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The social dynamics of “alternative facts”: why what you believe depends on who you

know“Empowering and thoroughly researched, this book offers useful contemporary analysis

and possible solutions to one of the greatest threats to democracy.”—Kirkus ReviewsEditors’

choice, New York Times Book Review • Recommended reading, Scientific AmericanWhy

should we care about having true beliefs? And why do demonstrably false beliefs persist and

spread despite bad, even fatal, consequences for the people who hold them? Philosophers of

science Cailin O’Connor and James Weatherall argue that social factors, rather than individual

psychology, are what’s essential to understanding the spread and persistence of false beliefs. It

might seem that there’s an obvious reason that true beliefs matter: false beliefs will hurt you.

But if that’s right, then why is it (apparently) irrelevant to many people whether they believe true

things or not? The Misinformation Age, written for a political era riven by “fake news,”

“alternative facts,” and disputes over the validity of everything from climate change to the size

of inauguration crowds, shows convincingly that what you believe depends on who you know. If

social forces explain the persistence of false belief, we must understand how those forces work

in order to fight misinformation effectively.

"To read Robbins’ bio on the life of Penick is to read about how golf can shape a life and how

that life can extend into others in a unique and special way." —GolfDigest.com "A readable,

conscientious biography that fills in the blanks, doing justice to Penick’s lucid teachings, and

the legacy he left behind." —The Austin American-Statesman “Deeply researched and

lovingly written…The most important book of the last decade in the sports genre. If you are a

golf fan, you owe it to yourself to read it.” —The San Jose Examiner "A detailed

biography...This book will appeal to those interested in the development of golf in the 20th

century." —Library Journal “Harvey Penick was a rare gentleman whose legacy deserves

this book. Kevin Robbins has revealed through extensive and caring research the aspects of

Penick's life that made him the endearing man he was. Harvey Penick: The Life and Wisdom of

the Man Who Wrote the Book on Golf opens wide a window into the soul of someone whose

story transcends the game.” —Ben Crenshaw, two-time Masters Tournament champion “This

thorough, absorbing biography is also a history of golf in America and how one man taught so

many how to hit a golf ball so well….Kevin Robbins provides great anecdotes and stories about

and from [Harvey Penick’s] most accomplished students, including Betsy Rawls, Mickey

Wright, and Tom Kite.” —Kirkus Reviews "Finally the book that explains how Harvey Penick's

humble, humane life led to an incomparable treasure trove of golf wisdom and insight. Kevin

Robbins's work is an important contribution to golf history." —Bill Pennington, author of Billy

Martin and On Par “I’m always thrilled to learn about the quiet giants and caretakers of golf,

no less so with Kevin Robbins’s beautiful account of the game’s most influential teacher and

mentor. Harvey Penick’s life was a graceful journey through the game, a story of one man’s

humble trials and epiphanies and gently tutored wisdom that, down the fairway, resulted in the

bestselling sports book of all time — a gift to every golfer and student of the game. This book

deserves an honored spot right by Harvey’s beloved Little Red Book.” —James Dodson, author

of American Triumvirate and Final Rounds "A warm, insightful portrait of an uncommonly wise

and gentle soul. Harvey defined 'teacher' and you will learn why." —Mark Frost, best-selling

author of The Greatest Game Ever Played, The Grand Slam, and The Match "Harvey Penick



led an exceptional golfing life, and Kevin Robbins has written an exceptional account of it. His

book is transporting. I have a whole new understanding of Penick, his writings, and how Ben

Crenshaw, Tom Kite, Betsy Rawls and all the others under his tutelage became the people they

became. What a life, captured here beautifully." —Michael Bamberger, author of Men in Green

and To the Linksland “What a great story about a great man. Anyone who knew Harvey knew

he was special. This book just confirms it.” —Kathy Whitworth, LPGA Hall of Fame golfer

“Legendary g --This text refers to the hardcover edition.From the Inside FlapThe first-ever

biography of the iconic and beloved golf coach who caddied for Francis Ouimet, played with

Ben Hogan, competed against Bobby Jones, shaped Ben Crenshaw, and distilled his golf

wisdom into theLittle Red Book, granting simplicity to a vexing yet beloved sportMillions of

people were charmed by the homespun golf advice dispensed inHarvey Penick s Little Red

Book, a sports classic that went on to become the best-selling sports book of all time. Yet

beyond the Texas golf courses where Penick happily toiled for the better part of eight decades,

few people knew the self-made golf pro who coaxed the best out of countless greats Tom Kite,

Ben Crenshaw, Betsy Rawls, Mickey Wright all champions who considered Penick their coach

and lifelong friend.InHarvey Penick, Kevin Robbinstells the story of this legendary steward of

the game. From his first job as a caddie at age eight to his ascendance to head golf pro at the

esteemed Austin Country Club to his playing days when he competed with Bobby Jones and

Walter Hagen to his mentorship of some of golf s finest players, Penick studied every nuance

of the game. Along the way, he scribbled his observations and anecdotes, tips and tricks, and

genuine love of the sport in his little red book, which ultimately became a gift to golfers

everywhere.Part elegy to golf s greatest teacher, part inquiry into his simple, impactful

teachings, part history of golf over the past century, Harvey Penickis an exquisitely written

sports biography." --This text refers to the hardcover edition.From the Back CoverThe first-ever

biography of the iconic and beloved golf coach who caddied for Francis Ouimet, played with

Ben Hogan, competed against Bobby Jones, shaped Ben Crenshaw, and distilled his golf

wisdom into the Little Red Book, granting simplicity to a vexing yet beloved sportMillions of

people were charmed by the homespun golf advice dispensed in Harvey Penick’s Little Red

Book, a sports classic that went on to become the best-selling sports book of all time. Yet

beyond the Texas golf courses where Penick happily toiled for the better part of eight decades,

few people knew the self-made golf pro who coaxed the best out of countless greats—Tom

Kite, Ben Crenshaw, Betsy Rawls, Mickey Wright—all champions who considered Penick their

coach and lifelong friend. In Harvey Penick, Kevin Robbins tells the story of this legendary

steward of the game. From his first job as a caddie at age eight to his ascendance to head golf

pro at the esteemed Austin Country Club to his playing days when he competed with Bobby

Jones and Walter Hagen to his mentorship of some of golf’s finest players, Penick studied

every nuance of the game. Along the way, he scribbled his observations and anecdotes, tips

and tricks, and genuine love of the sport in his little red book, which ultimately became a gift to

golfers everywhere. Part elegy to golf’s greatest teacher, part inquiry into his simple, impactful

teachings, part history of golf over the past century, Harvey Penick is an exquisitely written

sports biography. --This text refers to the hardcover edition.About the AuthorKevin Robbins is

a senior lecturer at the University of Texas at Austin School of Journalism. He spent over two

decades as a writer for daily newspapers, including the Austin American-Statesman, the

Memphis Commercial Appeal, and the St. Louis Post-Dispatch. His work has appeared in

Sports on Earth, the New York Times, espnW, and Texas Monthly and has been twice listed in

The Best American Sports Writing.--This text refers to the paperback edition.Excerpt. ©

Reprinted by permission. All rights reserved.Part I: The Yard Chapter One In the dining room



named for him at Austin Country Club, among the artifacts on the latte walls and the awards

and the letters from U.S. presidents (two) and winners of major championships (many more),

there is no evidence that Harvey Penick ever had a childhood. The pictures are all of a man.

The man is on a golf course, holding a golf club, wearing golf clothes, talking to a golfer, or, in

the case of a portrait that hangs between two glass cases of mementos, pondering a life in

golf. On a piece of old paper, the handwriting of a man notes the principles of a proper golf grip

and the essence of ball position. The earliest picture of Harvey appears to have been made

when he was in his late teens. He already was a full-time head golf professional.Over there is a

framed letter from Bobby Jones, typed on January 6, 1960. On the far wall, a blue-ink note

from Kathy Whitworth was signed in 1997 with a salutation of love. Pictures of Patty Berg and

Betty Hicks and Mickey Wright, each of them addressed to Harvey, are arranged near a piece

of White House stationery bearing a message of gratitude from President George W. Bush to

Harvey; at the other end of the room, President Bill Clinton's letter of condolence to Harvey's

wife Helen is propped up in an inexpensive frame under a woolen newsboy cap. There are

pictures of golf teams, pictures of men who won the Masters Tournament, and pictures of men

who won the U.S. Open Championship sitting with Harvey and smiling. There are black-and-

white photographs that are turning yellow. There are medals and proclamations and certificates

from events such as the 1942 Hale American National Open. There are so many references

here to the man Harvey Penick and his place in the sport that it's easy to overlook the eight-

year-old boy who wondered, in the year 1913, what to do now.The bustling city of Austin had

paved the street a block over from the Penick household on Cedar Street, where the quiet, twig-

thin boy lived with his parents and older brothers. Cedar Street, like the rest of Harvey's orbit

back then, was bald Texas dirt scraped by wind'''less a street than a path with wagon ruts and

hoofprints. It was short enough that the entire length could be viewed from the porch of the

Penick house, broad enough that the milk cow could be walked in the morning with the wagons

chittering from Seekatz Meat Market with sacks of flank, and far enough from Congress

