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INTRODUCTION

Stephen Macedo

Science confronts a public crisis of trust. From the Oval Office in
Washington and on news media around the world, the scientific
consensus on climate change, the effectiveness of vaccines, and
other important matters are routinely challenged and misrep-
resented. Doubts about science are sown by tobacco companies,
the fossil fuels industry, free market think tanks, and other
powerful organizations with economic interests and ideological
commitments that run counter to scientific findings."

Yet we know that scientists sometimes make mistakes, and
that particular scientific findings now widely believed will turn
out to be wrong. So why, when, and to what extent should we
trust science?

These questions could hardly be more timely or important.
As extreme weather events become more common, sea levels
rise, and climate-induced migrations flow across borders, nations
around the world confront mounting costs and humanitarian
crises. Yet so-called experts do not always agree. A local televi-
sion meteorologist may report that it is merely “some specula-
tion from scientists” that global warming is contributing to ex-
treme weather events, such as the “polar vortex” that hit the
Upper Midwest and Northeast of the United States in late Janu-
ary 2019. On another channel, a scientist at a well-regarded re-
search center insists that “we know why . . . . It’s all because of
human activities increasing the greenhouse gases in the atmo-
sphere that trap a lot more heat down by the surface.”
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As vitally important as climate science is to the future of hu-
manity, that is only the tip of the iceberg. Are vaccines effective?
Does the birth control pill cause depression? Is flossing good for
your teeth? On these questions and so many others, scientists
may agree yet doubts circulate. Who should we believe and why?

In Why Trust Science? Professor Naomi Oreskes provides clear
and compelling answers to the questions of when and why sci-
entific findings are reliable. She explains the basis for trust in sci-
ence in highly readable prose, and illustrates her argument with
vivid examples of science working as it should, and as it should
not, on matters central to our lives. Readers will find here a vig-
orous defense of the trustworthiness of scientific consensus
based not on any particular method or on the qualities of scien-
tists, but on science’s character as a collective enterprise.

A distinguished scientist and historian of science, Professor
Naomi Oreskes has also emerged as one of the world’s clearest
and most influential voices on the role of science in society and
the reality of man-made climate change.

This book grows out of the Princeton University Tanner Lec-
tures on Human Values delivered by Professor Oreskes in late
November 2016. On that occasion, four distinguished commen-
tators, representing a variety of fields and perspectives, re-
sponded to Professor Oreskes’s two lectures. This book contains
the lectures, the four commentaries, and an extended reply by
Professor Oreskes, all revised and expanded.?

Readers will find in the chapters that follow an overview of
the leading philosophical debates concerning the nature of sci-
entific understanding, scientific method, and the role of scien-
tific communities. Oreskes defends the role of values in science,
discusses the relationship between science and religion, and sets
out her own credo as a scientist and defender of science. Our four
commentators offer their perspectives on these issues, and



Introduction ¢ 3

Oreskes closes with comments on the plight and promise of sci-
ence in our time. A more detailed overview follows.

Why should we trust science? Professor Oreskes’s initial
answer is crisp and clear: scientific knowledge is “fundamen-
tally consensual” and understanding science properly can help
us “address the current crisis of trust.”

Chapter 1 develops the problem of trust against the back-
ground of an account of philosophical debates about the nature
of science and scientific method. In the eighteenth and nine-
teenth centuries, and before, trust often resided in “great men”:
science was regarded as trustworthy insofar as the scientists
were. Gradually the alternative idea was advanced that careful
observation and adherence to scientific methods were the bases
of progress. Oreskes also surveys the varieties of empiricism
that dominated philosophies of science in the first half of the
twentieth century, and the challenge advanced by Karl Popper,
who regarded the essence of science not as verification but open-
ness to falsifiability, or “fallibilism.”

Most important, on Oreskes’s account, was the emergence of
the idea of science as a collective enterprise. The “sociological
view” of science was first advanced by Ludwik Fleck, in the 1930s,
who held that the “truly isolated investigator is impossible . . ..
Thinking is a collective activity” Oreskes endorses the idea that
scientific progress depends on the collective institutions and
practices of science, “such as peer-reviewed journals, and scien-
tific societies through which scientists share data, grapple with
criticisms, and adjust their views.”

The central importance of scientific communities, their world-
views, and practices is the core of Professor Oreskes’s view.
When we focus on what scientists do, we find a variety of
methods pursued with creativity and flexibility. She explores
debates surrounding philosophies of science in the work of
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Pierre Duhem, WV.O. Quine, Thomas Kuhn, and others. She
describes the social epistemology developed by feminist philos-
ophers and historians of science, including the contributions
of Helen Longino, who helped establish the idea that, as
Oreskes puts it, “objectivity is maximized . .. when the com-
munity is sufficiently diverse that a broad range of views can be
developed, heard and appropriately considered.” Or, as she says
later, “In Diversity There Is Epistemic Strength.”

Professor Oreskes thus defends the “social turn” in our under-
standing of science while also describing the sense of threat that
greeted the idea that scientific realities are socially constructed.
Remember the obvious, she advises: scientists are engaged in
sustained and careful study of the natural world. The empirical
dimension is critical, but scientific expertise is also communally
organized: objectivity arises from social practices of criticism and
correction, most successfully in scientific communities that are
diverse, “non-defensive,” and self-critical.

We are warranted in placing “informed trust” in the “critically
achieved consensus of the scientific community,” argues Profes-
sor Oreskes. Individual scientists make mistakes, especially
when “they stray outside their domains of expertise,” and Oreskes
provides some glaring examples. And science has no monopoly
on insightinto the natural world. Nevertheless, the practices and
procedures of scientific communities increase the odds that sci-
entific consensus is reliable.

We should trust the conclusions of the scientific community
rather than the petroleum industry when it comes to climate
change because the petroleum industry has a conflict of inter-
est. It aims to profit by finding, developing, and selling petroleum
resources, and it generally does that well. But those aims con-
flict with the pursuit of truth regarding climate change. As a
general rule, we should be skeptical of the scientific claims of
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organizations guided by the profit motive or ones precommit-
ted to an ideological point of view. Good science presupposes
“that participants are interested in learning and have a shared in-
terest in truth. It assumes that the participants do not have a
major, intellectually compromising conflict of interest.”

And yet, scientists sometimes get things wrong, so, Professor
Oreskes asks in chapter 2, how do we know that they are not
wrong now? If our knowledge is perishable and incomplete,
how “can we warrant relying on it to make decisions, particularly
when the issues at stake are often socially or politically sensitive,
economically consequential, and deeply personal?”

To investigate these important questions, Oreskes examines
five examples of science gone awry: what do these examples have
in common, and what can we learn from them?

The first is the “Limited Energy Theory,” popular in the late
nineteenth century, which held that women should not partici-
pate in higher education, on the grounds that energy expended
on studying would adversely affect their fertility. The withering
criticism to which this theory was subjected by Dr. Mary Put-
nam Jacobi had, as the reader will learn, little immediate effect
on male scientists.

Another example is the rejection of continental drift. Many
American scientists in particular were hostile to the theory, which
they argued was based on flawed “European” methodology.

A third example is eugenics, which is most closely associated
nowadays with the Nazis, but which had a wide variety of advo-
cates and practitioners in the United States and other Western
countries. Oreskes provides a fascinating account of the complex
politics of eugenics in the United States and Europe.

Oreskes’s fourth example is hormonal birth control and the
evidence that it often causes depression. Many women experi-
ence the onset of depression after beginning certain birth
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control formulas, and Professor Oreskes relates her own experi-
ence. Yet medical science long discounted as unreliable the
self-reports of millions of women.

Oreskes’s final case is dental floss and the flurry of news re-
ports asserting that there is no hard evidence that flossing is ef-
fective. Probing deeper, Oreskes argues that the lack of random-
ized trials to test for the effects of flossing hardly amounts to a
lack of evidence.

From these diverse cases, Professor Oreskes draws some gen-
eral lessons, which she groups under the themes of consensus,
method, evidence, values, and humility.

The importance of hard-won scientific consensus, as an indi-
cator of trustworthiness, holds up very well across the five
cases. Oreskes also provides a fascinating discussion of the dif-
ficult question—vital to the role of science in a democracy—of
non-expert opinion and how scientists should respond to it.
Non-scientists—from nurses and midwives to farmers and
fishermen—often have information or evidence relevant to
science-based decisions. Patients have vital information about
their symptoms. Yet, “Just because someone is close to an issue
does not mean he or she understands it; conventional notions
of objectivity assume distance for just this reason.” The cases help
illustrate and sharpen the distinction between reliable scientific
authority and the interest and ideology-based pseudoscientific
dissent we witness surrounding climate change, evolution, and
vaccines.

Drawing from her five examples, Oreskes warns of the
“methodological fetishism” that leads some scientists to dismiss
valuable forms of evidence because they do not fit their meth-
odological precommitments. Evidence comes in a variety of
forms.
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Values inevitably play a role in shaping science, Oreskes in-
sists. In looking back on eugenics, scientists may say that science
was distorted by values, but values were also central to opposing
eugenics and also the Limited Energy Theory. Because values
play an inevitable role, diverse scientific communities are more
likely to be able to detect unexamined assumptions, blind spots,
and inherited biases: “A community with diverse values is more
likely to identify and challenge prejudicial beliefs embedded in,
or masquerading as, scientific theory.” She also allows that there
can be legitimate non-scientific objections—including ones
based on religious or moral values—to policies that are justified
partly by science but also by particular value claims.

And humility is important. Diverse scientific communities can
correct for the blind spots of arrogant scientists, but the history
of science counsels humility: the greatest scientists (and, one
might add, philosophers) have sometimes become fetishists
about method, drawn false conclusions from evidence, and fallen
prey to the prejudices and biases of their times.* Even the best
of scientists should remember that a complete grasp of the whole
truth is yet far beyond us.

So, when should we trust science? In concluding chapter 2,
Oreskes summarizes: when an expert consensus emerges in a
scientific community that is diverse and characterized by ample
opportunities for peer review and openness to criticism. Of
course, any particular scientific claim may be false, so she re-
minds us of Pascal’s Wager: consider the stakes of error. It may
not be certain that flossing will be good for your teeth, but it is
cheap and easy. It may not be certain that human actions and
policy changes can reverse the dire effects of climate change, but
consider the calamities that await our children and grandchildren
if we now ignore scientific predictions that are correct.
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In a coda to her two lectures, Professor Oreskes returns to the
issue of scientists’ values. In theory, scientific findings are one
thing and the question of what if anything to do about them is
another. So one might suppose that whereas the practical ques-
tion of “what is to be done” inevitably implicates values, the
question of what scientific evidence shows need not. Ideally, sci-
ence should be able to leave political and moral controversies
to others.

Things are not so neat and simple, however. Professor Oreskes
observes that people equate science with what they think are its
implications. Fundamentalist and evangelical Christians from
Williams Jennings Bryan to Rick Santorum have worried that
evolutionary accounts of human origins undermine human dig-
nity and morality, by making humans, in Santorum’s words,
“mistakes of nature.” Skepticism about climate science, on the
other hand, is fed by the suspicion that environmentalists seek
to undermine the “American way of life”: big cars, motorboats,
and high consumption.

In the face of such suspicions it is profoundly mistaken,
argues Oreskes, for scientists to retreat to value neutrality. In
the face of the question: why should ordinary people trust
science and take it seriously? It cannot be effective to reply
that scientists lack values! That is precisely what worries
people. Moreover, it is perfectly obvious that scientists do
have values—everyone does—and that those values influence
their work. To hide your values, Oreskes observes, is to hide
your humanity.

So, scientists should be honest about their values. Many
people will share those values, and on that basis trust can be built.
The Creation revered by Christians is the biodiversity cherished
by Scientists, says Oreskes, and the evidence is overwhelming
that these are now gravely threatened.
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In concluding, Professor Oreskes offers an eloquent summary
ofher own credo: her guiding values as a scientist and environ-
mentalist. “If we fail to act on our scientific knowledge and it
turns out to be right, people will suffer and the world will be
diminished.”

In the next section of this volume, four distinguished com-
mentators expand upon, elaborate, or criticize central features
of Professor Oreskes’s lectures.

Professor Susan Lindee is the Janice and Julian Bers Profes-
sor of History and Sociology of Science at the University of
Pennsylvania, where she also holds a variety of administrative
posts. Lindee argues that in responding to scientific skepticism
we should draw attention to the science that we encounter and
rely upon constantly in our everyday lives. We should “work our
way up, from the toaster,” to the frozen peas, the smart phones,
and the other miracles of modern science and technology that
enhance our lives.

Of course, science’s contributions are not always so positive.
Professor Lindee reminds us of the twentieth century’s brutal
history of technology-enhanced warfare. She suggests that his-
torians of science have sought to distance pure science from tech-
nological applications because of technology’s profoundly
mixed legacy. Atomic scientists sought to maintain their moral
purity by attributing the design of the bomb to mere engineers.

Marc Lange is the Theda Perdue Distinguished Professor and
department chair in philosophy at the University of North
Carolina, where he specializes in the philosophy of science.
Lange notes that the question of why we should trust science
seems to lead into a vicious circularity: isn’t peer review just
experts vouching for other experts?

Professor Lange suggests that asking for an external vindica-
tion of science as a whole may be unreasonable: science is
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self-correcting in that it can subject any particular scientific claim
to critical scrutiny, “But science cannot reasonably be expected
to put all its theories in jeopardy at once.”

Lange also raises the issue of what Thomas Kuhn described
as revolutionary challenges to entire worldviews or paradigms,
in which methods and theories “interpenetrate.” Using the ex-
ample of Galileo, he suggests that there is typically “sparse com-
mon ground” across paradigm shifts, and scientists can use it to
build an argument for one of the rival theories against the others.
Lange closes by urging philosophers and others to stop overem-
phasizing “incommensurability and under-determination” and
to devote more attention to positive accounts “of the logic under-
lying scientific reasoning.”

Ottmar Edenhofer is deputy director and chief economist at
the Potsdam Institute for Climate Impact Research, as well as a
professor at the Technical University Berlin. He offered a com-
ment in Princeton, and is joined here by Martin Kowarsch, who
is head of the working group on Scientific Assessments, Ethics,
and Public Policy at the Mercator Research Institute. They begin
by suggesting that the Trump administration accepts much cli-
mate science but opposes ambitious climate change mitigation
efforts, partly because it heavily discounts the costs of climate
change outside the United States. Thus, scientific consensus does
not equal policy consensus, and so they ask how Oreskes’s ac-
count of trust in science may need to be extended or amended
for science-based policy assessments. They advise experimen-
tation aimed at incremental learning about alternative policy
pathways, and argue that costly mistakes have been made due
to insufficient awareness of the complexity of the policy
alternatives.

Edenhoffer and Kowarsch agree with Oreskes that value neu-
trality is impossible. They build on Deweyan pragmatism to
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propose that all socially important values—“equality, liberty, pu-
rity, nationalism, etc”—should be included in policy assessments:
this may open the door to new and creative proposals.

Finally, Jon Krosnick offers some thoughts, inspired by
Professor Oreskes’s lectures, on the current state and future of
science. Krosnick is Frederick O. Glover Professor in Humanities
and Social Sciences and professor of communication, political
science, and psychology at Stanford University, where he also
directs the Political Psychology Research Group.

Professor Krosnick describes a number of famous (now in-
famous) and influential scientific findings—in biomedicine,
psychology, and elsewhere—whose results scientists have been
unable to replicate. In some cases the data were fabricated, in
other cases investigators admitted to repeating an experiment
until the desired result was produced.

Flawed research results partly from faulty methods, argues
Krosnick, and also the desire for career advancement. Academic
departments and professions place a premium on publishing sur-
prising and counterintuitive findings. Is it any wonder that
many of these prove unfounded on closer inspection? Journals
rarely publish negative results so refutation of bad research is
slowed. He insists that scientists must face up to the problems
and address the counterproductive motivations that are now
rampant.

In her wide-ranging Reply to Critics, Professor Oreskes deep-
ens and enriches her argument.

She praises Susan Lindee for her brilliant historical account
of scientists’ attempts to distance themselves from the techno-
logical applications of their work, yet expresses doubt that be-
coming clearer-eyed about the science embodied in frozen peas
and smart phones will have much effect on people’s attitudes to
climate science. Americans do not reject science in general but
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rather particular “scientific claims and conclusions that clash with
their economic interests or cherished beliefs.”

In response to Marc Lange, Professor Oreskes expresses doubt
that trust in scientific experts is viciously circular. The “social
markers of expertise are evident to non-experts,” she argues, and
it is relatively easy to figure out that climate science deniers are
non-experts and that the American Enterprise Institute is pre-
committed to certain policy outcomes. Expert scientific consen-
sus does tend to be reliable.

In response to Edenhofer and Kowarsch, Professor Oreskes
agrees that more work is needed on how to move from science
to policy. Yet she insists that when powerful actors to seek to un-
dermine public trust in the science associated with progressive
climate policy, the roots of their skepticism are typically not in
distrust of science but rather in economic self-interest and ideo-
logical commitments. Oreskes reiterates that if scientists are
honest about their values, as she recommends, then they will
often find that there is considerable overlap on the values behind
climate policy disagreements, and this may help us build greater
trust.

Professor Oreskes turns, finally, to Jon Krosnick’s assertion
that science faces a “replication crisis.” While allowing that
there have been notable examples, often involving the misuse
of statistics, she points out that the rate of retractions—that is,
retractions as a percentage of published articles—is tiny: per-
haps less than .01%. If the rate has risen, that may reflect a salu-
tary increase in critical scrutiny of findings, rather than a higher
incidence of faulty research. Or it may reflect unwarranted
media coverage of flashy single-paper results in psychology and
biomedicine.

Oreskes pushes back against Krosnick’s wider suggestions
about a crisis in science. His examples furnish no evidence that
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fraud is commoner in science than elsewhere. Moreover, in some
of Krosnick’s examples fraud was discovered and punished ex-
peditiously. Refutation and retraction are paths to progress. She
reminds us that her argument has been that we should trust sci-
entific consensus, not the single studies to which Krosnick draws
attention, and reiterates that motivated industry funding of re-
search is a serious problem.

In an afterword penned just before this book went to press,
Professor Oreskes notes that the problem of trust in science—
and in news and information more generally—has exploded
since she delivered the Princeton Tanner Lectures in the fall of
2016. Many more Americans believe in the reality of climate
change than once did, but America is led by a science and fact-
denying chief executive who is reversing hard-won progress on
climate policy. It remains the case that much doubt about con-
sensus findings in science is manufactured by those with finan-
cial or ideological interests in derailing science-based policies,
just as she and Erik Conway argued in Merchants of Doubt.

Professor Oreskes closes by reiterating that science merits our
trust when scientific results achieve consensus among the expert
members of diverse and self-critical scientific communities.
And she offers a final example—controversies over the use of
sunscreen—to illustrate this book’s core theme.

Like all excellent books, this one addresses many questions
and also raises some. While Professor Oreskes argues that pro-
gress and reliability in science depends more on the qualities of
scientific communities than on the character of individual sci-
entists, she also argues that scientists’ inevitably have values and
that they should be honest about them. Do not well-working
scientific communities depend on the predominance of good
values—of intellectual honesty and truth seeking—among sci-
entists? And if diversity is important in scientific communities,
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of what kinds? The inclusion of women and members of racial,
ethnig, religious, and other minority populations has obviously
been very good for all of the sciences, and scholarship generally.
Are there social sciences (and perhaps other fields of inquiry)
in which greater ideological diversity would be helpful?

Readers will come away from this volume armed with a far
better understanding of the vitally important enterprise of mod-
ern science and the reasons why we should trust scientific con-
sensus. All who care about the future of humanity on this fragile
earth should hope that this timely and important book gains a
wide audience, before it is too late.



Chapter 1

WHY TRUST SCIENCE?

Perspectives from the History
and Philosophy of Science

The Problem’

Many people are confused about the risks involved in vaccina-
tion, the causes of climate change, what to do to stay healthy, and
other matters that fall within the domain of science. Immunolo-
gists tell us that vaccines are generally safe for most people, have
protected millions of people from deadly and disfiguring dis-
eases, and do not cause autism. Atmospheric physicists tell us
that the build-up of greenhouse gases in the atmosphere is warm-
ing the planet, driving sea level rise and extreme weather events.
Dentists tell us to floss our teeth. But how do they know these
things? How do we know they’re not wrong? Each of these claims
is disputed in the popular press and on the internet, sometimes
by people who claim to be scientists. Can we make sense of com-
peting claims?

Consider three recent examples.

One: In a 2016 presidential debate, Donald Trump rejected the
position of medical professionals—including that of fellow can-
didate physician Ben Carson—on the safety of vaccination.
Recounting the experience of an employee whose child was vac-
cinated and later diagnosed as autistic, Mr. Trump stated his
view that vaccines should be given at lower doses and be more
widely spaced. Few medical professionals share his view.> They
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consider delaying vaccination to increase the risk that infants and
children will contract dangerous and otherwise preventable dis-
eases such as measles, mumps, diphtheria, tetanus, and pertus-
sis. Some of the children who contract these diseases will become
gravely ill or die. Others will survive but pass on the infections
to others. Yet, Mr. Trump is not alone in making this suggestion;
prominent celebrities have made similar exhortations. Many par-
ents now reject the advice of their physicians and choose to
have their children vaccinated on a delayed schedule—or not at
all. As aresult, morbidity and mortality from preventable infec-
tious diseases are on the rise.?

Two: The vice president of the United States, Mike Pence, is
ayoung Earth creationist, meaning that he believes that God cre-
ated the Earth and all it contains less than ten thousand years
ago. The consensus of scientific opinion is that Earth is 4.5 bil-
lion years old, that the genus Homo emerged two to three mil-
lion years ago, and that anatomically modern humans appeared
about two hundred thousand years ago. While science cannot
answer the question of whether God (or any supernatural being
or force) guided the process, most scientists are persuaded that
life on Earth evolved largely through the process of natural se-
lection over the course of Earth’s history, that humans share a
common ancestor with chimpanzees and other primates, and
that divine intervention is not required to explain the existence
of Homo sapiens sapiens.*

Do Americans lean toward the scientific view or the Pencian
view? The answer depends a bit on how you ask the question,
butif you are a religious person in America who attends church
regularly, the chances are high that you agree with Mike Pence:
67% of regular churchgoers believe that God created humans in
their present form within the last ten thousand years. Some of
us may think that these people are all Republicans, but we would
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be wrong. According to the Gallup polling organization, while
58% of Republicans agreed with the statement that “God cre-
ated humans in their present form, within the last 10,000 years,”
so did 39% of independents and 41% of Democrats.® Given this
popular support for creationism, it is perhaps unsurprising that
in 2012, the state of Tennessee enacted what some have called a
“twenty-first-century Monkey Law,” empowering teachers to
teach creationism in science classrooms.’ Despite repeated re-
jection of previous laws of this type by US courts, many states
continue to attempt to enact comparable laws.”

Three: The American Enterprise Institute (AEI) is a long-
established and well-funded think tank in Washington, DC,
committed to principles of laissez-faire economics, market-based
mechanisms to social problems, limited (federal) government,
and low rates of taxation. The Institute has long promoted skep-
ticism about the scientific evidence for anthropogenic climate
change and disparaged the conclusions of the scientific commu-
nity, including the Intergovernmental Panel on Climate Change
(IPCC).® AEI scholars have suggested that climate scientists are
suppressing dissent within their community; the Institute at one
point offered a cash incentive to anyone willing to search for
errors in IPCC reports. Jeffrey Sachs, head of the Earth Institute
at Columbia University from 2002-16 and special advisor to UN
secretary-general Antonio Guterres on the Millennium Devel-
opment Goals, has said of one well-known AEI scholar that he
“distorts, misrepresents, or simply ignores” relevant scientific
conclusions.’ In 2016, this particular scholar referred to scientists
as an “interest group,” demanding to know why “scientific analy-
sis conducted or funded by an agency headed by political ap-
pointees buffeted by political pressures . . . [should] be viewed
ex ante as any more authoritative than that originating from, say,
the petroleum industry?”*°
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I am no fan of the American Enterprise Institute. With my
colleague Erik M. Conway I have shown how they (along with
other think tanks promoting laissez-faire approaches to social
and economic issues) have persistently mispresented or mischar-
acterized scientific findings on climate change, as well as a vari-
ety of public health and environmental questions. (They are no
fans of mine, either. Their scholars have attacked my work on
scientific consensus.)"' But the question raised is a legitimate
one. Should a scientific analysis be viewed as ex ante authorita-
tive? Is it reasonable to take the default position that the scien-
tific community can in general be trusted on scientific matters,
but the petroleum industry (to use his example) cannot?

Science in North American universities and research institutes
is generally well funded and respected—typically much more so
than the arts and humanities—but outside those hallowed halls
something very different is transpiring. The idea that science
should be our dominant source of authority about empirical
matters—about matters of fact—is one that has prevailed in
Western countries since the Enlightenment, but it can no lon-
ger be sustained without an argument.'* Should we trust science?
If so, on what grounds and to what extent? What is the appro-
priate basis for trust in science, if any?

This is an academic problem but one with serious social con-
sequences. If we cannot answer the question of why we should
trust science—or even if we should trust it at all—then we stand
little chance of convincing our fellow citizens, much less our po-
litical leaders, that they should get their children vaccinated,
floss their teeth, and act to prevent climate change.

Scholars’ views on the answer to this question have changed
dramatically and more than once in the past century. Moreover,
some of the answers that scientists offer are manifestly contra-
dicted by historical evidence. It is routine, for example, for
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scientists to insist that their theories must be correct, because
they work. How else, they argue, would planes fly or medicines
cure disease?'® But utility is not truth: we can identify many
theories in the history of science that worked and later were re-
jected as wrong. The Ptolemaic system of astronomy, the caloric
theory of heat, classical mechanics, and the contraction theory of
the Earth explained observed phenomena and made successful
predictions, and are now on the scrap heap of history. Many
scholars in the history and philosophy of science and science
studies have, however, recently converged on a new view that
does hold up to scrutiny: of scientific knowledge as fundamen-
tally consensual. This consensual view of science can help us ad-
dress the current crisis of trust.

The Dream of Positive Knowledge

Throughout the eighteenth and the early nineteenth centuries,
most scholars located the authority of science in the authority
of the “man of science”** The results of scientific investigations
were trustworthy to the extent that the people who undertook
them were. This is one reason why scientific honor societies,
such as the Royal Society or the Académie des Sciences, were
created: to acknowledge and identify the “worthies” whose
opinions on scientific matters should be sought, trusted, and
heeded.'® These societies served to identify the individuals
whose work was considered worthy of acceptance. In the
United States, this ideal was instantiated in the creation of the
US National Academy of Sciences during the Civil War to ad-
vise President Lincoln. Identifying these “great men” of sci-
ence would enable the president to get the reliable advice he
needed.
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However, in the mid-nineteenth century, a substantive intel-
lectual shift occurred, driven to a significant extent by the work
of Auguste Comte (1798-1857), variously credited as the founder
of sociology, the founder of philosophy of science in its modern
form, and the founder of the philosophical school known as posi-
tivism.'® Comte’s work is abundant and complex and has been
subject to various considerations and reconsiderations, refuta-
tions and restorations, but the most important aspect, for our
purposes, is his commitment to the idea of positive knowledge.
Science, Comte believed, was uniquely able to provide positive—
which is to say reliable—knowledge. While the term “positive
knowledge” is no longer much used apart from academics dis-
cussing it, most often as a discredited concept, the idea persists
in our linguistic conventions. We still retain the notion of some-
thing being “absolutely, positively true.” In English we can ask:
“Are you positive?” To which you may reply: “Yes, I'm positive.”

For Comte, the key element in the concept of positive
knowledge is method, which he contrasted with doctrine—
whether religious, superstitious, or metaphysical. The doctrines
of religion and metaphysics, he argued, were forms of bias and
blinkering that impeded intellectual and social progress,
which the method of science, by contrast, could provide. By
applying method to the pursuit of knowledge, science had the
potential to liberate men and women from the shackles of re-
ligion and superstition.

Comte’s philosophy (like many in the nineteenth century, in-
cluding famously Marxism) was teleological: he saw human
history as being characterized by three stages: the theological or
fictitious, the metaphysical or abstract, and the scientific or posi-
tive. These were not necessarily sequential —they might coexist
within a society or even with a person—but overall the direc-
tion of progress was from theology to science, with metaphysics



Why Trust Science? < 21

serving as a necessary transition.'” In the “positive stage” of
human development, theology and metaphysics are replaced by
scientific reasoning. And scientific reasoning is rooted in
observation.

It has been argued that Comte was seeking to replace conven-
tional religion with a new religion of science, and there is some
justice to this claim. Teleology is a common feature of many re-
ligions. He accepted that people had a need for moral principles
but thought those principles could be found in the humanistic
ideals of truth, beauty, goodness, and commitment to others. He
also believed that people had a need for ritual and proposed to
replace the veneration of Christian saints with a set of positivist
heroes. In his own life, he set aside time for meditation and af-
firmation of his central values.'® But whether his views were
quasi-religious or not, the key point for our discussion is that for
Comte—and generations of those who followed him, knowingly
or not—science was reliable because of its commitment to
method. This leads one to ask: what is that method?

Comte was sensitive to the variety of scientific disciplines that
were developing at that time. He did not assert that their prac-
tices were uniform, but he did believe that they shared a funda-
mental characteristic of the “positive” state of human existence.
He wrote:

In the positive state, the human mind, recognizing the impossi-
bility of obtaining absolute truth, gives up the search after the ori-
gin and hidden causes of the universe and a knowledge of final
causes of phenomena. It endeavours now only to discover, by a
well-combined use of reasoning and observation, the actual laws
of phenomena—that is to say their invariable relations of succes-
sion and likeness. The explanation of facts, thus reduced to its

real terms, consists henceforth only in the connection established
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between different particular phenomena and some general facts,
the number of which the progress of science tends more and more

to diminish.'”

In stressing the importance of empirical regularities, Comte was
making an argument similar to the British empiricists, particu-
larly David Hume.?® He acknowledged his debt to British em-
piricism, particularly the work of Francis Bacon, writing, “All
competent thinkers agree with Bacon that there can be no real
knowledge except that which rests upon observed facts.”*' But
he was not the “naive positivist” that some later commentators
made him out to be. He was a sophisticated thinker who recog-
nized that our theories structure our observations as much as
our observations structure our theories:

If we consider the origin of our knowledge, it is no less certain
that . .. [as] every positive theory must necessarily be founded
upon observations, it is, on the other hand, no less true that, in
order to observe, our mind has need of some theory or others. If
in contemplating phenomena we did not immediately connect
them with some principles, not only would it be impossible for
us to combine these isolated observations and, therefore, to de-
rive any profit from them, but we should even be entirely incapable
of remembering the facts, which would for the most part remain

unnoted by us.*?

We can understand, therefore, why primitive humans had
need of religion, superstition, and metaphysics: these early con-
cepts were a step toward apprehending the world around us. We
need not disdain or disparage these early stages in human de-
velopment, we simply need to recognize and accept that to
move forward—to identify the true laws that govern nature—
our thinking needs to be grounded upon observation. In his
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words: “we must proceed sometimes from facts to principles
[and] at other times from principles to facts,” but ultimately we
will establish “as a logical thesis that all our knowledge must be
founded upon observation.”*?

Comte was also a fallibilist: he recognized that our views
would grow and change and that his own vision would in time
be modified. (Indeed, if his basic concept was correct, then the
progress of knowledge would necessarily modify our views, and
we might note that the persistence of religion has falsified a key
element of his teleology.) But, to his credit, Comte was consis-
tent insofar as he insisted that future change in our thinking
would be the outcome of our observations.

Comte was also reflexive, recognizing that the practices of ob-
servation must themselves be subject to observation. An im-
proved knowledge of positive method must come, therefore, not
by theorizing it but by studying it; we must observe science in
order to understand it. Comte thus anticipated Bruno Latour and
his anthropological studies of laboratory science by more than
a century when he held: “When we want not only to know what
the positive method consists in, but also to have such a clear and
deep knowledge of it to be able to use it effectively, we must con-
sider it in action.”**

Comte’s key move was to insist that science is reliable not by
virtue of the character of its practitioner, but by virtue of the na-
ture of its practices.>> We need to attend to these practices by
studying them empirically. The key questions, then, for those
who took up the Comtean program were: What exactly are those
practices? Is there a scientific method?
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Varieties of Empiricism

For twentieth-century empiricists, which we have come to call
logical positivists or logical empiricists, the answer to the ques-
tion of the method of science was the principle of verification.?®
The concept was developed most extensively by a group of
German-speaking philosophers and scientists, known as the
“Vienna Circle” The most famous English language articulation
of the verificationist program came from the Oxford philoso-
pher A.J. Ayer (1910-89). In his 1936 book, Language, Truth and
Logic, which is still in print, Ayer summarized the principle by
framing it in terms of the problem of meaning: A statement can
be considered meaningful if and only if it can be verified by refer-
ence to observation. Put another way, “some possible observa-
tion must be relevant to the determination of [the statement’s]
truth or falsehood.”?” Science is the practice of formulating
meaningful statements, and using observations to judge
whether a meaningful statement is correct.

Verification gives us the basis for evaluating what is or is not
justified true belief. If a claim can be verified through observa-
tion, and if it has in fact been so verified, then we are justified in
believing it, which is to say, justified in accepting it as true. If a
claim cannot be so verified, then it is meaningless and need not
detain us further. Thus, in one fell swoop did Ayer dispense with
religion, superstition, and various forms of political ideology and
theory that were unverifiable. The principle of verification pro-
vided a means of demarcating scientific knowledge from non-
scientific knowledge: scientific claims were verifiable thorough
observation; claims that were not verifiable were not scientific.

Like Comte, Ayer was ambitious but not naive. He under-
stood that in practice any observation necessarily entails
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background assumptions. But, like his Vienna Circle colleagues
Rudolf Carnap and Otto Neurath, he insisted that verification
through observation was the key component to meaning, hence
the moniker verificationism. In order to test a statement, one had
to be able to deduce an observable consequence from it and ex-
press that deduction as a statement, and that deduction had to
be specific to the statement under investigation for the verifica-
tion to be dispositive. Ayer wrote: “A statement is verifiable, and
consequently meaningful, if some observation statement can be
deduced from it in conjunction with certain other premises,
without being deducible from those other premises alone.”*®

Ayer and his colleagues recognized that any program that fore-
grounded observation necessarily faced the problem of induc-
tion: namely, how many observations are needed to conclude
that a statement is true? Following Hume, his answer was that
inductive knowledge was necessarily probabilistic, and he sug-
gested that one needed to allow for weak and strong forms of
verification, based on the quantity and quality of available rel-
evant observations. These sorts of concerns underpinned re-
search on the character of scientific observation, which quickly
led to various complications regarding the formulation of obser-
vation statements, the meaning of terms, and the identification
of what, precisely, was being verified by any particular observa-
tion or set of observations.

These issues detained many logical empiricists for the rest of
their lives. Carl Hempel, in particular, paid attention to the role
of hypothesis in generating testable observation statements;
Carnap focused on the observation statements and the lan-
guage in which they were rendered, and famously argued with
Willard Van Orman Quine over whether observations could
really confirm or refute beliefs. (Quine concluded they could
not, a point we will take up.) This work did not resolve the issues
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it entailed.?® For our purposes, the important point is that the
logical empiricists sustained the central Comtean idea that the
core of scientific method is verification through experience, ob-
servation, and experiment.

Challenges to Empiricism

While logical empiricism is often attacked as the ruling dogma
of twentieth-century philosophy of science, it never really ruled.
Even in its heyday, several important challenges were already

underway.*

Karl Popper and Critical Rationalism

The most well-known critic of logical empiricism is Karl Popper
(1902-94). Popper rejected several key tenets of logical positiv-
ism. First, he denied that induction was the method of science.
Second, he argued that what distinguishes science from other
forms of human activity is not its activities, but its attitude. Great
scientists are notable for the critical attitude they take toward
their work, which is an attitude of skepticism and disbelief. Third,
he insisted that the goal of science is not to prove theories—since
that cannot be done—but to disprove them. He introduced his
now-famous notion of falsifiability, concluding that what distin-
guishes a scientific claim from a non-scientific one is not that
there is some observation by which it can be verified, but that
there is some observation by which it can be refuted.

