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Uncertainty creates conditions for misinformation to 
flourish—and flourish it has. As the world continues 
to grapple with the pandemic and the U.S. faces a 
high-stakes election season, how can society be less 
fragile to toxic media manipulation, whether it is from 
the highest levels of governments or homegrown?
Illustration by Hanna barczyk.

  28 SPECIAL REPORT 

 30    How to Get Through  
This election  
 By Claire Wardle 

 32   The roots of vaccine mistrust 
It’s not just “antiscience” thinking. 
 By Zakiya Whatley and Titilayo Shodiya 

 34  Truth Activism 
The history of online protest movements.   
By Joan Donovan 

 39  Power Play 
Can live simulation games help  
journalists fight disinformation?  
 By Jen Schwartz 

 41    CovID-19 misinformation  
That Won’t Go Away 
The most insidious falsehoods about  
the novel coronavirus—and why people 
believe them.  By Tanya Lewis 

E VOLUTION 

 44  How Birds Branched Out 
Modern birds are incredibly diverse. A new study 
reveals how they achieved their spectacular  
evolutionary success.  By Kate Wong 

SPACE 

 50  Orbital Aggression 
How do we prevent war in space? 
 By Ann Finkbeiner 

NEUROSCIENCE 

 58  A Disorder of Mind and Brain 
A mysterious condition once known as hysteria  
is challenging the divide between psychiatry  
and neurology.  By Diana Kwon 

SOCIOLOGY 

 66  The Pandemic We Forgot 
The 1918 flu killed millions, then faded from  
collective memory. Could the same happen  
with  COVID-19?  By Scott Hershberger 

ARCHAEOLOGY 

 70  Ancient Plagues Shaped the World 
DNA of bacteria and viruses, recovered from 
human remains, shows how pathogens helped  
to topple empires from Europe to the  Americas. 
 By James P. Close 

MISINFORMATION
!

CONFRONTING 44

© 2020 Scientific American







Scientific American (ISSN 0036-8733), Volume 323, Number 5, November 2020, published monthly by Scientific American, a division of Springer Nature America, Inc., 1 New York Plaza, Suite 4600, New York, N.Y. 10004-1562. 
Periodicals postage paid at New York, N.Y., and at additional mailing offices. Canada Post International Publications Mail (Canadian Distribution) Sales Agreement No. 40012504. Canadian BN No. 127387652RT; TVQ1218059275 TQ0001. 
Publication Mail Agreement #40012504. Return undeliverable mail to Scientific American, P.O. Box 819, Stn Main, Markham, ON L3P 8A2.  Individual Subscription rates:  1 year $49.99 (USD), Canada $59.99 (USD), International $69.99 (USD). 
 Institutional Subscription rates:  Schools and Public Libraries: 1 year $84 (USD), Canada $89 (USD), International $96 (USD). Businesses and Colleges/Universities: 1 year $399 (USD), Canada $405 (USD), International $411 (USD). 
Postmaster: Send address changes to Scientific American, Box 3187, Harlan, Iowa 51537.  Reprints inquiries: RandP@sciam.com. To request single copies or back issues, call (800) 333-1199.   
Subscription inquiries: U.S. and Canada (800) 333-1199; other (515) 248-7684. Send e-mail to scacustserv@cdsfulfillment.com.   
 Printed in U.S.A. Copyright © 2020 by Scientific American, a division of Springer Nature America, Inc. All rights reserved. 

Scientific American is part of Springer Nature, which owns or has commercial relations with thousands of scientific publications (many of them can be found at www.springernature.com/us). Scientific American maintains a strict 
policy of editorial independence in reporting developments in science to our readers. Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

4 Scientific American, November 2020

 6  From the Editor 

 8  Letters 

 12  Science Agenda 
Who will we be after the pandemic?   
By the Editors 

 13  Forum 
The new U.S. Arctic coordinator has little experience 
with climate change, which is the biggest issue facing 
the region.  By Victoria Herrmann 

 14  Advances 
Cancer cells in a tiny maze. Hurricane-surfing parasites. 
A nationwide look at housing’s carbon footprint.  
Building with metal-breathing microbes.