Avenue that no one heard the streetcars hissing. The Penick family of Austin lived a long way

from the city center in 1913. From his bedroom window upstairs, Harvey could peel open the

cotton curtains, look out over the tops of the live oaks, and see the end of

everywhere.North.Harvey was eight years old that summer, and he had heard fanciful stories

about Fort Worth and Dallas, about the stockyards and the bank buildings and the clothiers for

men who favored seersucker in the summer and merino wool in winter. A lot of boys Harvey

knew at Pease Elementary School carried reasonable hopes of growing a fortune in Texas. A

lot of money was made and spent up there, two hundred miles away, in the two cities that most

defined the state. But Harvey never cared much for money.East.New wealth could also be

found in Houston and the surrounding towns that seemed to float on oil and oil money. Four

years before Harvey was born, the Lucas No. 1 well coughed up a fury of mud, gas, and black

syrup: Spindletop, near Beaumont, ripped the young and still-developing state from its agrarian

roots and thrust it into the soon-booming age of big energy. Many of Harvey's friends yearned

to one day buy a morning ticket for the interurban rail down at the union depot at Congress and

Cypress, settle in for the daylong ride to the bulging oil camps, arrive that evening for a supper

of Gulf catch, and wake to hard, dirty work and the promise of certain prosperity. But that

sounded to Harvey like such an unhappy way to live.South.Beyond San Antonio, cowboys

tended cattle on vast swaths of fertile land in the Rio Grande Valley. All the children in Austin

knew of King Ranch. It was the biggest and the best ranch in the entire West. If an ambitious

young stowaway from Manhattan could survive oppressive drought and grow a 15,000-acre

Mexican land-grant purchase into a livestock empire of more than 146,000 acres'''Richard King



and his partners even created the first American breed of beef cattle within its fences'''then a

boy from dusty Cedar Street could rustle a few such animals for an honest wage. But Harvey

never had the wandering spirit of a cowboy.West.West was the desert. West was six hundred

miles of prickly pear cactus and mesquite trees and blinding sun through no clouds all the way

to El Paso on the edge of Mexico. West was the ragged Davis Mountains and the yawning Big

Bend to be explored; deep and dry canyons to cross on the way; cold springs to swim; frontiers

to conquer; and factual and imagined rigors that Harvey and his friends read about in their

schoolbooks. There lay the romance of the American West. West was rugged. West was

hostile. Some of Harvey's adventurous classmates were eager to confront the sands of the

Chihuahuan Desert. They might not stop until they got to California. Maybe the Pacific.Harvey

knew he wasn't built for that. So he stood at his window and stared out.He wondered what he

would be, what he would do, where he would go. But he also understood that as a boy of eight

in a family of seven, he needed to be useful and, when possible, out from underfoot. He knew

sacrifice at a young age. His older brother Tom, tougher than Harvey and gritty, had taken an

interesting job a short walk from Cedar Street at a place the gentlemen called Austin Country

Club, which had a curious hub of recreation called a golf course, the only one in town. Tom

Penick was something called a caddie. Harvey knew nothing about caddies or golf or

gentlemen, but he knew the work paid in coins, because his brother dumped out his pockets at

night and Harvey saw them on the chest of drawers. Money. Tom had money. He also had

stories of playing a game that gave people fits of frustration and, when the ball flew just right, a

dizzy kind of joy. Fourteen years earlier, the gentlemen strode in their stiff collars and black

coats along Congress Avenue. The first paved road in the capital city of Texas, it was still

unimproved in 1899. Some in the group passed the limestone facade of the Hancock Opera

House, owned by the mayor. John Philip Sousa and Lillian Russell performed there when they

toured this far south and west.Some walked south from the university, along the Austin Electric

Railway Line and past the smudged windows of the Raatz Department Store. Blocks away, the

Ben Hur steamboat churned into port on the Colorado River, known then as Lake McDonald. A

Model A sputtered. Horses clopped through the silt. Wagons rattled through ruts. The men in

their business attire monitored their pocket watches that November afternoon in Austin. The

time neared 4:30.They gathered on bustling Sixth Street, shook hands outside the opulent

Driskill Hotel, stepped inside the columned lobby with marble floors, and swung open the tall

and consequential doors of Austin golf.Lewis Hancock, the son of a former member of the

Texas House of Representatives and the prosperous owner of the opera house, had invited

seventy-five acquaintances to the important meeting that day. Twenty-five of them came. It was

a Monday, November 13, nearly two decades since Hancock had graduated magna cum laude

from the law school at Harvard, where he met friends from the East who traveled widely. Some

of them had returned from as far away as Scotland, where, they reported, they had seen the

most interesting sight: grown men occupied with balls and sticks on the windswept pastureland

of the coasts, called links. Hancock was intrigued. His Harvard friends told him the Scots called

it golf. --This text refers to the hardcover edition.Read more
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The Misinformation AgeTheMisinformationAgeHow False Beliefs SpreadCailin O’ConnorJames

Owen WeatherallPublished with assistance from the foundation established in memory of

Calvin Chapin of the Class of 1788, Yale College.Copyright © 2019 by Cailin O’Connor and

James Owen Weatherall.All rights reserved.This book may not be reproduced, in whole or in

part, including illustrations, in any form (beyond that copying permitted by Sections 107 and

108 of the U.S. Copyright Law and except by reviewers for the public press), without written

permission from the publishers.Yale University Press books may be purchased in quantity for

educational, business, or promotional use. For information, please e-mail

sales.press@yale.edu (U.S. office) or sales@yaleup.co.uk (U.K. office).Set in Janson Roman

type by Integrated Publishing Solutions.Printed in the United States of America.A catalogue

record for this book is available from the British Library.This paper meets the requirements of

ANSI/NISO Z39.48-1992 (Permanence of Paper).10 9 8 7 6 5 4 3 2 1To Eve and

VeraContentsNote to ReaderINTRODUCTIONThe Vegetable Lamb of TartaryONEWhat Is

Truth?TWOPolarization and ConformityTHREEThe Evangelization of PeoplesFOURThe Social

NetworkNotesBibliographyAcknowledgmentsIndexNote to ReaderThroughout the text, we use

the plural pronouns “they” and “them” to refer to individual (i.e., singular) “agents” in

mathematical and computational models of social learning. This usage follows the practice in

the relevant academic literature. Although it may seem strange to some readers, the idea is to

both (1) avoid assigning a gender to an abstract entity and (2) preserve the sense of “agency”

of those entities, which would be lost if one were to use the singular “it.”The Misinformation

AgeINTRODUCTIONThe Vegetable Lamb of TartaryIn the middle part of the fourteenth

century, a text purporting to be the travel memoirs of an English knight named Sir John

Mandeville began to circulate among the learned of Europe.1 Mandeville, the text claimed, had

traveled through Asia Minor, northern Africa, and into India and had experienced many things

unknown in Western Europe. Among these wonders was an Indian tree bearing gourdlike fruit,

within which could be found tiny lambs, complete with flesh and blood. Mandeville claimed to

have eaten this fruit and to have found it “wondirfulle.”He was not the only writer of the period

to comment on these strange plants. An Italian friar named Odoric, who had also traveled

through the East, wrote of a similar experience about thirty years before Mandeville.2 He did

not claim to have eaten the fruits but had learned of them on his travels from “persons worthy

of credit.”3These reports of lamb-plants, which came to be known as the Vegetable Lamb of

Tartary, captured the medieval imagination. The Vegetable Lamb was reported as fact by

leading naturalists and botanical scholars, several of whom claimed to have studied it and to

have seen its wool. These claims persisted into the seventeenth century, and books reported

studies of plant-animal and animal-animal hybrids of which the Vegetable Lamb was merely

one famous example. (Another example of a nonexistent beast that appeared in scientific texts

was a horned hare that looked strikingly like a jackalope—the mythical creature of the

American Southwest said to be fond of whiskey and able to imitate the voices of

cowboys.)4Even during its heyday, the Vegetable Lamb had its skeptics. Baron von

Herberstein, a sixteenth-century ambassador to Russia from the Holy Roman Empire, reported

that the Vegetable Lamb initially struck him as fabulous.5 But as he looked into the matter, he

gradually became a believer, particularly after so many “people of credence” described their

direct experiences with the delicious flesh and downy snow-white wool of these lamb-pods.