These three ideas are linked in the following way. There may
be habits or practices or even principles of induction, but there
is no rational rule of induction. Inductive inferences cannot be
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justified based on any purely logical rule, and therefore cannot
be established with logical necessity. This is what nowadays is
referred to as the black swan problem. I may have observed one
hundred swans, or one thousand, or ten thousand, and found
that they have all been white, as have all the swans observed by
my scientific colleagues. Therefore, my colleagues and I conclude
(seemingly with robust warrant) that all swans are white. Yet, one
day I travel to Perth, Australia, where I see a black swan.

Thus, we see that observations cannot prove that a theory is
true, no matter how extensive or comprehensive. Refutation may
be lurking around the corner (or the antipodes). If science is to
be a rational enterprise, induction therefore cannot be its method.

Because observation alone cannot give us logical grounds to
support inductive generalizations, verification cannot be the
basis of scientific method. However, the observation of the black
swan did prove that my inductive generalization was false, so
there is alogic of refutation. There is a logical asymmetry between
verification and falsification: verifications are always necessarily
provisional, whereas falsifications (Popper held) can be disposi-
tive. Given this, as a scientist I should not be seeking observa-
tions that confirm my theory, but observations that might refute
it. The method of science, Popper therefore concludes, is neither
generalization from observation nor verification by observation,
but falsification. Put another way, the key activity of science is not
the gathering of observations, but the formulation of conjectures
and the pursuit of specific observations that may refute them.
Thus the title of his famous collection of essays and lectures: Con-
jectures and Refutations.

Even more urgently than his logical positivist colleagues, Pop-
per held science to be the model of rationality, insisting that
critical rationality is not only the appropriate basis for intellec-
tual inquiry, but also for politics and civil society, as it
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empowers resistance to authoritarianism of both the right and
the left. Therefore he labeled his approach critical rationalism.
His project was both epistemological and political: he sought
an epistemology that would enable not just scientific rationality
but also political rationality in democratic forms of governance.
Among other things, Popper sought to refute Marxism by show-
ing that “scientific socialism” was an oxymoron, because prob-
lems in Marxist theory were never taken as refutations but only
as elements to be explained or accounted for in some way.*'
Popper’s critical rationality ironically opened the door for a
form of radical skepticism that he abhorred. Popper pushed fal-
libility further than his predecessors, insofar as he insisted that
refutation is not merely an inevitable feature of science, but the
goal ofit; it is through refutation that science advances. But if our
scientific views are not only soon to be refuted, but should be re-
futed, then why should we believe any of it?** Popper’s answer was
to develop the notion of corroboration: that we can have good
reason to believe theories that have passed severe tests, such as the
deflection of starlight as a test of the general theory of relativity.
Successful empirical tests corroborate theories, even if they do not
prove them. In making this move, Popper helped to explain why
theory testing plays such a major role in scientific practice, but he
also radically weakened the otherwise strict tenor of his work: we
are now left with having to make subjective judgments as to what
constitutes a “severe” test and how many such tests we need.

Ludwik Fleck and Thought Collectives

The various forms of positivism that developed from the mid-
nineteenth to the mid-twentieth century were all concerned
with method, paying less attention to the people who were
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pursuing that method or the institutional structures within
which they operated. Popper paid some heed to the character
of the individual scientist, insofar as he stressed the importance
of a critical investigative attitude. But Popper’s epistemology
(like his political theory) was individualistic; he vested the ad-
vance of science in the actions of the bold individual who
doubted an existing claim and found a means to refute it. Pop-
per paid less attention to the institutions of science, and was
actively hostile to suggestions of collectivism, redolent as they
were of the Marxist philosophy and Communist politics that
he loathed.*?

The recognition of science as a collective activity thus laid
the grounds for a radical challenge to received views of science
that would flourish in the second half of the twentieth century.
Whether one had read Comte or Ayer or Popper, one could have
come away with the impression that scientists, like Descartes in
his room staring at melting wax, lived, worked, and thought
alone. Yet anyone who studied science in action—as Comte in-
structed us to do—or who participated in scientific research
knew that wasn’t so. Yet somehow this had escaped sustained
scholarly attention.

Ludwik Fleck (1896-1961) changed that. A microbiologist
who made the social interactions of scientific life a centerpiece
of analysis, in hindsight he is credited with developing the first
modern sociological account of scientific method. In his 1935
work, The Genesis and Development of a Scientific Fact: An Intro-
duction to the Theory of Thought Style and Thought Collective, Fleck
shifted attention from the individual scientist to the activities of
communities of scientists, and proposed that scientific facts are
the collective accomplishment of communities. In doing so, he
pioneered the analysis of the social interactions that yield scien-
tific facts.
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Fleck was aware of the logical positivists’ work; he sent his
work to the Viennese positivist Moritz Schlick seeking help to
get it published.>* He was also in contact with historians and phi-
losophers of medicine and mathematics in Poland at that time.
But scholars have mostly concluded that his work was primarily
influenced by his experience as a researcher and his attention to
developments in science, particularly the rise of quantum me-
chanics in physics, which (he believed) had led to the emergence
of new styles of thinking.

Fleck’s key point was that scientists worked in communities
in which styles of thought became shared resources for future
work, including the interpretation of observations. He labeled
these communities “thought collectives.” Groups of scientists
within any particular discipline—Dbiology, physics, geology—
constituted thought collectives whose common ways of thinking
made it possible for them to work together, share information,
and interpret that information in meaningful ways. Without a
thought collective, science could not exist. He wrote:

A truly isolated investigator is impossible . . . Thinking is a collec-
tive activity. . . . Its product is a certain picture, which is visible
only to anybody who takes part in this social activity, or a thought
which is also clear to the members of the collective only. What we
do think and how we do see depends on the thought-collective

to which we belong.35

The term “thought collective” may invoke the specter of thought
police, and Fleck recognized that collectives could be conserva-
tive or even reactionary—as he believed religious thought col-
lectives were. But a thought collective could also be democratic
and progressive, and this was the key to understanding science.
Science (unlike most European religion) has a democratic char-
acter: all researchers can participate in an equitable way, and
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through their interactions with each other, refine and change the
views of the whole.

Fleck had a radical view of how far such change could go,
stressing that over time changes could be so great that the mean-
ings of terms changed, that problems that were previously seen
as central could now be dismissed as irrelevant or even illusory,
and new issues would emerge that previously went unrecognized.
While the increments of change were small—the pathways of
change more evolutionary than revolutionary—eventually the
thought style may have changed so much that the old view is es-
sentially unrecognizable, even indecipherable.

Thoughts pass from one individual to another, each time a little
transformed, for each individual can attach to them somewhat dif-
ferent associations. Strictly speaking, the receiver never under-
stands the thought exactly in the way that the transmitter intended
it to be understood. After a series of such encounters, practically

nothing is left of the original content.*®

Scientific ideas, like evolution itself, may change dramatically
over time, but they do so by the accumulation of small transfor-
mations and differing interpretations.

“Whose thought is it that continues to circulate?” Fleck asks.
His answer: “It is one that obviously belongs not to any single
individual but to the collective.”®” As Helen Longino would later
put it in a slightly different context, “Of course, Galileo and
Newton and Darwin and Einstein were individuals of extraor-
dinary intellect, but what made their brilliant ideas knowledge
were the processes of critical reception.” Fleck would say: of re-
ception and transformation.*® Newtonian mechanics is not
equivalent to the contents of the Principia, nor is evolutionary
biology coincident with the contents of the Origin of Species. The
ultimate outcome is the result of Newton and Darwin’s work
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and the diverse ways in which over time it has been interpreted,
adjusted, and altered.

Scientific progress in this view is inextricably connected with
the institutions of science such as conferences and workshops,
books and peer-reviewed journals, and scientific societies through
which scientists share data, assess evidence, grapple with criti-
cisms, and adjust their views. Scientific research is organized, it is
cooperative and interactive, it creates shared worldviews, and ob-
servations are interpreted in accordance with these worldviews.
Progress, Fleck holds, consists of the revision and adjustment of
worldviews as the community deems appropriate, and over time
these adjustments may be so great as to constitute a new world-
view, a new style of thought, even a new reality.** What the
thought collective previously recognized as physical reality may
no longer be viewed as reality. Fleck is unambiguously anti-realist
on this point: what members of a collective call truth is merely
what the thought collective has settled upon at that point. He is
also unambiguously anti-individualist and anti-methodological:
the agency of scientific progress is located not in the individual
but in the group, and the core of science lies not in a particular
method but in the diverse interactions of that group.

Under-determination: Pierre Duhem

Fleck’s work received some attention when first published, but
became much more famous in later years when it came to be
viewed as anticipating and influencing the work of Thomas
Kuhn. Something similar may be said about Pierre Duhem
(1861-1916), whose work was recognized by the Vienna Circle
but is now seen as influential primarily because of its uptake by
the American philosopher WV.O. Quine (1908-2000).
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To scientists, Duhem is known as a founder of chemical ther-
modynamics, but he was also a sedulous historian and acute
philosopher of science.** To philosophers and historians of sci-
ence today, he is best known for his 1906 book, The Aim and
Structure of Physical Theory, with its refutation of the notion of
a critical experiment and its articulation of what has come to be
known as the principle of under-determination.*!

Duhem’s central argument was simple: The Baconian idea of
a crucial experiment is mistaken, because if an experiment fails
there are many reasons why that might be, so we don’t necessar-
ily know what has gone wrong. Conversely, if an experimental
test of a theory succeeds, other consequences of the theory may
yet be shown to be incorrect. The support for a theory must in
principle include all the potential tests of it, and its refutation
must be considered in light of all the possible elements that were
necessary to perform the experiment in the first place. As the
physicist Louis de Broglie put it in 1953 in the preface to the En-
glish edition:

According to Duhem, there are no genuine crucial experiments
because it is the ensemble of a theory forming an individual whole
which has to be compared to experiment. The experimental con-
firmation of one of its consequences, even when selected among
the most characteristic ones, cannot bring a crucial proof to the-
ory, for ... nothing permits us to assert that other consequences
of the theory will not yet be contradicted by experiment, or that
another theory yet to be discovered will not be able to interpret

as well as the preceding one the observed facts.*>

Put simply: any test of a hypothesis is simultaneously a test
of the specific hypothesis under consideration and of the experi-
mental setup, auxiliary hypotheses, and background assump-
tions. A failed experiment does not necessarily reveal where the
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failure lies, and a successful experiment does not preclude that
a different experimental arrangement or other auxiliary hypoth-
eses would have revealed some difficulty. Duhem wrote: “Any
experimental test [in physics] puts into play the most diverse
parts of physics and appeals to innumerable hypotheses; it never
tests a given hypothesis by isolating it from the others.”**

Nor does experimental evidence exhaust the range of possible
theoretical options open to us: Duhem was explicit that hypoth-
eses are not simply inductions from observation. It is impossi-
ble, he asserted without equivocation, to “construct a theory by
a purely inductive method.”** Both theory and experiment have
arole in science, and it is mistaken to view experiments as more
crucial than theory, mistaken to view them as the source of
theory, and above all, mistaken to view them as the final arbiter
of theory.

Duhem was not rejecting experimentation. On the contrary,
he argued that “the sole purpose of physical theory is to provide
a representation and classification of experimental laws.”** Ex-
periment is essential both to discovering those laws in the first
place and to testing the general physical theories that we develop
to account for them. The “only test permitting us to judge a physi-
cal theory and pronounce it good or bad is the comparison be-
tween the consequences of this theory and the experimental laws
it has to represent and classify.” This view is essentially probabi-
listic: an experiment can neither verify nor refute a theory;
rather it simply tells us whether a theory is “confirmed or weak-
ened by the facts.”*

De Broglie suggested that a key to Duhem’s thought was his
interpretation of Léon Foucault’s famous experiment in which
he demonstrated that the speed of light in water is less than its
speed in a vacuum, taken by many as a crucial experiment vali-
dating the wave (as opposed to particle) theory of light. Duhem
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disagreed. Even if Foucault’s experiment contradicted Newton’s
corpuscular theory, other forms of corpuscular theory might yet
be consistent with the result.*’

Yet Duhem did not adopt the radical holism with which his
name later became associated. (Holism is the idea that theories
stand or fall in their entirety and that a challenge to any one com-
ponent is potentially a challenge to the entire intellectual fab-
ric.) In places, it may appear that he is on the verge of radical
holism, as when he writes of the “radical impossibility [of sepa-
rating] physical theories from the experimental procedures ap-
propriate for testing these theories,” or that an “experiment in
physics can never condemn an isolated hypothesis but only a
whole theoretical group.”*® But elsewhere he makes clear that he
believes some elements of our belief structure are so well estab-
lished that we are unlikely to doubt them, and rightly so. Some
elements of our work are well confirmed through other sources,
or strongly linked to principles that we have little doubt are cor-
rect. Basic instruments such as thermometers and manometers,
for example, are unlikely to be distrusted, as are the concepts that
accompany them, such as temperature and pressure. Indeed, he
insists that in testing the accuracy of a proposition, a physicist
must make use of a whole group of theories that are accepted by
him as “beyond dispute.” Otherwise he would be paralyzed; it
would be impossible for him to proceed. (One may suppose that
basic principles of thermodynamics, such as conservation of
mass and of energy, are in his mind.) Likewise if an experimen-
tal test fails, it does not tell us where the failure lies. It tells us

only that somewhere in the system “there is at least one error.”*’

In sum, the physicist can never subject an isolated hypothesis to
experimental test, but only a whole group of hypotheses; when

the experiment is in disagreement with his predictions, what he
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learns is that at least one of the hypotheses constituting this group
is unacceptable and ought to be modified; but the experiment

does not designate which one should be changed.*°

Duhem did not conclude that for this reason we should be
radically skeptical. Rather he argued that we should adopt an
attitude of reasonable humility toward intellectual commit-
ments. Following Claude Bernard, he reminds us to be anti-
dogmatic, to maintain an openness to the prospect that our
theories may need revision, and to preserve an essential “free-
dom of mind.”*! Hypothesis, theories, and ideas in general are
essential for stimulating our work, but we should not have “ex-
cessive faith” in them.*> We should not be too pleased with our
own accomplishments. As Americans at that time might have put
it, we should not become “auto-intoxicated.”s?

In the face of an apparent refutation, how does a scientist de-
cide which element(s) of the relevant nexus of theory, instru-
ments, experimental setup, and auxiliary hypotheses should be
revised? On this point, Duhem is not entirely satisfactory, invok-
ing Pascal that there are “reasons which reason does not know.”
In the end, he concludes that these decisions ultimately are
matters of judgment and “good sense.”>* Duhem uses history to
underscore this point:

We must really guard ourselves against believing forever warranted
those hypotheses which have become universally adopted con-
ventions, and whose certainty seems to break through experimen-
tal contradictions by throwing the latter back on more doubtful
assumptions. The history of physics shows us that very often the
human mind has been led to overthrow such principles com-
pletely, though they have been regarded by common consent for
centuries as inviolable axioms, and to rebuild its physical theories

on new hypotheses.>®



Why Trust Science? « 37

Yet at the same time, he makes equally clear his conviction that
history gives us grounds for confidence in the processes of sci-
entific investigation, so long as we do not become dogmatic. He
concludes with the following passage:

The history of science alone can keep the [scientist] from the mad
ambitions of dogmatism as well as the despair of . . . skepticism.
By retracing for him the long series of errors and hesitations pre-
ceding the discovery of each principle, it puts him on guard
against false evidence; by recalling to him the vicissitudes of the
cosmological schools and by exhuming doctrines once trium-
phant from the oblivion in which they lie, it reminds him that
the most attractive systems are only provisional representations,
and not definitive explanations. And, on the other hand, by un-
rolling before him the continuous tradition through which the
science of each epoch is nourished by the systems of past centu-
ries. .. it creates and fortifies in him that conviction that physical
theory is not merely an artificial system, suitable today and use-
less tomorrow, but that it is an increasingly more natural classi-
fication and an increasingly clearer reflection of realities which

experimental method cannot contemplate directly.*

W\V.O. Quine and the
Duhem-Quine Thesis

Duhem’s views became known to American audiences primar-
ily through the Harvard philosopher Willard Van Orman
Quine, and in the process came to be viewed as more radical
than they arguably were. Quine took the problem of refutation
and reformulated it under the rubric of what has come to be
known as “under-determination.” If theories are tested not in
isolation but in whole theoretical groups, then how do we know



38 ¢ Chapter1

which piece of the group is in need of revision when something
goes awry? Duhem’s answer was: We rely on judgment. Quine’s
answer is: We don’t know. Knowledge, he insists, is a web of
belief. When we encounter a refutation, there is a universe of
potential adjustments we can make, a universe of threads that
can be tightened orloosened to sustain the fabric or reweave it.
In Quine’s words: “our statements about the external world face
the tribunal of sense experience not individually but only as a
corporate body.”>’

Duhem would have agreed with that, but he also believed
that evidence could lead us to reexamine and adjust parts of
that corporate body appropriately. This is one of his two key
purposes of experimentation—to strengthen or weaken the
support for particular elements in physical theory. If saving the
phenomena required us to abandon something that is very
strongly held—such as conservation of energy—we would be
unlikely to do it. We would conclude that the experiment re-
vealed a problem somewhere else or that there was a problem
with our instrumentation. For Duhem, the various parts of the
whole theoretical group are not created equal and not equally
up for grabs. But Quine thinks that they are, concluding, fa-
mously: “any statement can be held true, come what may, if
we make drastic enough adjustments elsewhere in the
system.”®

Quine’s radical holism came to be known as the Duhem-
Quine thesis and is taken by many scholars to weaken the grip
of evidence on theory, because if theories are under-determined
by experiment—and we have a world of choices in how to re-
spond to experimental failure—then what is the basis for our
belief?*® It appears that some additional component is necessary
to explain how scientists come to the conclusions that they do.
This became the foundation of a great deal of what followed:



Why Trust Science? ¢ 39

some scholars have argued that the concept of under-
determination underpins the entire set of challenges to empiricist
philosophy that developed in the second half of the twentieth
century, including the work of Thomas Kuhn and emergence
of the field of science studies.®

T.S. Kuhn and the Emergence
of Science Studies

Thomas Kuhn’s point of entry was to hoist the empiricists on
their own petard: to assert that the empiricists have not been suf-
ficiently empirical about science itself. His own work was
grounded in the history of science through his early study of the
Copernican Revolution—the topic of his first book—and his
work at Harvard with James Conant developing a set of educa-
tional modules known the Harvard Case Histories in Experi-
mental Science.’! But Kuhn was also deeply engaged with argu-
ments in philosophy of science and had read both Fleck and
Quine, as well as works of the Vienna Circle.®

One of the central points of Kuhn's Structure of Scientific Revo-
lutions was the same as Fleck’s: scientists do not work alone but
rather in communities that share not just theories about empiri-
cal reality—such as the theory of relativity or the theory of evo-
lution by natural selection or the theory of plate tectonics—but
also values and beliefs about how their science should operate.
Together with models of exemplary scientific accomplishment
(“exemplars”), these theories, values, and intellectual and meth-
odological commitments collectively constitute the “paradigm”
under which the community operates. This community aspect
is paramount: in a 1979 forward to the first English translation
of Fleck, Kuhn stressed that in the contemporary scientific world,
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a person working alone is more likely to be dismissed as a crank
than accepted as a maverick.®*

Most of the time, scientists do not question their paradigms,
they work within them, solving problems and answering ques-
tions that the framework identifies as relevant. Kuhn called this
“normal science” and asserted that its principal activities were
aform of puzzle solving. Contra Popper, during normal science
scientists do not attempt to refute the paradigm. In fact, they do
not even question it—until a problem arises. This is where the
engagement of science with reality becomes most evident: prob-
lems arise because some observation or experience of the
world—some “technical puzzle’—does not fit expectation.®*
Kuhn calls these “anomalies.” At first, scientists will attempt to
account for the anomaly within the paradigm, perhaps making
some modest adjustment in it. But if the anomaly becomes too
great or too glaring, or the adjustments made to accommodate
it generate new problems, this creates a crisis, which opens the
intellectual space for reconsideration of the paradigm. Some-
times crises are resolved within the paradigm, but when they
cannot be, a scientific revolution occurs: the governing paradigm
is overthrown and replaced by a new one. It is like a political revo-
lution, insofar as the new paradigm is in effect a new form of
intellectual governance, with new rules and regulations. Kuhn
thus argued that science advances neither by verification nor
refutation, but by paradigm shifts.

Many scientists welcomed Kuhn’s views insofar as they
painted a picture of science that was recognizable to them, or
atleast more recognizable than the alternatives.®® But what fired
up the many readers who were not scientists was a claim that
most scientists probably didn’t understand and wouldn’t have
liked if they had (and what distinguishes Kuhn from Fleck):
that successive paradigms are incommensurable. By this Kuhn
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meant, literally, that there was no metric by which a new para-
digm could be compared to the one it proposed to replace. As
Fleck had argued, the new paradigm—Ilike the new thought-
style—was not just a shift in thinking about a particular scien-
tific question, it was also a shift in meanings, values, priorities,
aspirations, and even the self-identity of the scientist. This
opened still wider the question that Quine had posed: How do
scientists decide which part of their belief structure needs to be
revised in light of an anomaly? How do they decide whether a
small adjustment is sufficient or a scientific revolution is in
order? And if the new paradigm is incommensurable with the
one it proposes to replace, on what basis do scientists make the
choice to accept it?

Historians and philosophers have been debating these ques-
tions ever since. Philosophers were vexed by the incommensu-
rability claim, insofar as it seemed to reduce paradigm choice to
relativism and even irrationality.%® Imre Lakatos, for example,
opined that in Kuhn’s theory, the scientific revolution is “a mys-
tical conversion which is not and cannot be governed by rules
of reason.”®’

Historians felt validated that Kuhn insisted on the detailed
study of real science, but tended to find the incommensurability
claim to be overblown, and noted that Kuhn had made a meth-
odological error by sometimes comparing non-proximate
scientific theories, such as Aristotelian physics and quantum
mechanics. Yes, historians acknowledged, Aristotelian physics
is inscrutable to a contemporary physicist, but there have
been many intermediate steps between then and now; it does not
work to try to understand the entire arc of the history of physics
without tracing these intermediate steps. It would be like ana-
lyzing a relay race thinking that the baton had been thrown
rather than passed.
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My own view is that Kuhn was closer to the mark in his less
famous earlier work The Copernican Revolution, in which he de-
scribed a major scientific change as a bend in the road:

From the bend, both sections of the road are visible. But viewed
from a point before the bend, the road seems to run straight to the
bend and disappear. . . . And viewed from a point in the next sec-
tion, after the bend, the road appears to begin at the bend from

which it runs straight on.%®

Kuhn'’s work was itself a bend in the road of studies of science:
away from method and toward practice; away from individuals
and toward communities.®” Scholars generally agree that the larg-
est impact of Kuhn’s work—besides adding the term paradigm
shift to the general lexicon—was in helping to launch the field
of science studies.

Away from Method

Philosophers from Comte to Popper attempted to identify the
method of science that accounted for its success and therefore
justified our acceptance of scientific claims as true—what is
sometimes called “warranted true belief.” Kuhn did not exactly
say that there was no method, but he did say two things that dis-
placed method from centrality. The first was the claim that
under different paradigms, methods could change. The second
was that most of the time, the methods of science amounted to
not much more than puzzle-solving—working out details within
the paradigm without questioning the larger structure—and that
seemed pretty uninteresting. Moreover, whatever the methods
were, they were done by groups of people working together, not
individuals working alone.
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This opened the door for an expanded sociology of science
that not only examined the formal institutional structures of
science, as previous sociologists had done, or the norms of sci-
entific behavior, as the famous sociologist of science Robert
Merton had studied, but addressed the epistemological ques-
tion: What is the basis for scientific belief? If the intellectual
action in science is in the paradigm shift, and if paradigms are
incommensurable, then our traditional notions of scientific
progress are clearly unsupportable. Perhaps science does not
give us warranted true belief. Perhaps we should not trust sci-
ence. If scientists can abandon one view and replace it with
another incommensurable one, that does not inspire confi-
dence in the idea that the processes of science necessarily pro-
vide us with a reliable view of the world. In any case, someone
needs to explain the grounds on which scientists accept the
claims they do.

Sociology of Scientific Knowledge
and the Rise of Science Studies

Sociologists who took up the gauntlet thrown down by Kuhn
called further attention to the social elements responsible for sci-
entific conclusions, or what has come to be known as the social
construction of scientific knowledge.”” While they saw themselves
as epistemological radicals, they were building on what had come
before, particularly Quine’s formulation of under-determination.
They now asked: On what grounds do scientists decide what to
believe and what to reject? How are these decisions articulated
within the frameworks of scientific communities? To what de-
gree, if any, should we respect the claims that emerge from this
process?
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The most influential of these early efforts came from the group
of scholars we have come to know as the Edinburgh school, par-
ticularly Barry Barnes, David Bloor, and Steven Shapin. Barnes
concentrated on “interests” as a driving force in theory choice.
These “interests” could be professional, in the sense that the suc-
cess of a favored theory would benefit the career of its pro-
moter, or there could be an interest in a particular value set or
a theory that was consistent with one’s political, religious, or
ethical views.”" (In hindsight, interest theory seems oddly indi-
vidualistic, but that is another matter.) Bloor insisted that the
methods of science studies should be “symmetrical,” meaning
that “the same types of cause would explain, say, true and false
beliefs”””> Shapin attended particularly to the interrelationship
between knowledge production and social order, arguing mem-
orably, with historian Simon Schaffer, that “solutions to the
problem of knowledge are solutions to the problem of social
order””?

The arguments of the Edinburgh school were often taken to
be ontologically anti-realist, and for that reason dismissed by
many scientists as ridiculous.”* To be sure, some scholars wrote
in a manner that suggested a disregard for, if not outright disbe-
lief in, the significance of empirical evidence in formulating
scientific knowledge. It was easy to slip from the claim that em-
pirical evidence does not by itself determine our conclusions to
the suggestion that empirical evidence plays no role. But the ar-
gument was not so much anti-realist as it was relativist: if em-
pirical evidence cannot determine decisively what we should
believe and what we should reject, it does seem to suggest that
our views are framed in relation to some set of standards and
concerns that cannot be deduced from, nor reduced to, empirical
evidence. And if social interests and conditions play a determi-
native role, then our knowledge must be at least in part relative
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to those interests and conditions. This was a very serious chal-
lenge. As Barnes explained in the 1970s, the approach of the Ed-
inburgh school is

sceptical since it suggests that no arguments will ever be available
which could establish a particular epistemology or ontology as
ultimately correct. It is relativistic because it suggests that belief
systems cannot be objectively ranked in terms of their proximity

to reality or their rationality.”®

This was not the same as denying that our encounters with
reality play a role in our convictions (much less to claim that there
is no physical reality). Rather, it was to argue that the role of em-
pirical evidence in shaping them was not nearly as determinative
as most philosophers and scientists thought. Later commenta-
tors have generally allowed that the Edinburgh school was cor-
rect in stressing that evidence alone does not account for the
conclusions to which scientists come.”® The question, however,
was whether Edinburgh theorists were suggesting that it played
little or even no role. As Barnes allowed, “Occasionally, existing
work leaves the feeling that reality has nothing to do with what
is socially constructed or negotiated to count as natural knowl-
edge, but we may safely assume that this impression is an acci-
dental by-product of over-enthusiastic sociological analysis.”””

This claim may be too generous; my own feeling is that some
sociologists associated with or influenced by the Edinburgh
school deliberately created this impression. When Karin Knorr-
Cetina, for example, insisted in the 1980s that scientific knowl-
edge was a “fabrication,” when Harry Collins asserted that “the
natural world in no ways constrains what is believed to be,” and
when Bruno Latour declared that science was “politics by other
means,” these terms and phrases were clearly chosen to unsettle
what the historian John Zammitto has called the “ambient
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idolatry of science” that had prevailed under positivism.”® More-
over, by saying that “belief systems cannot be objectively
ranked,” Edinburgh scholars seemed to imply that objectivity did
not play the role in science that scientists typically asserted, and
perhaps played no role at all. These assertions were not acciden-
tal; they were deliberate provocations.

But not all provocations are illegitimate, and the more impor-
tant point, stressed recently by David Bloor, is that if we feel the
need to contrast relativism with something, we should contrast
it not with objectivity—which is the opposite of subjectivity—
nor with truth, which is the opposite of falsehood—but with
absolutism. The opposite of relative knowledge is absolute knowl-
edge, and no serious scholar of the history or sociology of
knowledge can sustain the claim that our knowledge is absolute.
Nor can we sustain the claim that empirical evidence alone suf-
fices to explain scientific conclusions. Far too much evidence
refutes that hypothesis. Bloor has always been clear that he wants
to be scientific in his study of science, and to be scientific about
science means to take seriously the empirical evidence about the
role of empirical evidence! And that empirical evidence reveals
the limits of empiricism. Bloor’s point has always been that when
we look at science carefully and with an open mind, we see both
empirical and social factors at play in stabilizing scientific knowl-
edge, and we cannot assume a priori which ones are more
important in any given case.”’

A different critique of the notion of empirical method came
from the philosopher Paul Feyerabend (1924-94). Born in
Vienna, Feyerabend completed a PhD in philosophy on the
topic of observation sentences and spent much of his life in con-
versation with Karl Popper and Imre Lakatos, laying the
groundwork for what might have been a career as a leading
light of logical empiricism. But he later rejected not just logical
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empiricism, but any attempt to define or prescribe the method
of science. In his most famous work, Against Method (published
in 1975), he argued that there was no scientific method, nor
should there be. Scientists have used a diversity of methods to
good effect; any attempt to restrict this would hamper their cre-
ativity and impede the growth of scientific knowledge. Moreover,
falsification as a rule is clearly falsified by the facts of history:
few if any theories in the history of science ever explained all
the available facts. Often scientists ignored facts that didn’t fit
or didn’t seem significant, or set them aside to worry about at a
later date.*® (Popper might claim that those scientists were bad
scientists, but if so then most scientists have been bad scientists,
including some of our most celebrated.)

Like the science studies scholars quoted above, Feyerabend
embraced a deliberately provocative style, and perhaps because
he described his position as “theoretical anarchism” he is often
quoted as having claimed that in science “anything goes.” But that
was not his claim. The actual quotation is this:

It is clear then, that the idea of a fixed method, or a fixed theory
of rationality, rests on too naive a view of man and his social sur-
roundings. To those who look at the rich material provided by his-
tory, and who are not intent on impoverishing it in order to
please their lower instincts, their craving for intellectual security
in the form of clarity, precision, “objectivity,” [and] “truth,” it will
become clear that there is only one principle that can be defended
under all circumstances and in all stages of human development.

It is the principle: anything goes.®!

Feyerabend was saying that if you pressed him to define the
method of science, he would have to say that anything goes—
which is to say that there is no unique method or principle of
science. This was not an abdication of the responsibility to
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demarcate science from non-science, as Popper might have ar-
gued, but a recognition that methodological and intellectual di-
versity characterized the history of science, and this was a good
thing: it made communities stronger, more creative, more open-
minded, and nicer.*” Absolutism—whether in science, politics,
or anything else—was generally objectionable.®* Like Popper
(and Duhem and Comte), Feyerbend believed in progress; he
just disagreed about whence it came. He summarized: “Theo-
retical anarchism is more humanitarian and more likely to en-
courage progress that its law-and-order alternatives . . . [and the]
only principle that does not inhibit progress is: anything goes.”®*
When we look seriously at what scientists do, we find that they
are nothing if not creative, flexible, and adaptive.

Feyerabend was a philosopher, not a sociologist, and he
accepted that science was progressive in a way that most of his
sociological colleagues did not. But his work did support the
sociological trend emerging strongly in the 1970s of focusing on
the practices of scientists—in their labs, in the field, in clinical
trials. If we cannot state a priori what the method of science
is (or methods are), then the only way to find out is through
observation.

The person who since then has done the most in that regard
is unquestionably Bruno Latour, who turned the techniques of
anthropology to science and in doing so drew particular atten-
tion to the practices that scientists employ to persuade their col-
leagues to accept any particular claim. Latour’s great impact on
the field was to establish ethnography as a key methodology in
science studies, and to insist on the importance of privileging
what scientists do over what they say.®** While the work that has
followed in his wake defies easy summation, one thing is clear:
it confirms earlier arguments about scientific methodological
diversity. After the work of the Edinburgh school, of Feyerabend,
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of Latour and his colleagues, and of the diverse historians who
have documented the ways scientific methods have changed over
time, it is no longer plausible to hold to the view that there is any
singular scientific method.®

This is not an entirely negative finding, but it does commit us
to the conclusion that the dream of positive knowledge has truly
ended.?” There is no identifiable (singular) scientific method.
And if there is no singular scientific method, then there is no way
to insist on ex ante trust by virtue of its use. Moreover, despite
the claims of prominent scientists to the contrary, the contribu-
tions of science cannot be viewed as permanent.®® The empiri-
cal evidence gleaned from the history of science shows that sci-
entific truths are perishable. How can we tell then if scientific
work is good work or not? On what basis should we trust or dis-
trust science?

Getting Unstuck:
Social Epistemology

Despite the challenges of science studies, there have still been
many attempts to salvage scientific rationality. In my view, the
most successful of these have come from a direction that most
scientists would have least suspected: feminism.

Since the 1960s, feminists have asked: How could science
claim to be objective when it largely excluded half the popula-
tion from the ranks of its practitioners? How could science claim
to be producing disinterested knowledge when so many of its
theories embedded obvious social prejudices, not just about
gender but also about race, class, and ethnicity? These ques-
tions were not necessarily hostile. Many of them were raised by
female scientists who were interested in the natural or social
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world and believed in the power and value of scientific inquiry
to explain it.

Sociologists of scientific knowledge stressed that science is
a social activity, and this has been taken by many (for both bet-
ter and worse) as undermining its claims to objectivity. The
“social,” particularly to many scientists but also many philoso-
phers, was synonymous with the personal, the subjective, the
irrational, the arbitrary, and even the coerced. If the conclusions
of scientists—who for the most part were European or North
American men—were social constructions, then they had no
more or less purchase on truth that the conclusions of other
social groups. At least, a good deal of work in science studies
seemed to imply that.

But feminist philosophers of science, most notably Sandra
Harding and Helen Longino, turned that argument on its head,
suggesting that objectivity could be reenvisaged as a social ac-
complishment, something that is collectively achieved.®® Hard-
ing mobilized the concept of standpoint epistemology—the idea
that how we view matters depends to a great extent on our so-
cial position (or, colloquially, that where we stand depends on
where we sit) —to argue that greater diversity could make sci-
ence stronger. Our personal experiences—of wealth or poverty,
privilege or disadvantage, maleness or femaleness, heteronor-
mativity or queerness, disability or able-bodiedness—cannot
but influence our perspectives on and interpretations of the
world. Therefore, ceteris paribus, a more diverse group will
bring to bear more perspectives on an issue than a less diverse
one.”

In her groundbreaking 1986 book, The Science Question in Fem-
inism, Harding argued that the objectivity practiced by most
scientific communities was weak, because of the characteristic
homogeneity of those communities. The perspectives of women,
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people of color, the working classes, and many others were lack-
ing, and the consequences were plain to see when one consid-
ered the obvious sexism, racism, and class bias of many past sci-
entific theories. But there could be less obvious forms of bias at
work as well. She argued for what she labeled strong objectivity:
an approach that acknowledged that an individual’s beliefs, val-
ues, and life experiences necessarily affect their work—scientific
or otherwise—so the best way to develop objective knowledge
is to increase the diversity of knowledge-seeking communities.
Objectivity was not a o/1 proposition: communities could be
more or less objective and greater objectivity in scientific re-
search achieved—or at least made more likely—Dby greater het-
erogeneity in the scientific community.”*

Like Feyerabend, Harding tended toward the deliberately
provocative—as when she compared Newton’s Principia Math-
ematica to a rape manual—and this made her an easy target of
right-wing critics.”® It also made her the target of scientific crit-
ics, such as Paul Gross and Norman Levitt, who failed to under-
stand that the central point of her critique was that science
could be made stronger through inclusion. This point was made
a bit more diplomatically—albeit equally forcefully from an
intellectual standpoint—by the feminist philosopher Helen
Longino.

