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1. A lot went right during COVID-19



Horwitz LI, et al. Trends in COVID-19 risk-adjusted mortality rates. Journal of Hospital Medicine. DOI 10.12788/jhm.3552



https://www.vox.com/2021/2/20/22280817/covid-19-deaths-us-nursing-home-icu-ventilator



Horwitz LI, et al. Trends in COVID-19 risk-adjusted mortality rates. Journal of Hospital Medicine. DOI 10.12788/jhm.3552

§ Improved clinical experience

§ Growing use of pharmacological treatments, 

e.g., remdesivir, systemic corticosteroids, 

anticytokine treatments

§ Better non-pharmacological treatments, e.g., 

proning





https://www.weforum.org/agenda/2020/06/vaccine-development-barriers-coronavirus/





mRNA presents a promising vector that may well 

become the basis of a game-changing vaccine 

technology platform…



2. So much went wrong



https://www.nytimes.com/interactive/2021/world/covid-cases.html



https://www.nytimes.com/interactive/2021/world/covid-cases.html



https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html



https://www.nytimes.com/interactive/2020/us/coronavirus-us-cases.html



https://www.nytimes.com/interactive/2021/us/covid-cases.html



https://ourworldindata.org/excess-mortality-covid



https://www.cdc.gov/mmwr/volumes/70/wr/pdfs/mm7014e1-H.pdf



https://www.cdc.gov/nchs/data/vsrr/VSRR10-508.pdf



https://www.businessinsider.com/chart-us-weekly-coronavirus-deaths-compared-heart-disease-cancer-flu-2020-4
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https://www.cdc.gov/nchs/data/vsrr/VSRR10-508.pdf



https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/

https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/


https://tracktherecovery.org



https://www.nature.com/immersive/d41586-021-00943-x/index.html



https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/



Congressional Research Service. https://crsreports.congress.gov R46554

https://crsreports.congress.gov/


Congressional Research Service. https://crsreports.congress.gov R46554

https://crsreports.congress.gov/


Congressional Research Service. https://crsreports.congress.gov R46554

https://crsreports.congress.gov/


https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/

https://www.washingtonpost.com/graphics/2020/business/coronavirus-recession-equality/




3. Why did it all go so wrong?



Unnecessary risk of getting COVID



https://www.nytimes.com/interactive/2021/03/11/opinion/covid-inequality-race-gender.html?action=click&module=Opinion&pgtype=Homepage
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Ability to work remotely



Data: Bureau of Labor Statistics
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Unnecessary risk of severe COVID



https://www.npr.org/sections/health-shots/2020/04/01/824874977/underlying-health-disparities-could-mean-coronavirus-hits-some-communities-harde

https://www.npr.org/sections/health-shots/2020/04/01/824874977/underlying-health-disparities-could-mean-coronavirus-hits-some-communities-harde


https://www.ifs.org.uk/publications/14879
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High blood pressure Diabetes

https://www.cdc.gov/vitalsigns/aahealth/index.html


https://fivethirtyeight.com/features/mortality-black-belt/



McClure E, Feinstein L, Cordoba E, Douglas C, Emch M, Robinson W, Galea S, Aiello AE. The legacy of redlining in the effect of foreclosures on Detroit residents' 

self-rated health. Health and Place. 2019;55:9-19. PMID: 30448354. https://doi.org/10.1016/j.healthplace.2018.10.004

https://doi.org/10.1016/j.healthplace.2018.10.004


4. Why did we get it wrong?



Underinvestment in what makes us healthy



https://www.americanbluesscene.com/blind-willie-johnson-4f31196c00097/







Source: Roosa Tikkanen and Melinda K. Abrams, U.S. Health Care from a Global Perspective, 2019: Higher Spending, Worse 
Outcomes (Commonwealth Fund, Jan. 2020).
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https://nam.edu/vital-directions-for-health-health-care-priorities-from-a-national-academy-of-medicine-initiative/



https://tincture.io/lets-increase-life-expectancy-in-america-in-2018-a-new-year-for-opioids-social-determinants-c82c55d85283

5 years



https://ourworldindata.org/the-link-between-life-expectancy-and-health-spending-us-focus  Accessed September 7, 2016 



Underinvestment in what may have helped



https://khn.org/news/us-public-health-system-underfunded-under-threat-faces-more-cuts-amid-covid-pandemic/



https://khn.org/news/us-public-health-system-underfunded-under-threat-faces-more-cuts-amid-covid-pandemic/



https://khn.org/news/us-public-health-system-underfunded-under-threat-faces-more-cuts-amid-covid-pandemic/



https://khn.org/news/us-public-health-system-underfunded-under-threat-faces-more-cuts-amid-covid-pandemic/



https://khn.org/news/us-public-health-system-underfunded-under-threat-faces-more-cuts-amid-covid-pandemic/