The various stories he heard “differed so little” that he came to believe “that there was more

truthfulness in this matter than he had supposed.”Of course, there is no such plant and never



was. Nor are there other such hybrids. But it took nearly four centuries after Mandeville’s

writings appeared for European botanists and biologists to recognize the Vegetable Lamb for a

myth. In 1683, a Swedish naturalist named Engelbert Kaempfer, on direct order from King

Charles XI, undertook a systematic search in Asia Minor and established conclusively that

there simply are no Vegetable Lambs in the world.How could it happen that, for centuries,

European scholars could assert—with apparent certainty and seriousness—that lambs grew

on trees? How could a belief with no supporting evidence, a belief that should have appeared—

given all available experience concerning both plants and animals, and, indeed, regular

exposure to lambs—simply absurd, nonetheless persist for centuries?More important, are the

mechanisms by which such beliefs were formed and spread, even among so-called experts,

still present? What are today’s Vegetable Lambs, and how many of us believe in them?On

September 26, 2016, about six weeks before Donald Trump was elected president of the

United States, a website calling itself ETF News () posted a story with the headline “Pope

Francis Shocks World, Endorses Donald Trump for President, Releases Statement.” The story

included a statement allegedly from the Pope, asserting that he had decided to endorse Trump

because the FBI had not pursued criminal charges against his opponent, Hillary Clinton.6 (FBI

director James B. Comey had announced on July 5, 2016, that the FBI had concluded an

investigation of Clinton’s use of a personal email server while secretary of state. Because the

investigators found no evidence of intent to violate any law, they did not recommend

prosecution.)7“The FBI . . . has exposed itself as corrupted by political forces that have become

far too powerful,” said the Pope, according to ETF News. “Though I don’t agree with Mr. Trump

on some issues, I feel that voting against the powerful political forces that have corrupted the

entire American federal government is the only option for a nation that desires a government

that is truly for the people and by the people.” The article was shared or liked on Facebook

960,000 times between when it was posted and the election. (The total number of users who

saw the article, and even clicked on it, is perhaps ten times higher.)8 It was the single most-

shared election-related news item on Facebook in the three months leading up to the

election.9 By contrast, the most-shared article from a reputable news source during the same

period was a Washington Post opinion piece titled “Trump’s History of Corruption Is Mind-

Boggling. So Why Is Clinton Supposedly the Corrupt One?” It was shared 849,000 times. (Of

course, this piece, too, was nakedly partisan and hardly “news” in the standard sense—though

the reporting in the article met much higher journalistic standards than the ETF News

fabrication.) Also by way of contrast: Clinton lost eighteen US states by fewer than 250,000

votes—and she lost Wisconsin, Michigan, and Pennsylvania by fewer than 50,000 votes each.

Had these three states flipped, Clinton would have won the election.10Had the Pope endorsed

Trump, it would have been major news, covered widely by many news organizations and surely

deserving of attention. But it never happened. The entire story was fabricated.The papal

endorsement was the biggest “fake news” story of the election cycle, but it was hardly an

outlier. An analysis by Craig Silverman at BuzzFeed News found that the top twenty fake news

stories in the three months before the election were shared or liked a total of 8.7 million times

on Facebook. Over the same period, the top twenty news stories from reputable sources got

only 7.3 million Facebook shares or likes. In another study, economists Hunt Allcott at New

York University and Matthew Gentzkow at Stanford compiled a database of 115 pro-Trump and

41 pro-Clinton fake news stories that, together, were shared 38 million times in the weeks

before the election. These shares, they estimated, led to hundreds of millions of click-throughs.

They also produced a list of fake news sites that, together, had 159 million visits between

October 8 and November 8.11ETF News was particularly successful: five of its stories made



the top twenty list, and together those stories were responsible for 3.5 million shares or likes

during this period.12 ETF was arguably the most popular “news” source on the internet during

the months before the election. Its stories included accusations that Clinton had sold weapons

directly to the Islamic State, that US federal law disqualified her from holding office, that former

FBI director James Comey had received millions of dollars from the Clinton Foundation, and

that President Barack Obama had cut the pay of US military personnel.In one noteworthy case,

an ETF News story about the television host Megyn Kelly became a “trending topic” on

Facebook and was actively promoted by the site. The article claimed that Kelly had been

exposed as “a traitor” and fired from Fox News for supporting Hillary Clinton.13 (A feud

between Trump and Kelly had begun at a Republican primary debate on August 6, 2015, when

Kelly asked Trump a pointed question about his past derogatory statements about women.

Trump later made remarks that were widely interpreted as suggesting that Kelly’s criticisms

were due to her menstrual cycle.)None of these stories was true. Many were not even original

but were lifted directly from other fake news websites. The papal endorsement story, for

instance, was originally posted on a site called WTOE 5 News, part of a network of fake news

sites that drove traffic by claiming that celebrities were planning to move to various small towns

in the United States.14 (This site no longer exists.) Other articles were lifted, verbatim and

without attribution, from such sites as and . Somehow, though, the versions posted on ETF

News were shared far more on social media than the originals.The persistence and spread of

belief in the Vegetable Lamb was ultimately a harmless historical curiosity. But today’s

Vegetable Lambs have become a major political force not only in the US but also in the UK and

in Europe.15 Nearly a billion people live in the United States and the European Union (EU),

and billions more are affected by the military, trade, and immigration policies of those nations.

Whatever one thinks about the merits of Trump’s election, or of the UK’s exit from the EU

(“Brexit”), it is profoundly troubling to think that these momentous political events were

underwritten by falsehoods. And it raises a deep and unsettling question: Can democracy

survive in an age of fake news?16This is a book about belief. It is a book about truth and

knowledge, science and evidence. But most of all, it is a book about false beliefs.17 How do we

form beliefs—especially false ones? How do they persist? Why do they spread? Why are false

beliefs so intransigent, even in the face of overwhelming evidence to the contrary? And,

perhaps most important, what can we do to change them?This may sound like a truism, but it

is worth saying: Our beliefs about the world matter. They matter to decisions we make every

day. Do you eat sushi while pregnant? Well, that depends: Do you believe that the omega-3

fatty acids in fish will promote your baby’s brain development? Do you believe that mercury in

the fish will harm it? How likely is it that this particular restaurant harbors Listeria?Beliefs also

matter to decisions we make as a society—decisions concerning economic policy, public

health, and the environment, among other topics. Do we restrict automobile emissions? This

depends on our beliefs about how these emissions will affect public health and how restrictions

will affect economic growth. Do we limit government debt? It depends on what we believe

about whether that debt will affect our future well-being.These sorts of beliefs are not idle,

precisely because the decisions we make on their basis have real consequences. If you believe

false things about the world, and you make decisions on the basis of those beliefs, then those

decisions are unlikely to yield the outcomes you expect and desire. The world pushes back. If

you do not believe that large ocean fish contain much mercury, or do not believe that mercury

is harmful, then you may eat sushi while pregnant—and perhaps increase the chance of fetal

mercury poisoning. If you believe that high government debt is a drain on the economy, even

when interest rates are low, you will vote for policies that reduce debt, even at the cost of



government services or stimulus spending.That beliefs matter in this way means that holding

false beliefs can hurt us. And that makes their staying power all the more startling.To

understand why false beliefs persist and spread, we need to understand where beliefs come

from in the first place. Some come from our personal experience with the world. We have eaten

tomatoes many times before, without apparent ill effects, so we believe they are not dangerous.

(This, incidentally, is something Europeans did not discover for themselves for more than two

hundred years; these “poison apples” were long considered dangerous to eat.)18 We believe

that regular exercise and consistent sleep will help our moods, that cold will cause chapped

lips, and that gophers can be destructive pests in a garden. All these beliefs are based on

direct prior experience with the world around us.You might think that when we hold false beliefs

—beliefs that are inconsistent with the available evidence, and which are even widely known to

be inconsistent with that evidence—it is because of some failure to properly process the

information we receive from the world.19 Perhaps false beliefs are the result of cognitive

biases or blind spots, quirks of human psychology that prevent us from drawing reliable

inferences from our experience. Or else perhaps they come from a lack of experience or poor

education. Or maybe people with false beliefs are simply too stupid to see the truth, even with

the evidence right before their eyes. We often think of intelligence as a measure of just this:

How effective is a person at drawing reliable inferences under various circumstances? False

beliefs presumably indicate that a person is not drawing the right sorts of inferences.Surely

factors of this sort play a role in explaining how false beliefs form. But to focus on individual

psychology, or intelligence, is to badly misdiagnose how false beliefs persist and spread. It

leads us to the wrong remedies. Many of our beliefs—perhaps most of them—have a more

complex origin: we form them on the basis of what other people tell us. We trust and learn from

one another. Is there mercury in large fish after all? Most of us haven’t the slightest idea how to

test mercury levels. We must rely on information from others.This is true of virtually every

scientific belief we hold. If you ask most people in the United States whether the earth goes

around the sun or vice versa, they will reply that it is the earth that moves. (At least, 74 percent

will do so, according to a poll conducted by the National Science Foundation in 2012.)20 They

are (more or less) right. But they know this only because it is what someone told them. Even

professional scientists tend to work on specific research topics addressing a miniscule subset

of human knowledge and so are deeply dependent on others for the vast majority of their

scientific beliefs. This means that even our society’s most elite experts are susceptible to false

belief based on the testimony of others. It was the scientists and thinkers of medieval Europe,

remember, who were so knowledgeable about the Vegetable Lamb and its “wondirfulle

flesh.”The ability to share information and influence one another’s beliefs is part of what makes

humans special. It allows for science and art—indeed, culture of any sort. But it leads to a

conundrum. How do we know whether to trust what people tell us? If someone “of credence”

tells you that indubitably the Vegetable Lamb is real—or that the Pope endorsed Donald Trump