Longino transformed a common scientific assumption—that
science is self-correcting—into a pressing intellectual question—
How is it that science is self-correcting? After all, the claim that
science corrects itself might be viewed as highly implausible—a
sort of epistemic magic trick. Longino’s suggested that it is not
so much that science corrects itself, but that scientists correct each
other through the social processes that constitute “transforma-
tive interrogation.” It is through the give and take of ideas—the
challenging, the questioning, the adjusting and amending—that
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scientists integrate their colleagues’ work, offer up criticisms, and
contribute to the growth of warranted knowledge. She wrote:

The objectivity of individuals in this scheme consists in their par-
ticipation in the collective give-and-take of critical discussion
and not in some special relation (of detachment, hardheadedness)
they may bear to their observations. Thus understood, objectiv-
ity is dependent upon the depth and scope of the transformative

interrogation that occurs in any given scientific community.”

Longino urged us to accept (rather than lament) the fact that
individual scientists invariably bring biases, values, and back-
ground assumptions into their work. The scientist entering the
laboratory cannot hang up her personal values, preferences, as-
sumptions, and motivations like an overcoat, as Claude Bernard
once supposed.” What can happen, however, is that in a diverse
community subjective elements can (and most likely will) be
challenged by others, and to the extent that they may be inap-
propriately informing evidential reasoning and theory choice,
that can be challenged, too.”®

Longino’s account of transformative interrogation solves the
problem of how science, as a whole, can be objective even when
individual scientists are not:

If scientific inquiry is to provide knowledge, rather than a random
collection of opinions, there must be some way of minimizing the
influence of subjective preferences and controlling the role of
background assumptions. The social account of objectivity solves
this problem. The role of background assumptions in evidential
reasoning is grounds for unbridled relativism only in the context
of an individualistic concept of scientific method and scientific
knowledge. . .. Values are not incompatible with objectivity, but
objectivity [emerges] as a function of community practices rather

than as an attitude of individual researchers.”®
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This perspective reinforces Harding’s position that objectiv-
ity is not a matter of either/or, but of degree. The greater the di-
versity and openness of a community and the stronger its pro-
tocols for supporting free and open debate, the greater the degree
of objectivity it may be able to achieve as individual biases and
background assumptions are “outed,” as it were, by the commu-
nity. Put another way: objectivity is likely to be maximized
when there are recognized and robust avenues for criticism, such
as peer review, when the community is open, non-defensive, and
responsive to criticism, and when the community is sufficiently
diverse that a broad range of views can be developed, heard, and
appropriately considered. On this view, it is not surprising that
when scientists were almost exclusively white men, they devel-
oped theories about women and African Americans that were
at best incomplete and at times pernicious—theories that
have now been rejected. Nor is it surprising that many of the
logical and empirical flaws of these earlier theories were pointed
out by women and people of color.”” (This point is addressed
further in chapter 2.)

The key point here is that often “assumptions are not per-
ceived as such.”?® They are so embedded as to go unrecognized
as assumptions, and this is most likely to occur in homogeneous

communities. Longino continues:

When, for instance, background assumptions are shared by all
members of a community, they acquire an invisibility that renders
them unavailable for criticism. They do not become visible until
individuals who do not share the community’s assumptions can
provide alternative explanations of the phenomena without those
assumptions, as, for example, Einstein could provide an alternative
explanation of the Michelson-Morley interferometer experiment

[because he did not share the assumption of the variable speed
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oflight]. . . . From all this it follows again that the greater the num-
ber of different points of view included in a given community,
the more likely it is that its scientific practice will be objec-
tive . .. [and] it will result in descriptions and explanations of
natural processes that are more reliable . . . than would otherwise

be the case.”®

Transformative interrogation can empower us to decide whether
those background assumptions are, in a given context, appropri-
ate and helpful or inappropriate and unhelpful. This is most
likely to occur in a diverse community for the simple reason that
diverse communities will have diverse background assumptions.
Diversity does not heal all epistemic ills, but ceteris paribus a di-
verse community that embraces criticism is more likely to de-
tect and correct error than a homogeneous and self-satisfied
one.!®

Feminist epistemology soundly refutes the claim that the so-
cial character of science makes it subjective. On the contrary,
we can now see that scientists who were offended by the social
turn in science studies—as well as science studies scholars who
thought they could debunk science by exposing its social
character—got it wrong. The feminist account of the social char-
acter of science can make a stronger case for the objectivity of
scientific knowledge than previous accounts by identifying both
sources of bias and remedies to it. And consider this: in their dys-
peptic polemic of the 1990s, Higher Superstitions: The Academic
Left and Its Quarrels with Science, scientists Paul Gross and Nor-
man Levitt accused feminists of being anti-science. But neither
Harding nor Longino were anti-science.'®’ Both were discuss-
ing ways to strengthen and improve it. Gross and Levitt could
have used feminist philosophy of science in their defense of sci-
ence had they not been so busy taking offense.
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In Diversity There Is
Epistemic Strength

Feminist philosophy of science salvages science from the claim
that its social character makes it subjective, but it does leave us
with a view of science that makes some people uncomfortable:
that science is fundamentally consensual. Longino summarizes:
“To say that a theory or hypothesis was accepted on the basis of
objective methods does not entitle us to say it is true but rather
that it reflects the critically achieved consensus of the scientific
community. [And] it’s not clear we should hope for anything
better”’°* I agree. But where does that leave us?

To recapitulate: There is now broad agreement among histo-
rians, philosophers, sociologists, and anthropologists of science
that there is no (singular) scientific method, and that scientific
practice consists of communities of people, making decisions for
reasons that are both empirical and social, using diverse meth-
ods. But this leaves us with the question: If scientists are just
people doing work, like plumbers or nurses or electricians, and
if our scientific theories are fallible and subject to change, then
what is the basis for trust in science?

I suggest that our answer should be two-fold: 1) its sustained
engagement with the world and 2) its social character.

The first point is crucial but easily overlooked: Natural scien-
tists study the natural world. Social scientists study the social
world. That is what they do. Consider a related question: Why
trust a plumber? Or an electrician? Or a dentist or a nurse? One
answer is that we trust a plumber to do our plumbing because
she is trained and licensed to do plumbing. We would not trust
a plumber to do our nursing, nor a nurse to do our plumbing.
Of course, plumbers can make mistakes, and so we get
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recommendations from friends to ensure that any particular
plumber has a good track record. A plumber with a bad track
record may find herself out of business. But it is in the nature of
expertise that we trust experts to do jobs for which they are
trained and we are not. Without this trust in experts, society
would come to a standstill. Scientists are our designated experts
for studying the world.'® Therefore, to the extent that we
should trust anyone to tell us about the world, we should trust
scientists.

This is not the same as faith: We do (or should) check the
references of our plumbers and we should do the same for our
scientists. If a scientist has a track record of error, underestima-
tion, or exaggeration, this might be grounds for viewing his or
her claims skeptically (or at least judging their results with this
information in mind.) If a scientist is receiving financial
support—directly or indirectly—from an interested party, this
may be grounds for applying a higher level of scrutiny than
we might otherwise demand. (For example, an editor might
send the paper for additional review, or a reviewer might pay
extra attention to study design, where subconscious bias may
slip in.)'%*

No doubt individual scientists, like individual plumbers,
may be stupid, venal, corrupt, or incompetent. But consider this:
the profession of plumbing exists because in general plumbers
do ajob we need them to do, and in general they do it success-
fully. When we evaluate the track record of science, we find a
substantial record of success—in explanation, in prediction,
in providing the basis for successful action and innovation.
We have a world of medicines, technologies, and conceptual
understandings derived from science that have enabled people
to do things they have wanted to do. (As already noted, that suc-
cess does not prove that the theories involved are necessarily
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true, but it does suggest that scientists are doing something
right.) This might be the one point on which the diverse schol-
ars I have discussed agree: philosophers, historians, sociologists,
and anthropologists have all been interested in science because
ofits success—both culturally and epistemologically. The ques-
tion of this lecture is of interest at least in part because the suc-
cess of science as a source of stable epistemic authority has been
called into question, and its future success as a cultural enterprise
appears to be at least somewhat in doubt.

This consideration—that scientists are in our society the ex-
perts who study the world—is a reminder to scientists of the im-
portance of foregrounding the empirical character of their
work—their engagement with nature and society and the empiri-
cal basis it provides for their conclusions. As I have stressed else-
where, scientists need to explain not just what they know, but
how they know it.!* Expertise as a concept also carries with it the
embedded idea of specialization, and therefore the limits to ex-
pertise, reminding us why it is important for scientists to exercise
restraint with respect to subjects on which they lack expertise.

However, reliance on empirical evidence alone is insufficient
for understanding the basis of scientific conclusions and there-
fore insufficient for establishing trust in science. We must also
take to heart—and explain—the social character of science
and the role it plays in vetting claims. Here it is worth reiterating
my point that scientists who were offended by the “social” turn
in science studies got it wrong: much of what we identify as
“science” are social practices and procedures of adjudication
designed to ensure—or at least to attempt to increase the
odds—that the process of review and correction are sufficiently
robust as to lead to empirically reliable results.'°® Again,
Longino: “Socializing cognition is not a corruption or displace-
ment of the rational but a vehicle of its performance.”'%”
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Peer review is one example of such a practice: it is through
peer review that scientific claims are subjected to critical inter-
rogation. ('This is why, in my own work, I have stressed the im-
portance of evaluating scientific consensus through analysis of
the peer-reviewed literature and not the popular press or social
media, and why these chapters were subject to peer review.) This
includes not only the formal review that papers go through when
submitted to academic journals, but also the informal processes
ofjudgment and evaluation that research findings undergo when
scientists discuss their preliminary results in conferences and
workshop and solicit comments from colleagues prior to sub-
mitting them for publication, as well as the continued process
of evaluation that published claims endure as fellow scientists
attempt to use and build on those claims.'*®

Tenure is another example: we evaluate scholars” work in
order to judge whether they are worthy of joining the commu-
nity of scholars in their fields, in effect to be certified as experts.
Tenure is effectively the academic version of licensing. The cru-
cial element of these practices is their social and institutional
character, which work to ensure that the judgments and opin-
ions of no one person dominate and therefore that the value
preferences and biases of no one person are controlling. Of
course, within any community there will be dominant groups
and individuals, but the social processes of collective interroga-
tion offer a means for the less dominant to be heard so that, to
the maximum degree possible, the conclusions arrived at are
non-partisan and non-idiosyncratic.'® The social character of
science forms the basis of its approach to objectivity and there-
fore the grounds on which we may trust it.

In recent years, this insight has been implicitly incorporated
into scientific practices, particularly in just those domains
where scientific claims are likely to be viewed as controversial.
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The US National Academy of Sciences works to ensure that the
panelists who perform its reviews are diverse and represent a
range of viewpoints. Scholars have called this approach the
“balancing of bias””*'° The Intergovernmental Panel on Climate
Change—now one of the world’s largest aggregations of
scientists—makes a particular point of seeking geographical,
national, racial, and gender diversity in its chapter-writing
teams. While the motivations for inclusivity may be in part po-
litical, the widespread character of practices of inclusion sug-
gest that many scientific communities now recognize that di-
versity serves epistemic goals.

Caveats

My arguments require a few caveats. Most important is that there
is no guarantee that the ideal of objectivity through diversity and
critical interrogation will always be achieved, and therefore no
guarantee that scientists are correct in any given case. The argu-
ment is rather that, given the existence of these procedures and
assuming they are followed, there is a mechanism by which er-
rors, biases, and incompleteness can be identified and corrected.
In a sense, the argument is probabilistic: that if scientists follow
these practices and procedures, they increase the odds that their
science does not go awry. Moreover, outsiders may judge scien-
tific claims in part by considering how diverse and open to cri-
tique the community involved is. If there is evidence that a com-
munity is not open, or is dominated by a small clique or even a
few aggressive individuals—or if we have evidence (and not just
allegations) that some voices are being suppressed—this may be
grounds for warranted skepticism. In this respect, each case must
be evaluated on its own merits.
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An interesting recent case is the “extended evolutionary syn-
thesis” (EES) concept, which challenges the primacy of genetic
control in inheritance and calls increased attention to develop-
mental plasticity, environmental modification by organisms (in-
cluding niche construction), epigenetics, and social learning.'*
Some advocates of EES have been disturbed by resistance
they have encountered among “traditionalists” in the evolu-
tionary biology community, who argue that the existing evo-
lutionary synthesis is adequate and no extension is needed.**
The ensuing arguments have sometimes become hostile and
personal.'*® To a historian familiar with past major debates in
science, it is not surprising that there is resistance to new ideas
that threaten the stability of past scientific achievements or the
social position of their adherents, nor that this resistance at times
gets heated.""* When people’s life work is being questioned, they
may get testy. No one likes to be told that they are wrong. The
important question here is whether the advocates of EES have
been able to publish their views in respected journals and to
obtain funding for their research. The answer is yes. Despite the
flaring of tempers, the evolutionary biology community as a
whole has proved open to the introduction of new ideas and the
critical interrogation of old ones.

A second caveat is that my argument is by no means a call for
blind or blanket trust, much less a slavish adherence to scientists’
recommendations on non-scientific matters. It is a call for
informed trust in the consensual conclusions of scientific com-
munities, but not necessarily in the views or opinions of indi-
vidual scientists, particularly not when they stray outside their
domains of expertise. Indeed, the track record of scientists out-
side their specialties is not particularly impressive. One need
only think of physicist-mathematician John von Neumann claim-
ing in the 1950s that within a few decades nuclear energy would
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be as free as the “unmetered air,” or physicist William Shockley’s
insistence that African Americans were genetically inferior to
whites and should be paid to undergo “voluntary” steriliza-
tion.'"> Werner von Braun thought that by the year 2000, the
first child would have been born on the moon.'*® Physical sci-
entists, particularly in the United States, have tended to be tech-
nofideists, exaggerating the rate at which new technologies
would be developed or the degree to which they would improve
our lives. Both physical and life scientists have an unhappy rec-
ord of insensitivity to social and ethical concerns, as witnessed
by the widespread support among biologists in the early twen-
tieth century for eugenics programs that in hindsight appear both
scientifically erroneous and morally noxious (see chapter 2).
Outside their domains of expertise, scientists may be no more
well informed than ordinary people. Indeed, they may be less so
as their intense training in one area can lead them to be under-
educated in others.""”

The claim that scientists have expertise in particular domains
is not, moreover, to insist that this expertise is exclusive.
Many lay people—farmers, fishermen and women, patients,
midwives—have expertise in their particular domains."'® Pa-
tients may have considerable understanding of the progression
of their disease or the side effects of pharmaceuticals; midwives
may be able to recognize problems in pregnancies as well or
better than some obstetricians. There was extensive scientific
knowledge in India before the arrival of the British, particularly
about matters that the British would label “natural historical”
(but locals might not have labeled this way).'"

We have a considerable literature on indigenous expertise: the
knowledge that both lay people and experts may have about
plants, animals, geography, climate, or other aspects of their natu-
ral environments and communities. In recent decades we have
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come to understand more fully the empirical knowledge systems
that have developed outside of what we conventionally call
“Western science”—what anthropologist Susantha Goonatilake
has called “civilizational knowledge.” These systems may involve
highly developed expertise, and may be quite effective in their
realms."*® For example, Traditional Chinese Medicine (TCM),
acupuncture, and Ayurvedic medicine can be efficacious in treat-
ing certain diseases and conditions for which Western medicine
has little to offer.*' Civilizational knowledge traditions have au-
thority in their regions of origin by virtue of track records of
success, and in some cases (e.g,, acupuncture) have demonstrated
efficacy beyond those regions as well. Moreover, the study of
civilizational knowledge has highlighted the values embedded
in Western science that often go unrecognized or are even de-
nied by its practitioners.'*?

There are also lay knowledge traditions based on sustained
empirical and analytical engagement with the world. Hunter-
gatherer societies, for example, typically have detailed empiri-
cal knowledge of plant distributions and animal migrations; an-
thropologist Colin Scott, for example, has demonstrated that
Cree hunting traditions are highly empirical, and argues that they
are therefore rightly viewed as scientific.'* Where lay knowledge
overlaps with scientific knowledge, one should not assume that
the latter is necessarily superior to the former.'** We know, for
example, that Polynesian navigators were far more effective in
plying the Pacific than their European counterparts until at least
the time of Cook in the late eighteenth century.'*®

There is an important distinction to be made here: respect-
ing indigenous, lay, and “Eastern” knowledge that has demon-
strated empirical adequacy or clinical efficacy is a very different
thing from accepting popular claims that are ignorant, errone-
ous, or represent motivated disinformation. The claims of an
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actress that vaccines cause autism or an oil executive that re-
cently observed climate change has been caused by sunspots
do not come out of established knowledge traditions; the indi-
viduals promoting them do not have a credible claim to exper-
tise. An actress is not an immunologist; a petroleum industry
CEO s not a climate scientist. And in these particular cases, we
have abundant empirical evidence that their claims are untrue.
The claim that climate change is caused by sunspots has had its
day in scientific court: it has been vetted by evidence and shown
to be incorrect.'*® Autism is no more common among children
who have been vaccinated than those who have not.'*” Respect-
ing alternative knowledge traditions does not mean that we sus-
pend judgment, either about those traditions or our own.

It is also important to distinguish between the scientific and
the normative questions that get mooted in contemporary so-
ciety. To be sure, the interrelations between the various sciences
and the politics, economics, and morality that surround and
embed them are often complex, intercalated, and not easily dis-
entangled; some scholars have argued that they cannot be dis-
entangled.'*® I believe that, however imperfectly, we can distin-
guish between the scientific and normative aspects of many
questions—and that we continue to need to. Whether man-
made climate change is underway is a different sort of question
from what we should do about it; I may have reasons for de-
clining vaccination that have nothing to do with its alleged rela-
tion to autism.'?® These distinctions matter, because if | under-
stand that some of my fellow citizens reject vaccinations on
religious grounds, I may respect that opinion without succumb-
ing to the fallacy that vaccines cause autism; depending on my
own religious views, I might join them or I might not. Similarly,
I can respect the fact that many people have had adverse reac-
tions from pharmaceuticals and know that iatrogenic illness is
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a real thing, without accepting the allegation that it is the drug
AZT, rather than a virus, that causes HIV-AIDs."** Pope Francis
rejects genetically modified organisms as an inappropriate inter-
ference with God’s domain; if I were Catholic I might choose
to follow his views irrespective of the scientific evidence as to
whether those products are safe to eat.’*! Distinctions between
the scientific and the social matter, because they rightly affect our
choices, and because us they help to distinguish between argu-
ments that may be persuasive to our audiences and arguments
that are doomed to fail because they don’t address their under-
lying concerns.

Comte argued long ago that the basis for the success of sci-
ence was experience and observation. We now know that that
is only part of the story, albeit an important part. Nevertheless,
we can use this argument to remember that the basis for our trust
in science is, in fact, experience and observation—not of empiri-
cal reality, but of science itself. It is what Comte argued long ago:
that just as we can only understand the natural world by observ-
ing it, so we can only understand the social world by observing
it. When we observe scientists, we find that they have developed
a variety of practices for vetting knowledge—for identifying
problems in their theories and experiments and attempting
to correct them. While these practices are fallible, we have
substantial empirical evidence that they do detect error and in-
sufficiency. They stimulate scientists to reconsider their views
and, as warranted by evidence, to change them. This is what
constitutes progress in science.
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Coda: Why Not the
Petroleum Industry?

We can now answer the question raised at the outset of this chap-
ter of ex ante trust. Why should the conclusions of climate sci-
entists about climate change be viewed ex ante as more authori-
tative than those originating from the petroleum industry? Or
arguments about cancer and heart disease from the tobacco in-
dustry? Or about diabetes or obesity from Coca-Cola?'*?

The answer is simple: conflict of interest. The petroleum in-
dustry exists to explore for, find, develop, and sell petroleum re-
sources, and by doing so to make a profit and return value to
shareholders. It relies heavily on science and engineering to do
this, and company scientists and executives have considerable
expertise in the domains of sedimentary geology, geophysics,
and petroleum and chemical engineering, as well as sales and
marketing. But recent scientific findings about the reality and
severity of anthropogenic climate change—and the role of
greenhouse gases derived from fossil fuel combustion in driv-
ing it—threaten not only the industry’s profitability, but even
its existence. The fossil fuel industry as we know it is fighting for
its survival. Rather than accept the necessity of change, certain
elements in the industry have misrepresented the scientific evi-
dence that demonstrates that necessity."** Exxon Mobil may be
areliable source of information on oil and gas extraction, but it
is unlikely to be a reliable source of information on climate
change, because the former is its business and the latter threat-
ens it.!3*

We may say the same about the tobacco industry. For decades,
the tobacco industry refused to accept the scientific evidence that
tobacco products caused cancer, heart disease, bronchitis,
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emphysema, and a host of serious conditions and fatal diseases,
including sudden infant death syndrome. It worked to challenge,
discredit, and suppress known information, and it paid scientists
to engage in research that was in other respects legitimate, but
whose purpose (from the industry standpoint) was to distract
attention from the adverse effects of tobacco use. The chemical
industry has done much the same with respect to pesticides and
endocrine disrupting chemicals; in recent years we have seen
some of the same strategies and tactics taken up by elements of
the processed food industry.'** The tobacco, processed food, and
chemical industries face an essential conflict of interest when dis-
cussing scientific results that bear on the safety, efficacy, or
healthfulness of their products. They are not engaged in good
faith in the open, critical, and communal vetting of evidence that
is crucial for the determination of the reliability of scientific
claims. This is why, ex ante, we have reason to distrust them.
This is not to say that an individual scientist or team of scien-
tists is necessarily discredited simply because they work in or
for a potentially conflicted industry or have received funding
from it. Scientists within an industry may participate in the sci-
entific enterprise by doing research and submitting it for pub-
lication in peer-reviewed journals, and there are many fine ex-
amples of this, particularly in the early twentieth century when
many corporations ran large industrial research laboratories.
(Full disclosure: my own PhD work was partly funded by the
mining company for whom I worked before going to graduate
school, and this was disclosed in my relevant publications.)
When industry-funded scientists attend conferences and pub-
lish in peer-reviewed journals, they are acting as parts of scien-
tific communities, participating in the norms of those commu-
nities and subjecting themselves and their work to critical
scrutiny. As long as they do—so long as the norms of critical
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interrogation are operating and conflicts of interest are forth-
rightly disclosed and where necessary addressed—these scien-
tists may well make fine contributions.**®

But it is scarcely a secret that the goals of profit-making can
collide with the goals of critical scrutiny of knowledge claims.
We know from history that industrial research can be of high
quality, but we also know that it exists—and is subject to ex-
ternal scrutiny—at the discretion of the industrial sponsor.
Excellent research has emerged from the precincts of American
business and industry, but so has disinformation, misrepresen-
tation, and distraction. Science done within industries has won
Nobel prizes; it has also been subject to suppression and dis-
tortion. Moreover, as Robert Proctor, Allan Brandt, David Ros-
ner, Gerald Markowitz, Miriam Nestle, Erik Conway, and I have
documented, a substantial amount of industry research has
been designed to be a distraction.'*” Empirical reality tells us
that we are right to be suspicious when the petroleum industry
makes claims about climate science or the soda industry offers
up nutritional claims, just as we should have been suspicious
when the tobacco industry told us that Luckies were good for
us and Camels would aid our digestion."*®

The checkered history of scientific research in American in-
dustry that was designed to distract, confuse, and/or misinform
also helps us to address one of the more nefarious strategies of
industry—doubt-mongering: the claim that they are instantiat-
ing the spirit of scientific inquiry when they pose skeptical
questions and that it is scientists who are being dogmatic. This is
an intellectually noxious move, because it takes the strength of
science and turns it into a weakness, and falsely imputes scien-
tific motives to activities that are intended to undermine science.
Moreover, when scientists are unfairly attacked, they may be-
come defensive and therefore less open to warranted critique
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than they should be. In this regard doubt-mongering is doubly
damaging: it undermines public trust in science and it has the
potential to undermine science itself.

The processes of critical interrogation rely on an assumption
of good faith: that participants are interested in learning and have
a shared interest in truth. It assumes that the participants do not
have an intellectually compromising conflict of interest. When
these assumptions are violated—when people use skepticism to
undermine and discredit science rather than to revise and
strengthen it, and to confuse audiences rather than to inform
them—the entire process is disabled."** It can lead scientists to
want to shut down criticism rather than embrace it. After all, it
is challenging to maintain a spirit of openness in the face of dis-
honesty. The critics of science do not strengthen it, as they
sometimes claim; they damage it.

For this and many other reasons, there is no guarantee that
the methods of scientific scrutiny will operate as intended. In the
next chapter, I examine historical examples where, in hindsight,
we may say that scientists went astray. We will see what we may
be able to learn from those examples as to when we are justified
in not trusting science. But for the purposes of the present argu-
ment, the key point is this: We have an overall basis for trust in
the processes of scientific investigation, based on the social char-
acter of scientific inquiry and the collective critical evaluation
ofknowledge claims. And this is why, ex ante, we are justified in
accepting the results of scientific analysis by scientists as likely
to be warranted.
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SCIENCE AWRY

If you google “How old is the Earth?” the first answer you will
be offered is 4.543 billion years old. This is the accepted scientific
value based on radiometric dating of asteroids and lunar materi-
als. You will find it athirmed if you visit the web page of NASA,
the US Geological Survey, or the Encyclopedia Britannica. It has
been more or less in place for half a century and most educated
Americans accept it as factual. It is what any mainstream earth
science professor or teacher would teach, and what you will find
in any college earth science textbook. However, if you scroll
down on your computer you will also find:

How old is the earth?—creation.com
creation.com/how-old-is-the-earth

Creation Ministries International

The answer offered by Creation Ministries International,
based upon biblical exegesis, is about six thousand years. If we
were to judge a knowledge claim by the antiquity of its prove-
nance, we would have to judge this claim to be more stable than
the accepted scientific one, because it has been around since the
mid-seventeenth century. Similarly, if we were to define author-
ity as the ability to drive out competing claims, then the author-
ity of the scientific value is clearly by no means total. This is
not merely the case for the age of the Earth. If we look for an-
swers about climate change, the safety of vaccinations, whether
plate tectonics is an accurate and adequate theory of global
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tectonics, and if drinking water fluoridation prevents cavities, we
will find many claims competing for our attention.

Some of these claims are simply unscientific—which is to say
not based on vetted evidence—while others have been shown
by evidence to be false. Yet they persist. Indeed, the fragile sta-
tus of facts—both scientific and social—is now so widely ac-
knowledged that the Oxford English Dictionaries declared the
2016 word of the year to be “post-truth.”’ Comedian Stephen
Colbert complained that this was a rip-off of his earlier neolo-
gism “truthiness.””

The inclination of some religious believers to distrust scien-
tific findings is neither new nor unstudied. Scholars have amply
described and attempted to account for religiously motivated dis-
sent from scientific theories of evolution from Darwin to
Dawkins. But rejection of scientific claims is not restricted to
matters of theological concern; people reject scientific conclu-
sions for a host of reasons. Clearly, the establishment of scien-
tific claims qua science does not entail the acceptance of those
claims by people outside the scientific community. On the con-
trary, a “post-truth” world is one in which the fundamental as-
sumptions of scientific inquiry—including its capacity to yield
objective, trustworthy knowledge—have been called into
question.

Some scholars, most notably Bruno Latour and Sheila
Jasanoff, have argued that scientific knowledge is co-produced
by scientists and society, in which case truthiness might be
viewed as a normal state of affairs.> A co-produced claim, in
their view, is one on which both scientists and society have con-
verged, and it is this convergence—rather than empirical reality
or even empirical support—that grants stability to the claim.
Until this scientific and social convergence occurs, disputa-
tion is inevitable, and not just about values but also about facts.
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As an empirical matter, this is clearly so. But the concept of
co-production begs the question of what it means for a claim to
be scientific and whether factual claims should fairly be under-
stood as distinct from other types of claims. It also begs the
question of whether we are justified in rejecting (or at least
suspending judgement on) a claim that scientists consider set-
tled when other members of society have demurred. The theory
of co-production begs the question of whether scientific claims
made by scientific experts merit trust.*

Latour has argued that scientific claims are performances about
the natural world, and that scientists have been successful at “per-
forming the world we live in.”® By this he (presumably) means
that scientists have achieved substantial social authority and are
broadly accepted as our leading societal experts on “matters of
fact”® (They perform and we applaud.) He also suggests (pre-
sumably ruefully) that natural scientists are “better equipped at
performing the world we live in than [social scientists] have been
at deconstructing it.”” But he may be overestimating the success
(performative or otherwise) of the natural sciences, given the
large numbers of Americans who doubt many important claims
of contemporary science (I restrict myself to the United States
here, but similar claims could be made about other countries,
such as the HIV-AIDS link in parts of Africa).

If we define success in terms of cultural authority, the success
of science is clearly not only incomplete but at the moment look-
ing rather shaky. Large numbers of our fellow citizens—
including the current president and vice president of the United
States—doubt and in some cases actively challenge scientific
conclusions about vaccines, evolution, climate change, and even
the harms of tobacco. These challenges cannot be dismissed as
“scientific illiteracy.” Studies show that in the United States,
among Democrats and independent voters, higher levels of
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education are correlated with higher levels of acceptance of sci-
entific claims, but among Republicans the opposite is true:
The more educated Republicans are, the more likely they are to
doubt or reject scientific claims about anthropogenic climate
change. This indicates not a lack of knowledge but the effects of
ideological motivation, interpreted self-interest, and the power
of competing beliefs.®

And, as we saw in chapter 1, there is a deeper problem, one that
transcends our particular political moment and varying cultural
conditions. Even if we accept contemporary scientific claims as
true or likely to be true, history demonstrates that the process
of transformative interrogation will sometimes lead to the over-
turning of well-established claims. William James argued more
than a century ago that experience has a “way of boiling over, and
making us correct our present formulas.”® He astutely pointed

«c

out that what we label as “‘absolutely’ true, meaning what no fur-
ther experience will ever alter, is that ideal vanishing point
toward which we imagine that all our temporary truths will
someday converge . .. Meanwhile we live today by what truth we
can get today, and be ready tomorrow to call it falsehood.”* This
was also Karl Popper’s point where he argued for the provisional
character of all scientific knowledge.

The overturning of claims is not arbitrary; it is related to
experience and observation. But why we should accept any
contemporary claim if we know that it may in the future be
overturned? One might point out that incomplete and even
inaccurate knowledge may still be useful and reliable for certain
purposes: the Ptolemaic system of astronomy was used to make
accurate predictions of eclipses, and airplanes were flying before
aeronautical engineers had an accurate theory of lift."! That sci-
entific knowledge may be partial or incomplete—or that old
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theories get replaced by new ones—is not ipso facto a refutation
of science in general. On the contrary, it may be read as proof of
the progress of science, particularly when in hindsight we can
look back on the older theories and understand how and why
they worked. (Newtonian mechanics still works when the ob-
jects under consideration are not moving very quickly.) But if
our knowledge is overturned wholesale—if it is deemed in hind-
sight to have been wholly incorrect—that calls into question
whether we can trust current scientific knowledge when we need
to make decisions.'?

Climate skeptics sometimes raise this point. In publiclectures
on climate science, I have been asked: “Scientists are always get-
ting it wrong, so why should we believe them about climate
change?” The “it” that scientists are allegedly getting wrong is
rarely specified, and when I ask my interlocutor what he has in
mind, usually there is no specific answer. When there is, most
often it is the changing and seemingly contradictory recommen-
dations of nutritionists. There are many reasons why nutritional
information in recent years has been a moving target, and why
nutrition seems to be a dismal science. These include the role of
the mass media in publicizing novel but unconfirmed findings;
the misuse of statistics by ill-trained scientists; the problems of
small sample size and the difficulty of undertaking a controlled
study of people’s eating habits (see Krosnick, this volume); and
the influence of the food industry in funding distracting research
on the relative harms of sugar and fat."> (Elsewhere I have
written on the potential adverse effects of industry funding of
science when the desired outcomes are clear and biasing.'*)
But even if nutritional science is atypical, or even if it is typical
but the sources of confusion in it can be identified and ad-
dressed, the skeptical challenge is epistemologically legitimate.
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If scientists sometimes get things wrong—and of course they
do—then how do we know they are not wrong now? Can we
trust the current state of knowledge?

In this chapter, I set aside the issues of corruption, media
misrepresentation, and inadequate statistical training to look at
a problem that I think is more vexing, and certainly more chal-
lenging epistemically. It is the problem of science gone awry of
its own accord. There are numerous examples in the history of
science of scientists coming to conclusions that were later over-
turned, and many of those episodes have to do neither with
religious commitments, nor overt political pressures, nor com-
mercial corruption.'® This has been the central question guid-
ing much of my research career: How are we to evaluate the truth
claims of science when we know that these claims may in the
future be overturned?

Elsewhere I have called this problem the instability of scien-
tific truth.’ In the 1980s, philosopher Larry Laudan called it the
pessimistic meta-induction of the history of science.'” He ob-
served (as have many others) that the history of science offers
many examples of scientific “truths” that were later viewed as
misconceptions. Conversely, ideas rejected in the past have
sometimes been rescued from their epistemological dustbins,
brushed off, polished up, and accepted into the halls of respect-
able science. The retrieval of continental drift theory and its
incorporation into plate tectonics—the topic of my first book—
is a case in point.'® As I wrote in 1999 when discussing that
retrieval: “History is littered with the discarded beliefs of yes-
terday and the present is populated by epistemic resurrec-
tions.” Given the perishability of past scientific knowledge, how
are we to evaluate the aspirations of contemporary scientific
claims to legitimacy and even permanence?'® For even if some
truths of science prove to be permanent, we have no way of
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knowing which ones those will be. We simply do not know
which of our current truths will stay and which will go.*° How,
therefore, can we warrant relying on current knowledge to make
decisions, particularly when the issues at stake are socially or
politically sensitive, economically consequential, or deeply
personal??!

In this chapter, I consider some examples in which scientists
clearly went astray. The examples are drawn either from my own
prior research and that of my students, or from historical exam-
ples that I have come to know well through three decades of
teaching. Can we learn from these examples? Do they have any-
thing in common? Might they help us answer the question of
ex ante trust, by helping us to recognize cases where it may be
appropriate to be skeptical, to reserve judgment, or to ask with
good reason for more research?

I do not claim that these examples are representative, only that
they are interesting and informative. They all come from the late
nineteenth century onwards, because in my experience many
scientists discount anything older on the grounds that we are
smarter now, have better tools, or subject our claims to more
comprehensive peer review.”” Of course, no two historical cases
are the same. Each of the examples I will present is complex, with
more than one possible interpretation of how and why scientists
took the positions they did. These cases do not define a “set.” But
they do have one crucial element in common: each of them in-
cludes red flags that were evident at the time.
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Example 1
The Limited Energy Theory

In 1873, Edward H. Clarke (1820—77), an American physician and
Harvard Medical School professor, argued against the higher
education of women on the grounds that it would adversely af-
fect their fertility.>® Specifically, he argued that the demands of
higher education would cause their ovaries and uteri to shrink.
In the words of Victorian scholars Elaine and English Showal-
ter, “Higher education,” Clarke believed, “was destroying the
reproductive functions of American women by overworking
them at a critical time in their physiological development.”*

Clarke presented his conclusion as a hypothetic-deductive
consequence of the theory of thermodynamics, specifically the
first law: conservation of energy. Developed in the 1850s particu-
larly by Rudolf Clausius, the first law of thermodynamics states
that energy can be transformed or transferred but it cannot be
created or destroyed. Therefore, the total amount of energy avail-
able in any closed system is constant. It stood to reason, Clarke
argued, that activities that directed energy toward one organ or
physiological system, such as the brain or nervous system, nec-
essarily diverted it from another, such as the uterus or endocrine
system. Clarke labeled his concept “The Limited Energy
Theory.”