 24  Meter 
Now let us praise the noble gases.   
By Douglas O. Linder 

 25  The Science of Health 
Yoga may boost neural regions, brain scans hint. 
 By Claudia Wallis 

 76  Recommended 
The practice of mapping geologic layers. A podcast ex  plor-
ing extraterrestrial intelligence. Oliver Sacks and the art 
of telling patients’ stories.  By Andrea Gawrylewski 

 77  Observatory 
With lives at stake, medical guidance on wearing masks 
should not be confusing.  
 By Naomi Oreskes 

 78  Anti Gravity 
Einstein wrote for this publication, as did some  
non-Einsteins. By Steve Mirsky 

 79  50, 100 & 150 Years Ago 
 By Dan Schlenoff 

 80  Graphic Science 
Influenza seems to have skipped its southern season. 
 By Katie Peek 78

14

12

© 2020 Scientific American





6 Scientific American, November 2020 Illustration by Nick Higgins

FROM  
THE EDITOR Laura Helmuth  is editor in chief of  Scientific American.   

Follow her on Twitter @laurahelmuth 

BOARD OF ADVISERS 
Robin E. Bell  

Research Professor, Lamont-Doherty Earth Observatory,  

Columbia University 

Emery N. Brown  
Edward Hood Taplin Professor of Medical Engineering  

and of Computational Neuro science, M.I.T.,  

and Warren M. Zapol Prof essor of Anesthesia, Harvard Medical School 

Vinton G. Cerf  
Chief Internet Evangelist, Google 

Emmanuelle Charpentier  
Scientific Director, Max Planck Institute for Infection Biology,  

and Founding and Acting Director, Max Planck Unit for the  

Science of Pathogens 

Rita Colwell  
Distinguished University Professor, University of Maryland College Park  

and Johns Hopkins Bloomberg School of Public Health 

Kate Crawford  
Director of Research and Co-founder, AI Now Institute,  

and Distinguished Research Professor, New York University,  

and Principal Researcher, Microsoft Research New York City 

Nita A. Farahany  
Professor of Law and Philosophy, Director,  

Duke Initiative for Science & Society, Duke University 

Jonathan Foley  
Executive Director, Project Drawdown 

Jennifer A. Francis  
Senior Scientist, Woods Hole Research Center 

Carlos Gershenson  
Research Professor, National Autonomous University of Mexico 

Alison Gopnik  
Professor of Psychology and Affiliate Professor  

of Philosophy, University of California, Berkeley 

Lene Vestergaard Hau  
Mallinckrodt Professor of Physics and of Applied Physics,  

Harvard University 

Hopi E. Hoekstra  
Alexander Agassiz Professor of Zoology, Harvard University 

Ayana Elizabeth Johnson  
Founder and CEO, Ocean Collectiv 

Christof Koch  
Chief Scientist, MindScope Program, Allen Institute for Brain Science 

Meg Lowman  
Director and Founder, TREE Foundation, Rachel Carson Fellow,  

Ludwig Maximilian University Munich, and Research Professor,  

University of Science Malaysia 

John Maeda  
Global Head, Computational Design + Inclusion, Automattic, Inc. 

Satyajit Mayor  
Senior Professor, National Center for Biological Sciences,  
Tata Institute of Fundamental Research 

John P. Moore  
Professor of Microbiology and Immunology,  
Weill Medical College of Cornell University 

Priyamvada Natarajan  
Professor of Astronomy and Physics, Yale University

Donna J. Nelson  
Professor of Chemistry, University of Oklahoma 

Lisa Randall  
Professor of Physics, Harvard University 

Martin Rees  
Astronomer Royal and Professor of Cosmology and Astrophysics,  
Institute of Astronomy, University of Cambridge 

Daniela Rus  
Andrew (1956) and Erna Viterbi Professor of Electrical Engineering  
and Computer Science and Director, CSAIL, M.I.T. 