—do you believe that person? What if every smart, well-educated person you know believes in

the Vegetable Lamb? What if your friends post articles about the Vegetable Lamb on social

media and loudly joke about the ignorance of Vegetable Lamb Deniers? For most people, most

of the time, this will be enough to convince them that, yes, there is probably more truth in the

matter than they supposed.When we open channels for social communication, we immediately

face a trade-off. If we want to have as many true beliefs as possible, we should trust everything

we hear. This way, every true belief passing through our social network also becomes part of

our belief system. And if we want to minimize the number of false beliefs we have, we should

not believe anything. That way we never fall for Vegetable Lambs. Of course, it would be best to



believe only true things and never false ones, but for someone trying to adjudicate only on the

basis of what he or she hears from others, it is hard to separate the true from the false. Most of

us get our false beliefs from the same places we get our true ones, and if we want the good

stuff, we risk getting the bad as well.21Ultimately, what explains the persistence of the

Vegetable Lamb in medieval texts has nothing to do with botany or the natural world. It was a

purely social phenomenon. In thinking about Vegetable Lambs and fake news, we need to

understand the social character of belief—and recognize that widespread falsehood is a

necessary, but harmful, corollary to our most powerful tools for learning truths.We live in an

age of misinformation—an age of spin, marketing, and downright lies. Of course, lying is hardly

new, but the deliberate propagation of false or misleading information has exploded in the past

century, driven both by new technologies for disseminating information—radio, television, the

internet—and by the increased sophistication of those who would mislead us.22Much of this

misinformation takes the form of propaganda. This is material produced, often by a government

or political organization, to promote a particular viewpoint—or to challenge one. Mass-media

propaganda has long been a tool of governments to control their own citizens and to influence

the political fortunes of their competitors, both domestically and abroad. American and

European media consumers are regularly exposed to propaganda instruments produced by

foreign adversaries such as the Russian-government-funded, English-language RT media

organization and Sputnik News, which regularly reports on political events in the US and UK.23

(They are also exposed to domestic government-sponsored media, such as the BBC in the

UK.) And politically motivated media, ranging from news sources with a left or right “lean” to

sources trading in conspiracy theories, rumors, and fake news, play a role much like that of

state-run propaganda services.Political propaganda, however, is just part of the problem. Often

more dangerous—because we are less attuned to it—is industrial propaganda. This runs the

gamut from advertising, which is explicitly intended to influence beliefs, to concerted

misinformation campaigns designed to undermine reliable evidence.A classic example of the

latter is the campaign by tobacco companies during the second half of the twentieth century to

disrupt and undermine research demonstrating the link between smoking and lung cancer. (We

discuss this example in detail in Chapter 3.) Tobacco firms paid “experts” to create the

impression that there was far more uncertainty and far less consensus than there actually was.

This campaign successfully delayed, for a generation or more, regulation and public health

initiatives to reduce smoking. As historians of science Naomi Oreskes and Erik Conway

exhaustively document in their book Merchants of Doubt, the methods pioneered by cigarette

makers have been emulated by the energy industry and allied scientists and politicians to

create an impression of uncertainty concerning the severity and causes of climate

change.24All of these sources of deliberately partial, misleading, and inaccurate information—

from political propaganda, to politically motivated media, to scientific research shaped by

industrial interests—play an important role in the origins and spread of false beliefs. Just as it

was Mandeville’s fake memoirs that led to the widespread acceptance of the Vegetable Lamb,

fake news and fake science remain crucial sources of false beliefs.But the mere introduction of

misinformation cannot explain its widespread acceptance. Unlike belief in the Vegetable Lamb,

holding false beliefs about the health risks of smoking has serious consequences. And while a

definitive case for a link between cancer and smoking requires large-scale epidemiological

evidence and careful experiments, many, many people over the past century have watched

loved ones—smokers—die premature, painful deaths. This is precisely the sort of direct

experience that should bear on belief, unless other factors override it.So how can

propagandists override the weight of evidence from both direct experience and careful



scientific inquiry to shape our beliefs?We argue that propaganda often works by co-opting the

same social factors that allowed the Vegetable Lamb—and the Pope’s presidential

endorsement—to persist and spread. In the case of cigarette smoking, those who wished to

generate uncertainty could take advantage of the ways beliefs spread in a social network, and

the human tendencies that regulate this process. The result was that millions of people

suffered deaths that should have been preventable.In this book we argue that social factors are

essential to understanding the spread of beliefs, including—especially—false beliefs. We

describe important mechanisms by which false beliefs spread and discuss why, perhaps

counterintuitively, these very same mechanisms are often invaluable to us in our attempts to

reach the truth. It is only through a proper understanding of these social effects that one can

fully understand how false beliefs with significant, real-world consequences persist, even in the

face of evidence of their falsehood. And during an era when fake news can dominate real news

and influence elections and policy, this sort of understanding is a necessary step toward

crafting a successful response.In part, our argument draws on historical (and recent) examples

of false beliefs that have spread through communities of people trying to learn about the world.

Most of these examples, at least in the first chapters, come from science. We discuss how

groups of scientists have come to hold false beliefs, and how those beliefs have persisted even

as compelling evidence of their falsehood has appeared. We also discuss cases in which

scientists have come to reject as false a belief they previously held. As we argue, scientists,

just like the rest of us, are strongly influenced by their networks of social connections.25But the

fact that most of our examples come from science does not mean that our focus is limited to

beliefs held by scientists. To the contrary: we wish to argue that the sorts of social

considerations that we discuss here are crucial to understanding the persistence and spread of

virtually all false beliefs. We focus on scientists because most scientists, most of the time, are

doing their best to learn about the world, using the best methods available and paying careful

attention to the available evidence. They are trained to gather and analyze evidence and they

are generally well-informed about the issues they study. In other words, scientists are the

closest we have to ideal inquirers. For these reasons, the fact that even communities of

scientists can persist in false beliefs is striking—and if even scientists are influenced by social

factors, surely the rest of us are as well.There is another reason to focus on scientists.

Ultimately, all of us, individually and collectively, need to act in the world, and the success of

those actions depends on facts about how the world actually is. If we want to correctly

anticipate what the consequences of our actions will be—which, surely, we do—then we want

to carefully attend to the body of available evidence. When we do this, we often act like

scientists: we try to learn what has happened in the past, to understand why things happen the

way they do, and to predict what will happen in the future if we make various choices. We all

have experiences, remember them, and change our beliefs in light of those experiences.

Scientists, when doing science at least, merely try to be more systematic about this process.

So we look to science as an extreme version of what all of us are doing much of the time as we

try to make our way in the world.Analyzing particular examples is only part of our strategy,

however. The other part draws on methods from science itself: computer simulations and

mathematical modeling. Over the past two decades, philosophers of science have taken

models and ideas from fields such as economics and evolutionary biology and applied them to

understand “epistemic communities”—that is, communities of people trying to gain knowledge

about the world. Philosophers of science working with these models have tended to take

communities of scientists to be their primary target, but as we argue later in the book, the

models they have developed have much broader application: they can help us understand any



community of people gathering evidence and sharing belief.Why use mathematical models to

understand something complex like human learning? Large-scale social effects can be very

difficult to study using observational or experimental methods. This is because the processes

at work are widely distributed through time and space and often involve hundreds or thousands

of people. It is hard to intervene or to ask questions about how things would have turned out

under slightly different circumstances in the way scientists usually do. This is one reason that

simulations and modeling can help: by building simple computer programs that can mimic

groups of people sharing ideas, it is possible to test hypotheses about what sorts of factors can

matter to how such groups of people learn. This can then guide efforts to interpret what we see

in the real world—and even suggest new ways of seeing the full complexities of human

interaction.Analysis of these models can change our basic conception of ourselves. There is a

pervasive idea in Western culture that humans are essentially rational, deftly sorting fact from

fiction, and, ultimately, arriving at timeless truths about the world. This line of thinking holds

that humans follow the rules of logic, calculate probabilities accurately, and make decisions

about the world that are perfectly informed by all available information. Conversely, failures to

make effective and well-informed decisions are often chalked up to failures of human reasoning

—resulting, say, from psychological tics or cognitive biases.26 In this picture, whether we

succeed or fail turns out to be a matter of whether individual humans are rational and

intelligent. And so, if we want to achieve better outcomes—truer beliefs, better decisions—we

need to focus on improving individual human reasoning.Models of social learning help us see

that this picture of human learning and rationality is dangerously distorted.27 What we see in

these models is that even perfectly rational—albeit simple—agents who learn from others in

their social network can fail to form true beliefs about the world, even when more than

adequate evidence is available. In other words, individually rational agents can form groups

that are not rational at all.28This sort of disconnect between individual and group-level

rationality holds important morals for our understanding of human beliefs. Humans are animals

that evolved to have the abilities they needed to thrive in their evolutionary environments. Most

important, we are social animals. We have evolved to live in social groups, and to use these

groups to share and create knowledge and understanding about the world. Our ability to

successfully evaluate evidence and form true beliefs has as much to do with our social

conditions as our individual psychology.Taken together, these models, supplemented with

evidence from other disciplines, provide a startling picture of our (in)ability to process

information and make decisions. They help explain the Vegetable Lamb—but also explain how

far more dangerous beliefs can take hold and spread.In the 1964 political satire Dr.