Scientists were inspired to consider the implications of ther-
modynamics in diverse domains, and Clarke’s title might sug-
gest he was applying energy conservation to a range of biologi-
cal or medical questions.>® But not so. For Clarke, the problem
of limited energy was specifically female, i.e., female capacity.
In his 1873 book, Sex in Education; or, a Fair Chance for Girls,
Clarke applied the first law to argue that the body contained a
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finite amount of energy and therefore “energy consumed by one
organ would be necessarily taken away from another.”*’” But his
was not a general theory of biology, it was a specific theory of
reproduction. Reproduction, he (and others) believed, was
unique, an “extraordinary task” requiring a “rapid expenditure
of force”*® The key claim, then, was that energy spent on stud-
ies would damage women’s reproductive capacities. “A girl can-
not spend more than four, or in occasional instances, five hours
of force daily upon her studies” without risking damage, and
once every four weeks she should have a complete rest from stud-
ies of any kind.*® One might suppose that, on this theory, too
much time or effort spent on any activity, including perhaps
housework or child-rearing, might similarly affect women’s fer-
tility, but Dr. Clarke did not pursue that question. His concern
was the potential effects of strenuous higher education.

In 1873, thermodynamics was a relatively new science, and
Clarke presented his work as an exciting application of this
important development. His book was widely read: Sex in Edu-
cation enjoyed nineteen editions; over twelve thousand copies
were printed in the three decades after its release. Historians have
credited it with playing a significant role in undermining public
support for educational and professional opportunities for
women at that time; one contemporary commentator predicted
that the book would “nip co-education in the bud.”°

Clarke’s argument was primarily aimed at co-education—that
women could not withstand the rigors of a system of higher edu-
cation designed for men—but it was also used against rigorous
intellectual training for women of any sort, particularly that being
conceptualized at the women’s colleges that were being founded
around that time, such as Smith (founded in 1871), Wellesley
(1875), Radcliffe (1879), and Bryn Mawr (188s). Higher educa-
tion for women was problematic, Clarke and his followers



78 + Chapter 2

insisted, unless it was specifically designed to take account of
women’s “limited energy.”*' M. Carey Thomas, the first dean and
second president of Bryn Mawr College, recalled that in the early
years of the college, “we did not know when we began whether
women’s health could stand the strain of education.” Early ad-
vocates of higher education for women were “haunted,” she re-
flected, “by the clanging chains of that gloomy little specter,
Dr. Edward H. Clarke’s Sex in Education.”*

Clarke’s theory was also linked to emerging eugenic argu-
ments (of which we will shortly say more). Like many elite
white men in the late nineteenth and early twentieth centuries,
Clarke feared the combination of women abandoning domestic
responsibilities and the declining birth rate among native-born
white women would be disastrous to the existing social order.
He spoke for many when he fearfully predicted that “the race will
be propagated from its inferior classes,” and exhorted readers to
“secure the survival and propagation of the fittest” by keeping
women home, uneducated and child-rearing.** Perhaps for this
reason his work was heralded by many male medical colleagues,
who often shared these fears. One of these was Dr. Oliver
Wendell Holmes, dean of the Harvard Medical School (and
father of the future Supreme Court justice, who later defended
the legality of eugenic sterilization in the infamous case of Buck
v. Bell).** Holmes publicly expressed his “hearty concurrence
with the views of Doctor Clarke.”**

Clarke offered seven cases of young women who pursued tra-
ditionally male educational or work environments and experi-
enced a variety of disorders, from menstrual pain and head-
aches to mental illness. His prescription to these women—and
therefore to women in general—was to refrain from mental and
physical effort, particularly during and after menstruation. Clarke
did not attempt to measure or quantify the energy transfer
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among the body’s organs, nor did he theorize the mechanism by
which energy was selectively distributed to some parts of the
body rather than others.® Rather, he asserted that his conclu-
sion was a “deductive consequence from general scientific princi-
ples [i.e, the first law] using auxiliary assumptions.” In this
sense, his approach was similar to others at that time, such as
social Darwinists, who also attempted to apply theories devel-
oped in the biological domain to problems in social worlds.

In hindsight it does not take much effort to identify the ways
in which Clarke embedded prevailing gender prejudice and ra-
cial anxiety into his theory. But that risks historical anachronism.
If our concern is how to identify problematic science, not in
hindsight, but in our own time, then we must ask the question:
Did anyone at the time object? The answer is yes. Feminists in
the late nineteenth century found Clarke’s agenda transparent
and his non-empirical methodology ripe for attack. His leading
critic within the medical community was Dr. Mary Putnam
Jacobi, a professor of medicine at Columbia and the author of
over a hundred medical papers.

Jacobi signposted the gender politics inside Clarke’s theory,
writing that the popularity of his work could be attributed to
“many interests besides those of scientific truth. The public cares
little about science, except insofar as its conclusions can be made
to intervene in behalf of some moral, religious or social contro-
versy.®” She also identified its empirical inadequacy, based as
it was on only seven women. As we saw in chapter 1, drawing
deductive consequences from theory is part of accepted scien-
tific methodology, but only part: deductive consequences have
to be tested by reference to empirical evidence. And Clarke,
Jacobi noted, didn’t have much.

In 1877 she published a study of her own, The Question of Rest
for Women during Menstruation, in which she sampled 268
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women “who ranged in health, and education and professional
status.” (She also allowed the women to self-report their status,
in contrast to Clarke who used his own interpretations of their
symptoms.) Jacobi presented her data in a series of thirty-four
tables examining the relationship between multiple variables,
such as rest, exercise, and education.*® She found 59% of women
reported no suffering or only slight or occasional suffering from
menstruation. Physiologically, she noted that there was “noth-
ing in the nature of menstruation to imply the necessity, or even
the desirability, of rest,” particularly when the women’s diets
were normal. She supported this conclusion with a thorough
literature review on menstruation and nutrition, as well as labo-
ratory experiments on nutrition and the menstrual cycle.*® Her
research earned Harvard’s Boylston Medical Prize. But it had
little effect on Clarke or his male medical colleagues. In 1907
Dr. G. Stanley Hall wrote in his widely read work Adolescence,
“it is, to say the very least, not yet proven that higher education
of women is not injurious to their health.”*° Clarke’s theory was
viewed as sufficiently established as to place the burden of
proof on those who claimed that higher education for women
was fine.*!

Example 2:
The Rejection of Continental Drift

In the 1920s and ’30s, American earth scientists rejected a claim
that forty years later was accepted as fact.** This was the claim
that the continents were not fixed, but moved horizontally across
the surface of the Earth; that these movements explained many
aspects of geological history; and that the interactions of mov-
ing continents explained crucial geological features, such as the
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distribution of volcanoes and earthquakes. This concept came
to be known as continental drift. Alfred Wegener, the prominent
and respected geophysicist who proposed it, compiled a large
body of empirical evidence drawn from existing geological
literature.

While continental drift was not accepted at the time, there was
broad consensus that existing theories were inadequate and an
alternative explanation of the facts of geological history was
needed. When the reality of drifting continents was accepted in
the 1960s, in part based on these facts (as well as new ones that
had come to light), some scientists were embarrassed to ac-
knowledge that, not very long before, their community had
rejected continental drift. In response, some suggested that con-
tinental drift had been rejected in the 1920s for lack of a mecha-
nism to explain it. This was a plausible notion, and it was en-
shrined in many textbooks and even repeated by some historians
and philosophers of science.” But it wasn’t true. Several credible
mechanisms had been offered at the time. None of these mecha-
nisms was flawless—newly introduced theories rarely are—but
scientists at the time had vigorous discussions about them, and
some thought the mechanism issue had been resolved. Ameri-
can geologist Chester Longwell, for example, wrote that a
model involving convection currents in the mantle—an idea that
in the 1960s would be accepted as part of plate tectonics—was
“a beautiful theory” that would be “epoch-making.”**

If geologists had plausible mechanisms to explain continen-
tal drift, including ones that were later accepted, then why did
they reject the theory? A telling element in this story was that
American geologists were far more hostile to the theory than
their European or British colleagues. Many continental Europe-
ans accepted that pieces of the Earth’s crust had moved over
substantial horizontal distances; this was evident in the Swiss
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Alps. Some British geologists also cautiously entertained the
theory; in the 1950s and ’60s many British school children learned
about continental drift in their O- and A-level geology courses.
But this was not the case in the United States: American geolo-
gists did not just reject the idea, they accused Wegener of bad
science. This offers a rare opportunity to explore how scientists
decide what constitutes good or bad science.

In debates over the theory, many American geologists explic-
itly raised methodological objections. In particular, they ob-
jected to the fact that Wegener had presented his theory in
hypothetico-deductive form, which they considered to be a
form of bias. Good science, they held, was inductive. Observa-
tion should precede theory and not the other way around.
Edward Berry, a paleontologist at Johns Hopkins University,
put it this way:

My principal objection to the Wegener hypothesis rests on the
author’s method. This, in my opinion, is not scientific, but takes
the familiar course of an initial idea, a selective search through the
literature for corroborative evidence, ignoring most of the facts
that are opposed to the idea, and ending in a state of auto-
intoxication in which the subjective idea comes to be considered

an objective fact.

Bailey Willis, chairman of the geology department at Stanford
University and president of the Seismological Society of Amer-
ica, felt the books were “written by an advocate rather than an
impartial investigator.” Joseph Singewald, a geology professor at
Johns Hopkins University, claimed Wegener “set out to prove the
theory . .. rather than to test it.”** Harry Fielding Reid, a founder
of modern seismology, argued that the proper method of (all)
science was induction. In 1922, he wrote a review of the English
translation of Wegener’s Origin of Continents and Oceans in which
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he described continental drift as a member of a species of failed
hypotheses based on hypothetico-deductive reasoning.

There have been many attempts to deduce the characteristics of
the Earth form a hypothesis, but they have all failed . . . [Conti-
nental drift] is another of the same type. . .. Science has devel-
oped by the painstaking comparison of observations and through
close induction, by taking one short step backward to their
cause; not by first guessing at the cause and then deducing the

phenomena.*¢

It has sometimes been suggested that comments such as these
reflect an American rejection of theory in general. But Ameri-
can geologists did not reject theory per se. Many of them were
actively involved in theory development in other domains. But
they did have particular ideas about how scientific theories
should be developed and defended. Scientific theory, they be-
lieved, should be developed inductively and defended
modestly.

American geologists were suspicious of theoretical systems
that claimed universal applicability and of the individuals who
expounded them. One example was the “Neptunist” school, de-
veloped in the eighteenth century by Abraham Werner, which
held that geological strata could be understood as the evolving
deposits of a gradually receding universal ocean.*” For many
American geologists, Neptunism epitomized the type of gran-
diosity, operating under an authoritarian leader, that Americans
discerned throughout European science. On a trip to Europe,
Bailey Willis met Pierre Termier, director of the French Carto-
graphic Service, who was known for his theory of grande
nappes—the concept that large portions of the European Alps
could be understood as mega-folds, created when a portion of
continental crust was displaced over great lateral distances. Willis
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lamented that Termier was “an authority,” whose theory young
geologists in France “cannot decline to accept.”*®

The tone with which Willis discussed Termier explains what
might otherwise be perplexing in this case: Scientists are sup-
posed to be authorities, but the concern here is that this can slide
into arrogance and dogmatism. It can slide into intellectual
authoritarianism; Termier’s authoritarian status could make it
difficult for others to question his theory. The spirit of critical
inquiry would be suppressed and scientific progress would be
impeded, because no one would feel free to challenge or improve
upon the idea.

The American preference for inductive methodology was
thus linked by its advocates to American political ideals of plu-
ralism, egalitarianism, open-mindedness, and democracy. They
believed that Termier’s approach was typically European—that
European science, like European culture, tended toward the
anti-democratic. American geologists thus explicitly linked
their inductive methodology to American democracy and cul-
ture, arguing that the inductive method was the appropriate
one for America because it refused to grant a privileged position
to any theory and therefore any theorist. Deduction was consis-
tent with autocratic European ways of thinking and acting; in-
duction was consistent with democratic American ways of
thinking and acting. Their methodological preferences were
grounded in their political ideals.

This anti-authoritarian attitude was foregrounded by scien-
tists who propounded the “method of multiple working hypoth-
eses.” Popularized by the University of Chicago geologist
Thomas Chrowder Chamberlin, the method was an explicit
methodological prescription for geological fieldwork. Accord-
ing to it, the geologist should not go into the field to test a hy-
pothesis, but should first observe, and then begin to formulate
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explanations through a “prism of conceptual receptivity that re-
fracted multiple explanatory options.”* That meant developing
a set of “working hypotheses” and keeping all of them in mind
as work progressed. Chamberlin compared this to being a good
parent, who should not allow any one child to become a favor-
ite. A good scientist was fair and equitable to all his working hy-
potheses, just as a good father loved all his sons. (Chamberlin
did not discuss daughters.)

The method was also a useful reminder that in complex geo-
logical problems the idea of a single cause was often wrong: many
geological phenomena were the result of diverse processes work-
ing together. It was not a matter of either/or but rather both/
and; the method of multiple working hypotheses helped geolo-
gists to keep this in mind. Chamberlin thought that the bitter
divisiveness that had characterized many debates in nineteenth-
century geology had arisen because one side had fixed on one
cause and the other side on another, rather than accepting that
the right answer might be a bit of both.>® Scientists should be
investigators, not advocates. Chamberlin encapsulated this
idea in a paper called Investigation vs. Propagandism.>'

At the University of Chicago, Chamberlin designed the gradu-
ate curriculum in geology specifically to train students to be
“individual and independent, not [merely] following of previ-
ous lines of thought ending in a predetermined result”—his gloss
of the European method. He also warned against the British sys-
tem of empiricism, which he believed was “not the proper con-
trol and utilization of theoretical effort but its suppression.”**
(Chamberlin was thinking specifically of Charles Lyell’s denun-
ciations of high theory.) The method of multiple working hy-
potheses was the via media between dogmatic theory and em-
piricist extremism that would help in the future to avoid divisive
battles and factionalism.
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One might wonder if this was just talk, but geologists’ field
notebooks and classroom notes from the period show that the
method of multiple working hypotheses was practiced. Obser-
vations were segregated from interpretation, and geologists fre-
quently listed various possible interpretations that occurred to
them. One example is Harvard geologist Reginald Daly, an early
advocate of continental drift. His field notebooks show how he
enacted Chamberlin’s prescription: in these notebooks he
would record his observations on the left side of his notebook
and, on the facing page, list a variety of possible interpretations
of them. Reading Daly’s field notes, one is reminded of Rich-
ard Hofstadter’s famous claim that in the United States “a pref-
erence for hard work [was considered] better and more practi-
cal than commitments to broad and divisive abstractions.”® It
was not that American scientists were opposed to abstraction;
it was that they were seeking a nondivisive approach to it. In the
1940s when Harvard professor Marland Billings taught global
tectonics, he offered his students for their consideration no less
than nineteen different theories of mountain-making, declining
to say in class which one he preferred.>* In this context, we can
understand why American geologists reacted negatively to
Wegener’s work: He presented continental drift as a grand, uni-
tying theory with the available evidence taken as confirmatory.
For Americans, this was bad scientific method. It was deduc-
tive, it was authoritative, and it violated the principle of mul-
tiple working hypotheses. It was exactly what they expected
from a European who wanted to be an authority.**

Americans, however, had become dogmatic in their anti-
dogmatism, because in rejecting Wegener’s theory on method-
ological grounds, they dismissed a substantial body of evidence that
in other contexts they accepted as correct. Many of Wegener’s
harshest critics acknowledged this point, as when Yale geologist
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Charles Schuchert allowed that the super continent of Gond-
wana “was a fact” that he “had to get rid of.”* (Schuchert’s solu-
tion was the ad hoc theory of “land bridges” to account for the
paleontological evidence, but which failed to explain the cor-
respondences in stratigraphy, which others sedulously analyzed.)
In later years, geologists would acknowledge that the evidence
that Wegener had marshalled was substantively correct.

Example 3: Eugenics

The history of eugenics is far more complex than the two exam-
ples we have just examined, in part because it involved a wide
range of participants, many of whom were not scientists (includ-
ing US president Teddy Roosevelt), and the values and motiva-
tions that informed it were extremely diverse. Perhaps for this
reason some historians have been reluctant to draw conclusions
from what nearly all agree is a troubling chapter in the history
of science. But it has been used explicitly by climate change de-
niers to claim that because scientists were once wrong about
eugenics, they may be wrong now about climate change.®” For
this reason, I think the subject cannot be ignored, and because
ofits complexity I grant it more space than the two examples we
have just considered.

As is widely known, many scientists in the early twentieth
century believed that genes controlled a wide range of pheno-
typic traits, including a long list of undesirable or questionable
behaviors and afflictions, including prostitution, alcoholism, un-
employment, mental illness, “feeble-mindedness,” shiftlessness,
the tendency toward criminality, and even thalassophilia (love
of the sea) as indicated by the tendency to join the US Navy or
Merchant Marine. This viewpoint was the basis for the social
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movement eugenics: a variety of social practices intended to im-
prove the quality of the American (or English, German, Scan-
dinavian, or New Zealand) people, practices that in hindsight
most of us view with dismay, outrage, even horror. These prac-
tices were discussed either under the affirmative rubrics of “race
betterment” and “improvement,” or the negative rubrics of pre-
venting “racial degeneration” and “race suicide.”*® The ultimate
expression of these views in Nazi Germany is well known. Less
well known is that in the United States, eugenic practices in-
cluded the forced sterilization of tens of thousands of US citi-
zens (and principally targeting the disabled), a practice upheld
in the Buck v. Bell decision, wherein Supreme Court justice
Oliver Wendell Holmes, Jr., upheld the rights of states to “pro-
tect” themselves from “vicious protoplasm.”*®

The plaintiftin Buck v. Bell was a young woman, Carrie Buck,
who had been sterilized after giving birth after being raped. State
experts in Virginia testified that Carrie, her mother, and her child
were all “feeble-minded”; this was used to warrant Carrie’s ster-
ilization to ensure that no further oftspring would be produced.
Justice Holmes encapsulated the decision in his memorable con-
clusion: “Three generations of imbeciles are enough.”®® Eugenic
sterilization laws in the United States helped to inspire compa-
rable laws in Nazi Germany, used to sterilize mentally ill patients
and others deemed to be a threat to German blood; after World
War II eugenics was largely discredited because of its relation to
Nazi ideology and practices.®

We might be tempted to dismiss eugenics as a political mis-
use of science, insofar as it was promoted and applied by people
who were not scientists, such as President Roosevelt or Adolf
Hitler, or by men who worked in eugenics but were not trained
in genetics, such as the superintendent of the Eugenics Record
Office, Harry Laughlin, who testified in the US Congress on
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behalf of eugenic-based immigration restrictions.’> But that only
gets us so far, insofar as eugenics was developed and promoted
to a significant extent by biologists, and by researchers who came
to be known as “eugenicists.” Moreover, like Clarke’s Limited En-
ergy Theory, eugenics was presented as a deduction from ac-
cepted theory, in this case Charles Darwin’s theory of evolution
by natural selection. If, as Darwin argued, traits were passed
down from parent to offspring, and fitness was increased by the
differential reproduction and survival of fit individuals, then it
stood to reason that the human race could be improved through
conscious selection. Darwin had developed his theory of natu-
ral selection in part by observing selective breeding by pigeon
fanciers: breeding was the deliberate and conscious selection of
individuals with desirable traits to reproduce and the culling of
those with undesirable ones. If breeders improved their pigeons,
dogs, cattle, and sheep through selection, was it not obvious that
the same should be done for humans? Should we not pay at least
as much attention to the quality of our human offspring as of our
sheep? And was it therefore not equally obvious that society
should take steps to encourage the fit to reproduce and discour-
age the unfit? This latter question was famously posed by
Thomas Malthus in the eighteenth century, who argued against
forms of charity that might encourage the poor to have more
children, and who, through his arguments about the inexorable
mathematics of reproduction, inspired Darwin.®®

The founder of “scientific” eugenics is generally taken to be
Darwin’s cousin Francis Galton (1822-1911) and many elements
in Darwin’s work seemed to support the view that the laws of se-
lection that operate in nature must also operate in human so-
ciety. In The Descent of Man (1871), for example, Darwin made
clear that he believed that natural selection applied to men as well
as beasts, and he argued that some human social practices, such
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as primogeniture, were maladaptive. It was not a stretch to read
Darwin as suggesting that human laws and social practice should
be adjusted to account for natural law.

For humans, Galton argued, the most important trait was in-
telligence, and so Galton undertook the study of intelligence
and heredity. Many physical traits, such as height, hair, skin and
eye color, and even overall appearance, seemed to be largely in-
herited, but was intelligence? In his 1892 work Hereditary Genius,
Galton concluded that it was. Analyzing the family trees of “dis-
tinguished men” of Europe, he found that a disproportionate
number came from wealthy or otherwise notable families. While
he recognized that “distinction” was not the same as “intelli-
gence,” Galton used it as a proxy. Finding that distinctions of all
types—political, economic, artistic—did cluster, he concluded
that character traits ran in families just as physical ones did.**

Galton, however, observed one crucial difficulty, what he
called the law of reversion to the mediocre: that the oftspring of
distinguished parents tended to be more mediocre—that is to
say, more average—than the parents. He illustrated this with
height: tall couples gave birth, on average, to children who were
not as tall as they. In an early insight into what we would now call
population genetics, Galton reasoned that the children were
inheriting traits not only from their parents, but also their grand-
parents and great-grandparents, i.e., their entire family tree. The
same would be true of any trait, including intelligence.

Galton’s conclusions regarding the prospects for overall im-
provement of the human race were thus pessimistic, because if
offspring inherited from their entire family tree then improve-
ments would take many generations to achieve. Pigeon fanciers
and dog breeders did not achieve their results in a single genera-
tion, but by patient selection over years and decades, and for
human breeding this was unrealistic. Galton did suggest vaguely
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that “steps” should be taken to encourage the “best” to procre-
ate more and the “worst” to procreate less so as “to improve the
racial qualities of future generations” and avoid “racial degenera-
tion.”®® Such non-coercive encouragement came to be known
as “positive eugenics.” But Galton was not optimistic that a pro-
gram of eugenics could be readily or reasonably achieved. The
law of reversion to the mediocre seemed to undermine such as-
pirations. Others, however, insisted not only that human im-
provement through breeding could be achieved, but that it
needed to be.

Today, the idea of “racial degeneration” is impossible to sepa-
rate from its Nazi associations, but in the early twentieth
century the threat was keenly felt—at least by many white men—
as real and present, and the eugenic ideal was taken up by physi-
cians, scientists, intellectuals, and political leaders. In the
United States, besides Teddy Roosevelt, another prominent eu-
genicist was the conservationist Madison Grant, a founder of
the Save-the-Redwoods League, trustee of the American Mu-
seum of Natural History, and author of the popular book The
Passing of the Great Race (1916).%¢ This was the Nordic “race”—
what we might now call white Anglo-Saxons—which Grant be-
lieved was threatened by the weaker “races” of Jews, southern
Europeans, and Negros. These latter groups, he argued, should
be isolated in ghettos and prevented from interbreeding with
men and women of northern European descent. Grant’s argu-
ments played a role in the Johnson-Reed Immigration Restric-
tion Act of 1924, which limited immigration from southern and
eastern Europe to no more than 2% of the US population as mea-
sured in the 1890 census and completely eliminated immigra-
tion from Asia.®” Stephen Jay Gould characterized The Passing
of the Great Race as the most influential work of scientific racism
ever published in America; historian Jonathan Spiro notes that
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it was widely embraced in Nazi Germany, including by Hitler,
who wrote to Grant saying, “The book is my Bible.”®®

Eugenics as a social movement grew dramatically in the years
1910—20, with a proliferation of books and articles on race and
fitness, nearly all of which were framed as applications of biologi-
cal science. As Grant crisply put it, “The laws of nature require
the obliteration of the unfit.”® The rediscovery in 1900 by Hugo
de Vries and colleagues of the work of Gregor Mendel, and the
support it seemed to give—indeed, the proof, in some eyes—
for the hard inheritance of characteristics, was important to the
surge of support for eugenics, as Mendel’s findings seemed to
rule out Lamarckian notions that individual improvement
could be effected via environmental improvement.”

In the United States, the locus of scientific eugenics was the
Eugenics Record Office (ERO), founded in 1910 at Cold Spring
Harbor, Long Island, and later incorporated as a department
within the Carnegie Institution of Washington Station for Ex-
perimental Evolution.”" Its director was Charles Davenport, a
professor of biology at the University of Chicago and pioneer
in biometrics. In founding the ERO, Davenport declared in
language that Oliver Wendell Holmes, Jr., would echo, “Society
needs to protect itself; as it claims the right to deprive the mur-
derer of his life so also it may annihilate the hideous serpent of
hopelessly vicious protoplasm.””?

One could not do experiments on humans as Mendel did on
peas, but one could collect data, and Davenport launched a major
study on “heredity in relation to eugenics.””* The goal was to es-
tablish the scientific basis of human inheritance through study
of family histories; the methodology was to hire field workers to
interview families about their histories. (In this regard, the ac-
tivities at the ERO were quite different from the work of the
biologists at the adjacent experimental station.) Trained field
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workers asked questions about such behaviors as alcoholism,
prostitution, gambling, promiscuity, and criminality; physical
“defects” including hermaphrodism, cleft palate, and polydactyly;
illnesses such as hemophilia and tuberculosis; mental “defect”
such as “feeblemindedness,” schizophrenia, and other forms of
mental illness; and the general category of social attainment and
accomplishment.

Between 1911 and 1924, 250 field workers, mostly women,
trained at the ERO and were sent out to collect these data. The
answers were recorded on index cards. The field workers found
that these traits often did run in families. Davenport therefore
concluded that social remedies were needed to prevent repro-
duction by parents carrying “undesirable” trains, and he became
an advocate of “segregation”™—to keep the mentally and physi-
cally ill in home and asylums where they could not breed—and
sterilization—to ensure that the unfit, both incarcerated and at
large—would not reproduce.

His deputy, Harry Laughlin, used the ERO results to pro-
mulgate “Model Sterilization Laws,” and to testify in Congress
to the desirability of restricting immigration from southern and
central Europe. ERO data demonstrated, he claimed, that im-
migrants were more likely than native-born Americans to com-
mit crimes, and that this tendency toward criminality was in-
herited. In 1924, the US Congress passed the Johnson-Reed
Act, which severely restricted immigration along eugenic
lines.”*

In the 1930s, thirty-two states in the Union passed steriliza-
tion laws, and at least thirty thousand US citizens were sterilized,
mostly without informed consent and sometimes without their
knowledge.”

Laughlin was a hero to many Nazis. In 1936, he was awarded
an honorary degree from the University of Heidelberg for his
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work on the “science of racial cleansing.” It has been said that the
Nazis based their own sterilization laws on the model laws de-
veloped by Laughlin at ERO.”® At Nuremberg, one profferd de-
fense was that Nazi laws were based on what Americans had
advocated.

As I have already noted, eugenics was complicated. Historian
Daniel Kevles has argued that eugenics had several principal
components, intermixed in various ways:”’

« Social control of reproduction, either through control
of marriage or isolation in asylums, jails, and other
institutions;

Natalism. Encouraging large families among the “fit” (generally

.

understood to be wealthy and white) and discouraging of
reproduction among the “unfit” (everyone else);

« Malthusianism. Discouraging social welfare programs,
including universal education, minimum wage laws, and
public health measures intended to reduce infant mortality
on the grounds that they ran against the natural laws that
would otherwise weed out the unfit. Eugenicists also
discouraged birth control, assuming that those who should
use it would not and those who shouldn’t use it would;

Hereditiarianism and anti-environmentalism. Rejecting the role

.

of environment and locating the cause of social position and
behavioral traits exclusively or nearly exclusively in physical
inheritance; and

Racial anxiety. Fearing that breeding of the unfit, coupled

.

with immigration, was polluting or diluting the racial identity
of the country, leading to “national” or “racial” deterioration,
with those two terms and concepts often used

interchangeably.

To this list we may add
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o Gender anxiety. Eugenic arguments were often coupled to
arguments against women’s participation in the work
force and the promotion of a constricted role centered on

home and family.”®

Most of these elements—racial anxiety, gender anxiety,
natalism—are not scientific values, which raises the question:
What exactly was the role of science and scientists in the eugen-
ics movement?

It is sometimes claimed that there was a scientific consensus
supporting eugenics, and therefore we are justified in disbeliev-
ing or rejecting contemporary matters about which there is a
scientific consensus. The novelist Michael Crichton, for example,
used this argument to try to discredit climate science, likening
contemporary calls for action to prevent anthropogenic climate
change to earlier calls to prevent race suicide.”” Both, he sug-
gested, were politics masquerading as science.

The fact that scientists may have been wrong about some
matter in the past in no way tells us whether they are right or
wrong about some wholly unrelated matter today, but Crichton’s
argument does remind us that scientists have not always been
on the side of the angels. Insofar as eugenics, like the Limited
Energy Theory, was conceptualized and justified as a logical de-
duction from scientific theory, we cannot simply explain it away
as a “misuse” or “misapplication” of science. So was there a sci-
entific consensus on eugenics? The short answer is no.*® Promi-
nent social scientists and geneticists objected to eugenic claims.
As historian Garland Allen has put it, “It was not the case that
nearly everyone in the early twentieth century accepted eugenic
conclusions.”!

Social scientists made a complaint that is obvious in retrospect
and often invoked today in nature-nurture debates: that many
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of the ills recorded by field workers could be explained by bad
nutrition, bad education, lack of linguistic skills, and/or bad luck.
It was possible that genetics explained adverse outcomes, but so
could many other things. The observation of an adverse outcome
was no proof of the genetic theory of its causation.

Many poor whites in the 1910s and "20s were immigrants who
faced numerous obstacles, including overt discrimination in em-
ployment and lack of adequate health care. Reformers pointed
to the many immigrant children who had “improved themselves”
with the help of education and other social programs, demon-
strating that social reforms if seriously pursued could work to
improve outcomes. The German-Jewish immigrant anthropol-
ogist Franz Boas, in particular, argued that while traits like hair
and eye color might be wholly inherited—and there was scien-
tific evidence from laboratory and breeding studies to suggest
that this was so—other matters were not easily so reduced.
Height, one of Francis Galton’s favorite topics of study, was a case
in point. A person’s stature, Boas remarked, is partly inherited,
but “is also greatly influenced by more or less favorable condi-
tions during the period of growth.”®* Insufficient science had
been done to understand the interplay between physical and so-
cial factors in determining developmental outcomes, and in the
absence of understanding this interplay it was wrong to assume
that any complex trait was controlled by genetics, and certainly
wrong to assume that it was wholly so.

Boas particularly objected to claims regarding the hereditary
character of intelligence. IQ tests had not been shown to mea-
sure anything meaningful, and there was no evidence of racially
specific hereditary mental or behavioral traits in blacks, immi-
grants, or any other group.®> We could observe disparate out-
comes, but we had no independent evidence of the causes of
those outcomes. On the contrary, there was evidence of social
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causes: Boas’s student Margaret Mead had shown in her 1924
master’s thesis that the scores on IQ tests of the children of Ital-
ian immigrants varied according to family social status, length
of time in the United States, and whether English was spoken at
home.®*

Mead’s discussion of Italian immigrants is an important re-
minder that, while the language of eugenics was that of “racial
degeneration,” eugenics in America was concerned both with is-
sues of race (as we understand the term today) and with grada-
tions of European ethnicity, both of which were tied to class.®
The threat was understood to be to the “Nordic race”—the
peoples of northern European descent—from both European
and non-European sources, and so a major focus of eugenic study
and target of eugenic practice was poor whites. In the United
States, that largely meant immigrants, but in the United King-
dom it meant the working class. For this reason, it is perhaps not
surprising that another group of scientists who objected to
eugenics were socialists, including the British geneticists ].B.S.
Haldane, J. D. Bernal, and Julian Huxley, and the American
socialist Herman Muller.®

Professor of genetics and biometry at University College Lon-
don, J.B.S. Haldane was the son of the famed Oxford physiolo-
gist John Scott Haldane, a socialist who pioneered the study of
occupational hazards and originated the practice of bringing ca-
naries into coalmines to monitor air quality.®’ Initially Haldane
sympathized with aspects of eugenics—in college he joined the
Oxford Eugenics Society—but he was soon oftended by its evi-
dent sociopolitical prejudices, particularly its class bias.

Haldane highlighted the thin empirical basis for eugenic
claims, particularly given that the mechanisms of inheritance,
particularly of complex traits, were only just now coming into
scientific focus. Too little was known about heredity to justify
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any eugenics program, and “many of the deeds done in America
in the name of eugenics are about as much justified by science
as were the proceedings of the inquisition by the gospels.” He
opposed all sterilization programs, including voluntary ones, on
the grounds that “any legislation which does not purport to apply,
and is not actually applied (a very different thing) to all social
classes alike, will probably be unjustly applied to the poor.” He
also insisted in the value and dignity of the working class: “A man
who can look after pigs or do any other steady work has a value
to society and . . . we have no right whatever to prevent him from
reproducing his like.”*®

Haldane did not believe that “the theory of absolute racial
equality” was necessarily correct, but he thought that any actual
difference—either of type of degree—would be difficult to
establish objectively. The best one might hope for would be to
establish difference between populations—as Galton had
done—but that would not tell you anything meaningful about
the characteristics, much less the social value, of any individual.
Perhaps reflecting on his acquaintance with the great American
actor and singer Paul Robeson, he insisted that “it is quite cer-
tain that some negroes are intellectually superior to most
Englishmen.”®’

Herman Muller, who shared the Nobel Prize for his work
demonstrating that x-rays could induce heritable genetic changes
in fruit flies, also objected to eugenics. Muller is a complex case,
insofar as he did not doubt that the human race could in princi-
ple be improved through eugenic practices. Nor did he doubt
that ideally it should be. But equally firmly he believed that im-
provement would never happen equitably under capitalism.

Muller was the principal author of the 1939 Geneticists’ Mani-
festo, signed by twenty-two American and British scientists (as
well as the historian of science Joseph Needham), in response
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to a request from the Science Service to answer the query, “How
could the world’s population be improved most effectively genet-
ically?”®® Muller and his colleagues rejected the premise that
this question could be answered biologically. They began by in-
sisting that the question “raises far broader problems than the
purely biological ones, problems which the biologist unavoid-
ably encounters as soon as he tries to get the principles of his own
special field into practice”! In other words, this was not only or
even primarily a biological question:

For the effective genetic improvement of mankind is dependent
upon major changes in social conditions, and correlative changes
in human attitudes. In the first place, there can be no valid basis
for estimating and comparing the intrinsic worth of different in-
dividuals, without economic and social conditions which provide
approximately equal opportunities for all members of society in-
stead of stratifying them from birth into classes with widely dif-
ferent privileges.”>

These men were not unilaterally opposed to efforts to make
genetic improvements to the human race. Even after revelations
of Nazi atrocities, Muller continued to support the idea of de-
liberate human improvement, arguing in 1954 that “the fact that
the so-called eugenics of the past was so mistaken . . . is no more
argument against eugenics as a general proposition than say the
failure of democracy in ancient Greece is a valid argument against
democracy in general.”®* (This would have been an interesting
response to Michael Crichton.) But Muller and his colleagues
rejected much if not all of the evidence being invoked to support
eugenic claims, because reigning accounts assumed a level so-
cial playing field that patently did not exist.

Existing studies assumed that observed differences were ge-
netic: in effect assuming the thing they were intended to prove.
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The authors of Geneticists’ Manifesto accepted that there were
both genetic and environmental aspects of intelligence, behav-
ior, social accomplishments, and many other things—as indeed
most scientists accept today. But existing studies failed to iden-
tify the relative contributions of social and genetic elements in
human characteristics.

Before people in general, or the state which is supposed to rep-
resent them, can be relied upon to adopt rational policies for the
guidance of their reproduction, there will have to be . . . a far wider
spread of knowledge of biological principles and recognition of
the truth that both environment and heredity constitute domi-
nating and inescapable complementary factors in human

well-being.”*

No real advance could be made, they held, without “the removal
of race prejudices and of the unscientific doctrine that good or
bad genes are the monopoly of particular peoples or of persons
with features of a given kind,” and this would not occur until “the
conditions which make for war and economic exploitation have
been eliminated [through] some effective sort of federation of
the whole world based on the common interests of its peoples.”
Capitalist societies manifestly did not provide “approximately
equal opportunities for all.” Eugenics could not work under capi-
talism: the lower classes would always be targeted.