Meg Urry  
Israel Munson Professor of Physics and Astronomy, Yale University 

Amie Wilkinson  
Professor of Mathematics, University of Chicago 

True Reality
This month  I learned that senior editor Jen Schwartz is an evil 
genius at media manipulation. She produced our cover package 
about misinformation (starting on page  28), including a story 
about her own role in an Election Day drill in which she dem-
onstrated how easily bad actors can disrupt honest news cover-
age. It’s funny and chilling and a little too real for comfort, and 
I’m more grateful than ever that she is working for the side of 
truth and reality rather than disinformation. 

Misinformation is one of the hottest areas of research right 
now—unfortunately because there’s just so much to study. With 
the pandemic, election season, trolls who weaponize confusion 
and the massive influence of social media platforms, conspiracy 
theories and quackery are spreading more quickly and widely 
than ever. We hope that understanding the science of misinfor-
mation will help us all tell sense from nonsense and find the best 
ways to resist and debunk dangerous myths. 

During the pandemic shutdown, lots of people are discover-
ing the joy of watching birds. Senior editor Kate Wong was 
inspired by the goldfinches at her feeder to look into how birds 
evolved such spectacular diversity (  page  44 ). As a longtime 
birder, I’m delighted to see this hobby becoming more popular. 
It’s now hawk migration season, so when you’re outdoors, look 
up, and you might see raptors heading south in a hurry. 

You might not expect a story about space war to be . . .  charm-
ing? And amusing? Satellites fighting satellites is a serious issue, 
and science writer Ann Finkbeiner is a serious person, but she 
also knows how to bring out the absurdity of a situation and get 
experts to tell us what they really think. Turn to page  50 and 
enjoy an amazing graphic within. 

Rocket science may be challenging, but brain science is 
immeasurably more complicated. Beginning on page  58, jour-
nalist Diana Kwon offers a possible explanation for how psycho-
logical trauma can cause neurological symptoms in a feedback 
loop that scientists are just starting to piece together. The mys-
terious condition is called functional neurological disorder. 

At a time when every conversation eventually turns to the 
pandemic, it’s hard to imagine that we will ever forget it. But col-
lective memory for the catastrophic influenza of 1918–1919, 
which killed 50  million to 100 million people, was shockingly 
fleeting. The story, on page  66, is by Scott Hershberger, a sum-
mer writing fellow who worked with us through a program from 
the American Association for the Advancement of Science. 

Plenty of other plagues have shaped history, and researchers 
around the world are extracting pathogens’ genetic material 
from their victims to show which diseases caused the worst mass 
deaths and how the germs spread around the world. The article 
by science writer James P. Close begins on page 70. We hope that 
looking at the history of past plagues can help us understand 
the  COVID-19 pandemic, which will only be ended with science, 
public health measures and a shared interpretation of reality. 

We got more attention than we expected for our editorial in 
last month’s issue endorsing Joe Biden for president. More than 
1,000 publications covered the endorsement, and the response 
was overwhelmingly positive (whew). Thanks very much to every-
one who sent supportive messages, including some people who 
disagree with the decision but respect us for feeling a responsi-
bility to speak up. We hope those who are disappointed in the 
endorsement will stick with us for everything else we have in 
common: a desire to understand the world, share knowledge and 
discoveries, and show that reality is more rich and fascinating 
than misinformation. 

© 2020 Scientific American
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OBESITY AND PREJUDICE 
In “Treating Patients without the Scale,” 
Virginia Sole-Smith describes physician 
Louise Metz’s approach to issues around 
weight and eating that affect individuals’ 
health. I could not agree more with Metz, 
whose technique involves encouraging 
healthier behaviors rather than focusing 
on weight. 

During the past 27 years of my practice 
of internal medicine before my retirement, 
I treated many hundreds of people with 
eating disorders whose body mass index 
(BMI) ranged from malnourished to mor-
bidly obese. They taught me much about 
how to treat all of my patients. As the ar-
ticle notes, for different racial, cultural, 
ethnic and socioeconomic groups, there 
are huge disparities in societal attitudes 
and acceptance, as well as in treatment re-
ceived from the medical community. In 
addition, I believe one of the greatest dis-
parities is manifested in gender: Men are 
far less likely to experience bias against 
overweight people than women. Men also 
have eating disorders that are not as often 
recognized as they would be in women. 