Strangelove, US Air Force general Jack Ripper unilaterally launches a nuclear strike on the

USSR. His motive is to protect our “precious bodily fluids” from Soviet attack—an apparent

reference to the belief, promulgated by the far-right John Birch Society during the 1950s and

1960s, that water fluoridation was a communist plot against America.29 This sort of kneejerk

rejection, on the basis of pure speculation, of evidence-based public health interventions has

long been a part of American public life. And yet, while the John Birch Society and their kin

were certainly sincere in their opposition to water fluoridation (and many other government

activities), they remained firmly on the fringes during the twentieth century.Today, however, the

situation appears to be different. Evidence-poor arguments about public-health issues such as

global climate change, vaccination, and genetically modified foods are not only widely

discussed and credited in mainstream political discussions, but in many cases they are actively

supported by members of the current US administration, members of Congress, and some

leading politicians in the UK, EU, and elsewhere. And as we have already noted, fake news



and widespread false beliefs seem to have played significant roles in the 2016 US election, the

UK Brexit vote, and other recent elections in Europe.Of course, as we have already argued, to

some degree the persistence of false beliefs is simply part of the human condition. The core

structures of human knowledge and belief are such that social effects can lead to the spread of

falsity, even in cases where the world pushes back.And yet, there can be no doubt that the

situation is changing. Over the past two decades, influential figures in American and British

public life have adopted an ever-more-tenuous connection to the truth—and a complete

disregard for evidence, expert knowledge, or logical coherence—with no political

consequences. This leads to two urgent questions: What has changed? And how can we fix it?

One of our key arguments in this book is that we cannot understand changes in our political

situation by focusing only on individuals. We also need to understand how our networks of

social interaction have changed, and why those changes have affected our ability, as a group,

to form reliable beliefs.Since the early 1990s, our social structures have shifted dramatically

away from community-level, face-to-face interactions and toward online interactions. Online

social media such as Facebook and Twitter dramatically increase the amount of social

information we receive and the rapidity with which we receive it, giving social effects an extra

edge over other sources of knowledge. Social media also allows us to construct and prune our

social networks, to surround ourselves with others who share our views and biases, and to

refuse to interact with those who do not. This, in turn, filters the ways in which the world can

push back, by limiting the facts to which we are exposed.30Propagandistic tools are especially

effective in this environment. Social commentators have long noted the emergence of online

“echo chambers” in political discourse; models of social learning allow us to say why these

changes matter so much.31 People like to conform with those around them, and when we are

surrounded by peers who hold identical beliefs, the forces of conformity become extremely

strong. And as we argue, this tendency to conform can be weaponized—as evidenced by

Russian interventions in the US and UK in 2016.Likewise, the spread of ideas from scientists

and other experts to the public and to politicians is deeply influenced by social factors—and for

this reason, is readily manipulated. One of the most surprising conclusions from the models we

study in this book is that it is not necessary for propagandists to produce fraudulent results to

influence belief. Instead, by exerting influence on how legitimate, independent scientific results

are shared with the public, the would-be propagandist can substantially affect the public’s

beliefs about scientific facts. This makes responding to propaganda particularly difficult. Merely

sussing out industrial or political funding or influence in the production of science is not

sufficient. We also need to be attuned to how science is publicized and shared.Building on this

understanding of the subtle and pernicious ways in which propaganda works, we go on to

argue that the effects of propaganda can occur even in the absence of a propagandist. If

journalists make efforts to be “fair” by presenting results from two sides of a scientific debate,

they can bias what results the public sees in deeply misleading ways.32We also show why

some of the most obvious interventions to reduce the spread of propaganda and fake news,

such as breaking down barriers that prevent the spread of reliable information between

different communities, are unlikely to succeed. To learn from people whose views differ from

ours, we need to be connected to them, but we also need to trust them enough to believe what

they share. In a polarized political environment, that sort of trust is hard to come by.There is, of

course, no silver bullet for preventing the spread of lies and misinformation. We think the

interventions most likely to succeed involve radical and unlikely changes, such as the

development of new regulatory frameworks to penalize the intentional creation and distribution

of fake news, similar to laws recently adopted in Germany to control hate speech on social



media.33 And perhaps even more is needed—up to and including a reengineering of our basic

democratic institutions. Given the scant possibility (and the risks) of such changes, we point to

ways in which journalists and social media firms—and each of us individually—can limit the

spread of misinformation without needing to limit speech. We all want to avoid becoming

unwitting propagandists for someone else’s interests.But as important as it is to identify

particular interventions, it is equally important to understand the systems in which we are

intervening. The models of social learning we present here give us a powerful framework for

studying the consequences of possible interventions, and to predict, at least in a qualitative

way, how specific changes to social networks might help or hurt. This sort of analysis goes far

beyond hand-wringing about cultural trends to strike at the heart of how changing social

dynamics can affect our beliefs.It is crucial that we get a firmer grasp on this problem.

Increasingly in the West—including both the United States and much of Europe—decisions are

being made on the basis of lies and falsehoods. While it might seem that the solution is more

information, this view is too limited. We have more information than ever before. Arguably, it is

the abundance of information, shared in novel social contexts, that underlies the problems we

face.ONEWhat Is Truth?In May 1985, Joe Farman, Brian Gardiner, and Jonathan Shanklin, all

scientists working for the British Antarctic Survey (BAS), reported a startling discovery.1

According to their measurements, over the previous four years the quantity of ozone—a

molecule made of three oxygen atoms—in the upper atmosphere over Antarctica had dropped

precipitously when compared with measurements made by the same survey during the period

1957–1973. The change was most pronounced during the Antarctic spring, beginning around

October. It seemed that as the continent warmed each year, a hole now formed in the layer of

ozone covering the southern part of the globe.This was a troubling discovery. The earth is

constantly bombarded by radiation from space, including large amounts produced by the sun.

Some of this radiation is energetic enough to destroy DNA and other cellular structures. But as

was first recognized in the late nineteenth century, much of this high-energy radiation never

reaches the surface of the planet.2 Light—which is comparatively harmless—gets in, but

anything much more dangerous gets absorbed in the upper atmosphere. By 1881, it was

understood that ozone was responsible for this absorption; and by the late 1920s it was known

that the entire earth is wrapped in a protective layer of atmospheric ozone, between ten and

fifteen miles above ground, that shields us from being constantly irradiated by our own sun.

This ozone layer is essential to life on earth. And now, it seemed, it was disappearing.The BAS

data were met with shock—but also skepticism. In addition to the land-based measurement

devices that the BAS scientists used, the National Aeronautics and Space Administration

(NASA) had a satellite in orbit monitoring global ozone levels. If this hole were real, it should

have been glaringly obvious in the satellite data. But the satellite team had detected no

significant changes.3 The BAS data were flatly contradicted by this arguably more reliable

data.Besides, the BAS team’s observations were theoretically impossible. Scientists had been

studying ozone depletion mechanisms intensely for the previous fifteen years, ever since a

Dutch atmospheric chemist named Paul Crutzen had shown that nitrous oxide, a component in

many fertilizers, could reach the upper atmosphere and interact with ozone.4 The most

worrying mechanism for ozone depletion was discovered by Sherwood Rowland and Mario

Molina in 1974, in work that would ultimately earn them, along with Crutzen, a Nobel Prize for

Chemistry.Rowland and Molina were chemists at the University of California, Irvine. Their big

discovery was that ozone depletion could come from a quotidian source: a class of chemicals

known as chlorofluorocarbons (CFCs) found in household products such as refrigerators, air

conditioners, and virtually all aerosols, from spray paint to underarm deodorant.5 First



synthesized in the late nineteenth century as a fire suppressant, CFCs were a marvel of

modern chemistry: highly stable, nontoxic, and broadly useful.But some of the same properties

that make CFCs so wondrous also make them dangerous—in unanticipated ways. Their

stability means that they do not break down after they are released into the environment.

Instead, they diffuse through the atmosphere and slowly creep above the ozone layer. Once

there, they are exposed to high-energy radiation from the sun, which does finally break them

down. And in breaking down they release other chemicals—most importantly, chlorine—that

interact with ozone, removing it from the atmosphere.Millions of tons of CFCs had been

produced and freely released each year through much of the twentieth century. According to

Molina and Rowland’s estimates, much of it was still in the atmosphere, slowly creeping toward

the ozone layer.Molina and Rowland’s work opened the research floodgates, leading to

hundreds of studies examining ozone depletion from CFCs and other sources.6 The results of

these studies were clear: human activity could affect ozone levels in the upper atmosphere,

with potentially disastrous consequences for life on Earth. In 1975, the US government formed

a task force on Inadvertent Modification of the Stratosphere (IMOS) to study whether new

regulations were needed. The task force announced later that year that, yes, heavily restricting

the use of CFCs was imperative. The following year, the National Academy of Sciences

produced two reports confirming the IMOS task force’s basic findings. In 1977 the Food and

Drug Administration announced a general ban on CFCs in a range of applications in the United

States, to take effect beginning in 1979.So by the time the BAS team released its findings, it

was well-established that ozone was being depleted—and a regulatory framework was already

in place, at least in the United States, to curb emissions of the chemicals thought to be

responsible. International negotiations were under way to implement a worldwide ban. The

response to Molina and Rowland’s work had been fast and decisive. But for just this reason, it

was widely believed that the problem of ozone depletion was well in hand. No one, including

Molina and Rowland, believed that there was any immediate risk of holes opening in the ozone

layer. There was no known chemical process by which ozone could deplete so rapidly.This

made the BAS findings all the more shocking. If they were correct, they showed that the

possible risks of an abstract future were already upon us. But how could they be correct?When

the BAS study appeared, most people in the know thought it was wrong—and that the satellite

data, which had not detected an ozone hole, were probably correct.7 But it never hurts to

double check, especially when two studies seem to disagree. So Richard Stolarski, a physicist

working at NASA’s Goddard Space Flight Center in Maryland, decided to revisit the satellite

data for ozone levels over Antarctica.Stolarski had done some of the earliest work on ozone

depletion in the upper atmosphere. In the early 1970s, in collaboration with Ralph Cicerone, he

had conducted a study for NASA in which he evaluated the likely effect of the space shuttle

program on ozone levels. He and Cicerone were among the first people to focus on chlorine as

a probable destroyer of ozone, a crucial step in later work on CFCs. Stolarski was thus in a

particularly strong position to evaluate both the BAS and satellite data.On careful reevaluation,

he was surprised to find that the satellite had detected the ozone hole. But no one had noticed.