Alevel playing field would only be a start, moreover, because
it was unreasonable to expect any parent to worry about the
state of future generations unless they were first “extended
adequate economic, medical, educational and other aids in the
bearing and rearing of children.” It was also unreasonable to ex-
pect intelligent women to abandon their personal interests and
aspirations on behalf of improving the population at large; the
scientists therefore suggested the need for social policies to
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ensure that a woman’s “reproductive duties do not interfere too
greatly with her opportunities to participate in the life and work
of the community at large.” This meant that workplaces needed
to be “adapted to the needs of parents and especially mothers,”
and that towns and community services needed to be reshaped
“with the good of children as one of their main objectives.” It
also meant that women needed access to safe and effective
birth control: “A.. .. prerequisite for effective genetic improve-
ment is the legalization, the universal dissemination, and the
further development through scientific investigation, of ever
more efficacious means of birth control . . . that can be put into
effect at all stages of the reproductive process,” including vol-
untary sterilization and abortion.”

Finally, these geneticists noted, to improve the world through
selection would require agreement about what constituted im-
provement, something that was by no means apparent, particu-
larly if the goals of selection were social ones. In their view, the
most important genetic characteristics one might want to try to
foster would be those for health, for the “complex called intel-
ligence,” and “for those temperamental qualities which favour
fellow-feeling and social behavior, rather than those (to-day
most esteemed by many) which make for personal ‘success, as
success is usually understood at present.”® So despite express-
ing in-principle support for eugenic ideals, they opposed eu-
genic proposals in practice. The prerequisite for improving
the quality of the world’s population was improving the social
conditions of the world.””

The socialist geneticists” opposition to eugenics was rooted
in their politics, but one did not have to be a socialist (or social
scientist) to recognize flaws in eugenic research. In particular,
many geneticists pointed out the fallacy of conflating genes with
outcomes. Garland Allen has stressed that the great British
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statistician Karl Pearson, who was a eugenicist, strongly criti-
cized the work of the ERO as “carelessly and sloppily conceived
and executed, and lack[ing] any semblance of normal scien-
tific rigor.””®

Herbert Spencer Jennings was an American geneticist at Johns
Hopkins University known for his 1930 book, The Biological Basis
of Human Nature.”® While the title might suggest an argument
for genetic determinism, the book presented the scientific case
for the interaction of genes and environment. Against the gene-

tic determinists, Jennings wrote:

A given civilization is the outgrowth of the interaction of
the genetic constitutions present in the population, with the
environment—including knowledge, inventions, traditions—of
that population. By changes in the latter set of factors enormous
differences have in the past been made in the cultural system. . . .
No cultural system is the outgrowth of genetic constitution

alone.!%
And against the environmental determinists:

[ The environmental determinist argues that] by subjection to ad-
equately diverse environments, diverse training and instruction,
any of [a group of people] can be made . . . into “doctor, lawyer,
merchant, chief” . . . Biology has no proper quarrel with such an
assertion. What an enlightened view of biology would add . . . is
this: While any of the normal individuals, taken early and prop-
erly guided, could be made into physicians, it would take different

treatment to accomplish that end in the different individuals.'®"

Eugenicists had committed numerous logical and method-
ological fallacies, including being overly influenced by implicit
assumptions (“underlying . . . but never stated”), ignoring evi-
dence that did not support their positions, and persisting in
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“mistaken conclusions after the discovery that they are
mistakes.”*** Jennings was particularly critical of what he called
“the fallacy of non-experimental judgments,” noting that pre-
cisely because nearly everyone had an opinion on heredity and
evolution, it was “essential to set aside prior views and build one’s
opinions on the basis of experimental evidence.” But this was
just what most eugenicists failed to do; they ran with their pri-
ors and ignored disconfirming evidence.'® Jennings also noted
the widespread use of what today we would call the fallacy of
the excluded middle—to assume that because some traits have
been shown to be inherited, all traits are inherited, and vice
versa regarding the environment—and, in language reminiscent
of T. C. Chamberlin, “The fallacy of attributing to one cause
what is due to many causes.”'**

For Jennings it was obvious that the answer to the nature/nur-
ture debate was both/and. He made the point in a 1924 article
by analogy to material objects:

What happens in any object—a piece of steel, a piece of ice, a ma-
chine, an organism—adepends on the one hand upon the mate-
rial of which it is composed [and] on the other hand upon the
conditions in which it is found. Under the same conditions ob-
jects of different material behave diversely; under diverse condi-
tions objects of the same material behave diversely. . .. Neither
the material constitution alone, nor the conditions alone, will
account for any event whatever; it is always the combination
that has to be considered.

And so it was for organisms. “The individual is produced by
the interaction of genes and environmental conditions; so that
the same set of genes may yield diverse characteristics under di-
verse environments.” Eugenics was doomed to fail, because “be-
havior is bound to be relative to environment, it cannot be dealt
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with as dependent on genes alone. A given set of genes may re-
sult under one environment in criminality; under another in
the career of a useful citizen.”'%°

Jennings is but one example; if space permitted we could
easily multiply his critique. The Nobel Laureate T. H. Morgan,
famous for his work on the genetics of fruit flies, stressed in the
1920s that the problems eugenicists proposed to repair would
likely be more quickly remedied through social reform than
through selective breeding.'°® Many non-scientists also raised
methodological and moral objections.'®” (And there were ob-
jections raised in other countries that I have not considered
here.)'%® The important point here is that eugenics as a political
movement in important ways conflicted with scientific under-
standing, and it is simply not correct to say that there was a
scientific consensus on eugenics.'*

Now let us consider an example where there was a consensus,
but one that ignored or at least discounted important, significant
evidence.

Example 4: Hormonal Birth
Control and Depression

Many women have had the experience of becoming depressed
or melancholic on taking the contraceptive pill, many doctors
are aware of their patients’ experience, and many scientific stud-
ies have affirmed this link. Indeed, some of the earliest studies
of the effects of the Pill in the late 1950s noted side effects includ-
ing “crying spells” and “irritability,” and the package insert that
now comes with it states that one of the known side effects is
“mental depression” (see fig. 1).



ADVERSE REACTIONS
An increased risk of the following serious adverse reactions has been associated
with the use of oral contraceptives (see WARNINGS section).

Thrombophlebitis and venous thrombosis with or without embolism
Arterial thromboembolism

Pulmonary embolism

Myocardial infarction

Cerebral hemorrhage

Cerebral thrombosis

Hypertension

Gallbladder disease

Hepatic adenomas or benign liver tumors

There is evidence of an association between the following conditions and the use
of oral contraceptives:

Mesenteric thrombosis
Retinal thrombosis

The following adverse reactions have been reported in patients receiving oral con-
traceptives and are believed to be drug-related:

e Nausea

Vomiting

Gastrointestinal symptoms (such as abdominal cramps and bloating)
Breakthrough bleeding

Spotting

Change in menstrual flow

Amenorrhea

Temporary infertility after discontinuation of treatment
Edema

Melasma which may persist

Breast changes: tenderness, enlargement, secretion
Change in weight (increase or decrease)

Change in cervical erosion and secretion

Diminution in lactation when given immediately postpartum
Cholestatic jaundice

Migraine

Allergic reaction, including rash, urticaria, and angioedema
Mental depression

Reduced tolerance to carbohydrates

Vaginal candidiasis

Change in corneal curvature (steepening)

Intolerance to contact lenses

FIGURE 1. Detail of package insert for the oral, hormonal contraceptive
ORTHO TRI-CYCLEN® Lo Tablets (norgestimate/ethinyl estradiol) showing
“mental depression” among the list of potential adverse reactions, which are
“believed to be drug-related.”
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Recently, there was a flurry of media attention about a new
study demonstrating that the Pill can cause depression.''® Phy-
sicians lauded the study, and the media presented the result as
anovel finding.'"* My own daughter, however, asked me on the
day the coverage hit the media: How is this news? She knew that
the Pill could cause depression, because I had told her so.

I have no history of depression—no family history of depres-
sion or mental illness of any sort—but when I was in my mid-
twenties, I experienced a sudden and peculiar bout of extreme
melancholy. I lost my energy for daily tasks, lost interest in my
work, and, after about six weeks, found myself having trouble
getting out of bed. And yet, in other respects my life was going
well. I was in my second year of graduate school, had done very
well in my first year, was working on an exciting project for which
I'had adequate funding, and had met a very nice man who would
soon become my husband (and to whom I've now been married
for more than thirty years).

I'went to counseling at a campus health center, and I was lucky.
The female counselor asked me straight away: Are you on the
Pill? The answer was yes. I explained that I had recently returned
from Australia, and because Australia at that time had free health
insurance, including prescription drugs, I had bought a year’s
worth before I left. But the particular formulation that I had
been prescribed in Australia was not available in the United
States, so when the year was up I had to switch to another
type. That had occurred two months before. The onset of my
depression began shortly after I had started this new form of the
Pill. The therapist told me that the type of pill I was now on—a
combination formulation—was well known to be more likely
to cause depression than some other options. I stopped the
drug immediately and my recovery began nearly as immedi-
ately. Within a few weeks I was back to my normal self, I
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thanked the therapist, and went on to a successful academic
career and life.

My experience can be dismissed as “just an anecdote,” but I
prefer to view it as a clinical study in which n = 1. The more
important point is that many women have had such experiences
and reported them to their physicians and therapists. The web-
site Healthline.com, which claims to be the “fastest growing con-
sumer health information site,” notes that “depression is the
most common reason women stop using birth control pills.”**?
Moreover, like me, many women have bounced back to normal
when they stopped taking the Pill or switched to other formula-
tions. And these case reports have spurred numerous scientific
studies. As one physician recently wrote, “decades of reports of
mood changes associated with these hormone medications have
spurred multiple research studies.” So my daughter was correct
to ask: how was this new study news?

One answer was offered by Monique Tello, a practicing MD,
MPH, who writes for the Harvard Gazette: “The study of over
a million Danish women over age 14, using hard data like diag-
nosis codes and prescription records, strongly suggests that there
is an increased risk of depression associated with all types of hor-
monal contraception.” Previous studies, in contrast, were all “of
poor quality, relying on iffy methods like self-reporting, recall,
and insufficient numbers of subjects.” The authors of the new
study concluded that previously it had been “impossible to draw
any firm conclusions from the research on this subject.”'*?

It is hard to argue with a study of over one million women. It
is also hard to argue with any study done in Denmark, which has
anational health care database covering every Danish citizen and
thus allows researchers to correct for sampling biases and other
confounding effects. It is thanks to Denmark that we can say with
confidence that children who are fully vaccinated according to
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prevailing public health recommendations do not suffer autism
at greater rates than those who are not.'** So, three cheers for
Denmark. Three cheers, as well, for this big, new convincing
study. But note the explanation of why it took so long to come
to this point: the lack of “hard data like diagnosis codes and pre-
scription records.” Previous studies, we are told, relied on “ifty
methods like self-reporting, recall, and insufficient numbers of
subjects.”!!?

The term “hard data” should be a red flag, because the history
and sociology of science show that there are no hard data. Facts
are “hardened” through persuasion and their use. Moreover, re-
marks of this type raise the question of why some forms of data
are considered hard and others are not. Justlook at what is being
considered hard data here: diagnosis codes and prescription rec-
ords. Many people would say hard data are quantitative data,
but neither of these constitutes a measurement: they are the
subjective judgments of practitioners and the drugs they
choose to prescribe in response to those judgments.'*® More-
over, there is a substantial literature on misdiagnosis in medi-
cine, and on the distorting effects of pharmaceutical industry
advertising and marketing on prescribing practices.''” Given
what we know about medical practice and its history, the idea
that diagnosis codes and prescription records should be taken
as hard facts seems almost satirical.

But it gets worse: the study authors accepted the reports of
doctors—their diagnosis codes and prescription records—as
facts, whereas the reports of female patients were dismissed un-
reliable—in Tello’s words: “ifty” Bias—either against women
or against patients—is clearly on display. But here is the key
point: the conclusion of the Denmark study is the same as all
those iffy, self-reports from female patients. If the new study is
correct, then the allegedly iffy self-reports were correct all along.
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These self-reports involved millions of women, too. The Pill
has been on the market in the United States and Europe since
the early 1960s. According to the CDC, during period 2006-10,
over ten million American women took the Pill.'*® According
to the World Health Organization, over one hundred million are
currently taking it worldwide."" While self-reporting does not
offer a good basis for an accurate quantitative assessment of risk
of depression caused by hormonal contraception, it surely of-
fers important qualitative evidence. It seems extremely unlikely
that all the women who reported mood changes while on the
Pill were simply confused or making it up.

In fact, the connection between hormonal birth control and
depression has been known almost as long as the Pill has been
on the market. In 1969, feminist journalist Barbara Seaman pub-
lished The Doctor’s Case against the Pill, a book that helped to
launch the women’s health movement. Seaman’s book made
women and doctors around the country aware of the serious
health risks of the Pill as it was then formulated, and led to con-
gressional hearings resulting in the first package insert to warn
against risks involved with a prescription medication. Chapter 15
of her book was entitled “Depression and the Pill,” and it began:

Psychiatrists were among the first doctors to persuade their own
wives to stop using birth control pills. Finely tuned to emotional
feedback, they did not take long to notice certain adverse reactions
in their wives and daughters, patients and friends. The effects that
were the most obvious ranged from suicidal and even murderous
tendencies to increased irritability and tearfulness. . . . A few pill-
users have become so hostile, suspicious and delusional that they
have seriously thought of murdering—or have actually attempted
to murder—their own husbands and children. Others attempt to

commit suicide and some have succeeded.'?°
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Within a few years of the Pill coming on the market, adverse
mental health effects had been widely reported. A 1968 study in
the United Kingdom looked at 797 women who took oral con-
traceptives; many reported emotional side effects and two com-
mitted suicide.'?! By 1969 British researchers had found that
one in three Pill users experienced personality changes; three in
fifty who were studied became suicidal. A US study by research-
ers at the University of North Carolina School of Medicine
found that 34% of otherwise healthy young women reported de-
pression after starting on the Pill. These studies did not include
control groups, but one in Sweden compared two groups of post-
partum women, matched with respect to social background,
previous history of depression, and other factors. It found sig-
nificantly higher rates of psychiatric symptoms in women who
went on the Pill after giving birth than in the group who used
other forms of birth control.

We cannot judge from Seaman’s account how good any of
these studies were; her point was that to the extent that scien-
tists had examined the question, they had found evidence to sup-
port women’s accounts, accounts that formed the emotional
heart of Seaman’s story. She told of women who became agitated
and disorganized; who experienced panic attacks in movie the-
atres; who set “accidental” fires; who found themselves weeping
uncontrollably for no apparent reason; and who felt themselves
to be on the verge of breakdown. Some of these women may have
been depressed for other reasons, but Seaman supported their
accounts with testimony from psychiatrists. Women’s stories
formed the emotional center of the book, but doctor’s stories
provided the intellectual center. It was not the patient’s case
against the Pill, but the doctor’s case.

With respect to the mental health effects, the key doctors were
psychiatrists, to whom women had gone for help after
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becoming depressed on the Pill, or who noticed changes in their
wives and friends and in patients they had been seeing for some
time and knew well. Seaman quoted one Manhattan psychia-
trist describing the resistance he initially encountered from
other doctors:

My fights with the gynecologists began in 1963 [ three years after
Enovid, the first oral contraceptive, was approved.]'** I'd been
seeing one patient twice a week for two years. . . . She was tough
as nails . . . Her father had been an alcoholic. She’d fought her
way to the top as a fashion model. . .. She’s one of the most
sensible patients I ever had. Exploitative? Yes. Neurotic? A
little. Depressed? Never. Eight days after this patient went on the
pill, she arrived for her appointment and wept through the whole
session. The same thing happened the next time and the next . . .
She talked about “giving up” and “ending it all.” I suggested that
she get off the pill. We'd see what happened then. She did. The
next time I saw her she was her old self. But then came the first in
aseries of calls from her gynecologist. In essence what he had to
say was, “You stick to your own unraveling or whatever it is you
do, and let me take care of my knitting. Birth control is not a psy-

chiatrists’ province.”'??

(Eventually, gynecologists would accept there was a pattern; this
particular gynecologist was convinced by the psychiatrist and
began to send him patients for Pill-induced depression. )
Other psychiatrists told similar stories. Patients they had
known for years were suddenly different; or patients were sent
by their families because of sudden, frightening changes. The
Atlanta physician John R. McCain presented a paper at the
New England Obstetrical and Gynecological Society warning
that the mental health effects of the Pill were “among the com-
plications which seem to have the most serious potential
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danger”'** The good news, many doctors noted, was that when
women went off the Pill, the abatement of symptoms was as fast
as the onset. This, of course, was further evidence that the Pill
was a factor in their condition.

In many of these stories, women noted that their mood swings
and depression were similar to what they had experienced when
they were pregnant or just after giving birth—and doctors had
rarely doubted that hormones had something to do with those
experiences! Among the various stories recounted in the book,
my personal favorite is this one: “When I was on the pill,” one
psychiatrist’s wife reported, “I hardly ever got off the couch ex-
cept to slap one of the children.”*®

In the years that followed, scientists and physicians undertook
studies of the mental health effects of the Pill. But considering
how many women have taken the Pill, the total number of studies
is startling modest. A quick PubMed search in 2016 on hormonal
birth control and depression/mood or psychological disorders/
libido changes found twenty-seven papers. This may be an
underestimate—other key words or phrases might have turned
up more, and mood changes may also have been detected in stud-
ies concentrating on other things—but compare this to another
issue that I have studied: climate change. In my 2004 study of
climate science, I used a sample of just under one thousand ar-
ticles to estimate the state of scientific opinion.'*® That sample
came from a population that was estimated to be over ten thou-
sand papers. Since that time, at least that many more have been
published.'*” Given that over one hundred million women are
on the Pill today, doesn’t it seem troubling that there are so few
studies on something that was recognized as a potentially seri-
ous problem more than fifty years ago?

Mood changes are admittedly a difficult thing to study and
almost impossible to quantify. Feelings are, by definition,
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subjective, and depression cannot be measured in the sort of
way that cholesterol or high blood pressure can be. But consider
this: in 2016, a clinical trial of a male hormonal contraceptive
injection in 320 men was abandoned after the men taking part
reported increased incidences of adverse effects, including
changes in libido and mood disorders. In fact, more than 20%
reported mood disorders. One man developed severe depres-
sion; another tried to commit suicide. Because of the adverse
effects, the trial was halted—even though the rate of pregnancy
suppression was more than 98%. The researchers reported:

The study regimen led to near-complete and reversible suppres-
sion of spermatogenesis. The contraceptive efficacy was relatively
good compared with other reversible methods available for men.
The frequencies of mild to moderate mood disorders were rela-
tively high.'®

The male hormonal contraceptive injection was shown to work
as well as the Pill, yet the clinical trial was stopped because of
adverse effects, one of which was a dramatic increase in mood
disorders."* If you are wondering how the researchers measured
this, the answer is: self-reporting.

This result could have been predicted, not only because simi-
lar effects were seen in women, but because there is a mecha-
nism that explains why hormonal contraceptives have this effect.
It is the link between reproductive hormones and serotonin.

Low levels of serotonin, a neurotransmitter in the brain, have been
linked to depression. High levels of estrogen, as in first-generation
[oral contraceptives], and progestin, as in some progestin-only
contraceptives, have been shown to lower the brain serotonin lev-
els by increasing the concentration of a brain enzyme that re-

duces serotonin.'3°
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The converse is also true: anti-depressant drugs that target se-
rotonin uptake, such as Prozac and Zoloft, are known to have
an adverse effect on libido."*! They can also cause erectile dys-
function and anorgasmia; one study in the 1990s found that 45%
of female patients on SSRIs (selective serotonin reuptake inhibi-
tors) experienced drug-induced sexual dysfunction and some
studies suggest even higher rates.'** This occurs because drugs
that stimulate serotonin uptake can interfere with the uptake of
hormones involved in sexual desire and reproduction, like do-
pamine.'** In other words, the issue cuts both ways: drugs that
are or target hormones involved in sex can cause depression;
drugs that treat depression can affect the hormones involved
in sex.

We have known for fifty years that the Pill can cause mood
disorders in women. We know that drugs that treat mood dis-
orders can affect hormones involved with libido, and scientists
know at least one mechanism by which this occurs. And a recent
study was stopped because hormonal contraceptive caused
mood disorders in male subjects. A reasonable person might
therefore ask: what was left to be established? Or as my daughter
put it, why was the finding that the Pill causes depression in
women viewed as news?

Let us return to the Denmark study. It did not find that previ-
ous studies of oral contraceptives had shown that hormonal
contraception did not cause mood changes. Rather, it concluded
that “inconsistent research methods and lack of uniform assess-
ments [made] it difficult to make strong conclusions about
which ... users are at risk for adverse mood effects.”*** In other
words, it suggested that until now, we didn’t know enough to
draw a firm conclusion.

These researchers took the conventional approach of assum-
ing no effect and requiring statistical proof at a specific
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significance level to say that an effect had been detected—and
was therefore known. So did the various studies that preceded
them. There’s nothing particularly shocking about this; it is
common statistical practice. But it says, in effect, that if evi-
dence is not available that meets that standard, we must con-
clude that our results are inconclusive—or in lay terms, that we
just don’t know.

There are two problems with this approach. The first, which
is a general one, is that a negative finding is often taken as indi-
cating “no effect,” when in fact it simply means that the research-
ers have not been able to detect the effect, at least not at a level
that achieves statistical significance. (Many negative studies ac-
tually do see effects, but not ones that pass the bar of statistical
significance at the 95% level.)"** It is the classic conflation of
absence of evidence with evidence of absence, and it can lead to
false negative conclusions. Still, if enough good studies are done
that consistently fail to find an effect (or one really large one with
great statistical power), we might fairly conclude that the effect
really isn’t there.

But what if there is evidence from non-statistical sources, such
as patient reports, that there may well be an effect? What if there
is a theoretical reason (as there is here) to think that an effect is
in fact likely? In that case, why are we assuming that there is none?
Why are researchers playing dumb? If we know or have reason
to suspect that something is a risk, it may be warranted to flip the
null and use a default assumption of “effect” rather than “no ef-
fect,” or to accept a lower level of statistical significance. (This
has sometimes been done, as when the Environmental Protec-
tion Agency accepted some studies of the impacts of secondhand
smoke at a confidence level of 90% rather than 95% on the
grounds that the same chemicals that were known to cause can-
cer in primary smoke were also present in secondhand
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smoke.)"® After decades of case reports, and with a mechanism
to explain why it might be so, researchers should have accepted
the null hypothesis that the Pill could cause depression and
sought statistical evidence to disprove that hypothesis.

The second problem relates to how we think about causa-
tion. The classic argument that correlation is not causation is
misleading. What we should say is that correlation is not neces-
sarily causation. Many things are correlated that are not causally
related. But if we have an observed correlation between two
phenomena, and we are aware of a mechanism that explains
how one of them can be caused by the other, and if that mecha-
nism is known to be present, then the logical conclusion is the
observed correlation is caused by the known mechanism.
Under these conditions, correlation is causation. Or at least, it
is likely to be.

A classic example is the correlation between shark attacks
and ice cream sales. Statisticians love to use this as an example
to prove how correlations can be misleading: both are related
to warm weather, when people swim in the ocean and eat ice
cream. Neither one causes the other. But what if we had inde-
pendent evidence that the smell of ice cream attracted sharks?
Then it might be the case that there was a causal relation. Now
suppose that the correlation did not achieve statistical signifi-
cance at the 95% level. Would we conclude that there was no rela-
tion between the ice cream and the attacks? Under currently
prevailing norms, we would. And we would be wrong. We need
to pay attention to mechanisms.'*’

Consider another example. When the United States reduced
the speed limit on interstate highways to fifty-five miles per hour,
traffic fatalities dropped dramatically. The motivation for the
speed limit change was to save fuel, not lives, so one might ini-
tially suppose that this correlation was just coincidental. In fact,
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driving at lower speeds reduces the chance of an accident and
the likelihood that any accident that occurs will be fatal. Because
we understand this, we rightly conclude that lowering the speed
limit caused a decrease in traffic fatalities.

Playing dumb makes sense when we have no reason to sus-
pect that phenomena are linked, or have affirmative reason to
suppose they are not. If we knew nothing about hormones and
mental health we might have rightly said that we needed more
evidence to conclude that the Pill might cause depression. But
we know that hormones affect brain chemistry. This is one
reason why manufacturers have worked to decrease estrogen
levels in oral contraceptives.

Women have always known that we sometimes get moody
and depressed right before our periods. Indeed, popular lore
makes us unreliable—as scientists, as political leaders, as
CEOs—because of this. Stereotypes typically draw the wrong
conclusions from the evidence on which they are based, but that
in and of itself is not a refutation of the evidence. Hormones
affect our moods. This is true for men and women.

Doctors who have not warned their patients of this risk dur-
ing the past thirty years have been ignoring evidence. Public
health officials who have downplayed the risk by discounting
evidence—in this case, reams of it collected over more than three
decades—because it did not meet certain methodological pref-
erences have done women a grave disservice. Had doctors and
public health professionals paid more attention to “iffy” case re-
ports instead of discounting them, they would not simply have
come to a better conclusion, epistemologically. They would have
done their jobs better—and served their patients well—by not
discounting a real and troubling side effect of an otherwise de-
sirable medication. Given that the Pill has been implicated in
suicidal ideation, they might even have saved lives.
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Example 5: Dental Floss

My final case involves a very grave public health issue: dental
floss.

Many people have recently heard that flossing your teeth
doesn’t do you any good. In August 2016 there was a flurry of
coverage saying so. The New York Times asked, “Feeling Guilty
about Not Flossing? Maybe There Is No Need.”**® The Los An-
geles Times reassured its readers that if they didn’t floss, they
needn’t feel bad because it probably doesn’t work anyway."*® So
did Mother Jones, which ran the headline, “Guilty No More:
Flossing Doesn’t Work.”'*® Newsweek asked, “Has the Flossing
Myth Been Shattered?”'*!

These various reports were based on an article by the Associ-
ated Press (AP) that claimed that there is “little proof that floss-
ing works.” The AP quoted National Institutes of Health dentist
Tim Iafolla, acknowledging “that if the highest standards of sci-
ence were applied in keeping with the flossing reviews of the
past decade, ‘then it would be appropriate to drop the floss guide-
lines. ”*** The Chicago Tribune linked this latest reversal in sci-
entific fortune to previous (alleged) reversals on salt and fat.'*?
Evidently, we can add dental floss to the list of issues on which
scientists have “got it wrong.”

It was not just the alleged lack of evidence that caught report-
ers’ attention; there was also a suggestion of incompetence or
even malfeasance. The New York Times suggested that the federal
government may have violated the law that stipulates that fed-
eral dietary guidelines must be based on scientific evidence. So
too the AP: “The federal government has recommended floss-
ing since 1979, first in a surgeon general’s report and later in the
Dietary Guidelines for Americans issued every five years. The
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guidelines must be based on scientific evidence, under the
law”*** The Week ran the story under the headline “Everything
You Believed about Flossing Is a Lie.”*** The Detroit News re-
ferred to the defenders of floss as the “floss-industrial com-
plex”'* One website called it “The Great Dental Floss Scam.”**

Many reports contained an element of schadenfreude: some
journalists seemed practically gleeful that journalists had one-
upped scientists."*®* WRVO, an NPR affiliate in Oswego, New
York, ran the story under the headline “How a Journalist De-
bunked a Decades-Old Health Tip.”**® The report claimed that
the story began when AP reporter Jeff Donn learned from his
“son’s orthodontist . . . that there was in fact no good evidence
that dental floss helps prevent cavities and gum disease.”**°
Poynter.org labeled the story “How a Reporter Took Down
Flossing.”**' A website promoting collective consciousness and
natural living ran the story under the headline “The Deceit of the
Dental Health Industry,” stating that “flossing has been shown
to be almost useless in terms of its purported benefits” and sug-
gesting that “most of your oral health is determined by your diet
and nutrition.”'**

On the face of it, this certainly appears to be a case of scien-
tists having “got it wrong.” Dentists and public health officials,
including those in positions of governmental authority, have
been instructing us about something that now we are told is not
the case. We have wasted time and money on something useless.
And this bears directly on the issue of trust, because if scientists
have been wrong for decades about dental floss—as well as per-
haps fat and sugar—then what else have they been wrong
about? Will they tell us next that it is all right to smoke? Or that
climate change is a hoax? Scientists might be tempted to respond
that the fracas over flossing is just the messy work of science cor-
recting itself, as a major scientific study revealed the weaknesses
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in previous work. But that is not what transpired. In fact, this is
not a case of scientists getting it wrong at all. It’s a case of jour-
nalists getting it wrong, and scientists getting blamed.

The “scientific” finding was not a scientific finding at all, but
the result of an investigation by one reporter for the AP.'** The
source of the media story was the media itself. According to their
own reporting, which they filed under the rubric “The Big
Story,” the AP “looked at the most rigorous research conducted
over the past decade, focusing on 25 studies that generally com-
pared the use of a toothbrush with the combination of tooth-
brushes and floss. The findings? The evidence for flossing is
‘weak, very unreliable, of ‘very low” quality, and carries ‘a mod-
erate to large potential for bias. “The majority of available stud-
ies fail to demonstrate that flossing is generally effective in plaque
removal, said one review conducted last year. Another academic
review, completed in 2015, cites ‘inconsistent/weak evidence’ for
flossing and a ‘lack of efficacy. ”***

The New York Times, seemingly staying close to the facts, in-
formed readers that “A review of 12 randomized controlled trials
published in The Cochrane Database of Systematic Reviews in
2011 found only ‘very unreliable’ evidence that flossing might re-
duce plaque after one and three months. Researchers could not
find any studies on the eftectiveness of flossing combined with
brushing for cavity prevention.” (We will address the distinction
between gum health and cavity prevention in a moment.) But,
as the Times rightly noted, that study was done in 2011, so how
and why did this become a story in 20162

According to the AP, their investigation of the matter was trig-
gered by a decision by the US government to drop flossing from
federal dietary guidelines (and not by Jeff Donn’s conversation
with his son’s orthodontist, raising further questions about the
whole story). This led them to ask the question: “What were
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those guidelines based on in the first place?”'** While it was later
revealed that the guideline change was the result of a decision
to focus the dietary guidelines on diet—i.e., food—rather than
other health practices, the cat was out of the bag.'*® The “find-
ing” that flossing does not work was all over the news. As for
Donn, he was quoted in a subsequent interview: “I think the best
science indicates that [by flossing ] I'm not doing anything ben-
eficial for my health.”'%”

Let us step back from the media coverage to ask: what scien-
tific evidence exists to support or refute the claim that dental
floss is of value? Donn is neither a scientist nor a dentist, and in
fact his claim is not correct. The available science does not indi-
cate that by flossing we are “not doing anything beneficial” for
our health.

The most well-known and respected source of information on
the state of the art in biomedicine is the Cochrane group, a non-
profit collaboration that bills itself as “representing an interna-
tional gold standard for high quality, trusted information.” The
collaboration claims thirty-seven thousand participants from
more than 130 countries who “work together to produce credible,
accessible health information that is free from commercial
sponsorship and other conflicts of interest.”**® As the New York
Times correctly reported, in 2011, the collaboration issued a re-
port from its oral health group reviewing existing clinical trials
examining the benefits of regular use of dental floss."*’

The report was based on a review of twelve trials, with 582
subjects in flossing-plus-toothbrushing groups and so1 partici-
pants in toothbrushing-alone groups. The report summary reads
as follows:

There is some evidence from twelve studies that flossing in

addition to tooth-brushing reduces gingivitis compared to
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tooth-brushing alone. There is weak, very unreliable evidence
from 10 studies that flossing plus tooth-brushing may be associ-
ated with a small reduction in plaque at 1 and 3 months. No
studies reported the effectiveness of flossing plus tooth-

brushing for preventing dental caries [tooth decay].'®

That part of the summary was reported, wholly or in part, in
many of the media reports. But the report also said:

Flossing plus tooth-brushing showed a statistically significant
benefit compared to tooth-brushing in reducing gingivitis at the
three time points studied [although the effect size was small].'**
The 1-month estimate translates to a 0.13 point reduction on a o
to 3 point scale for . . . gingivitis . . . and the 3 and 6 month results

translate to 0.20 and 0.09 reductions on the same scale.!%?

This additional information refutes much of the media presen-
tation. The crux of the news coverage was that many existing
studies are weak, involving small numbers of people or very short
periods of time. That is true. But it is not the same as demonstrat-
ing that flossing has no benefit. On the contrary, if the Cochrane
review is correct, these studies indicate that, over the time pe-
riod of the study, small but statistically significant reduction of
gingivitis was observed in patients who flossed along with
brushing.

The Cochrane review also considered evidence that flossing
may help reduce plaque, which is associated with cavities as well
as other matters. On this, they concluded that

Opverall there is weak, very unreliable evidence which suggests that
flossing plus tooth-brushing may be associated with a small reduc-
tion in plaque at 1 or 3 months. None of the included trials re-
ported data for the outcomes of caries, calculus, clinical attach-

ment loss, or quality of life.
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Here we can identify one source of difficulty and potential
misunderstanding: a number of different questions are being
conflated, including whether flossing improves your life. Let us
concentrate on the two main issues, as reported on both by the
Cochranes and the news media: plaque and gingivitis. Plaque
matters because it can lead to dental caries, and gingivitis matters
because it is the first stage of periodontal disease, which can lead
to tooth loss later in life. More than 70% of Americans over 65
have some form of periodontitis, which is always preceded by
gingivitis.'®> If flossing reduces gingivitis, then it is likely that
flossing reduces periodontal disease. Periodontal disease has
been linked to serious illness, including increased risk of cancer
and Alzheimer’s disease.'®*

Dental floss defenders made this point. What the Cochranes
concluded was not that flossing doesn’t help, but that we don’t
have sufficient studies of high enough quality pursued over suf-
ficiently long periods to demonstrate that it does help. The
American Academy of Periodontology pointed out that “the cur-
rent evidence fell short because researchers had not been able
to include enough participants or ‘examine gum health over a
significant amount of time.” Dr. Philippe Hujoel, a professor of
oral health sciences at the University of Washington, Seattle,
called it “very surprising” that “we don’t have the ... random-
ized clinical trials to show [flossing is] effective,” given how wide-
spread the belief is that flossing does help.'®*

But it is so surprising? Perhaps not. What we learned in 2016
was that we didn’t have the long-term, randomized clinical trials
that would be necessary to prove the benefits of dental floss ac-
cording to prevailing medical standards. It’s not that hard to
understand why, in a world of cancer, heart disease, opioid abuse,
and the continued use of tobacco products, such studies have not
been done. It’s not egregious that researchers have focused their
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attention on matters that appear to be more serious. What is egre-
gious is that in the absence of evidence that meets the “gold” stan-
dard of the randomized clinical trial, people have concluded that
there is no evidence at all. That is both false and illogical."*®

Moreover, the gold standard of clinical trials is not just the
randomized trial, but the double-blind randomized trial, and it
is impossible to do a double-blind trial of dental floss. (This dif-
ficulty also plagues studies of nutrition, exercise, yoga, medita-
tion, acupuncture, surgery, and any number of interventions of
which the subject is necessarily aware.) Any study of floss usage
will also require self-reporting, which, as we have seen, is dispar-
aged. Moreover, if you believe that long-term flossing can pre-
vent tooth loss in old age, it would be unethical to ask a control
group to refrain from flossing for what would have to be the
better part of their lives. The sort of study that would be re-
quired to convince those who subscribe to the “gold standard”
is both impossible and arguably unethical to perform.'®”

Donn interpreted his findings to say that existing studies show
no long-term benefits even when floss is used properly; once
again we are observing the fallacy of equating absence of evi-
dence with evidence of absence.'*® None of these studies was
long enough to demonstrate long-term benefits. Dunn was also
quoted as saying that there was “no good evidence” Whether this
is correct depends on your definition of “good,” but clearly there
is evidence that flossing may have benefit.