5. Seizing the Covid-19 moment of opportunity





https://www.pewresearch.org/science/2020/05/21/trust-in-medical-scientists-has-grown-in-u-s-but-mainly-among-democrats/
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6. Ever better science



a. Avoiding false certitude

b. Acknowledging contradiction

c. Tolerating disagreement



a. Avoiding false certitude

b. Acknowledging contradiction

c. Tolerating disagreement



With a lot at stake, it is wise to be humble when 

faced with fundamental limitations. Dynamic models 

are usable as long as they take into account the 

uncertainty of the assumptions on which they are 

based and the data they are led by. If this is not the 

case, the results are on a par with assumptions or 

guesses.

Kristian Soltesz https://www.lunduniversity.lu.se/article/model-used-evaluate-lockdowns-was-flawed

“

”



The effects of communicating uncertainty on public
trust in facts and numbers
Anne Marthe van der Blesa,b,c,1!, Sander van der Lindena,b,d,1!, Alexandra L. J. Freemana,b!,
and David J. Spiegelhaltera,b!
aWinton Centre for Risk and Evidence Communication, University of Cambridge, Cambridge CB3 0WA, United Kingdom; bDepartment of Pure
Mathematics and Mathematical Statistics, University of Cambridge, Cambridge CB3 0WA, United Kingdom; cDepartment of Social Psychology, University
of Groningen, 19712 TS Groningen, The Netherlands; and dCambridge Social Decision-Making Lab, Department of Psychology, University of Cambridge,
Cambridge CB2 3RQ, United Kingdom

Edited by Arild Underdal, University of Oslo, Oslo, Norway, and approved February 20, 2020 (received for review August 7, 2019)

Uncertainty is inherent to our knowledge about the state of the
world yet often not communicated alongside scientific facts and
numbers. In the “posttruth” era where facts are increasingly con-
tested, a common assumption is that communicating uncertainty
will reduce public trust. However, a lack of systematic research
makes it difficult to evaluate such claims. We conducted five exper-
iments—including one preregistered replication with a national
sample and one field experiment on the BBC News website (total
n = 5,780)—to examine whether communicating epistemic uncer-
tainty about facts across different topics (e.g., global warming, im-
migration), formats (verbal vs. numeric), and magnitudes (high vs.
low) influences public trust. Results show that whereas people do
perceive greater uncertainty when it is communicated, we observed
only a small decrease in trust in numbers and trustworthiness of the
source, and mostly for verbal uncertainty communication. These
results could help reassure all communicators of facts and science
that they can be more open and transparent about the limits of
human knowledge.

communication | uncertainty | trust | posttruth | contested

Our knowledge is inherently uncertain. The process by which
we gather information about the state of the world is char-

acterized by assumptions, limitations, extrapolations, and gener-
alizations, which brings imprecisions and uncertainties to the facts,
numbers, and scientific hypotheses that express our understanding
of the world around us. However, despite the fact that scientists
and other producers of knowledge are usually well-aware of the
uncertainties around their findings, these are often not commu-
nicated clearly to the public and other key stakeholders (1). This
lack of transparency could potentially compromise important de-
cisions people make based on scientific or statistical evidence,
from personal medical decisions to government policies.
Recent societal developments do not seem to encourage more

openness about uncertainty: It has been suggested that we are
living in a “posttruth” era in which facts, evidence, and experts
are deeply mistrusted (2). Cross-national survey studies suggest
that in many countries, trust in institutions and governments is in
decline (3–5). Although the underlying causes of changes in trust
are likely to be complex and varied, it has been suggested that
one way to potentially repair and restore public trust in science,
evidence, and official statistics is to be more open and trans-
parent about scientific uncertainty (2). However, it is often as-
sumed that communicating uncertainty transparently will invite
criticism, can signal incompetence, or even decrease public trust in
science (1, 6–8). In fact, as summarized by the National Acade-
mies of Sciences, Engineering, and Medicine report on science
communication, “as a rule, people dislike uncertainty [...] people
may attribute uncertainty to poor science [. . . and] in some cases,
communicating uncertainty can diminish perceived scientific au-
thority” (ref. 7, pp. 27–28). For example, research by Johnson and
Slovic (9) found that for some respondents, uncertainty “evoked
doubt about agency trustworthiness” (p. 490), and that “despite