The reason was that the measured levels were so low that the data-processing software had

thrown them out as outliers—“bad” data points that were probably some sort of instrument

glitch.How could this happen? Any time scientists run an experiment involving complex

electronic equipment that produces a lot of raw data, they need to design computer systems to

help them process and analyze that data. This often involves “cleaning” the data to correct for

known systematic errors and running statistical tests to extract the quantities the researchers

are actually interested in. To borrow from the title of Nate Silver’s recent book The Signal and



the Noise (2012), they need to separate the signal from the noise. Designing software to do

this requires a certain artfulness—and a lot of knowledge about the thing you are trying to

measure. In this case, ozone concentrations had never been known to fall below a certain

level, and there was no known process by which they could get that low. So the satellite team

had designed its data-processing system to assume that any such data points were

unreliable.It turned out, then, that the satellite data were consistent with the BAS data after all—

and that NASA had missed the ozone hole precisely because it was so far outside the range of

what anyone believed possible. The ozone hole appeared to be real, and ozone depletion was

not under control as everyone had thought. But there was still a puzzle: How could the

theoretical expectations have been so far off?NASA and the US National Oceanic and

Atmospheric Administration rapidly organized two major expeditions to Antarctica, in 1986 and

1987, to measure the levels of possible culprits and to try to identify the processes that were

producing such dramatic ozone loss.The Antarctic expeditions revealed that the ozone hole

resulted from a confluence of several factors—including some that no one had foreseen. One

of the main contributors was the fact that the air above Antarctica is so cold that clouds there

are composed of ice particles rather than water vapor. It turned out that these ice particles

remove nitric acid from the air, which in turn allows the chlorine released by CFCs to persist

longer, increasing ozone depletion.Meanwhile, the continent’s weather patterns have a

distinctive character: powerful, frigid winds circle the South Pole, forming what is known as a

polar vortex. This vortex traps the air over Antarctica so that ozone from other regions of the

atmosphere cannot easily mix in, and the chlorine present there cannot easily disperse. This

led to chlorine levels much higher than anyone predicted, with little chance for the ozone to be

replenished from elsewhere.The two Antarctic expeditions also resolved another issue: the

ozone hole had indeed been caused by excess chlorine in the upper atmosphere—chlorine

that could be traced directly back to CFCs. There could now be little doubt that human activity

was capable of altering our environment at a massive scale, and so quickly that within decades

we had substantially eroded our natural protection against harmful radiation from the sun, at

least in one part of the world. The complex systems that enable life on our planet turned out to

be perilously fragile.In September 1987, before the second Antarctic expedition had even

occurred, an international treaty known as the Montreal Protocol on Substances That Deplete

the Ozone Level was established; it went into force on January 1, 1989, and was soon ratified

by all members of the United Nations. The original Montreal Protocol called for production cuts

of 50 percent by all nations producing CFCs.8 Two years later, at a meeting in London, the

protocol was revised to include a complete ban on CFCs and other chemicals known to

release chlorine.The nations of the world had acted definitively and with conviction. And they

had done so on the basis of sound and exhaustive science. In the end, our scientific process

did the best thing we could ask of it: it saved us all from space radiation.The Gospel of John

tells us that Jesus was brought before the Roman prefect of Judea, Pontius Pilate, after the

Jewish leaders of Jerusalem accused him of attempting to usurp Roman power and declare

himself a king.9 But when Pilate questioned him, Jesus demurred. He did not proclaim himself

king but merely a witness to the truth.Pilate’s rejoinder: “What is truth?”Pilate’s response

dismisses the very idea of “truth” as some ideal concerning the reliability and accuracy of our

beliefs. His skepticism—not about any particular matters of fact but about the idea of “truth”

itself—places him in a long tradition in Western thought, going back at least to the ancient

Greek Skeptics, of questioning not only whether we can ever truly know anything about the

world, but whether there are even “truths” out there to know.But his response is equally part of

a long history of those in power using this very philosophical tradition to undermine their critics.



It was this tradition that George W. Bush’s political advisor Karl Rove invoked when he said to

New York Times reporter Ron Suskind, “We’re an empire now [meaning the United States],

and when we act, we create our own reality.” Whether she knew it or not, Trump counselor

Kellyanne Conway also invoked this tradition when she famously referred to the “alternative

facts” that then–Press Secretary Sean Spicer had offered in a recent press conference.10 And,

lest anyone imagine “alternative facts” to be the exclusive domain of recent Republican

administrations: recall that it was the Democrat Lyndon Johnson who, along with Secretary of

Defense Robert McNamara, launched a massive escalation of the war in Vietnam in 1965 on

the basis of outright lies about the status and prospects of the ongoing conflict.11The idea of

truth presents many old, difficult philosophical problems.12 Can we uncover truths about the

natural world? Are there reliable methods for doing so? Can we ever really know anything?

These might seem like questions for philosophers to worry about, hardly demanding of our

attention. But in fact they are as central to everyday politics, business, and even life and death

as any question one might ask. And as the imperial tradition running from Pilate to Trump

suggests, those in power have long understood their importance.As a scientific consensus

emerged during the middle part of the 1970s that CFCs posed a serious risk to ozone levels,

and US policy makers began to implement regulatory responses, the chemical industry pushed

back. Led by DuPont, the massive American chemical manufacturer, industry representatives

argued against doing anything. They sang a common refrain: it was too soon to act, because

there was still too much uncertainty. DuPont placed ads in newspapers and magazines across

the country, arguing that “there is no persuasive evidence” in favor of the Rowland-Molina

claims that CFCs contributed to ozone depletion and asking, “Should an industry be prejudged

and useful fluorocarbon products be destroyed before any answers are found?” Likewise, a

1975 op-ed piece in the industry magazine Chemical Week claimed, of the role of CFCs in

ozone depletion, that “we’re talking about a basically unknown effect on a little-understood

phenomenon brought on by a debatable cause,” and went on to conclude: “One fact is clear:

We don’t have the facts. We don’t even know for sure whether there is a problem.”13This wait-

and-see approach may seem judicious.14 In 1975, although the evidence was sufficiently

strong to persuade the IMOS task force that CFCs posed an imminent threat, many questions

remained. Gathering more evidence was surely a good idea. Indeed, as we have seen, the

1980s would reveal that the scientific consensus of the 1970s had been deeply flawed: the

danger was far greater than anyone had understood!The problem was that the industry

continued to call for more research, and for delayed action, irrespective of how much evidence

came in. As late as March 1988, after the BAS findings showed the presence of the ozone

hole, after Stolarski’s review of the NASA satellite data confirmed the BAS data, and after the

1986 and 1987 Antarctic expeditions provided direct detections of by-products of CFC

interactions with ozone, the CEO of DuPont wrote to the US Senate to declare that there was

no need for drastic reductions.15 By this point, it was hard to imagine what further evidence

you could ask for. And yet the industry kept asking for more—for certainty.DuPont’s stance is

reminiscent of an argument most famously associated with the eighteenth-century Scottish

philosopher David Hume—though similar arguments were made by the ancient Greeks.16

Suppose that, having observed some kind of regularity in the world, you would like to draw a

general inference about it. For concreteness: Suppose you observe that the sun has risen

every morning of your life. Can you infer that the sun always rises? Or, from the fact that you

(growing up in the Northern Hemisphere, say) have only ever seen white swans, that every

swan is white?Hume’s answer was an emphatic “no.” No number of individual instances of a

regularity can underwrite a general inference of that sort. This might sound like an absurd



position, but the examples just offered illustrate the problem. There are black swans in

Australia, after all, and there is no way to secure oneself against that possibility by checking

more and more swans in Britain. The sun will eventually run out of hydrogen and expand to

become a red giant, likely engulfing the earth. No matter how many days you have seen the

sun rise, tomorrow could be the day it explodes.This has become known as the “Problem of