In the aftermath of the negative media coverage, dentists who
support flossing appealed to clinical experience. Several articles
quoted dentists, professors of dentistry, and deans of dental
schools affirming that clinical practice reveals that those who
floss have healthier teeth and gums than those who don’t. Some
dentists went so far as to suggest that they can tell who among
their patients is lying about their flossing habits simply by
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observing the conditions of their gums. (This reminds us of
another reason why a good clinical trial would be hard to do:
people lie about flossing. One study concluded that one in four
Americans who claimed to floss regularly was fibbing.)'** And
then there is the experience of patients—which is to say, all of
us. Many of us have noticed that when we floss regularly our
gums don’t bleed, and bleeding gums can be a sign of early peri-
odontal disease. The dean of the dental school at the University
of Detroit, Mercy, used this clinical and patient experience to
suggest why high-quality trials had never been done: “They don't
do research on things that are common knowledge.”*”°

How can we reconcile the experience of dentists and patients
with the lack of high quality, long-term epidemiological evi-
dence? We could dismiss these observations as correlation but
not causation, but we could also view the experience of dentists
and patients as a form of observation that confirms the hypoth-
esis that flossing helps prevent gum disease. In other words, as
in the case of the Pill, we can accept the experience of patients
and clinicians as evidence, even if the explanation for that evi-
dence is not fully clear. Put another way, we can reject the rejec-
tion of this evidence as “merely” anecdotal, and insist that these
are case reports, and n is far greater than 1. Moreover, as with the
Pill, we can consider mechanism.'”* There is in fact good reason
to think that dental floss is likely to be beneficial —that these cor-
relations are in fact causally related—because it removes plaque
and tartar that can contribute to gum disease, which, over time,
can lead to tooth loss. Just as there is a known mechanism that
links estrogen to serotonin and mood control, there is a known
mechanism by which flossing is expected to prevent tooth loss.

This was explained by Dr. Sebastian G. Ciancio, the chairman
of the department of periodontology at the University at Buffalo:
“Gum inflammation progresses to periodontitis, which is bone
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loss, so the logic is if we can reduce gingivitis, we’ll reduce the
progression to bone loss.” But severe periodontal disease may
take five to twenty years to develop, so this effect cannot be
demonstrated in a clinical trial that lasts only weeks or months.
Dr. Wayne Aldredge, president of the American Academy of
Periodontology put it this way: “It’s a very insidious, slow,
bone-melting disease. . .. You don’t know if you’ll develop
periodontal disease, and you can find out too late”*”* In short,
the “gold standard” of the randomized clinical trial is unable to
reveal the benefits that periodontists predict. The clinical trials
that have been undertaken were not the right tools for ad-
dressing that question.

The term “gold standard” should remind us that there are sil-
ver and bronze standards, too—or at least there should be. As
Nancy Cartwright and Jeremy Hardie have argued, the ideal
of a uniform gold standard is misguided: No one would use
gold for household pipes; it is too expensive. Nor would we
use gold for cooking knives: it is too soft.'”> The best tool de-
pends on the job, and that applies to intellectual jobs as well as
industrial and household ones.

What would be the right tool to investigate dental floss? One
might be a different sort of clinical trial. The American Dental
Association notes that disappointing results might be the result
of poor flossing, which, they noted, is a “technique sensitive in-
tervention.”'”* The New York Times concluded: “So maybe per-
fect flossing is effective. But scientists would be hard put to find
anyone to test that theory”'”* With due respect, that is an ill-
informed remark, because scientists have tested that theory. The
clinical trials reviewed by the Cochranes did not examine the
impact of flossing technique, but a review of six trials in which
professionals flossed the teeth of children on school days for al-

most two years, saw a 40% reduction in the risk of cavities.'”®
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That is a huge effect. So consider this alternative headline: “A
New Job Opportunity: Science Shows the Need for Professional
Flossers.” Imagine the social change that might have ensued and
the employment opportunities created. On our way to work, in-
stead of stopping at Peets or Starbucks for a quick latte or a
Drybar for a blow-out, we could stop at a flossing bar for a five-
minute professional floss.

What Does It Take to Produce
Reliable Knowledge?

There are many ways in which scientists can fail to live up to their
own standards, as well as ways in which the standards they set
can be unhelpful, incomplete, inadequate, or inappropriate to a
particular situation. Still, I believe there are some themes that we
may glean from these diverse cases. They are: (1) consensus, (2)
method, (3) evidence, (4) values, and (5) humility.

Consensus

In chapter 1, we saw that historians, philosophers, and sociolo-
gists have come to focus on scientific consensus because there
is no independent measure of what scientific knowledge is. We
cannot identify science by any unique method. We can only
identify claims as being scientific based on their provenance, that
is to say, based on the way they were established and by whom.
Scientific facts are claims about which scientists have come to
agreement.

Some skeptics have used this argument to try to discredit con-
temporary science, claiming that there was a consensus
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supporting eugenics or rejecting continental drift.'”” This, they
argue, proves that scientific consensus is an insufficient basis to
command our trust, a faulty foundation for decision-making. But
these claims are misplaced: scientists did not have a consensus
about eugenics or continental drift. Social scientists, socialist ge-
neticists, and some mainstream geneticists critiqued eugenics;
the rejection of continental drift was a distinctly American affair.
(Europeans for the most part withheld judgment, which is a dif-
ferent thing.) Nor was there a consensus over the Limited Energy
Theory, the Pill, or dental floss. Gynecologists liked the Pill for
its efficacy; psychiatrists were concerned about its psychological
health side effects. Short-term epidemiological studies fail to find
strong evidence for beneficial effects of flossing, but nearly all
clinicians observe benefits. And leading women physicians
pointed out the obvious flaws in the Limited Energy Theory.

Akey finding from historical inquiry into these episodes, then,
is that in all of these cases there was significant, important, and
empirically informed dissent within the scientific community. When
we see disputes within scientific communities across geographic,
disciplinary, or other gaps, this should command our attention.
Debates may arise between different types of scientific experts
examining a common topic—psychiatrists and gynecologists—
or between different types of people—male doctors and female
ones—or between scientists in the same field bringing different
background assumptions and values. These debates occur
because different groups of scientists are emphasizing different
bodies of evidence, highlighting different aspects of those bod-
ies of evidence, or bringing different values and background
assumptions into the interpretation of evidence.

Scientific consensus is hard to come by. This is an underap-
preciated fact. Therefore, in any debate, it is crucially important
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that we evaluate whether an expert consensus prevails or not. In
2004 I wrote a paper asking: Is there a scientific consensus on
anthropogenic climate change? I had discovered that no one
had analyzed the scientific literature with this question in mind
and it seemed to me that any discussion of a mooted question
should begin with an analysis of this sort.

In arecent issue of the Hedgehog Review, the editors wrote that
“when we hear conflicting scientific pronouncements being
issued on almost any subject (climate change, diet, vaccina-
tion) . .. it is not hard to see why science, and particularly sci-
entific authority, has become the target of heated contestation
and debate.”'”® This claim is wrong on two counts. First, it has
cause and effect backward. These issues are contested because
various groups—the tobacco and fossil fuels industries, advo-
cates of deregulation, parents of autistic children who feel inad-
equately supported, some evangelical Christians—are unhappy
with scientific authority. Some of them want science to be
devalued.

Because science has challenged their interests or beliefs, they
challenge science. Contestation is the outcome of a conflict
about authority. Second, these are not conflicting scientific pro-
nouncements. On most of the scientific issues that are highly
contested in American culture—evolution, vaccine safety, cli-
mate change—there is a scientific consensus. What is lacking
is cultural acceptance by parties who have found a way to chal-
lenge the science. This is the source of the contestation, not con-
flicting positions within the scientific community. Political and
cultural debate is by no means illegitimate, but political debate
masquerading as science is dishonest. It has led to the sort of
confusion displayed by the editors of Hedgehog Review and many
others.



130 « Chapter 2

Consensus analysis of peer-reviewed literature (as I have
done) is a means to determine whether scientists agree. If they
do, then we can take the next step to identify who is contesting
their findings, and why. In our book, Merchants of Doubt, Erik
Conway and I were able to show that climate science was being
contested by the fossil fuel industry, whose economic interests
were threatened, and by Libertarian think tanks and conserva-
tive scientists whose political beliefs were challenged. Rather
than admit this, they challenged the science as a means to pro-
tect their economic interests and political commitments.

If there is informed dissent within the scientific community,
more (scientific) research may well be needed. If, however, the
dissent is emanating from outside the relevant expert scientific
community, then we have a different issue at stake. In the latter
case, more scientific research is unlikely to settle the matter,
because non-scientific objections are not driven by scientific con-
siderations and therefore will not be resolved by more scientific
information.

This is not to say that non-scientific objections are invalid, but
only that they should not be confused with “scientific pronounce-
ments.” There can be important moral objections to social pro-
grams based on science, even if the underlying science is legiti-
mate. And, as the contraceptive pill case illustrates, relevant
information can emerge from outside specialist communities.
My intent in presenting the Pill case was not to say that patients
were necessarily correct, but rather that they had relevant infor-
mation that should not have been disparaged simply because it
came in the form of self-reporting.

How do we judge if non-experts have relevant, useful, and ac-
curate information? This is not an easy question to answer. We
have clear markers of scientific training and expertise: higher
education, membership in scientific and learned societies,
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records of publication and research grants, H-indices, awards
and prizes, and the like. Scientists know who their scientific
colleagues are and what their track records look like. Scientists
(for the most part) know which journals have rigorous peer
review and which do not.

Judging information from outside the expert world, however,
is a different and trickier matter.

Scholars have identified several categories worthy of attention.
One is other professionals who have relevant information. This
could include nurses and midwives, for example, who have di-
rect contact with patients and may differ from physicians on
questions such as pain management.'”® A second category is
people who may not have professional training, but whose daily
experiences may lead them to relevant knowledge and under-
standings, such as farmers and fishermen.'®® We might say that
these people have daily “on the ground” experience, and there-
fore may see things that scientific experts, for whatever reason,
have missed. (Earth scientists call this “ground truth,” in this case
referring to what geologists on the ground see and therefore
know about, as compared with evidence, for example, from sat-
ellite remote sensing.) As Brian Wynne has stressed, the non-
expert world is not “epistemically vacuous.”*®!

A third category is what Marjorie Garber has called “amateur
professionals.”'** These are people—perhaps independent schol-
ars or scholars from other fields—who have educated them-
selves on a particular subject. Developing expertise outside of
conventional avenues of credentialism is certainly possible (al-
though if a scholar from one field moves into another, they can
establish credentials by publishing). A fourth category is citizen
scientists: people who earn their living in other ways, but par-
ticipate in science out of love or interest. In some domains—
astronomy, entomology, ornithology, and the search for
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extraterrestrial life—citizen scientists have played significant
roles in observing things that professionals do not have the time,
money, or human resources to track.

People in all these categories may have knowledge relevant to
a particular scientific question. They have a known relation to
their object of study and basis for claiming a role in scientific con-
versations bearing on that study. Where their experience and
expertise overlap with scientific expertise, we should pay atten-
tion and not automatically discount what they have to say, nor
assume that their claims are necessarily in conflict with those of
scientific experts.'®® Often expert and lay perspectives can be
reconciled or seen as complementary. But, again to draw on
Wynne, we should not misunderstand a claim for recognition of
these knowledge categories as a claim for their intellectual su-
periority or equivalence.'®* Just because someone is close to an
issue does not mean he or she understands it; conventional no-
tions of objectivity assume distance for just this reason. Parents
of autistic children will have detailed knowledge of their
children’s conditions, but this does not mean that they are in a
position to judge what caused it.'*®

Respecting professional diversity and lay expertise is also a dif-
ferent matter from heeding “dissent” from people with no credible
claim to expertise—celebrities, K-Street lobbyists, or the op-ed
writers of the Wall Street Journal or the New York Times. When
people without relevant expertise criticize science, we should
consider the possibility that something fishy may be going on. If
people are attacking science, there is something at stake, but it is
not necessarily something scientific. Indeed, it is probably not.

An abundant literature now documents how various parties
have tried to create the impression of scientific uncertainty and
debate as a means to block public policy that conflicts with their



Science Awry « 133

political, economic, and ideological interests.'*® But these are not
the only reasons that people attack science, insist there is no con-
sensus, or promote alternative theories. People attack science
to get attention, to sell alternative therapies, or because they are
frustrated that science doesn’t have an answer to a problem that
affects them.'®” But it is a relatively simple matter to distinguish
between scientific debate and other stuff: Scientific debate takes
place within the halls of science and on the pages of academic
journals; other stuff takes place in other places. Political debate
takes place on the op-ed pages of newspapers. Grievances can
be aired anywhere. Sadness, isolation, and frustration make
people lash out. But if, like the editors of Hedgehog Review, we
mischaracterize political debate, industry shilling, or social dis-
affection as scientific controversy, then our attempts to remedy
the situation will almost certainly fail.

Method

In the episodes we have been discussing, problems arose because
scientists discounted evidence that failed to meet their method-
ological preferences. In the early twentieth century, geologists
rejected continental drift, because it did not fit their inductive
methodological standards. Charles Davenport was attracted to
eugenics in part because he wanted to make biology more rigor-
ous by making it more quantitative. In the cases of dental floss-
ing and the Pill, scientists discounted clinical evidence because
ofalack of robust epidemiological data. This last point is particu-
larly important, because in the contemporary world, we have
come to rely on statistical analysis to a degree that has led
many people to ignore important evidence, including the evi-
dence of everyday experience that hormones affect our moods
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and flossing makes our gums less bloody. This doesn’t mean
that everyday experience is superior to statistics; it is not. Good
statistical studies are an essential part of modern science. It just
means that statistics, like any tool, don’t work well in all cases and
conditions and like any tool can be used well or badly (Kros-
nick, this volume).

A focus on one method above all others is a kind of fetish.
These cases suggest that some of the historical examples of
“science gone awry” arose from what I designate methodological
fetishism. These are situations where investigators privileged a
particular method and ignored or discounted evidence obtained
by other methods, which, if heeded, could have changed their
minds.

Experience and observation come in many forms. A good deal
of evidence is imperfect, but that is no reason to ignore it. It is
foolish to discount evidence that comes in messy forms simply
because they are messy, particularly when the preferred meth-
odological standard is difficult to meet or unsuitable to the ques-
tion at hand. Randomized double-blind trials are powerful
when they can be done, but when they cannot we should not
throw our hands up and suggest we know nothing. There is no
way to know how a drug makes people feel without asking about
their feelings. There is no way to do a double-blind trial of floss-
ing or nutrition. Imperfect information is still information.

When we have independent information about causes and
mechanisms—such as knowing that flossing reduces gingivitis,
that hormonal contraception can affect serotonin receptors (and
vice versa: that anti-depressants that target serotonin uptake can
affect hormones), or that greenhouse gases alter the radiative bal-
ance of the planet—this information is crucial to helping us
evaluate claims when our statistical information is noisy,
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inadequate, or incomplete. Mechanisms matter. When we
know something about relevant mechanisms, there is no reason
to play dumb.'®®

Evidence

It seems obvious to say, but scientific theories should be
based on evidence. However, in two of the cases here, we saw
scientists making affirmative claims on the basis of little or scant
evidence. Dr. Edward Clarke built an ambitious and socially
consequential theory about female capacity on the basis of
seven patients. Critics at the time noticed not only that his data
base was scant, but also that it was biased: his patients were all
young women who had come to him suffering anxiety, backache,
headache, and anemia, and who he described as pursuing edu-
cational or professional goals in a “man’s way.”**° ('This included
an actress and a bookkeeper; only one was actually a student
in a woman’s college.)

In hindsight it is more than obvious that the symptoms he
described—headache, backache, anxiety—could have any one
of a number of causes. They are also afflictions that often occur
in men, yet Clarke offered no evidence that these ills were more
common in women, or more common among women who were
educated than in those who were not. He presented his theory
in the framework of hypothetico-deductivism, yet he failed to
pursue the required next step: to determine if his deduction were
true. Most conspicuously, he provided no evidence that these
women’s reproductive systems were weakened or that their fer-
tility had been decreased. When women physicians and educa-
tors pointed out these flaws, Clarke ignored them. His theory was
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elegant, but could only be sustained by ignoring evidence avail-
able to him at that time.

Values

The role of values in science is a much-mooted issue, and the
stories told here show how easily prevailing social prejudices
may be instantiated into scientific theory. Scientists have not
always been on the side of the angels. Anyone who values sci-
ence must acknowledge this.

The traditional impulse of scientists has been to say that in
cases such as eugenics, science was “distorted” by values. But his-
torians of science, particularly but not only feminists, have noted
the ways in which values are broadly infused into scientific life
and not always in adverse ways. It is true that racial and ethnic
prejudice infused eugenic thinking, and the sexism in Edward
Clarke’s work is not difficult to discern. But values also played a
role in the critiques of those theories. Socialist values were crucial
to some geneticists’ critique of eugenic thinking; feminist values
informed Mary Putnam Jacobi’s identification of the theoretical
and empirical inadequacies of the Limited Energy Theory. Bar-
bara Seaman was a journalist, not a scientist, but her feminist val-
ues motivated her to follow up on the “anecdotes” she had heard,
to seek out the doctors who could confirm the substance in these
stories, and to highlight information that some doctors were
discounting.

This, it seems to me, is the most important argument for di-
versity in science, and for diversity in intellectual life in general.
A homogenous community will be hard-pressed to realize
which of its assumptions are warranted by evidence and which
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are not. After all, just as it is hard to hear your own accent, it is
hard to identify prejudices that you share. A community with
diverse values is more likely to identify and challenge prejudicial
beliefs embedded in, or masquerading as, scientific theory.

Critics of efforts to make science more diverse sometimes in-
sist that the only relevant standard in science is “excellence.”**°
Science, they insist, is a meritocracy in which demographic con-
siderations are misplaced. These critics seem to think that calls
for diversity are merely political; that there is no intellectual value
in building diverse communities. The stories told here refute that
idea. They suggest that diversity can result in a more rigorous
intellectual outcome by fostering critical interrogations that re-
veal embedded social prejudice.

Admittedly, this claim cannot be proved, because in science
we have no independent metric to judge epistemic success. We
cannot stand apart from our truth claims and independently de-
termine if they are true; nor can we compare the “truth-production”
of more and less diverse communities. But in a domain where
there are metrics of success—namely, business—rigorous studies
have demonstrated that diverse teams yield better outcomes,
in terms both of qualitative values such as creativity and quan-
titative outcomes such as sales. If we know that diversity is
beneficial in the commercial workplace, why would we not pre-
sume that it would be beneficial in the intellectual workplace as
well? Moreover, we saw in chapter 1 that there is an epistemo-
logical basis for presuming that diversity does benefit science.
The examples presented in this chapter support that claim. Thus
we may conclude that scientific communities that that are “po-
litically correct”™—in the sense of taking seriously the value of
diversity—are more likely to yield work that is scientifically
correct.



138 < Chapter 2

Considering the role of values also helps explain what we
could call the misapplication of theory and the asymmetry of ap-
plication. In hindsight, there is an obvious theoretical flaw in
Clarke’s work: while presented as an application of thermody-
namics, it was actually a misapplication of the theory because
conservation of energy applies to closed systems. The human
body is not a closed system: it is sustained and supported
through nutrition. Life is possible because organisms are not
closed systems, so Clarke’s use of thermodynamics was logi-
cally fallacious. It was also asymmetrical, because for some odd
reason it only applied to women. Admittedly, Clarke had an
explanation for this: he suggested that the female contribution
to reproduction was uniquely demanding, and he did allow the
possibility that overexertion could be harmful to both boys and
men as well. Yet, while stressing the claim that if a woman was
educated, her uterus would shrink, he evidently never paused
to ask: if men were educated, what part of their anatomy would
shrink?

Eugenicists likewise applied their theories asymmetrically. As
Muller and Haldane stressed, the target of their attention was the
working class. There were drunkards, gamblers, and lay-abouts
among the wealthy, yet few eugenicists advocated sterilization
of underperforming rich white men.

Humility

If the history of science teaches anything, it is humility. Smart,
hard-working, and well-intentioned scientists in the past have
drawn conclusions that we now view as incorrect. They have al-
lowed crude social prejudice to inform their scientific thinking.
They have ignored or neglected evidence that was readily
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available. They have become fetishists about method. And they
have successfully persuaded their colleagues to take positions
that in hindsight we see as incorrect, immoral, or both.

Many of the scientists in these stories were driven by a genu-
ine desire to do good: to promote an effective means of birth
control, for example, or protect women from something they
honestly believed would harm them. But their failings are a re-
minder that anyone engaged in scientific work should strive to
develop a healthy sense of self-skepticism. Edward Clarke was
a supremely confident man. So was Charles Davenport. So
were many of the early advocates of the contraceptive pill.
Wegener’s critics accused him of “auto-intoxication,” and I dare-
say we have all encountered scientists who are overly enamored
of themselves. It seems to me that individual scientists, if they
care about truth, should be mindful of this problem and not ride
roughshod over their colleagues.

If the social view of science is correct, however, then it may
not matter too much if a particular individual is auto-intoxicated.
Inevitably there will be arrogant individuals in science, but so
long as the community is diverse and alternative views are avail-
able, and so long as the community as a whole finds the means
for all its members to be heard, things are likely to go well. None-
theless, collectively scientists should still bear in mind that—
whatever conclusions they come to and however they come to
them—even with the best practices and the best of intentions,
there is always the possibility of being wrong, and sometimes
seriously so.
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Conclusion:
Science as a Form of Pascal’'s Wager

In evaluating a scientific claim that has social, political, or per-
sonal consequences there is one more question that needs to
be considered: What are the stakes of being wrong in either
direction? What is the risk of accepting a claim that turns out
to be false versus the risk of rejecting a claim that turns out to
be true?

Knowing there is a risk of depression, if a healthy woman de-
cides to take the Pill she can quickly stop taking it if the risk
materializes. Pill-induced depression generally clears up quickly,
so for many women the risk is modest and worth taking. Simi-
larly, dental floss is cheap and only takes a few minutes a day to
use. If it turns out to have little benefit, little has been lost. But
some issues are not so easily resolved.

Consider anthropogenic climate change. Despite fifty years
of sustained scientific work, communicated in tens of thousands
of peer-reviewed scientific papers and many hundreds of govern-
mental and nongovernmental reports, many people in the
United States are still skeptical of the reality of climate change
and the human role in it. The president has doubted it, as
have members of Congress, business leaders, and the editorial
page of the Wall Street Journal. Rejecting centuries of well-
established physical theory and reams of empirical evidence
regarding matters such as sea level rise and the intensification
of extreme weather events, others have suggested that while
anthropogenic climate change might be a real thing, it is incon-
sequential and might even be beneficial."**

As a historian of science, mindful of the Limited Energy
Theory and eugenics and the history of hormonal
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contraception—mindful of the difficulties of evaluating dental
floss—and above all mindful of the political ideals that geolo-
gists brought to bear in evaluating continental drift—I have
never assumed that trust in science is always or even usually war-
ranted. I have always felt that it is fair to ask: What is the basis
for any scientific claim? Should we trust scientists?

‘We cannot eliminate the role of trust in science, but scientists
should not expect us to accept their claims solely on trust. Sci-
entists must be prepared to explain the basis of their claims and
be open to the possibility that they might be wrongly dismiss-
ing or discounting evidence. If someone—be it a fellow scien-
tist, an amateur professional, a journalist, or an informed
citizen—has a credible case that evidence is being discounted
or weighed asymmetrically, this should concern us. Scientists
need to remain open to the possibility that they have made a
mistake or missed something significant.'”> The key point is that
the basis for our trust is not in scientists—as wise or upright
individuals—but in science as a social process that rigorously
vets claims.

This does not mean that scientists must spend time and en-
ergy continuing to prove and reprove conclusions that have al-
ready been established beyond a reasonable doubt, nor refuting
claims that have been refuted. As Thomas Kuhn argued more
than half a century ago, to the extent that science can be said to
progress, it is because scientists have mechanisms by which they
reach agreement and then move on. Perhaps the most salient as-
pect of the continental drift debate is that it was reopened,
which occurred when a new generation of scientists developed
new lines of pertinent evidence.'??

We can reframe this problem in terms of Pascal’'s Wager. No
matter how well-established scientific knowledge is—no matter
how strong the expert consensus—there will always be residual
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uncertainty. For this reason, if our scientific knowledge is being
challenged (for whatever reason), we might take a lead from Pas-
cal and ask: What are the relative risks of ignoring scientific
claims that turn out to be true versus acting on claims that turn
out to be false?'** The risks of not flossing are real, but not in-
ordinate. The risks of not acting on the scientific evidence of cli-
mate change are inordinate.'**

Admittedly, the advocates of eugenic social policies consid-
ered the risks of not implementing eugenic social policies to be
extremely high. That, of course, was their interpretation of the
scientific evidence. But as we have seen, there was no consensus
on that evidence. So we are back to the importance of consensus.
If we can demonstrate that there is no consensus among relevant
experts, then it becomes clear that we have a weak basis for pub-
lic policy. This is the reason why the tobacco industry tried for
so long to claim that the science regarding the harms of tobacco
was unsettled: if it really had been, then they might have been
right to insist that tobacco control was premature.'*® Similarly,
if there were no scientific consensus about anthropogenic climate
change, then the fossil fuel industry and Libertarian think tanks
might be right to ask for more research. This is why consensus
studies are relevant and important: Knowing there is a consen-
sus does not tell us what to do about a problem like climate
change, but it does tell us that we almost certainly have a
problem."?”

If we can establish that there is a consensus of relevant experts,
then what? Can we be confident in accepting their conclusions
and using them to make decisions? My answer is a qualified yes.
Yes, if the community is working as it ideally should. That is a
substantial qualification. As Brian Wynne has put it, if we are to
respect and trust science, then “it becomes evident why the qual-
ity of its institutional forms—of organization, control and
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social relations—is not just an optional embellishment of sci-
ence in public life, but an essential component of critical social
and cultural evaluation.”**®

The history of science shows that there is no guarantee that
the ideals of an open, diverse community, participating in trans-
formative interrogation, will be achieved. Often it will not be
(although the consequences of failing to meet this ideal may
not always be profound or even significant). Historian Laura
Stark notes that the National Bioethics Advisory Commission
recommends that one-quarter of the members of the boards that
review human subjects research should not be affiliated with the
institution at which the research is being done, but this goal is
rarely achieved.'®’

How do we determine if a scientific community is sufhi-
ciently diverse, self-critical, and open to alternatives, particu-
larly in the early stages of investigations when it is important
not to close off avenues prematurely? How do we evaluate
the quality of its institutional forms? We must examine each
case on an individual basis. Many scientists were wrong about
continental drift, but that does not mean that a different group
of scientists are wrong today about climate change. They may
be or they may not be. We cannot assert either position a
priori.

If we can establish that there is a consensus among the com-
munity of qualified experts, then we may also want to ask

« Do the individuals in the community bring to bear different
perspectives? Do they represent a range of perspectives in
terms of ideas, theoretical commitments, methodological
preferences, and personal values?

« Have different methods been applied and diverse lines of

evidence considered?
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« Has there been ample opportunity for dissenting views to be
heard, considered, and weighed?

+ Is the community open to new information and able to be
self-critical?

« Is the community demographically diverse: in terms of age,

gender, race, ethnicity, sexuality, country of origin, and the like?

This latter point is needs further explication. Scientific train-
ing is intended to eliminate personal bias, but all the available
evidence suggests that it does not and probably cannot. Diversity
is a means to correct for the inevitability of personal bias. But
what is the argument for demographic diversity? Isn’t the point
really the need for perspectival diversity?

The best answer to this question is that demographic diver-
sity is a proxy for perspectival diversity, or, better, a means to that
end. A group of white, middle-aged, heterosexual men may have
diverse views on many issues, but they may also have blind spots,
for example, with respect to gender or sexuality. Adding women
or queer individuals to the group can be a way of introducing
perspectives that would otherwise be missed.

This is the essential point of standpoint epistemology, raised
particularly by the philosopher Sandra Harding (chapter1). Our
perspectives depend to a great extent on our life experience, so
a community of all men—or all women for that matter—is likely
to have a narrower range of experience and therefore a narrower
range of perspectives than a mixed one. Evidence from the com-
mercial world supports this point. Studies of gender diversity
in the workplace show that adding women in leadership posi-
tions increases company profitability—but only up to a point.
That point is about 60%. If a company’s leadership becomes all
or nearly all female, then the “diversity bonus” begins to decline,
as indeed, if the argument here is correct, it should.>*
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It may not always be easy to answer the questions posed above
in the affirmative, but it is often obvious if the answer to any of
them is negative. Moreover, we may (and likely will!) identify
individuals in the community who are arrogant, closed-minded,
and self-important, but on the social view of epistemology the
behavior of any particular individual is not what matters. What
matters is that the group as a whole includes enough diversity
and maintains sufficient channels for open discussion that new
evidence and new ideas have a fair chance of a fair hearing.

The philosopher Heather Douglas has argued that when the
consequences of our scientific conclusions are non-epistemic—
i.e., when they are moral, ethical, political, or economic—it is
almost inevitable that our values will creep into our judgments
of evidence.*' (Liberals, for example, may have been quicker to
accept the scientific evidence of climate change, because they
were more comfortable with its implied consequences for gov-
ernment intervention in the marketplace.) Therefore, the more
socially sensitive the issue being examined, the more urgent it
is that the community examining it be open and diverse.

But sometimes an issue that appears to be purely epistemic
isn’t, and scientists may claim they are evaluating an issue on
solely epistemic grounds even when they are not.>** This sug-
gests that no matter what the topic, it behooves the scientific
community to pay attention to diversity and openness in its ranks
and to remain open to new ideas, particularly when they are sup-
ported by empirical evidence or novel theoretical concepts. It
means, for example, that in considering dissenting views in grant
proposals or peer-reviewed papers, it is probably better to err on
the side of tolerance than critique. Many scientists consider it
extremely important to be intellectually tough, if not actually
rough, but sometimes toughness can have the unintended effect
of shutting down colleagues, particularly those who are young,
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shy, or inexperienced. It is important to be tough, but it may be
more important to be open.

In chapter 1, I argued that the advocates of the Extended Evo-
lutionary Synthesis are receiving a thorough hearing, if not al-
ways a polite one. Something similar happened to Alfred We-
gener. He was not a neglected genius: his papers were published
in peer-reviewed journals and his work had a hearing—albeit
not always a gracious one. The socialist opponents of eugenics
likewise got their manifesto published in Nature.*** None of
these dissenters was “shut down” by the scientific hierarchies of
their day.

Fast forward to the present: Many AIDS researchers lament
Peter H. Duesberg, the University of California molecular biolo-
gist who does not accept that AIDS is caused by a virus. By his
own account he has “challenged the virus-AIDS hypothesis in
the pages of such journals as Cancer Research, Lancet, Proceedings
of the National Academy of Sciences, Science, Nature, Journal of
AIDS, AIDs Forschung, Biomedicine and Pharmotherapeutics, New
England Journal of Medicine and Research in Immunology.”***
Whether he is right or wrong, tolerated or vilified, the fact is that
he has had a hearing, and at the highest level of American and
international science. His colleagues have not shut him down;
they have published his work and considered his arguments. But
they remained unconvinced.**® There is a difference between
being suppressed and losing a debate. Sometimes a “skeptic” is
just a sore loser.
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Values in Science

Some people worry that overconfidence in the findings of
science or the views of scientists can lead to bad public policy.'
I agree: overemphasizing technical considerations at the ex-
pense of social, moral, or economic ones can lead to bad deci-
sions.”> But this does not bear on the question of whether the
science involved is right or wrong. If a scientific matter is settled
and the scientific community that has settled on it is open and
diverse, then it behooves us to accept that science and then de-
cide what (if anything) to do about its implications.

This, at least, is what nearly every scientist I know would say.
It is something that in the past T have said. It actualizes the clas-
sic fact/value distinction: the idea that we can identify facts and
then (separately) decide what if anything to do about them based
on our values. But as an empirical matter this strategy is no lon-
ger working (if it ever did), because most people do not sepa-
rate science from its implications.> Many people reject climate
science, for example, not because there is anything wrong with
that science, qua science, but because it conflicts—or is seen as
conflicting—with their values, their religious views, their politi-
cal ideology, and/or their economic interests.* There are many
reasons people may reject or be critical of scientific findings, but
often it involves the perception that these findings contradict
their values or threaten their way of life.

In the 1960s, many people on the political left criticized
science because of its uses in warfare.” Today, many on the



148 + Coda

right critique it because of the way in which it exposes flaws in
contemporary capitalism and the American way of life.’ In a
discussion of anthropogenic climate change prior to the 1992
Earth Summit in Rio de Janeiro, US president George H. W.
Bush insisted that “the American way of life is not up for nego-
tiation. Period.”” The president signed the UN Framework
Convention on Climate Change—the international treaty that
emerged from the Rio meeting—and promised to act upon
it. Yet, at the same time, he identified a clash between the im-
plications of the findings of environmental science and the
highly consumptive American lifestyle. At least some environ-
mentalists were blaming that lifestyle for environmental ills
and thus wanting to change it. This pattern persists and helps
to explain why Republicans are so much more skeptical of cli-
mate science than Democrats.® Indeed, it is the only thing that
explains why some conservatives insist that proposals to act on
climate change are anti-democratic, anti-American, and/or
anti-freedom.’

If we ask scientists, “Why do evangelical Christians reject evo-
lutionary biology?” many would answer that it is because they
make a literal reading of the Bible, insisting that God created the
Earth and everything on it in six days. But as Catholic evolution-
ary biologist Kenneth Miller has pointed out, evangelical argu-
ments against evolutionary theory rarely involve literal interpre-
tations of the Bible. In fact, they rarely involve biblical exegesis
at all.'® Rather, they invoke the perceived moral (or amoral)
implications of a theory that says humans arose by chance, the
outcome of a nonpurposeful, random process. Former Penn-
sylvania senator and two-time presidential candidate Rick
Santorum, for example, has explained that he rejects the con-
cept of evolution by natural selection because it makes humans
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into “mistakes of nature,” and in doing so obliterates the basis
for morality."' Other anti-evolutionists argue that if evolution
is true, then life has no meaning.

Scientists attempt to escape the sting of these extra-scientific
considerations by retreating into value-neutrality, insisting that
while our science may have political, social, economic, or moral
implications, the science itself is value-free.'> Therefore, values
are not legitimate grounds on which to reject it. Gravity doesn’t
care if you are a Republican or Democrat. Acid rain falls on both
organic farms and golf courses. Radiative transfer in the atmo-
sphere functions today just as it did before the last election.

This argument is true but insufficient, because, whether or
not they should, our audiences link science to its implications.
Evangelical Christians reject evolutionary science because
they believe it contradicts their religious beliefs. Evangelical
free-marketers reject climate science because it exposes con-
tradictions in their economic worldview. And because of
these contradictions, they distrust the scientists responsible
for them. This is hard to get around, particularly when we ac-
knowledge that there is no singular scientific method that
warrants the veracity of scientific conclusions, and that sci-
ence is simply the consensus of relevant experts on a matter
after due consideration

Aview of scientific knowledge as the consensus of experts in-
evitably brings us to the question of who scientists are and on
what basis they should be trusted. Scientists typically consider
such questions to be ad hominem and therefore illegitimate. But
if we take seriously the conclusion that science is a consensual
social process, then it matters who scientists are.'?

It is beyond the scope of this volume to consider what social
scientists have discovered as to how trust is created and
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sustained, but one thing we know is that it is easier to establish
trust among people with shared values than among those with-
out them.'* Yet values are precisely what scientists, by and large,
decline to discuss. Like the question of who the scientist is, the
question of what scientists believe in—other than science
itself—has been considered to be off-limits. When their objectiv-
ity or integrity is questioned, scientists characteristically retreat,
as sociologist Robert Merton noted decades ago, into the “exalta-
tion of pure science,” insisting that their only motivation is the
pursuit of knowledge.'> Whatever the implications of scientific
findings, they insist that the enterprise itself is value-neutral.