the general sense of honesty evoked [by uncertainty] . . . this did not
seem to offset concerns about the agency’s competence” (p. 491). In
fact, partly for these reasons, Fischhoff (1) notes that scientists may
be reluctant to discuss the uncertainties of their work. This hesita-
tion spans across domains: For example, journalists find it difficult
to communicate scientific uncertainty and regularly choose to ig-
nore it altogether (10, 11). Physicians are reluctant to communicate
uncertainty about evidence to patients (12), fearing that the com-
plexity of uncertainty may overwhelm and confuse patients (13, 14).
Osman et al. (15) even go as far as to argue explicitly that “the drive
to increase transparency on uncertainty of the scientific process
specifically does more harm than good” (p. 131).
At the same time, many organizations that produce and

communicate evidence to the public, such as the European Food
Safety Authority, have committed themselves to openness and
transparency about their (scientific) work, which includes com-
municating uncertainties around evidence (16–19). These at-
tempts have not gone without criticism and discussion about the
potential impacts on public opinion (15, 20). What exactly do we
know about the effects of communicating uncertainty around
facts, numbers, and science to the public?

Significance

Does openly communicating uncertainty around facts and
numbers necessarily undermine audiences’ trust in the facts, or
the communicators? Despite concerns among scientists, ex-
perts, and journalists, this has not been studied extensively. In
four experiments and one field experiment on the BBC News
website, words and numerical ranges were used to communi-
cate uncertainty in news article-like texts. The texts included
contested topics such as climate change and immigration sta-
tistics. While people’s prior beliefs about topics influenced their
trust in the facts, they did not influence how people responded
to the uncertainty being communicated. Communicating un-
certainty numerically only exerted a minor effect on trust.
Knowing this should allow academics and science communi-
cators to be more transparent about the limits of human
knowledge.

Author contributions: A.M.v.d.B., S.v.d.L., A.L.J.F., and D.J.S. designed research;
A.M.v.d.B., S.v.d.L., and A.L.J.F. performed research; A.M.v.d.B. and S.v.d.L. analyzed data;
and A.M.v.d.B., S.v.d.L., A.L.J.F., and D.J.S. wrote the paper.

The authors declare no competing interest.

This article is a PNAS Direct Submission.

This open access article is distributed under Creative Commons Attribution License 4.0
(CC BY).

Data deposition: The datasets collected and analyzed in this paper are available on the
Open Science Framework (https://doi.org/10.17605/OSF.IO/MT6S7).
1To whom correspondence may be addressed. Email: a.m.van.der.bles@rug.nl or sander.
vanderlinden@psychol.cam.ac.uk.

This article contains supporting information online at https://www.pnas.org/lookup/suppl/
doi:10.1073/pnas.1913678117/-/DCSupplemental.

First published March 23, 2020.
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numbers. In the “posttruth” era where facts are increasingly con-
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sample and one field experiment on the BBC News website (total
n = 5,780)—to examine whether communicating epistemic uncer-
tainty about facts across different topics (e.g., global warming, im-
migration), formats (verbal vs. numeric), and magnitudes (high vs.
low) influences public trust. Results show that whereas people do
perceive greater uncertainty when it is communicated, we observed
only a small decrease in trust in numbers and trustworthiness of the
source, and mostly for verbal uncertainty communication. These
results could help reassure all communicators of facts and science
that they can be more open and transparent about the limits of
human knowledge.
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Our knowledge is inherently uncertain. The process by which
we gather information about the state of the world is char-

acterized by assumptions, limitations, extrapolations, and gener-
alizations, which brings imprecisions and uncertainties to the facts,
numbers, and scientific hypotheses that express our understanding
of the world around us. However, despite the fact that scientists
and other producers of knowledge are usually well-aware of the
uncertainties around their findings, these are often not commu-
nicated clearly to the public and other key stakeholders (1). This
lack of transparency could potentially compromise important de-
cisions people make based on scientific or statistical evidence,
from personal medical decisions to government policies.
Recent societal developments do not seem to encourage more

openness about uncertainty: It has been suggested that we are
living in a “posttruth” era in which facts, evidence, and experts
are deeply mistrusted (2). Cross-national survey studies suggest
that in many countries, trust in institutions and governments is in
decline (3–5). Although the underlying causes of changes in trust
are likely to be complex and varied, it has been suggested that
one way to potentially repair and restore public trust in science,
evidence, and official statistics is to be more open and trans-
parent about scientific uncertainty (2). However, it is often as-
sumed that communicating uncertainty transparently will invite
criticism, can signal incompetence, or even decrease public trust in
science (1, 6–8). In fact, as summarized by the National Acade-
mies of Sciences, Engineering, and Medicine report on science
communication, “as a rule, people dislike uncertainty [...] people
may attribute uncertainty to poor science [. . . and] in some cases,
communicating uncertainty can diminish perceived scientific au-
thority” (ref. 7, pp. 27–28). For example, research by Johnson and
Slovic (9) found that for some respondents, uncertainty “evoked
doubt about agency trustworthiness” (p. 490), and that “despite