Induction.”17 Hume concluded that we cannot know anything about the world with certainty,

because all inferences from experience fall prey to the Problem of Induction. The fact is that

science can always be wrong.Industry advocates urging a wait-and-see approach to CFCs into

the late 1980s and beyond were right that the evidence linking CFCs to ozone depletion was

not definitive. It still isn’t. We cannot be absolutely certain about the existence of an ozone hole,

about whether CFCs caused it, or even about whether ozone is essential for protecting human

health. The reason we cannot be certain is that all of the evidence we have for this claim is

ultimately inductive—and as Hume taught us, inductive evidence cannot produce certainty.And

it is not merely that we cannot be certain. Scientists have often been wrong in the past. The

history of science is littered with crumpled-up theories that scientists once believed, on the

basis of a great deal of evidence, but which they now reject. For nearly two thousand years,

scientists believed bad air, or “miasma,” emanating from rotting organic matter was the chief

cause of disease—until the nineteenth century, when they came to believe that the diseases

previously attributed to miasma are caused by microorganisms (i.e., germs). A thousand years

of precision measurements and careful mathematical arguments had established, beyond a

shadow of doubt, that the earth stands still and that the sun, planets, and stars all move around

the stationary earth—until a series of scientists, from Copernicus to Newton, questioned and

then overturned this theory. And then for centuries after that, Newton’s theory of gravitation

was accepted as the true explanation of the motions of the moon around the earth and the

earth around the sun. But today even Newton’s theory has been left behind for Einstein’s

theory of relativity.18Philosophers of science, such as Larry Laudan and P. Kyle Stanford, have

argued that these past failures of science should make us very cautious in accepting current

scientific theories as true. Their argument is sometimes called the “pessimistic meta-induction”:

a careful look at the long history of scientific error should make us confident that current

theories are also erroneous.19Does this mean that industry critics of the scientific consensus

on CFCs and ozone had a point? Scientists did not (could not) have enough evidence to be

certain—and science has had such a dismal track record of discovering lasting truths that we

can hardly take the scientists’ word if they say they have gotten it right this time. Surely caution

about accepting new scientific findings is always in order.Not quite. Perhaps we can never be

certain about anything, but that does not mean we cannot be more or less confident—or that

we cannot gather evidence and use it to make informed decisions. We might, for instance,

become very, very confident that CFCs are creating a hole in our ozone layer. With the right

sorts of evidence we might become so confident that the line between this sort of evidentially

grounded belief and absolute certainty is, for our purposes, meaningless.Ultimately, we care

about truth (at least scientific truth) inasmuch as true beliefs allow us to act successfully in the

world. We care about knowledge because of the role that what we know—or at least, what we

strongly believe to be true—plays in the choices we make, either individually or collectively. And

recognizing this relationship between our beliefs and our choices is the key, not to solving the

Problem of Induction, but to setting it aside.When it comes to CFCs and the ozone layer, the

worry that we can never gain complete certainty about matters of fact is irrelevant. What we

want is enough confidence to avoid getting fried by radiation from space. When it comes to the

question of what we should do, we need to set general skepticism aside and act on the basis of



the evidence we have. We ignore demands for certainty from industry, and regulate. As Hume

himself put it, “A wise man . . . proportions his belief to the evidence.”20These philosophical

challenges to science can be reapplied to everyday life. There, too, we can never be certain.

But the possibility does not paralyze us, nor should it. We do not wait on absolute certainty—

and we cannot, as it is certainly not forthcoming. We have little choice but to act. And when we

do, our actions are informed by what we happen to believe—which is why we should endeavor

to have beliefs that are as well-supported as possible.And on reflection, although scientists

have come to reject many past theories, it remains true that those theories were often highly

effective within the contexts that they had been developed and tested. The old earth-centered

model of the solar system was supremely accurate for predicting the locations of stars and

planets. We still use Newton’s law of gravity to calculate satellite trajectories—and Newton’s

theory sufficed to get us to the moon. In other words, we make our beliefs as good as we can

on the basis of the evidence we have, and, often enough, things work out.Philosophers and

statisticians over the past century and a half have developed ways of thinking about the

relationship between belief, action, and evidence that captures this pragmatism.21 The basic

idea is that beliefs come in degrees, which measure, roughly, how likely we think something is

to be true. And the evidence we gather can and should influence these degrees of belief. The

character of that evidence can make us more or less confident. And when we make decisions

based on our beliefs, we need to take those levels of confidence into account.In fact, we can

use a branch of probability theory to map out a precise relationship between what we observe

and what we ought to believe. There is a formula, known as Bayes’ rule, that allows you to

calculate what your degree of belief, or credence, should be after learning of some evidence,

taking into account what you believed before you saw the evidence and how likely the evidence

was.22 Bayes’ rule is the unique, rational way to update your beliefs, in the sense that if

someone does not use it, there will always be some series of bets that you could offer them, all

of which they would want to take, but which they are certain to lose.The formula itself does not

matter for what follows. But the basic idea—that we can think of ourselves, and of scientists, as

gathering evidence and updating our degrees of belief in light of it—will be very important later

in this book.Critics of the CFC ban had another argument against accepting the scientific

consensus on ozone: the scientists who defended it were politically motivated. Sherwood

Rowland was criticized particularly harshly. He and others like him were not “true, objective

scientists,” in the words of L. Craig Skaggs, DuPont’s public affairs manager in the late 1970s,

because they did not merely collect and report data: they also advocated for policy changes on

the basis of that data.23 Another industry executive put it more colorfully: criticism of CFCs

was “orchestrated by the Ministry of Disinformation of the KGB.” In other words, industry

advocates argued, scientists whose work bears on political and industrial interests must be

treated with extreme caution, since it is highly likely that their own political, economic, and even

moral views will be reflected in the work that they do and the positions they adopt.These

arguments, much like industry’s demand for certainty, reflect an important tradition of

philosophy of science arguing that the work of scientists is shaped by sociological

considerations, including their culture, their politics, and their values.24 To understand this

tradition, we need to turn to its roots, in the early 1960s.In 1962, Thomas Kuhn, a physicist-

turned-historian, published a book called The Structure of Scientific Revolutions.25 Drawing on

a litany of case studies in the history of physics, he described a pattern in scientific practice.

Scientists would identify problems, apply well-known methods to solve them, run experiments

to test their solutions, and gradually build their repertoire of bits of nature tamed by their work.

Kuhn used the term “normal science” to describe this gradual progress.Normal science may



sound a lot like, well, science. But Kuhn’s big insight was that it was only part of the story.

Every so often, something else would happen: there would be a revolution. And when a

revolution took place, Kuhn argued, the attendant changes in scientific practice were so

dramatic that essentially none of the hard-won victories of the previous period of normal

science would survive.All normal science, Kuhn argued, occurs within some paradigm, with its

own rules for identifying and solving problems and its own standards of evidence. As an

example, today when we see a glass fall to the floor and shatter, we see an object pulled down

by the force of gravity.26 Before the paradigm of Newtonian gravitation, we did not see any

such thing. We saw the glass as something made of earth, which therefore tended to move

toward the earth, returning to its own level in a strict hierarchy of elements.A scientific

revolution is a change of paradigm: a radical discontinuity, not only in background theory, but in

scientists’ whole way of seeing the world. Changes of paradigm could change not only theory,

but also what counts as evidence—and in some cases, Kuhn argued, even the results of

experiments changed when paradigms changed.27If taken to the extreme, Kuhn’s ideas have

some radical consequences.28 Most work in philosophy of science before Kuhn viewed

science as dispassionate and objective inquiry into the world.29 But if Kuhn was right that

paradigms structure scientists’ worldviews and if all of our usual evidence gathering and

analysis happens, by necessity, within a paradigm, then this picture was fatally flawed.30 The

“evidence” alone could not lead us to scientific theories. There was apparently another

ingredient to science—one that ultimately had more to do with the scientists than with the

world they were supposedly trying to understand.Kuhn’s work raised the possibility that to

understand science, we had to recognize it as a human enterprise, with a complex history and

rich sociological features that could affect the ideas scientists developed and defended.

Scientists, from this perspective, were members of a society, and their behaviors were

determined by that society’s rites and rituals. More, their society was embedded in a larger

cultural context. Understanding science would mean understanding this strange and novel

culture, using the tools of fields such as sociology and anthropology.Reconsidering science as

embedded in a broader cultural and political context that could influence scientific thought led

to some troubling realizations. Contemporary science had been produced and shaped by a

largely male, white, and Western European culture that had committed atrocities around the

world. And scientific ideas, it turned out, were implicated. For instance, historian Ruth Schwartz

Cowan and sociologist Donald McKenzie outline how the whole field of statistics emerged

when Karl Pearson and Francis Galton (Charles Darwin’s cousin) attempted to quantify various

markers of racial superiority.31 (In fact, Galton coined the term “eugenics.”) The French

philosopher and historian Michel Foucault argued that modern psychiatry was an instrument of

subjugation, a way of segregating “problematic” members of society from the rest of the

population.32 The modern clinic, he argued, was descended from the medieval leper colony

and played a similar role in society.Science was also implicated in colonialism, which had often

been justified by “scientific” arguments about racial superiority and by the assumption that non-

Western cultures could not have reliable knowledge about their own environmental and

economic well-being.33 In her 1986 book The Science Question in Feminism, Sandra Harding,

a prominent American feminist theorist, pointed to the proliferation of rape metaphors—with the

scientist forcing an unwilling Mother Nature to submit—in the writings of early scientists,

including the British empiricist Francis Bacon, who strongly influenced Newton (and Hume).

