or imprecision of the estimated treatment
effect [2]. On their own, conjectures may be difficult
to falsify, because they generate no new predictions, or
because they rely on a series of linked conjectures to gen-
erate testable hypotheses. By contrast, tentative theories
emerge from a preponderance of data from internally
valid studies whose results point in a consistent direction.
Theories can be corroborated or falsified by high-quality
tests, such as randomized clinical trials (see Fig. 1 for
additional differences between conjectures and theories).
This distinction bears reminding in the context of the
ongoing pandemic, where conjectures have often shifted
clinical practice in a manner out of proportion to the cer-
tainty of evidence. Consider the example of hydroxychlo-
roquine, which was touted as a breakthrough treatment
for COVID-19 on the basis of in vitro studies demon-
strating anti-viral activity [3] and studies of fewer than
30 patients that showed reduced viral nasopharyngeal
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Arise from uncontrolled observations and
preliminary supporting evidence which is
often incomplete

Predictions are overly general or lack a
defined context, making them difficult to
falsify by experimental methods

High risk of bias and other problems raise
reasonable doubts about the strength of
evidence

Findings should be regarded as invitations
to further study; may be appropriate for
clinical application, but usually in limited
circumstances (e.g. a ‘parachute effect’)

Fig. 1 Differences between conjectures and theories

Arise from a series of internally valid studies
whose conclusions are concordant

Predictions are specific and applicable in a
well-defined a priori context, setting up the
design of a fair test or study

Low risk of bias and other strengths provide
reassurance that the evidence is high-
certainty

Findings can be used to guide clinical
management while being cautious about
residual uncertainty

carriage [4]. In France, where one of these studies was
performed, prescriptions of hydroxychloroquine surged.
Notwithstanding the fact that multiple subsequent clini-
cal trials showed no benefit, and possibly increased harm,
associated with hydroxychloroquine, it is unsettling that
early conjectures were rapidly adopted across the medi-
cal community before a theory could emerge and a fuller
understanding of its risks and benefits be appreciated.
When evaluating a new idea, Popper thus encourages cli-
nicians to ask the following questions: does the available
body of knowledge describe a conjecture or a theory?
Have the data been evaluated by a high-quality test? And
if not, could it theoretically be corroborated or falsified
by such a test in the future, provided that there remains
equipoise about the intervention [5]? These questions
can help clinicians decide if an idea is in a rudimentary
or more advanced phase of development—and accord-
ingly, whether it deserves further testing or is ready for
application.

Second, although falsifiability is a binary concept (an
idea is either falsifiable or it isn’t), theories are more
complex: they might be completely true under some
conditions, completely untrue under others, or par-
tially true depending on which aspects are considered.

When interpreting new studies, it is therefore important
to appreciate these nuances and resist the tendency to
oversimplify. Consider the example of dexamethasone
for the treatment of patients with COVID-19. In June
2020, preliminary results from the RECOVERY trial
were released, which showed that in mechanically ven-
tilated patients with COVID-19, treatment with dexa-
methasone resulted in a 11.7% absolute risk reduction
in 28-day mortality compared to usual care [6]. Among
non-ventilated patients receiving oxygen, dexamethasone
resulted in a less pronounced, but significant, absolute
risk reduction in 28-day mortality of 3.5%. However, in
the group of patients not receiving oxygen or mechani-
cal ventilation, no mortality benefit with dexamethasone
was observed. These landmark findings were rapidly
communicated throughout the lay press, often with the
simple bottom-line message that dexamethasone saved
lives, without further elaboration into the groups most
likely to benefit or not benefit at all. In reality, the role of
corticosteroids in COVID-19 is far more nuanced, with
a differential response depending on disease severity. To
ignore such complexities—as has been done by politi-
cians and policymakers on various matters throughout
this pandemic—misrepresents the truth and propagates
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misunderstandings. It is therefore always worth asking
what the study corroborated or falsified before making a
judgment about the theory on the whole.

Third, theories which have accumulated a wealth of
evidence, generally over a long period of time and by
many examiners, have withstood Popper’s falsifiability
test, perhaps many times over: they are the best approxi-
mators of real truth. In Bayesian terms, ideas with a long
history of consistent messaging offer a reliable set of pri-
ors to understand and evaluate new evidence. This con-
cept could be remembered, for example, when one is
confronted by ideas that do not fit with established pri-
ors. Consider the example regarding the existence of “H”
and “L” phenotypes of COVID-19-related acute respira-
tory distress syndrome (ARDS) [7]. Investigators hypoth-
esized that there are two distinct COVID-19 ARDS
phenotypes (with a spectrum in between) that mandate
different approaches to mechanical ventilation. They sug-
gested that not identifying the correct phenotype might
lead to selection of the wrong ventilation approach and
patient harm. These hypothetical phenotypes were not
previously demonstrated to exist, but more importantly,
the ventilation strategy proposed for “L’-type patients
(i.e., use of high tidal volumes) contradicts decades of
ARDS research, which has shown multiple benefits in
favor of lower tidal volume ventilation [8]. This is not to
say that the “H” vs “L” phenotype conjecture should not
be subject to further testing—but rather, it is difficult to
justify abandoning a robust set of priors when a single
new concept challenges them. As Popper might argue,
the preponderance of existing evidence on an idea should
guide clinicians in deciding where to place their trust
while awaiting the results of additional investigations.

Popper applied the notion of falsifiability to distin-
guish between non-science and science. Clinicians might
apply the same notion to understand and evaluate new
ideas. This process entails three key considerations. First,
conjectures should be seen as invitations to design fur-
ther studies to evaluate them. While many conceptually
interesting new conjectures move their fields in a novel
direction, they often still require confirmation by high-
quality studies, and their application to patient care
might be premature (or even harmful) before such valida-
tion occurs. Second, for theories that have been appar-
ently corroborated or falsified by high-quality tests, it is
still worth asking: what did the tests actually show? Did
they prove or disprove the entire theory, or only some
aspect of it? This interpretation of data, formalized in
the GRADE system of assessing certainty of evidence
[2], should guide the application of research findings into
the real world. Finally, when evaluating an idea for which

there is existing knowledge, it is worth placing the idea
in its available context. Ample time also provides ample
opportunities for falsification. Ideas that have withstood
Popper’s test are probably robust—and more likely to be
“true” as compared to the “new truths” with which we are
all nowadays regularly confronted.
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