the general sense of honesty evoked [by uncertainty] . . . this did not
seem to offset concerns about the agency’s competence” (p. 491). In
fact, partly for these reasons, Fischhoff (1) notes that scientists may
be reluctant to discuss the uncertainties of their work. This hesita-
tion spans across domains: For example, journalists find it difficult
to communicate scientific uncertainty and regularly choose to ig-
nore it altogether (10, 11). Physicians are reluctant to communicate
uncertainty about evidence to patients (12), fearing that the com-
plexity of uncertainty may overwhelm and confuse patients (13, 14).
Osman et al. (15) even go as far as to argue explicitly that “the drive
to increase transparency on uncertainty of the scientific process
specifically does more harm than good” (p. 131).
At the same time, many organizations that produce and

communicate evidence to the public, such as the European Food
Safety Authority, have committed themselves to openness and
transparency about their (scientific) work, which includes com-
municating uncertainties around evidence (16–19). These at-
tempts have not gone without criticism and discussion about the
potential impacts on public opinion (15, 20). What exactly do we
know about the effects of communicating uncertainty around
facts, numbers, and science to the public?

Significance

Does openly communicating uncertainty around facts and
numbers necessarily undermine audiences’ trust in the facts, or
the communicators? Despite concerns among scientists, ex-
perts, and journalists, this has not been studied extensively. In
four experiments and one field experiment on the BBC News
website, words and numerical ranges were used to communi-
cate uncertainty in news article-like texts. The texts included
contested topics such as climate change and immigration sta-
tistics. While people’s prior beliefs about topics influenced their
trust in the facts, they did not influence how people responded
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Results show that whereas 

people do perceive greater 

uncertainty, when it is 

communicated, we observed 

only a small decrease in trust in 

numbers and trustworthiness of 

the source..



a. Avoiding false certitude

b. Acknowledging contradiction

c. Tolerating disagreement







a. Avoiding false certitude

b. Acknowledging contradiction

c. Tolerating disagreement







Adopting measures to protect the vulnerable should be the central 

aim of public health responses to COVID-19. By way of example, 

nursing homes should use staff with acquired immunity and perform 

frequent testing of other staff and all visitors. Staff rotation should be 

minimized. Retired people living at home should have groceries and 

other essentials delivered to their home. When possible, they should 

meet family members outside rather than inside. A comprehensive 

and detailed list of measures, including approaches to multi-

generational households, can be implemented, and is well within the 

scope and capability of public health professionals.

“

”





7. The challenges to our approaches



a. The complexity of the system

b. Our biases and privileged perspectives

c. Epistemic arrogance



a. The complexity of the system

b. Our biases and privileged perspectives

c. Epistemic arrogance



Rasch UnIT Scale. https://www.nwea.org/content/uploads/2020/11/Collaborative-brief-Learning-during-COVID-19.NOV2020.pdf



https://www.mckinsey.com/featured-insights/coronavirus-leading-through-the-crisis/charting-the-path-to-the-next-normal/american-students-of-color-in-the-us-are-

falling-behind-during-the-pandemic





Modified from https://jamanetwork.com/journals/jama/fullarticle/2774465

https://jamanetwork.com/journals/jama/fullarticle/2774465


Hummer RA, Hernandez EM. The Effect of Educational Attainment on Adult Mortality in the United States  Popul Bull. 2013 June ; 68(1): 1–16. 





a. The complexity of the system

b. Our biases and privileged perspectives

c. Epistemic arrogance
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https://www.insidehighered.com/news/2012/10/24/survey-finds-professors-already-liberal-have-moved-further-left



https://morningconsult.com/2021/01/19/an-inaugural-inflection-point-ushering-in-a-new-era-of-marketing-amid-a-polarized-public/
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Courtesy of Enrique Schisterman. DeVilbiss et al, Under review

Epidemiologists today



a. The complexity of the system

b. Our biases and privileged perspectives

c. Epistemic arrogance



Epistemic arrogance is the tendency to overestimate 

our ability to predict when we’re overconfident in our 

knowledge.

https://www.shortform.com/blog/epistemic-arrogance/

“
”
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