And so on.The 1970s and 1980s were a golden age for this tradition of work on science,

politics, and culture, which came to be known as “science studies.” And it was in this

intellectual context that industry advocates raised the concern that scientists researching the



ozone hole were themselves political agents, influenced by their background views about

environmentalism, government regulation, and the value of industry. And for this reason, the

criticism had some initial plausibility: after all, many scholars had argued that precisely this sort

of cultural context did matter to science; if, in this particular case, a group of scientists seemed

to be endorsing political views, might not those views have influenced their scientific work, in

just the way that Galton’s racism influenced the problems in statistics that he worked on?It is

true that, like all of us, scientists cannot isolate themselves from their cultural contexts. These

contexts can surely lead to biases and blind spots. Sometimes the conclusions scientists draw

in the grips of their own biases have been socially unacceptable, morally bankrupt, or just

wrong, and yet were widely accepted nonetheless.34 So it is true that we need to be aware of

and sophisticated about how social and political factors may influence science—and it is for

this reason that the sorts of cultural critiques of science emerging from science studies can

and have been deeply valuable.But the mere observation that a scientist or group of scientists

holds certain cultural or political views does not undermine the evidence and arguments they

produce to support those views. This is true even when those views have influenced the

scientific problems the scientists work on or the methods they adopt. After all, despite its

objectionable origins, the field of statistics is not inherently bankrupt because it was developed

with particular goals in mind. The insights of Galton and Pearson have been developed into a

large and invaluable set of tools for analyzing and interpreting data—even if the misuse of

statistics remains commonplace.35 Likewise, the hundreds of scientific articles written during

the 1970s and 1980s providing careful evidence of the role of CFCs in ozone depletion, and

the conclusion that CFCs posed an imminent threat to human health, are not washed away if

some or even all of the authors of those articles happen to think that preserving the

environment is an admirable goal in itself.More, it is very important to distinguish between two

ways in which politics might affect science. One consists in the sorts of subtle influences we

have been considering here, wherein background cultural views affect the assumptions

scientists make and the problems they consider. These sorts of influences can have negative

effects, but they can also be identified and addressed through careful analysis, criticism, and

debate. But there is another way in which politics and science can mix—one that has a

strikingly different, and far more nefarious, character.On Pentecost Sunday in 1783, a sixteen-

mile-long volcanic fissure opened on the side of Laki, a mountain in southern Iceland.36 Over

the next eight months, tens of billions of tons of lava flowed out, engulfing twenty towns and

villages. Lava fountains spouted molten rock nearly a mile into the air. Jón Steingrímsson, a

local Lutheran priest who recorded the eruption, wrote that the “flood of fire flowed with the

speed of a great river swollen with meltwater on a spring day.”37Along with the fast and

destructive lava flows, the Laki eruption released enormous amounts of gas—including more

than one hundred million tons of sulfur dioxide and nearly ten million tons of fluorine gas.38

The gases reacted with atmospheric water vapor to form sulfuric and hydrofluoric acids—which

quickly fell back to earth as rain. The rain was so acidic that it melted the skin and bones of

local livestock, killing half of the island’s horses and cows and three-quarters of its sheep.

Barley and rye withered on their stalks. A quarter of Iceland’s human population died in the

resulting famine.The expression “acid rain” was first coined in 1859 by Robert Angus, a British

pharmacist working in Manchester.39 Angus, who was studying sources of air pollution, found

that the rain near industrial sites tended to be more acidic than that near the coasts, where

there was less pollution. He attributed this effect to an early industrial technique known as the

Leblanc soda process, which was known to release hydrochloric acid. Angus’s research

showed that rather than merely dissipate in the atmosphere, that acid tended to fall back to



earth as acid rain.As the Laki eruption demonstrates, the basic phenomenon of acid rain had

already been rather dramatically observed. Angus’s work showed that acid rain could also be a

by-product of human activity. The British Parliament reacted quickly, implementing the Alkali

Act in 1864, which required Leblanc process plants to prevent the acid from being released

into the atmosphere. It was a remarkable early act of environmental regulation. And while acid

rain did not go away after the Alkali Act passed, it did fade from public consciousness over the

following century, perhaps because it seemed like a local problem for industrial regions to

worry about.40This all changed in 1974—the same year that Rowland and Molina discovered

that CFCs deplete ozone. That year, Gene Likens, a professor at Cornell, and F. Herbert

Bormann, a professor at Yale, published a research article in the scientific journal Science in

which they defended a startling conclusion: the rain and snow falling on virtually the entire

northeastern United States had become acidic—much more acidic than elsewhere in the

country, and more acidic than in the same region twenty years previously. Likens and Bormann

reached this conclusion after carefully analyzing eleven years of data collected at the Hubbard

Brook Experimental Forest in north-central New Hampshire and then comparing it with snow

and rainwater samples from around the region.41Likens and Bormann’s conclusions were

startling because they showed that even remote areas, far from industrial centers, were deeply

affected by human activity and pollution. It seemed that sulfur and other chemicals released by

power plants in the Ohio Valley were drifting over the entire Northeast before falling to the

ground as acid rain. These findings were consonant with similar results in southern Sweden

and in Norway, where acid rain was likewise observed far from industrial settings. (In this case,

it seemed the pollution was coming from England and Germany.) Acid rain due to sources in

the United States was soon detected in Canada. Long-distance pollution and acid rain were

rapidly becoming not just an environmental problem, but a matter of international relations.By

the early 1980s, the science on acid rain was, in the words of one Environmental Protection

Agency (EPA) spokesperson, “unimpeachable.” This opinion was shared by virtually every

major scientific organization tasked with reviewing the by-then enormous literature on the topic.

In 1981, the National Academy of Sciences, the most prestigious group of scientists in the

United States, found “clear evidence of serious hazard to human health” as well as

“overwhelming” evidence that acid rain was caused by power-plant emissions. A 1982 report by

the EPA concurred,42 as did another National Academy report and a review by the Royal

Society of Canada in 1983.43 And so on.This broad scientific consensus should have led to

new limits on power-plant emissions. And in Europe, it did: in 1979, the United Nations

Economic Commission for Europe passed a new convention to limit transnational pollution.

That July, the United States and Canada began negotiating a similar agreement, leading to a

Memorandum of Intent to address transnational air pollution.But while these initiatives were

started under the Carter Administration, the job of developing a full regulatory framework fell to

Ronald Reagan, who became president of the United States on January 20, 1981. And despite

the large body of evidence concerning the causes and harms of acid rain, the Reagan

Administration did everything it could to prevent action—up to and including tampering with the

scientific record.44
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M. Jose, “A careful and illuminating exegesis of how we got to here, but not much more. I'm a

technical professional in a tech-rich region of the country, so I'm used to being tasked by

everyday conversations to consider novel notions. This book activated these same challenge

reflexes, allowing me to stay in my engaged-comfort-zone. It's undoubtedly a book by

intellectuals for intellectuals, and I'm not sure I would have bought it if it wasn't, the world

currently being what it is.The authors clearly decided early on that persuasion would not be

among their goals, which is laudable but would certainly detract from their publication-release

"buzz"; I see this as an unavoidable artifact of modern book publicity, and I'll ignore it. The book

is properly a scientific anchor-point, as opposed to a policy statement, and policy wonks should

look elsewhere for inspiration.The book excels in accurately describing the gradual subversion

that the historical notion of "marketplace of ideas" has endured over more than 100 years.

More importantly, it explains in depth the degree to which modern special interests hold the

upper hand over honest and earnest pursuers of truth, through the use of centuries-old



propagandistic methods, in spite of all our modern technological achievements.The book offers

no clear prescriptions, nor is it clear to me that it should. It's sufficient to me that the authors

explained how scientists arrive at scientific certainty, and that they describe the various ways

interested parties have sought to disrupt that certainty among the electorate.”

Lambert Higuera, “GOLD!!. What a great book!!It draws on social networks, social

epistemology, history and philosophy of science, and current events to give us a better

understanding of the spread of misinformation and the dangers of propaganda in a free society.”

Otto Silveira, “Interesting reading. Interesting reading, but I've found it a bit too superficial”

David Holroyd, “Good and interesting read. Worth a read”

Paola Rivolt, “Worth it. I just wanted to point out that the review that says the book "endorses

pc race victimization theory & feminist misandry” takes those sentences out of context. The

authors were describing the works of others who criticize the cultural biases of scientists, in

order to consider whether that matters when evaluating the scientists' research. In fact, the

point they make is that while scientists may actually be biased, that doesn't undermine their

results. That's quite different than how it sounds from the review.No big deal, but that one

misled me when I was thinking whether to get the book.”

Teunis, “A lot of this is common sense. I found the book pointed out many ways of looking at

the world. It points out most of it is about listening to many sources, weighing up what is going

on and using common sense.  At least that is the way I read it.”

The book by Cailin O'Connor has a rating of  5 out of 4.5. 166 people have provided feedback.
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