Merton thought this made sense: he believed that public trust
in science was directly linked to the perception of its indepen-
dence from outside interests—what he called “extra-scientific
considerations.” This is the reason that scientists defend the “pure
science ideal”*®

One sentiment which is assimilated by the scientist from the
very outset of his training pertains to the purity of science. Sci-
ence must not [in this view] suffer itself to become the hand-
maiden of theology or economy or state. The function of this
sentiment is to preserve the autonomy of science. For if such
extra-scientific criteria of the value of science as presumable con-
sonance with religious doctrines or economic utility or political
appropriateness are adopted, science becomes acceptable only
insofar as it meets these criteria. In other words, as the “pure sci-
ence sentiment” is eliminated, science becomes subject to the di-
rect control of other institutional agencies and its place in society
becomes increasingly uncertain. . . . The exaltation of pure science
is thus seen to be a defense against the invasion of norms that limit
directions of potential advance and threaten the stability and con-

tinuance of scientific research as a valued social activity."”
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For Merton, value-neutrality as a regulative ideal was impor-
tant not only in helping scientists to maintain objectivity in
their research practices, but also in helping to maintain the pub-
lic perception of them as fair, objective, and dedicated to the
pursuit of truth (as opposed to the pursuit of power, money, sta-
tus, or anything else). To the extent that scientists were seen to
be pursuing goals other than scientific ones, people could and
likely would distrust them. Merton therefore thought scientists
right to defend the pure science ideal, and he would likely have
been dismayed by the ways in which contemporary scientific
leaders promote economic utility as the primary rationale for
research, universities aggressively pursue private sector support
for “basic” research, and individual scientists embrace private
profit as a motive in creating biotech start-ups and other entre-
preneurial endeavors.

But Merton was a sociologist, not a historian, and his full-
throated defense of the pure science ideal sits in tension with the
historical reality that scientists have always had patrons with mo-
tivations of their own, and which only rarely involved the pursuit
of knowledge for its own sake. Seen this way, the idea of science
as a value-neutral activity is a myth.'® Utility—economic or
otherwise—has long been a justification for the support of sci-
ence, in terms of both finance and cultural approbation. Histo-
rian John Heilbron has demonstrated that the Catholic Church
supported astronomy in the middle ages because it needed astro-
nomical data to determine the date of Easter.'® Merton himself
was known for the argument that modern science thrived—and
took its contemporary form—in seventeenth-century England
because its emphasis on utility resonated with dominant Puritan
values.”® In my own work I have shown how the US Navy sup-
ported basic research in oceanography in the Cold War for its
value in anti-submarine warfare and subsurface surveillance.”!
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Biology has long been supported by governments and phi-
lanthropists because of its value in medicine and public health;
geology for finding useful resources (and also for its power to
deepen our appreciation of God); physics for its use in tech-
nology; climate science for its relation to weather forecast-
ing.** To suggest that utility has no place in the motivation for
science is to ignore centuries of history. And utility is inescap-
ably linked to values: health, prosperity, social stability, and the
like. To say that something is useful is to say that we value it,
or that it preserves, protects, or fosters something that we
value.

If science as an enterprise is not value-neutral, neither are sci-
entists as individuals. No one can be truly value-neutral, so
when scientists claim that they are, it comes across as false, for
they are claiming the impossible. Unless we accept them as idiot
savants or naifs, we may come to see them as dishonest. Yet, hon-
esty, openness, and transparency are said to be key values in
scientific research. How can scientists be honest and at the same
time deny that they have values? Scientists generate a contradic-
tion at the root of their enterprise if, while insisting on its hon-
esty, they mislead their audiences (even if unintentionally) about
its character.

It may be objected that scientists are not claiming that they
have no values, but only that they do not allow those values to
influence their scientific work. That is a claim that is impossible
to prove or disprove, but one that both social science research
and common sense suggests is unlikely to be true. This leads us
to a further point, one that somehow has escaped serious con-
sideration but which may be at the heart of the distrust of sci-
ence felt by many Americans. To say that science is value-neutral
is more or less equivalent to saying that it has no values—at least
none other than knowledge production—and this can elide into
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the implication that scientists have no values. Clearly this is
not the case, but scientists’ reluctance to discuss their values can
give the impression that their values are problematic—and
need to be hidden—or perhaps that they have no values at all.
And would you trust a person who has no values?

In chapter 2, I posed the question: What are the relative risks
of ignoring scientific claims that turn out to be true versus act-
ing on claims that later turn out to have been incorrect? The an-
swer to this question depends on values. As Erik Conway and I
showed in Merchants of Doubt, fights about climate science have
for the most part been fights about values. Some influential
people in the 1980s and 1990s believed that the political risks of
government intervention in the marketplace were so great as to
outweigh the risks of climate change, and so they discounted,
disparaged, or even denied the scientific evidence of the latter.
As these positions became adopted by Libertarian think tanks,
and then aligned with the Republican Party, it became normal
for Republicans to engage in climate change denial, either ac-
tively or passively. Then climate change skepticism became nor-
mal for anyone suspicious of “big government,” which meant
many business people, older men, evangelical Christians, and
people living in rural America. As the evidence of climate change
was accumulating all around them, skeptics insisted that even
if the climate were changing, it was not serious, or it was not
“caused by us.” Because if it were serious and we had caused it,
then we would have to do something about it, and that some-
thing in some way or another would involve governance. Thus,
climate change denial became normalized in American life, and
with it the denial of evidence and ultimately of facts. This is a
deeply troubling state of affairs, but the values that have under-
pinned climate denial cannot be summarily rejected as wrong
or false.”®
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We can argue about the relative merits of government large
and small, and the relative risks of under- versus over-regulation
of markets, but any such argument will be (at least in part) value-
driven. If we are to have such conversations honestly, then we
must talk about our values. Different people may view the
same risk differently, but this does not mean they are stupid or
venal. The scientific evidence of anthropogenic climate change
is clear—as is the evidence that vaccines do not cause autism and
that flossing your teeth is beneficial—but our values lead many
of us to resist accepting what the evidence shows.

To return to the question: Would you trust a person who has
no values? The answer is obvious: you would not. Such as per-
son would be a sociopath. Nor would you trust a person whose
values you considered to be anathema to your own. But if you
thought that person shared at least some of your values—even
if perhaps not all of them—you might be willing to listen. And
you might accept some of what you were hearing. Therefore,
whether or not claims of value-neutrality are epistemologically
defensible, it is clear that they do not work in practice, because they
do not work to permit communication and build bonds of trust.

The dominant style in scientific writing is not only to hide the
values of the authors, but to hide their humanity altogether. Not
only are values unexpressed, emotions expunged, and adjectives
eschewed, but the word “I" is implicitly forbidden, even in single-
authored papers.** This is tied to the performance of objectiv-
ity: The ideal scientific paper is written not only as if the author
had no values or feelings, but as if there were no human author
atall.”®

Scientists may feel that there is simply no way for them to
forge bonds of trust with climate change deniers or people who
think the world is six thousand years old. Perhaps that is true. I
once despaired publicly of reaching millenarians whose
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eschatology tells them the world is about to end, so why worry
about climate change? But when I did so despair, the next day
several correspondents offered me strategies to reach them
based on Christian values and teachings.?® People suggested
that the way to reach people was through their values. And social
science research supports this idea.””

Conclusion

In suppressing their values and insisting on the value-neutrality
of science, scientists have gone down a wrong road.*® They have
made the mistake of thinking that people would trust them if
they believed that science was value-free.

Merton certainly thought so, but he may have been wrong. It
may be that the opposite is true. Here’s why.

While the rejection of evolution or the denial of anthropo-
genic climate change has led analysts to focus on the value
clashes between scientists and politically and socially conserva-
tive Christians, Libertarians, and Republicans, I believe that the
values that motivate most scientists overlap with the values of
most Americans, including many conservatives and religious
believers. Recently, some scientists have begun to declare their
values publicly, in part, I think, because they believe that these
values are broadly shared and therefore offer a basis for building
bonds of trust.”” I think they are right.

Most scientists I know want to prevent disease and improve
human health, strengthen the economy through innovation and
discovery, and protect the natural beauty of America and the
world. Former Republican congressman Bob Inglis has spoken
eloquently of visiting the Great Barrier Reef with a marine bi-
ologist. As the two men, side by side, admired the stunning
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beauty of the life around the reef, Inglis had a realization: He saw
“Creation,” the scientist saw “biodiversity,” but they were, in fact,
looking at, caring about, and cherishing the same thing.

This is a good story, because most people appreciate nature
in at least some way. National parks and forests are visited by
large numbers of diverse Americans—hiking, fishing, camping,
driving, photographing, wondering, complaining—but sharing
some appreciation for what they are seeing and experiencing. Yet,
there are genuine conflicts of value in our relationship to the
natural world. The desire of some to ride snowmobiles through
Yellowstone in winter conflicts with the desire of others for con-
templative recreation. Nearly all Americans would affirm their
belief in freedom, yet what we understand by that word and
which particular freedoms we prioritize can vary greatly. As
Isaiah Berlin memorably put it, freedom for wolves can mean
death for lambs.*® Agreeing on the word “freedom” only gets us
so far.

Historian of religion Stephen Prothero has noted that while
Jews, Catholics, and Protestants all affirm the Ten Command-
ments, there are surprisingly different versions of them.>" Catho-
lics, for example, abandoned the injunction against graven im-
ages onto which Jews and Protestants firmly held, and having
thus lost a commandment—and finding themselves awkwardly
left with only nine—they divided the last one into two, the ninth
for coveting your neighbor’s wife and the tenth for coveting
everything else. Nonetheless, these three religions—which en-
compass about 70% of American adults—agree that we should
not kill, steal, commit adultery, or bear false witness. They also
agree that we should worship only one God, not take his [sic]
name in vain, keep the Sabbath, and honor our fathers and
mothers. Islam agrees with these, although it stresses charity
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more centrally than the other three do: zakat—the giving of
alms—is one of its five pillars. Yet note how similar the word
zakat is to the Hebrew word tzedakah—charitable giving—
which is considered a moral obligation in Jewish life. Charity is
a central Christian value as well. Observant Mormons tithe.

Even as we disagree about many political issues, our core val-
ues overlap to a great degree. To the extent that we can make
those areas of agreement clear—and explain how they relate to
scientific work—we might be able to overcome the feelings of
skepticism and distrust that often prevail, particularly distrust
that is rooted in the perception of a clash of values.

So let me be clear about my values.

I wish to prevent avoidable human suffering and to protect
the beauty and diversity of life on Earth. I wish to preserve the
joy of winter sports, the majesty of coral reefs, and the wonder
of giant sequoia trees. I love thunderstorms, but I do not want
them to become more dangerous. I do not want flooding and
hailstorms and hurricanes to destroy communities and kill in-
nocent people. I do want to make sure that all of our children
and grandchildren and generations to come, both in the United
States and around the globe, have the same opportunity to live
well and prosper that I have had. I don’t want us all to become
poorer, as we spend increasing sums of money repairing the
damage of climate change, damage that could have been pre-
vented at far lower cost.>* I don’t believe it is fair for the profits
of a few corporations to become the losses of us all. I believe
that government is necessary, but I have no desire to expand
it unnecessarily.

I also believe, as Pope Francis has stressed, that Earth is our
common home and to disregard climate change is to disregard
both nature and justice. As the Pope reminds us, his namesake
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was canonized because he “communed with all creation [and]
felt called to care for all that exists.”** Some would see such feel-
ings of communion with Creation as at odds with cold-hearted
scientific rationality, but in the eighteenth and nineteenth cen-
turies it was a commonplace among European naturalists that
scientific investigations were a means to come closer to God. In
this, they were following the words in the Wisdom of Solomon,
13:5, which tells us that “through the greatness and the beauty of
creatures one comes to know by analogy their maker.” Or, as
Haydn put it in his great oratorio of the late eighteenth century,
the heavens are telling the glory of God—whatever we conceive
that glory to be.

I also believe that history proves what John Donne wrote
nearly four hundred years ago, that “any man’s death diminishes
me, because I am involved in mankind.” I believe that I am my
brother’s keeper, and so are you. Is there not a reason, after all,
that in Genesis the story that follows immediately on the heels
of the Fall is the story of Cain and Abel?

The Old Testament—the foundation of the world’s three great
monotheistic religions—begins with Creation and so do the
organizing myths and stories of most human societies. Whether
we call it biodiversity or Creation or the Dreamtime or Mother
Earth, climate change threatens it. Everything we know—from
science, from history, from literature, from ethics—tells us that
caring for our fellow citizen and caring for the environment are
the same thing. The dichotomy of man versus environment, or
jobs versus environment, or prosperity versus environment, is
a dangerous fiction constructed to justify greed. It cynically war-
rants destruction in the name of the false prophet of progress.

That is what I believe.

If we fail to act on our scientific knowledge and it turns out
to be right, people will suffer and the world will be diminished.
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FIGURE 2. Joel Pett Editorial Cartoon used with the permission of Joel Pett and
the Cartoonist Group. All rights reserved.

The evidence for this is overwhelming.** On the other hand, if
we act on the available scientific conclusions and they turn out
to be wrong, well, then, as the cartoonist says, we will have cre-

ated a better world for nothing.






Chapter 3

THE ERPISTEMOLOGY
OF FROZEN PEAS

Innocence, Violence, and Everyday
Trust in Twentieth-Century Science

Susan Lindee

Public anger, mistrust, and political retribution against members
of the scientific community for what they believe or what they
do are not new. What is new today is what I would call “scale.”
Scientific knowledge of direct and pressing practical importance
is now being systematically rejected by some who stand at the
pinnacle of global power, at a moment when the stakes are high
for the survival of the planet. The scale of the problem of skepti-
cism, doubt, and mistrust has escalated and taken new forms.*

It is at the level of scale that I wish to focus in comments here.
I want to draw your attention “down” to a more intimate scale
and to suggest that everyday technologies make visible the im-
brication of science in quotidian life, and that they generate an
ambient trust that should be generally recognized and nurtured.?
I also propose that we have spent far too long not noticing or
emphasizing this.> We have not drawn on everyday trust as a re-
source in public campaigns to restore trust in science more gen-
erally.* In their kitchens, up close, many people trust science
implicitly, because it “works.”
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I realize that invoking the idea that “science works” is an un-
satisfying theoretical response. As Oreskes’s nuanced discussion
of philosophy of science suggests, a proper, satisfying solution
should operate closer to the rational realms of thought, presum-
ably made manifest in a social and intellectual system that can
evoke particular forms of consensus and therefore philosophi-
cal and scientific legitimacy. I agree, I agree, this is how things
should be. We should trust science because it is the best we can
do, and because it operates by relatively open and reliable social
rules of evidence (intersubjective reason!) that have proven to
be generally trustworthy, if not perfect, over the long haul, in
many different ways. The efficacy and power of these ways of
making knowledge is easy to see and for many of us requires no
special pleading, no remarkable claims about moral order, no
philosophical buttressing.

But in the populist spirit of our times, I suggest that instead
we try to work our way up, from the toaster. The philosopher
of science Nancy Cartwright has intermittently used the appar-
ently simple and transparent technology of the everyday toaster
to explore questions about causation.® Pressing a lever on a
toaster, she notes, causes the bread to drop in to the toaster and
begin to brown. This is a widely known phenomenon—perhaps
you made toast yourself recently. But Cartwright suggests that
assigning a cause to this browning involves accepting two “un-
related” causes—the lever itself, and the connection forged by
its action to the electrical current that causes the heat. A toaster,
Cartwright proposes, provides a way of thinking about and
disaggregating causes. Following in her footsteps, so to speak,
I want to propose in turn that the toaster and its everyday kin
(frozen peas, iPhones, recycling bins, and even manufactured
“wood look” bookshelves . . .) also provide ways of thinking
about trust and knowledge. I propose that everyday
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technology, widely trusted and even loved, can and should be
re-scienced, made more intellectual—here in a country with
such a long tradition of anti-intellectualism.® I propose this
because I suspect that making more visible the deep presence
of knowledge in everyday life could be another strategy to
challenge public views of science as untrustworthy: In prac-
tice, whether people admit it, recognize it, and can articulate
it, or not, everyday trust in science is ubiquitous, central to the
taken-for-granted worlds of Twitter, refrigeration, air travel,
and pharmaceuticals.”

Science is not just in the laboratory. It is everywhere and it is
widely trusted and believed, I suspect sometimes by those who
do not know that they are trusting science. We live in a physical
world made of science and knowledge—we can’t get out of it,
even if we move to a rural enclave with organic goats and tomato
gardens, or if we live on a cluster of palm-fringed islands in the
Pacific, in a place once routinely subjected to nuclear tests. The
Marshall Islands are already today inundated with rising sea-
waters, and those rising waters, too, are scientific in more than
one way.® Every day we move through systems built from sci-
entific knowledge. We depend deeply on science that works and
we traditionally do not think about this fact. We often casually
“naturalize” the technological world derived from knowledge
systems, in practice severing things like frozen peas from the
systems of laboratory knowledge that make them possible. But
the systems of knowledge implicated in frozen peas are vast,
almost astonishing: Modern geological sciences in the oil and
gas industry, the chemical development of plastics, scientific
agriculture and the genetic modification of crops, chemical un-
derstandings of the freezing process, even the social sciences of
marketing and persuasion. Frozen peas are saturated with reli-
able truth.



166 + Chapter 3

Many beloved and highly trusted technologies of everyday life
are the direct result of legitimate and trustworthy scientific re-
search. This simple fact is socially obscured and relentlessly dis-
appeared in the boundary work around what counts as science
and what counts as technology. While the terms are useful enough,
their contemporary usage obscures important relationships be-
tween knowledge and practice—relationships that could be
leveraged today to bring home to the general public the degree
to which science is generally, almost universally trusted, even
loved.

Why is the everyday presence of science in everyday life so
often illegible, invisible, unremarked—or even understood as ir-
relevant to the question of whether scientists and science as an
enterprise can be trusted?

Naturally I have a historical explanation. It hinges on the
highly policed distinction between science and technology, and
on why that distinction has been so important to the scientific
community.

The sharp and exaggerated differences that are commonly rec-
ognized between science and technology are a historical inven-
tion, fostered during the Cold War to distance elite, pure, science
from technologies of war. They have a much deeper history,
but the (contaminating?) mobilization of science in World
Wars I and I became a profound turning point. World War I
was “the chemists’ war,” transformed by the German chemist
and later Nobelist Fritz Haber’s development of chemical
weapons, and by the subsequent involvement of all forces in the
use of a weapons technology later seen as illegitimate or even
immoral. World War II was “the physicists’ war,” which ended
with an application of “pure physics” that destroyed two Japa-
nese cities, and led to arms races and arms-control efforts fo-
cused on a technology later seen as illegitimate and even
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immoral. For the scientific community in the United States
and elsewhere, these technological achievements came to be
seen as a profound threat to the legitimacy of science.

Critics of scientists’ roles in both these wars included many
leading scientists themselves, who expressed anguish about the
roles of technical knowledge in state violence and about the ac-
tions of scientists themselves. After 1918 German chemists,
blamed for the first use of chemical weapons, were excluded from
scientific meetings and symposia for almost a decade.” Mean-
while with the rise of fascism in the 1930s, the international sci-
entific community began a sustained philosophical construction
of free scientific inquiry as a guarantee of healthy democracy, a
uniquely pure endeavor.'® Scientists’ moral character was pre-
sented as proof that scientific inquiry could be trusted—thus
locating trust in the religious or spiritual qualities of individu-
als. As Shapin has suggested, this was a proposal already obso-
lete: The rise of a modern professionalized scientific workforce
after the 1880s, and the materialism implicit in Darwinian evo-
lution by natural selection and other scientific ideas, had already
coalesced to undermine the idea that science was a reliable path
to the will and purposes of God, or that the scientist therefore
occupied a moral position (because of this divine path-making
labor).

By middle of the twentieth-century, earnest attention to the
nature of science and its human dimensions was the focus of a
compelling debate that can almost be seen as a reenchantment
project (of science, not nature). Popular texts, such as Jacob
Bronowski’s Science and Human Values (1956 ), catalogued scien-
tific virtue and construed the scientist as a uniquely moral
actor—who was emphatically not responsible for the violence
of modern warfare (or the atomic bomb). Scientists issued pro-
grammatic statements, like Vannevar Bush’s Science, the Endless
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Frontier, that expressed a view of science as benevolent, central
to the welfare of mankind, and linked to the robust health of a
functioning democracy. Meanwhile lavish defense funding for
virtually every conceivable form of science—physical, biologi-
cal, social—provoked fears that scientists were becoming intel-
lectual slaves of the security state. How to safeguard an endeavor
in which security clearance procedures could lead to lost jobs?
The rhetoric around the purity of science became almost shrill.

And in these soaring narratives, technology occupied a dis-
tinctly different moral space—Dboth less intellectual and less in-
herently moral—Iless pure. Technology was tangled up with
social life and politics, messy, violent, dependent, and undeserv-
ing of the special status of science. Technology produced ruined
cities and irradiated people. Science was doing something else.

The discipline of the history of science itself emerged as a re-
spectable academic discipline—with faculty appointments at
multiple universities—during this midcentury moment of the
promotion of science’s massive and unbridgeable distance from
impure technology. Many historians of science in the 1950s took
it as their mission to reinforce public faith in pure science as a
bulwark against fascism and communism. In the 1950s histori-
ans told scholarly stories about autonomy and purity, even as all
around them at their home institutions the living scientific com-
munity wrestled with lack of autonomy, new forms of national-
ism, and a security state that enforced political conformity in
draconian ways. Historians in this early efflorescence of the field
engaged in intense boundary work, avoiding attention to (mere)
technology, pseudoscience, or folk knowledge of any kind. For
example the idea that alchemy was not science led to its complete
erasure for decades from the life of the remarkable natural phi-
losopher Isaac Newton—who himself as things turned out cared
quite a bit about alchemy (in 1975, Betty Jo Teeter Dobbs
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brilliantly demonstrated the importance of alchemy to New-
ton’s thought).

Even more revealing, in the summer of 1957 the president of
the History of Science Society Henry Guerlac refused, at an in-
famous meeting, to even consider opening the society meetings
or journal to scholars interested in the history of technology. As
it was described in a 1998 appreciation of historian of technol-
ogy Melvin Kranzberg, “Guerlac’s refusal to allow either, lest
the history of science be tainted by such alleged intellectual
inferiority—by attention to lowly ‘tinkerers’ rather than great
‘thinkers—is what spurred Mel [ Kranzberg] to establish a sep-
arate society with its own journal. The experience reinforced his
growing conviction that the history of technology required and
deserved autonomy as an intellectual endeavor.”!!

Thus emerged a sharp, highly policed line between pure sci-
ence and impure technology. Both terms seemed to reference
something grand and self-evident: Scientists made knowledge,
technology was only knowledge applied. This idea placed those
physicists who made the bomb in the arena of truth of nature—
with their theories of atomic structure—and allocated the
actual weapon itself to engineers, who were beneath historical
attention (for historians of science). Biological weapons, chemi-
cal weapons, and ICBMs were all “technology,” not science.
Thus the idea of a clear and inviolable distinction between sci-
ence and technology was promoted in ways that placed science
in a morally privileged position.

Indeed, the Johns Hopkins geophysicist Merle Tuve, who
led the effort to develop a new proximity fuse in 1941 at the Ap-
plied Physics Laboratory, saw the distinction between science
and technology as a central part of his own scientific identity.
In her 2012 paper, Wang has beautifully characterized the logic
and practice of this idea in Tuve’s professional life. As Tuve told
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an audience in 1958, “Science is not airplanes and missiles and
radars and atomic power, nor is it the Salk vaccine or cancer che-
motherapy or anticoagulants for heart patients. These all are
technological developments. . .. Science is knowledge of the
natural world about us . .. it is the search for new knowledge
about the marvelous world in which we find ourselves.”** Note
that Tuve even left out the Salk vaccine!

We can sympathize with his desire to draw this line—he was
a scientist who helped make weaponry—but we need to recog-
nize its historical specificity, and its limitations as a complete
explanation of the relevant relationships between different forms
and iterations of technical knowledge. It is also important to
understand that the forces and tensions that animated this
boundary work were deep and oppressive for those who man-
aged professional lives as scientists in the Cold War in the United
States. The stakes were very high for scientific professionals.

In a heartfelt July 1954 letter to a powerful Atomic Energy
Commissioner, for example, the Yale University biophysicist
Ernest Pollard described how he learned to keep secrets. “Many
of us scientists learned the meaning of secrecy and the discre-
tion that goes with it during the war,” Pollard said. “We had very
little instruction from outside.” When the war was over, he made
a conscious decision to avoid secret research. He “thought care-
fully through the problems of secrecy and security” and made
the decision to handle only material that was entirely open.
“I returned one or two documents I received concerning the for-
mation of the Brookhaven Laboratory, in which I played a small
part, without opening them.” But the outbreak of the Korean
War, in June 1950, and his own concerns about the Soviet Union,
led to a change of heart. He came to feel that “I as a scientist
should pay a tax of twenty percent of my time to do work that
would definitely aid the military strength of the United States.”*?
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In the process, as he engaged in secret research during the
Cold War, he learned a form of extreme social discipline that he
called “the scientists morality” “I have learned to guard myself
at all times, at home, among my family, with the fellows of my
college when they spend convivial evenings, with students after
class asking me questions about newspaper articles, on railroad
trains and even in church. It has been a major effort on my part,
unrelenting, continually with me, to guard the secrets that I may
carry'*

Pollard’s comments resonate with those of many other experts
in the heart of the Cold War in the United States. Being a scientist
often meant concealing one’s work and ideas from friends,
family, students, colleagues. An enterprise founded on anideology
of openness and free exchange became increasingly oriented
around keeping secrets.'® Individual scientists could lose their
jobs if they lost their security clearances.'® And security clear-
ance could be withdrawn for a wide range of infractions, includ-
ing accepting dinner invitations from people who were mem-
bers of the Communist Party.'”

Scientists even lost jobs for refusing to testify when called
before the House Committee on Un-American Activities by
Senator Joseph McCarthy (R-Wisconsin).'® The physicist David
Bohm, who lost his assistant professor job at Princeton for this
reason, went on to make illustrious scientific and philosophical
contributions under difficult circumstances in Brazil and later,
in the United Kingdom."

Scientists were also harassed by the 1950s equivalent of Twit-
ter trolls. Henry deWolf Smyth, who voted to permit the Prince-
ton physicist J. Robert Oppenheimer to keep his security clear-
ance (seen by some as an unpatriotic act), received a threatening
letter from an “Angry American Family” who promised “some
day we Americans will catch up to all of you traitors.”** The
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geneticist Arthur Steinberg was also subject to shocking public
attacks, losing a deal on a house and several jobs because of
inaccurate reports that he was a Communist. Steinberg gave
only thirty-five documents to the historical archives at the
American Philosophical Society (APS) in Philadelphia. All of
them chronicled the cruelty with which he was treated after
being accused.”! A January 1954 letter from his attorney to a
housing development where Steinberg and his wife had at-
tempted to purchase a home described “the anonymous phone
calls which my client received from some neighbors threatening
dire consequences if they lived in the house.” A 1948 letter from
a colleague openly stated that Steinberg had been removed
from the list of viable candidates for a job, because departmen-
tal faculty had heard about “the Communist charges.” In select-
ing what he chose to donate to APS archives, Steinberg clearly
intended that his painful experiences not be forgotten.*
Other scientists made quiet bargains, parsing out their time,
so that some percentage of their professional life went to “pure
science,” and some to defense-related work in the name of pa-
triotism. Like Pollard, they drew the boundaries of their profes-
sional lives with personal calibrations of responsibility, with
many kinds of lines in the sand. MIT biologist Salvador Luria
announced in 1967 that he would not work on any defense proj-
ects in protest against the Vietnam War.>®> More judiciously, in
1969, Ronald F. Probstein and his fellow researchers at MIT'’s
Fluid Mechanics Laboratory made what they called a “directed
effort to change” their research. They reduced the amount
of military-sponsored research they were doing from 100% to
35%, with the remaining 65% explicitly devoted to “socially ori-
ented research.” The point was not to sever all ties to military
research. Rather, they wanted to “redress an imbalance.”**
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These experiences shed some light on the struggles and strate-
gies of the rank-and-file experts who fueled economic growth
and facilitated national defense in the heart of the Cold War in
the United States. They learned to keep secrets, lie, and pass poly-
graphs. They shared tips about what to say in security clearance
hearings, how to burn trash, managing selective service require-
ments, concealing the military relevance of a project, and man-
aging the anger of their peers. They became vulnerable to science
swerved by defense interests, to possible prosecution or fines,
even deportation, and to the skepticism of their peers either
because their peers believed them to be disloyal, Communists
or socialists, or because their peers viewed them as overly depen-
dent on defense funding. They also learned how to make things
and ideas that produced massive human injury. The professional
and personal stakes were high; the risks real, the embeddedness
of knowledge in the state’s monopoly on violence profound.*
Within the scientific community, who could be trusted, both as
an expert witness to nature’s ways, and as a proper patriot, on
the right side of a global ideological war? And in the broader
civic world of political and social order, how could trust in the
scientific community be sustained, when scientists made
bombs, concealed from the public the nature of their work,
and turned on each other in such a toxic political environ-
ment? Secrecy does not usually engender trust. And infighting
within a community can undermine its legitimacy.

Oreskes suggests that science can be trusted because flawed
scientific ideas in the past were subject to contemporaneous
criticism—there were individuals objecting to scientific theo-
ries later found to be inaccurate, for example about women’s bod-
ies, eugenics, or plate tectonics. Their existence—their voiced
public objections—exemplify in some way the self-correcting
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properties of scientific knowledge, she proposes. In practical
terms, this might not be as powerful an argument as it has long
been presumed to be. And more ominously, minority objections
from people who hold PhDs to climate science, evolution, and
other scientific ideas are not unheard of today. Indeed, it is en-
tirely possible to find PhDs in astronomy who have believed that
aliens came to earth some time ago, and now live among us.>
Singular voices of any kind are not necessarily reassuring.

The activities of the “alt-science” advocate Art Robinson, a
trained PhD who once collaborated with Nobel Prize winner
Linus Pauling (and who seems to have made a career out of pro-
claiming that Pauling was “wrong”), suggest just how diverse
the scientific community is in practice.”” The existence of di-
verse voices means only that the credentialed community of
knowledge producers can and does include people who think
very differently. What bearing do such differences of viewpoint
and opinion have on the legitimacy of public trust in science?
Oreskes places consensus at the heart of her analysis, proposing
that science is a collective accomplishment, and that this col-
lectivity is the source of its legitimacy and power. It comes into
being through a process, with twists and turns, dead-ends, dis-
putes, and resolutions, and the messiness of this process is a
virtue, rather than a flaw. As she tracks the disturbing current
state of affairs, Oreskes shows how much science now needs de-
fenders, and defenses. We may have lost, she proposes, the En-
lightenment vision of trustworthy natural knowledge that
could be made by human (and inherently flawed) actors through
disciplined rules of testing and experiment. But we still retain the
power of consensus and reason. This kind of argument is utterly
persuasive to me. It may not be to some of those most deter-
mined to disbelieve the findings of evolution or climate change
or vaccine science. And yet many people do trust science. They
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may not fully recognize that deep trust, because science has been
so resolutely distinguished from technology, for so long, with
such intensity. It is possible that most citizens in industrialized
societies have a kind of subterranean, unreflective trust in tech-
nical knowledge because “it works” and because it is, almost
literally, the texture that defines their lives, every hour of every
day. One of the struggles of all social theory is to find a perspec-
tive from which the waves and gravity can be detected, the
water we swim in experienced—a problem Einsteinian in its di-
mensions. Where should we stand to understand the problem
of trust? What are the right questions?

As the science studies scholar Donna Haraway put it in a fa-
mous 1988 paper, “situated knowledge” reflects the politics and
epistemologies of location (in every sense of the term). Science
makes “claims on people’s lives” and there should be room for
views of nature in which “partiality and not universality” is seen
as rational. The “view from a body,” she proposed, is paradoxi-
cally more powerful than “the view from above, from nowhere,
from simplicity.”*® Haraway was responding to the difficulties
feminist scholarship faced in relation to “objectivity.” Some
feminist scholarship at the time seemed to be engaged in a
brutal “unveiling” project, which would demonstrate that sci-
entists were irretrievably biased, that knowledge (for example
knowledge supporting the idea of female inferiority) was con-
taminated by social beliefs, and that even (most terrifying) per-
haps there was no objective knowledge at all, no position from
which truth could be seen. These forms of “high” social con-
structivism, in which knowledge was reduced to social interests
and hopelessly contaminated, threatened to reduce technical
knowledge to irrelevance, a threat that Haraway and many
other scholars found disturbing. How could feminist theory fa-
cilitate an understanding of a real world that could be friendly
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to human needs if it rejected the possibility of legitimate knowl-
edge?*” Feminist objectivity, she proposed, “makes room for the
surprises and ironies in the heart of all knowledge production;
we are not in charge of the world.”

As recent events have made clear, the scientific community
is decidedly “not in charge of the world.” For at least a century,
it has wrestled with the growing relevance of virtually all scien-
tific fields to the “garrison state.” Now it finds a new kind of em-
beddedness, in a different kind of state power. The experiences
of scientists in the Cold War, as they navigated totalizing systems
of political control, have a new, chilling resonance. Their
situations—their positions and embeddedness—help us see
some of the ironies of knowledge production. None of the sci-
entists I consider in this essay had the option of opting out com-
pletely. It was not possible to do so and to continue to engage
in scientific labor. Even if they did not do defense work, they
were training students who would. How, then, did they make
sense of their predicament? And what can their predicaments
teach us about the predicaments of scientists today?

The generation I focus on had learned in the course of their
formal education in the 1930s that science was open, universal-
istic, internationalistic, and an endeavor focused on the “welfare
of mankind.” Yet in practice, in the heart of the Cold War, for
many scientists, their research was not open but secret, not
internationalistic but nationalistic, and not conducive to wel-
fare but engaged with the sophisticated technical production
of injury to human beings. These forms of injury were realized
through new weapons, new surveillance methods, new infor-
mation systems, even new ways to interrogate prisoners using
psychological insights, bring down economies, or start
epidemics—“public health in reverse”—biological weapons.
Experts in fields from physics to sociology found their research
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calibrated to empower the state, and scientists trained to see
themselves as creating knowledge as a social good found them-
selves engaged in something that felt very different to them.
Professional societies from the American Association for the
Advancement of Science, to the American Society of Microbi-
ology, to the American Chemical Society created committees
on “social issues” and produced statements on science and the
“welfare of mankind” through the 1950s, 60s, and "7o0s. Mean-
while their members made weapons and worked in the defense
industry.

The profound struggles around science and violence in the
twentieth century animated public strategies that corralled sci-
ence, and moved it safely out of the kitchen, the clinic, the urban
street, or most importantly, the battlefield. By drawing sharp
boundaries between pure and applied knowledge, many scien-
tists pursued a sometimes morally encoded strategy intended to
preserve the pure core of technical truth, the innocence of pure
science, by isolating it from technological things like guns, gunpow-
der, bombsights, nuclear weapons, chemical weapons, and psy-
chological warfare. This strategy often enforced a hierarchy sepa-
rating scientists from engineers, physicians, and other experts
who “got their hands dirty.”

I'would suggest that it may also have played a role in obscur-
ing from general view the saturation of everyday life today with
scientific knowledge.

Oreskes has called us to think critically about public trust in
science. It is clear that the answer is not that science should be
trusted because it is always true, right, accurate. It is not always
any of those things. But it is trustworthy despite its humanness,
its vulnerabilities to misunderstanding, error, misplaced faith,
social bias, and so on. It is trustworthy because of the sustained
human labor that goes into making it, the integrity of the
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process, and because it has already transformed human life in
so many ways that are obvious, transparent, profound.

All of the protocols that Oreskes describes are conducive but
not determinative of validity. She invites us to think about the
fragility of knowledge as a resource for trust, suggesting that
people should trust science precisely because it is a system re-
sponsive to evidence, observation, experience. This is a stronger
argument than perhaps even she realizes, for when we add
everyday technology to this potentially trust-generating mix, we
find something familiar that can be persuasive. For many people
the reliability of everyday technologies might be as close as they
ever get to scientific knowledge. But it is closer than it seems.