A. Lee Tucker, Jr.  Nashville, Tenn. 

In “The Racist Roots of Fighting Obesity,” 
Sabrina Strings and Lindo Bacon assert 
that “blaming black women’s health con-
ditions on ‘obesity’ ignores  . . .  critically 
important sociohistorical factors.” They 
also say that prescribing weight loss is in-

effective and that “the most effective and 
ethical approaches  . . .  should aim to  . . . 
[tackle] racism, sexism and weightism.” 
That strategy provides only a partial solu-
tion to improve African-American health. 

As a Black woman and a physician, I 
have personally and professionally seen the 
deleterious effects of obesity that extend be-
yond subjective aesthetics. I agree that forc-
ing individuals to conform to specific body 
types that are rooted in racism, classism 
and sexism is unhealthy and potentially 
harmful. But given the evidence of the in-
creased all-cause mortality associated with 
obesity—especially at a BMI greater than 
35—it would be a disservice not to address 
it in African-Americans. The work Strings 
and Bacon describe does not invalidate the 
need for obesity treatment in African-Amer-
ican patients with diseases related to the 
condition. Rather it reemphasizes that such 
treatment must comprehensively address 
nutrition, physical activity, behavior and, if 
needed, medication or bariatric surgery. 

Additionally, for Black people globally, 
it is critical to incorporate the effects of 
personal and systemic racism, as well as 
other psychosocial factors, into obesity-
treatment planning to truly create lasting 
weight loss and optimal health. 

Sylvia Gonsahn-Bollie  via e-mail 

FLAVOR COMBINATION 
“The Darkest Particles,” by William 
Charles Louis and Richard G. Van de Wa-
ter, describes how neutrinos emanating 
from the sun transition from one of the 
three known “flavors” to another en route 
to Earth. The “Neutrino Flavors” box illus-
trates how the cumulative contribution of 
a neutrino’s three mass states determines 
its flavor during the course of its travel. 
The particle is shown with a sharply de-
fined mass state combination associated 
with an electron neutrino at its source and 

one indicating a tau neutrino at its desti-
nation. But the graphic seems to suggest 
that between those points, the neutrino 
passes through a large number of mass 
state combinations. Do the three flavors 
encompass a wide enough range of com-
binations to account for the entire tran-
sit? If not, what is the neutrino when it is 
not one of them? 

Allan W. Malinen   
Kingsburg, Nova Scotia 

I assume that there is agreement that the 
tau and electron neutrinos are, respective-
ly, thought to be the most and least mas-
sive of the three known flavors. In the 
“Neutrino Flavors” box, an illustration of 
the three mass states of the normal hier-
archy produces the expected result. Mean-
while the illustration of the inverted hier-
archy seems to propose that the electron 
neutrino’s predominant mass state (mass 1) 
is not the smallest state but the inter-
mediate one. 

Yet to maintain the expected rank or-
der of the masses in the inverted hierar-
chy, the “extremely small mass” must be 
the electron neutrino’s second most prom-
inent mass state (mass 2). If it were mass 3, 
as the illustration shows, then the tau neu-
trino—which is dominated by that state—
would easily be the least massive of the 
three flavors. Is the illustration in error? 

Eric M. Van  via e-mail 

THE AUTHORS REPLY:  To answer Mali-
nen: If the neutrino starts out as a pure 
electron neutrino, then it will be in a su-
perposition of the three known flavors as 
it travels from its source. Therefore, if the 
particle is detected downstream from that 
source, it will have different probabilities 
of being an electron, muon or tau neutri-
no. If the sum of these probabilities is 
measured to be less than one, then that re-
sult would be evidence that the neutrino’s 
flavor is the possible fourth “sterile” type 
that we discuss in our article. 

In reply to Van: The figures of the three 
mass states are correct. As they show, the 
electron neutrino consists of a superposi-
tion of these different states rather than 
having a single mass. The particle’s most 
dominant mass state is mass 1, followed 
by mass 2 and then mass 3. Neutrino os-
cillation experiments have shown that 
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 “As a Black woman 
and a physician, 
I have seen the 
deleterious effects 
of obesity.” 

sylvia gonsahn-bollie  via e-mail 
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