In his New Yorker review of the historian of technology David
Edgerton’s book The Shock of the Old, the historian of science
Steven Shapin described himself writing in his kitchen, where
he was surrounded by technology: a cordless phone, a microwave
oven, and a high-end refrigerator, while working on a laptop. His
essay noted that “the texture of our lives would be unrecogniz-
able” without these things made from technical knowledge.*® His
comments were inspired by Edgerton’s provocative book, in
which he explores the “creole” technologies of what he calls,
bluntly, the “poor world.”®! Creole is a term that commonly re-
fers to local derivatives of something from elsewhere—such as
cars from 1950s Detroit that are still running in Havana. It is not
generally intended to suggest sophistication, innovation, or elite
knowledge. But Oreskes shows us that elite science too has
properties of “creole” making do, cobbling together data and
ideas that can stay on the road, without being perfect and with-
out the advantage of the original parts. It is not an idealized
social and intellectual system of pure truth, free of misunder-
standing, confusion, or error. It is pretty much the best we can
do, and much of time, it works—Tlike that iPhone.
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We swim in science every hour of every day, but we don’t talk
much about it. The many roles of science in our lives are natu-
ralized or black boxed. Many of those who question climate
change or vaccines are more than happy to deploy drones as tech-
nologies of war, or for that matter to use Twitter. Drones depend
historically on layered and clustered types of scientific theory and
practice, going back many decades. Meanwhile those who
promote creationism share their ideas on the web, which is a
result of defense support for scientific research—in mathematics,
electromagnetics, physics, and other fields. So both trust and
mistrust of science are discriminating, selective, and biased.
Political leadership in the United States controls the most
powerful military in the world—power built by scientists and
engineers. Yet this achievement of high technocratic reason,
this weapons system that truly “works,” in fairly spectacular
terms, does not seem to confer legitimacy on the enterprise of
science-in-general.

The late Carl Sagan is haunting me lately so I will quote him:
“We live in a society exquisitely dependent on science and tech-
nology, in which hardly anyone knows anything about science
and technology”” I agree with his claim that we live in a society
that is exquisitely dependent on science and technology. But
I am less sure about his claim that hardly anyone knows anything
about it. People know the things that live inside their everyday
lives, but they emphatically don’t see them as scientific.

So, maybe we need an epistemology of frozen peas. For fro-
zen peas, if interrogated historically, involve as many layers of sci-
ence as do drones. As I have already noted, these layers include
the geology of oil exploration, the development of monomer
chemistry and polymerization, the impact of the evolutionary
synthesis on agricultural breeding, the development of the
new genetics and GMOs, the scientific understanding of
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conservation of matter in temperature change, developments in
bacteriology, and even knowledge from the social sciences, in
psychological theories of marketing, imagery, and persuasion
that have reshaped the consumer experience in the twentieth
century—helping manufacturers understand for example how
to persuade people to buy and eat frozen peas.*>

You might not pay much attention to frozen peas, and I can’t
blame you, but I use this commonplace and seemingly simple
food technology to suggest just how invisible this scientific
world-making has become—almost as though it were structured
to be invisible. Scientists long ago began to systematically dis-
tance themselves from the technologies that their insights and
understandings could produce. And their distancing has been
successful. But people love and trust technology. The flow of
prestige and legitimacy “down” from science to technology—the
flow of trust, viability, proof of value, of “working"™—should per-
haps be transposed, for the good of science and the good of the
world.



Chapter 4

WHAT WOULD
REASONS FOR
TRUSTING SCIENCE BE?

Marc Lange

The question of why we should trust science can easily induce
akind of dizziness and even despair. Suppose we try to argue that
we should trust science because rigorous application of the sci-
entific method has generally led to successful results: the dis-
covery of many truths and the rejection of many falsehoods. This
approach will not get us very far. It invites the reply: What is our
basis for judging that the current verdicts of science consist of
many truths? Apparently, our basis is that the current verdicts
of science line up with our beliefs about what is true. But if (as
is likely) we have arrived at our beliefs by relying on science, then
we have only traversed a very small circle; we have tried to use
science to vindicate itself, which cannot succeed.

This kind of circularity is difficult to avoid. Suppose we try to
argue that we should trust science because science has led to
many accurate predictions and technological achievements. It
has allowed us to predict accurately the outcome of adopting cer-
tain public health measures or of putting batteries and wires
into certain configurations. As Professor Oreskes mentioned, the
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track record of science in these matters is rather good. So, the
argument would conclude, we should trust science.

But this reasoning was ifself an instance of using science. The
reasoning began by noting a pattern in our experience so far (that
science has worked pretty well in the past). The reasoning then
took these data as good evidence that the pattern will continue
into the future. This is a good example of scientific reasoning. But
to use scientific reasoning seems to beg the question, since our
goal was to justify putting our confidence in scientific reasoning
in the first place. (Thus there may be some concern about
Comte’s suggestion, mentioned by Professor Oreskes, that we
support science by studying scientists scientifically.)

The same charge of circularity could be lodged against the
idea, mentioned by Professor Oreskes, that we should especially
trust science when science has employed peer review and other
agreed-upon scientific practices, or that we should especially
trust science when we are dealing with the verdict of recognized
scientific experts working within their recognized field of exper-
tise and conforming to recognized scientific procedures. Who
is to recognize them? On what basis is someone to be judged an
expert? By the endorsement of other experts, each of whom gets
his or her status by the endorsement of still other experts? As I
said, it is easy to succumb to a kind of dizziness at this point, with
the looming threat of infinite regress or vicious circularity. It is
also easy to imagine the American Enterprise Institute or young
Earth creationists criticizing this incestuous pattern of experts
vouching for other experts.

This kind of extremely corrosive doubt has a venerable pedi-
gree in philosophy. It can be traced back to David Hume' in the
eighteenth century, who is generally credited with having posed
“the problem of induction.” (“Induction” denotes the form
of reasoning by which hypotheses are confirmed by evidence
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in science.) Such pervasive doubt can be traced back even
further—to René Descartes” in the seventeenth century and to
Sextus Empiricus in the first century, who famously wrote:

Those who claim for themselves to judge the truth are bound to
possess a criterion of truth. This criterion, then, either is without
ajudge’s approval or has been approved. But if it is without ap-
proval, whence comes it that it is truthworthy? . . . And, if it has
been approved, that which approves it, in turn, either has been

approved or has not been approved, and so on ad infinitum.?

There are at least two recipes for combatting the dizziness and
despair that this kind of wholesale skepticism tends to provoke.
One recipe is to point out that to ask for a justification for sci-
ence as a whole is to make an unreasonable demand. It is like
asking someone to justify trusting in reason as opposed to faith,
wishful thinking, or astrology. If you give a reason for trusting in
reason, then you have presupposed what you are trying to show.
On the other hand, if you give something that is not a reason for
trusting in reason, then that is giving no sort of justification at
all. The game is rigged. You should simply reject the demand
to offer a reason when there is nothing that could possibly, even
in principle, count as one. As Professor Oreskes mentioned,
one of the most important features of science is that it is self-
correcting; it is able to put in jeopardy any of its theories,
scrutinizing its justification. But science cannot reasonably be
expected to put all of its theories in jeopardy at once.*

There is a second important recipe for combatting the dizzi-
ness and despair of the skepticism that we have been discussing.
The question of why we should trust science might be put this
way. Scientists begin by making a bunch of observations. That
is supposed to be the first stage of scientific research—at least,
first in logical order. In the second stage, scientists use their
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observations to confirm various theories that make predictions
about what would be observed under various conditions—or
perhaps to confirm various theories that purport to reveal the
unobservable causes or mechanisms responsible for what we
have observed. What justifies this second stage—this inductive
leap from the safe ground of past observations to the risky busi-
ness of predicting future observations or positing hidden mech-
anisms? The history of philosophy is littered with attempts to
support this second stage given the first. But most of these at-
tempts have ultimately been judged to be question-begging in
one way or another.?

If the challenge is to justify this second stage of scientific re-
search given the first stage, then we can respond with the second
recipe that I want to mention for combatting skeptical dizziness.
The recipe is to point out that even at the first stage, we are al-
ready taking for granted that we are justified in engaging in the
second stage; we are already presupposing that certain steps be-
yond our observations are justified. After all, if I take myself to
be observing something to be the case, then I must believe that
I am qualified to make that observation—that by dint of my train-
ing, I am now able to tell that something is the case simply by
looking or hearing or smelling or whatever. I am not purporting
to be infallible, of course. But I am purporting to be reliable
enough that I am worthy of trust (in the absence of some spe-
cific reason to doubt my accuracy) in this case. Without this ad-
ditional belief about myself, I cannot justly take myself to have
genuinely observed that something is so.

But how did I become justified in this additional belief about
myself? The justification must derive from my own history of
having purportedly observed things. My past behavior of saying
that I saw various things, nearly always and only when those
things were in fact there, justifies my belief that I will typically
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be reliable in the future when I say that I have seen those things.
A generalization like that obviously goes beyond what we have
already observed. So in making an observation, we must already
allow that we are justified in believing various generalizations
about matters that go beyond what we have already observed.
As the philosopher Wilfrid Sellars says, in arguing for a similar
point:

The classical “fiction” of an inductive leap which takes its point of
departure from an observation base undefiled by any notion as
to how things hang together is not a fiction but an absur-
dity. ... [T]here is no such thing as the problem of induction if
one means by this a problem of how to justify the leap from the
safe ground of the mere description of particular situations, to the
problematic heights of asserting lawlike sentences and offering

explanations.®

What I have been discussing so far is the demand for a reason
for trusting science as a whole, a demand that is problematic
precisely because its target is science as a whole. This kind of
wholesale demand for justification should be distinguished from
a retail demand that asks why some particular scientific result
should be trusted. That kind of question, unlike the wholesale
question, can be answered without circularity—by appealing
to other scientific findings. This is the approach implicit in the
series of case studies that Professor Oreskes offers. In each of
those cases, participants were called upon to present the epis-
temic credentials of various scientific hypotheses. In none of
those cases were participants called upon to underwrite science
asawhole.”

However, a source of trouble for this wholesale/retail distinc-
tion comes from cases where very large bodies of theory are
being called into question. As Professor Oreskes mentioned, the



186 <« Chapter 4

philosopher Thomas Kuhn® was very influential in questioning
the rationality of what he termed “scientific revolutions,” where
an entire “paradigm” is called into question. A scientific revolu-
tion, according to Kuhn, is (in the phrase that Kuhn popular-
ized) a “paradigm shift.” Rival paradigms disagree on what sorts
of facts scientists can directly observe, what sorts of measuring
devices are reliable, and how to interpret criteria of theory choice
such as simplicity, accuracy to observations, explanatory power,
and fruitfulness. As Professor Oreskes mentioned, Kuhn re-
garded rival paradigms as sharing only the most minimal stan-
dards for theory choice. So in a crisis, when the prevailing para-
digm is in jeopardy and a justification is demanded for one of
the new candidates for paradigm (or for sticking with the incum-
bent), the common neutral ground arbitrating among the rival
candidates is too meager to sustain any powerful reasons favor-
ing one candidate over another. This is one aspect of what Kuhn
calls “the incommensurability of paradigms,” as Professor
Oreskes mentioned.

In a crisis, then, a retail challenge to a particular scientific the-
ory becomes a wholesale challenge to the results of an entire
scientific field. What sort of noncircular justification can there
then be for one paradigm over another when scientific methods
and scientific theories interpenetrate? In other words, Kuhn ar-
gued very successfully against a sharp boundary between scien-
tific methods and scientific theories. What methods scientists
believe to be reliable are informed by what scientists believe
about what the world is like. But if theories and methods inter-
penetrate, then as scientific theories change, scientific methods
change. There is then no permanent, neutral method to arbitrate
between rival paradigms; although their common ground pre-
sumably includes mathematics, deductive logic, and the prob-
ability calculus, that is not enough common ground to serve as
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a neutral arbiter to decide the issue. This is the challenge that
Kuhn launches at us.

One promising reply to Kuhn’s challenge is to acknowledge
that deductive logic, arithmetic, the probability calculus, and
whatever else is permanently neutral common ground in science
is not enough to decide in a crisis among the rival candidates for
paradigm. Nevertheless, in a given crisis, there will be more com-
mon ground among the rivals than merely that which is com-
mon ground across every crisis. In different crises, this additional
common ground will be different. Although it may be meager,
creative scientists in various crises have found ways to take the
common ground and extract from it powerful reasons support-
ing one candidate for paradigm over another.

Let us look briefly at an example. Galileo managed to find a
way to generate a powerful argument from the meager common
ground available in the crisis of terrestrial physics occurring dur-
ing his time. Galileo proposed that if a body falls freely to Earth
from rest, then in each succeeding interval of time, the distance
covered by the body grows as the odd numbers, so if 1s is the
distance that the body traverses in the first time interval, then in
the succeeding intervals, it covers the distances 3s, ss, 75, 9s,
us. .. .7 Other scientists proposed rivals to Galileo’s “odd-
number rule” Honoré Fabri proposed that the distances tra-
versed grow as the natural numbers (that is: 1s, 25, 3s, 45, 55,
6s... ). Pierre Le Cazre proposed that the distances grow as the
powers of 2 (that is: 18, 28, 48, 8s, 168, 325 . .. ) An experimental
argument favoring one of these theories against the others would
have been ineffective as long as there was no shared paradigm
for terrestrial physics and so no agreement on which measuring
devices were accurate for measuring time and distance and on
when to blame disturbing factors (such as air resistance) for a
theory’s failure to perfectly match with observation.
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Nevertheless, according to a 1627 letter from Gianbattista
Baliani to Benedetto Castelli, Galileo had a powerful argument
favoring his proposal over these rivals.'® His argument was that
if one of these rivals holds for time intervals expressed in one
particular unit (say, in seconds), then that proposal will not hold
for time intervals expressed in another unit (say, in minutes). If
we take the distances given by these proposals for successive one-
unit intervals

Fabri: 1s, 25, 35, 45, 55, 65 . . .

Le Cazre: 1s, 25, 48, 8s, 168, 325 . . .

and switch to a new unit of time that is twice as long as the origi-
nal, then we find the distances fallen in these new intervals
to be

Fabri: 3s (= 1S+ zs), 78 (= 3s+ 4s), 118 (= 5s+ 6s) .
Le Cazre: 35 (=15 +25), 125 (= 45 + 8s), 485 (=165 + 325) . . .

These distances do not fit the proposals. For example, if the pro-
posal is that the distances grow as the natural numbers, then
that proposal is violated when we switch units since the distances
3s, 7s, and 11s do not stand in the ratio of 1 to 2 to 3.

Thus, if one of these rivals to Galileo’s proposal holds in one
system of units, then it will not hold in certain other systems of
units. Galileo’s point, expressed in today’s terminology, is that
neither rival to his proposal is “dimensionally homogeneous.”
Roughly speaking, we can define “dimensional homogeneity” as
follows:

Relation R is “dimensionally homogeneous” exactly when it is a
broadly logical truth that if R holds in one system of units, then
Rholds in any system of units for the various fundamental dimen-

sions (e.g., length, mass, time) of the quantities so related.'!
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Of course, a relation can hold without being dimensionally ho-
mogeneous. For example, on a given date it may be that my
son’s weight equals my age—but this relation holds only if my
son’s weight is measured in pounds and my age is measured in
years. The relation is therefore not between my son’s weight and
my age themselves, but rather between their measures in a par-
ticular system of units.

Part of the meager tacit background belief common to all par-
ties during the crisis of terrestrial physics in Galileo’s time was
that the relation among the distances traversed in successive
equal time intervals by a body falling freely from rest is indepen-
dent of the unit of measure. It is a relation among the distances
themselves, not between their measures in some particular privi-
leged unit. Presumably, neither Fabri nor Le Cazre ever both-
ered to say explicitly that they believed the relevant relation to
be dimensionally homogeneous. But neither had to; it was un-
derstood. As far as I know, neither specified some particular units
as having to be used to measure distance or time. Galileo argued
that since neither of these proposals is dimensionally homoge-
neous, the relation in question cannot be given by either of them.

By contrast, Galileo’s own proposal is dimensionally homo-
geneous. If we take the distances it dictates (1s, 3s, 55, 75, 95,
us. .. ) and switch to a unit of time that is twice as long, we find
that, by Galileo’s proposal, the distances covered in these longer
intervals are 4s (= 1s + 3s), 128 (: 5S + 75), 208 (= 9s + us). -
The ratio of 4 to 12 to 20 is the ratio of 1 to 3 to s—the odd-number
sequence that Galileo’s rule demands."

That there is a dimensionally homogeneous relation among
the free-fall distances was tacit common ground in this particular
crisis, but it need not be common ground in every crisis. Perhaps
only a scientist with Galileo’s ingenuity would have found a way
to turn such sparse common ground into a strong argument for
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one of the rival theories against the others. Finding powerful rea-
sons in a crisis is inevitably going to be difficult. But it is not
impossible. (I think that we could take this lesson to heart in
many disputes, even outside of science.)

I will conclude with one further point. According to a 2012
Gallup poll, 46% of Americans deny the evolutionary origins of
human beings."? In that same year, a congressman on the House
Science Committee referred to evolution and the Big Bang as “lies
from the pit of Hell.”’* Whether an American believes that cli-
mate change is taking place is highly correlated with that Ameri-
can’s party political affiliation." In this kind of political climate,
I think we need to do a better job of communicating the rational
basis of science. In our classes, we philosophers love to break
things; we love to present the failures of various venerable pro-
posals regarding the logic of scientific reasoning. But we need
to go beyond incommensurability and underdetermination and
the Duhem-Quine thesis and the new riddle of induction'®
and the demise of the demarcation problem'” and the pessimis-
tic historical meta-induction.'® Where we can, we need to give
a positive account of the logic underlying scientific reasoning.
Our students are able to grasp a positive account and they are
hungry to see one. We owe it to them—and to ourselves—to
supply one.
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PASCAL'S WAGER
REFRAMED

Toward Trustworthy Climate Policy
Assessments for Risk Societies

Ottmar Edenhofer and Martin Kowarsch

The Trump administration seems to accept climate science,
though it argues against ambitious climate change mitigation ef-
forts. In October 2017, the US Environmental Protection
Agency (EPA) made a remarkable new proposal as to how cli-
mate change impacts can be evaluated in economic terms, i.e.,
how to calculate the “social costs of carbon” (SCC)." They sug-
gested social costs of only $1-6 per additional ton of carbon di-
oxide (CO,) emitted to the atmosphere in the near future.
These numbers are extremely optimistic compared to the $45 per
ton of CO, estimated under Obama’s presidency. In contrast to
the Obama administration, which included the global damages
of climate change in its estimate, the new EPA calculations only
take into account US domestic damages. If policy makers and
investors base their decisions on the newly suggested numbers,
ambitious US climate policy can hardly be justified. Calculating
such costs does presuppose basic trust in the underlying climate
science. This example illustrates a thorny point: scientific
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consensus does not imply policy consensus. Instead, calculating
SSC implies controversial value judgments. Hence, in Trump’s
universe, climate science does not commit the United States to
ambitious climate policy, the provision of public goods, or far-
reaching international cooperation. Rather, by virtue of heavily
discounting future generations and dismissing public goods as
globalist twaddle, the United States does no longer seem bound
by its Obama-era commitments. Since scientific consensus on
human-induced climate change still allows for a multiplicity of
“value vectors” and policy pathways, a serious analysis of the en-
tanglement of facts and values in expert studies, the role of
scientific expertise, and the design of policies is direly needed
in risk societies—i.e., societies that have to deal “with hazards
and insecurities induced and introduced by modernisation
itself.”*

Naomi Oreskes makes a compelling case for the trustworthi-
ness of science, its social, value-laden, and fallible character, and
the conditions for objectivity. She also reveals the rather effec-
tive diversion created in public debates by many climate change
skeptics. In most cases, skeptics no longer question the over-
whelming, credible scientific evidence on anthropogenic, risky
climate change. Instead, they argue against particular economic
or social implications of potential political responses to climate
change. While they balk at the idea of engaging in open dia-
logue about their concerns as to the various possible (political)
responses to climate change, they simply deny that the latter is
a scientific problem. They urge the academic community to con-
tinuously clarify the science. And even when the science of cli-
mate change is accepted they deny the severity of damages
caused by climate change. The recent SCC estimate of the Trump
administration is one such example. Furthermore, according to
their view, evidence-based research can never reduce the
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uncertainties to such an extent as to allow for the implementa-
tion of climate policies.

The often-intractable conflicts about climate policy are thus
not necessarily rooted in a lack of trust in climate science—but
rather in disagreement on the design of climate policies.> Any
reasonable answer to this crucial question is dependent on dis-
puted ethical values, concepts of intergenerational and intragen-
erational justice, preferences, and interests (as Oreskes rightly
points out). But the estimates of social science concerning the
costs of action and inaction, the co-benefits and unintended so-
cietal side effects of climate policy must figure prominently too
in such an answer. Natural science and technology alone cannot
determine appropriate climate policies. Stubbornly insisting on
the facts of climate science to counter skepticism just makes en-
vironmental controversies worse.* Due to her emphasis on cri-
teria for the trustworthiness of natural science Oreskes does
not answer sufficiently the question as to the conditions—if
at all>—under which the policy assessments provided by sci-
entific experts can both be trustworthy and legitimate, par-
ticularly given the highly disputed value judgments involved.
Therefore, we need to reflect about these integrated, transdisci-
plinary assessments of complex socioeconomic and political as-
pects. How can we specity, apply, and perhaps amend Oreskes’s
convincing criteria for trustworthiness to provide guidance also
for the social sciences in these cases?

Oreskes does not highlight the indeterminateness of climate
policy. Rather she presents a simplified version of Pascal’'s Wager®
as applied to climate policy (see table 1). Oreskes suggests that
ambitious climate policy would be beneficial even if the science
supporting anthropogenic climate change turned out to be
wrong. A risk-neutral decision-maker would choose ambitious
climate policy, if p > C / (V-E). In other words, ambitious climate
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TABLE 1. Pascal’s Wager Applied to Climate Policy

Dangerous Climate Harmless Climate

Change Probability p Change Probability 1-p

Ambitious Climate Policy =~ Low Damages (E) + Mitigation Costs (C)
Mitigation Costs (C)
No Climate Policy Irreversible High Zero Net Costs (0)

Damages (V)

policy is a no-regret option irrespective of the probability of cli-
mate change if the mitigation costs are negative due to the co-
benefits of climate action. Such benefits include reduced local
air pollution after phasing out coal or less dependency on fossil
fuel imports. In contrast to Oreskes, the Trump administration
has discounted the damages (V) to such an extent that invest-
ments in ambitious climate policy cannot be evaluated as ben-
eficial for US society, even if the probability of dangerous climate
change is very high.

The payoffs in the climate policy wager are not merely giv-
ens that result from a state of nature—they should be under-
stood as an emergent outcome of a social learning process.
Most experts would evaluate Oreskes’s no-regret argument
for ambitious climate policy as overly optimistic.” It is, how-
ever, equally pessimistic for Trump to ignore the damages of
climate change for humankind as a whole by discounting
future climate damages to an excessive degree—particularly
when their partly irreversible character is taken into account.
Rational decision-makers would choose to reduce emissions
both immediately and considerably. They would launch a so-
cietal learning process designed to adapt climate policies ac-
cording to new insights about future damages and mitigation
costs as well as other effects and risks associated with these
policies. Such a social learning process would draw on
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evidence from ex-post policy analysis to determine which
policy instruments worked and which did not. Recent analy-
ses of the EU ETS® are examples of such studies. The iterative
nature of the learning process is conducive to making incre-
mental, yet successful steps in climate policy on various gov-
ernance levels while avoiding irreversible lock-in effects. If
democratic societies want to tackle climate change as a seri-
ous risk for current and future societies they need to engage
in rational discussions and learning processes about alterna-
tive, available solutions and their (often uncertain) implica-
tions. Such discussions must include an examination of the
specific risks and the pros and cons of different policy path-
ways as well as interdependencies with different policy fields,
governance levels, and time scales. A scenario in which
human-induced climate change transpires to be a mistaken
hypothesis would then be only one of many different possible
scenarios—though a rather extreme and unlikely one, as
Oreskes herself suggests.

Salient examples of difficult climate policy issues include: the
evaluation and comparison of climate damages in different re-
gions; appropriate prices on CO_ emissions for different coun-
tries; the sector(s) that should be affected by a carbon pricing
scheme; the specific distributional effects of carbon pricing on
different social groups; policies that could soften the blow of the
side effects of bioenergy, such as food insecurity, deforestation,
and endangered biodiversity; the timing and size of subsidies for
renewables; the socially acceptable location of wind-power tur-
bines; the benefits and the risks of nuclear energy; the appro-
priate volume of international technology transfer; the poten-
tial and risks of negative emission technologies (carbon dioxide
removal) or solar radiation management; and the employment
effects of a rapid diffusion of electric cars.
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Several ineffective and inefficient climate policy decisions
have already been made precisely because such questions were
not answered well. The complexity of these questions requires
serious, integrated assessments to facilitate a learning process
about the available policy pathways. This presupposes collabora-
tive, scientific explorations of the various societally relevant
ramifications of different pathways from different disciplinary
perspectives and viewpoints.” A more complex version of Pas-
cal’'s Wager on climate policy is needed particularly when as-
suming the irreversibility of some climate damages. The burden
of proof in risk societies thus mainly lies on assessments of poli-
cies to show that a particular climate policy choice is better than
its viable alternatives. Such an assessment has to consider a
policy’s overall effects, side effects, and co-benefits that must
be gauged against the backdrop of Sustainable Development
Goals and other policy goals or values. Jointly with the stake-
holders and decision-makers involved, scientific experts would
act as cartographers of policy alternatives while decision-
makers remain the navigators.'® We highly appreciate Oresk-
es’s thoughts concerning the trustworthiness of (climate) sci-
ence. Yet we stress the need for more focus on the policy
assessments to facilitate a better public debate about different
solutions and their implications.

The frequently contested value judgments implied in ex-post
and ex-ante evaluation of policies are certainly one of the key
challenges in determining their trustworthiness and legitimacy.
As Oreskes mentions, facts and values—including cognitive,
epistemic, and ethical values—are always intertwined in scien-
tific research.!! It is somewhat surprising that Oreskes does not
discuss at greater length how objectivity can emerge concern-
ing disputable ethical values implied in scientific knowledge.
Oreskes only points to her hope that there is perhaps much
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more overlap between our deepest values than we often
think—a rather remarkable belief in ethical common ground.
Talking about our values and identifying overlap is indeed de-
sirable. She admits, however, that substantial dissent remains
regarding some fundamental values and, particularly, their
more specific meaning with respect to current policy choices
that usually exhibit complexity and uncertainty. Divergent sets
of values also play a central role concerning the increasing po-
litical divide in several Western countries.

There is good reason to believe that rational discussions about
value-laden policy issues are possible, even if they have become
partly ideological and almost “religious” disputes. Centuries ago,
Pascal made the revolutionary attempt to initiate a rational dis-
cussion about nothing less than the most fundamental religious
question, namely the very existence of God. If it transpired that
God did not exist, the personal costs and benefits of having lived
areligious life are comparatively lower than not believing in God,
Pascal reasoned. Despite several shortcomings of Pascal’s prag-
matic wager, including the narrow set of alternatives presented,
the latter was one of the first conceptual frameworks for decision-
making under uncertainty. John Dewey’s (1859-1952) pragma-
tist philosophy helped to develop this framework further.'*
Similar to Pascal, Dewey emphasizes the philosophical necessity
of exploring and evaluating the diverse practical consequences
of particular hypotheses, including normative, methodical, and
empirical assumptions. All scientific claims and other hypoth-
eses are conceptualized as means of achieving practical ends
that are somehow relevant to humankind, assuming an ends-
means continuum.'?

Dewey argues for the possibility of trustworthiness and
objectivity of value-laden but always fallible scientific claims—
including those of assessments of policies or ethical debates.
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On the basis of Dewey’s viewpoint, hypotheses—as potential
means for resolving problematic situations—can be regarded as
trustworthy if they turn out to be reliable in terms of their prac-
tical consequences, i.e., if they repeatedly help to transform an
indeterminate problematic situation into a determined onein a
reliable way. According to this “natural realism,” successful results
of a pragmatist inquiry could be applied to similar situations; in-
deed they can serve as the premises for further inquiries as cu-
mulative experience, potentially qualifying as objective, “war-
ranted assertability” under good-enough conditions for such
an inquiry."* Ends cannot justify the means and both have to
be critically assessed via their practical consequences. If, for in-
stance, even the best available climate policy has severe side
effects, then the initial policy goals or even the underlying val-
ues might have to be revised.

This Deweyan perspective on trustworthiness, albeit largely
in alignment with Oreskes’s view, offers a nuanced amendment.
While the idea of experimentation is inspired by the success of
natural science it is applied to all sorts of inquiries—including
highly value-laden ones. Moreover, the decisive “practical impli-
cations” go well beyond instrumental ones and rather include
everything that matters for human existence, for instance in spiri-
tual terms.

Instead of presenting allegedly value-free facts or lobbying for
a particular policy option scientists can help facilitate more con-
structive discussions among stakeholders about highly value-
laden policy issues like climate policy. Drawing on Dewey’s
thoughts we propose to go further than normative transparency
in scientific assessments and consistently embed divergent val-
ues and principles like equality, liberty, purity, nationalism, etc.
in different future scenarios and policy pathways. In an inter- and
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transdisciplinary manner jointly with stakeholders, the various
practical implications of these alternative policy pathways can
then be critically compared and evaluated.'® These implica-
tions include costs and benefits in the narrow economic sense.
Beyond that they also include everything that matters for a soci-
ety and threatens the legitimacy of policies. “Costs” can, for
instance, be perceived as prohibitively high when fundamental
rights or procedures are violated.

Such an evaluation of policy pathways may lead to revisions
or, at least, reinterpretations of initially assumed, perhaps one-
sided sets of values, principles, policy goals, etc. This could hap-
penifit turned out that there were adverse side effects and con-
siderable limitations, e.g., by neglecting other societally relevant
values. This exercise can thus enable diverse stakeholders to
clarify their policy positions. It can also facilitate the identifica-
tion of previously unidentified overlap between different view-
points at least on particular policy instruments and pathways.
Left-wing liberals and right-wing conservatives, for example, may
still agree about effective carbon pricing.

The essence of the Deweyan approach to value-laden policy
assessment consequently lies in its ability to transform heated,
entrenched policy conflicts into much more constructive discus-
sions and learning processes about policy alternatives and their
complex practical implications. Epistemic trustworthiness can
be achieved through a careful exploration and evaluation of the
diverse direct and indirect implications of future policy
pathways—i.e., of hypotheses conceived of as means within an
ends-means continuum—via the feedback loop between ends,
means, and consequences. Moreover, the legitimacy of these as-
sessments can mainly be fostered by exploring alternative future
policy pathways, which represent different prominent sets of
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values and policy beliefs, and by actively engaging with a diver-
sity of stakeholders during the assessment process.

The proposed model is largely different from both current
practices and the literature regarding the science-policy interface.
For instance, our model emphasizes that there is no “value-
neutral way” to assess policy pathways and that the feedback
loop between policy goals, means, and their practical implica-
tions is crucial. Usually, only small sets of alternatives are ex-
plored based on narrow evaluation criteria without serious
transdisciplinary collaboration or explicit assessing of the under-
lying policy goals and ethical values via their practical implica-
tions. Instead of mere discussion or brokerage of alternative op-
tions, the cartography of the implications of alternative futures
puts emphasis on learning among all actors involved. This in-
cludes learning about alternative problem framings and
worldviews.

To conclude, in public policy processes concerning wicked
problems and large-scale risks such as climate change, trust in
integrated policy assessment is central for decision-making under
uncertainty. As an amendment to, and specification of, Oresk-
es’s compelling arguments concerning trust in scientific exper-
tise, we argue that even these assessments of policies can be trust-
worthy and legitimate despite the controversial value judgments
involved. An interdisciplinary and multi-stakeholder explora-
tion of alternative future policy pathways and their various
practical implications is required to facilitate legitimate learning
processes about the pros and cons of specific pathways. In the
end, this could lead to revisions of initially fixed values, policy
goals, and means and to the identification of areas of practical
overlap between divergent sets of values. Instead, merely in-
sisting on scientific “facts” or criticizing right-wing policy be-
liefs and values on an abstract level leads to fruitless ideological
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controversies. We rather need collaborative and inclusive
learning processes about alternative futures that acknowledge
and critically explore a range of values—as a promising re-
sponse to the renaissance of populism that is so much based
on divergent sets of values.
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COMMENTS ON THE
PRESENT AND FUTURE
OF SCIENCE, INSPIRED

BY NAOMI ORESKES

Jon A. Krosnick

Inspired by Dr. Oreskes, my comments in this essay come from
the perspective not of a historian or an expert on the philoso-
phy of science but instead from the perspective of a practitioner
of science, observing the present and future of our enterprise.

I believe in the scientific quest for truth, and I believe in the
scientific method. I'm glad that contemporary societies value
scientific investigation, fund our work, and give us prominence
in the news media. I want more young people to choose careers
in science. I want scientific disciplines and professional associa-
tions to thrive. I want funding of science to increase. And I am
looking forward to seeing how scientific discoveries unfold in
the coming decades in constructive ways.

To help science to thrive, I cofounded, with Professor Lee
Jussim from Rutgers University, the Group on Best Practices in
Science (BPS) at the Center for Advanced Study at Stanford
University. There are countless stories of scientific successes
over many years, and in numerous instances science has gotten
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off track for a little while before getting back under control
eventually. So one can look glowingly at the long-term history
of science and smile. But very recent history tells a more dis-
tressing and alarming story. And the problem now is not a par-
ticular finding that is wrong. During the last decade, we have
discovered numerous inefliciencies in science across many dis-
ciplines, and dramatic reform is needed, as I will outline in this
essay.

My story begins in the field of my PhD, social psychology,
with Diederik Stapel, who was the focus of a story in the New
York Times because he had fabricated the data in more than one
hundred publications in top journals in psychology.' After this
was discovered, numerous papers were retracted, and young
coauthors suffered significantly in the process.

Daryl Bem, a very well-known social psychologist at Cornell
University, published a paper in the top journal of social psy-
chology claiming to show that extrasensory perception, ESP,
was real.? It set off a firestorm, because the results seemed im-
plausible from the start and could not be reproduced.

John Bargh, a professor at Yale University, produced a huge
amount of beloved work in social psychology. When a group of
young scholars sought to reproduce a finding and failed, this led
to widespread concern about the replicability of other findings
as well.? Daniel Kahneman, who won the Nobel Prize in eco-
nomics, urged Dr. Bargh to engage with the critics of his work
to pull the field toward an understanding of which empirical
findings are real. But no such reconciliation has yet occurred.

At one time the most downloaded article in the history of
the New Yorker magazine was an essay written by Jonah Lehrer
about the so-called decline effect.* In the piece, psychologist
Jonathan Schooler explained how he discovered an important
phenomenon, called verbal overshadowing, but the more he
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studied it, the weaker and weaker the effect became, until it
disappeared entirely.

Another landmark paper described what were called “voo-
doo correlations.”® In studies of neuroscience, gigantic correla-
tions were being published between brain functioning and
other indicators of psychological experience, and those correla-
tions later appeared to have been the fabricated results of ma-
nipulative research practices.®

Consider Phil Zimbardo’s prison experiment, in which a
group of participants were randomly assigned to be guards or
prisoners in the basement of the psychology building at Stan-
ford.” The BBC, a few years ago, attempted to conduct the same
study and failed to observe the same results.®

One of the most famous studies in social psychology, by
Leon Festinger on cognitive dissonance, documented the dif-
ference between how people reacted to a task when they were
paid one dollar versus when they were paid twenty dollars.’
This study has been cited numerous times over the years but
has never been successfully replicated, as far as I know. Most
importantly, Festinger himself is famous for having said that he
had to run the study numerous times, tweaking the methodol-

)

ogy, before he got it to “work’

that is, to produce the result he
wanted.

Yet another example: a paper on what'’s called biased assimi-
lation and attitude polarization.'® The authors concluded that
if a person reads a balanced set of evidence, with about half
supporting a particular conclusion and the other half refuting
that conclusion, the person evaluates the evidence so as to pro-
tect his or her predilections. As a result, reading a balanced set
of evidence was said to have made people’s opinions on the
matter even more extreme than were their original views.
But A. G. Miller and coauthors showed that the original paper
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was incorrect because it had used an improper measurement
approach." The original paper has been cited more than 3,000
times, and Dr. Miller’s paper has been cited just 136 times. This
is not an example of science correcting itself successfully.

These are not isolated incidents, cherry-picked to tell a pes-
simistic story. Consider a story in the New York Times under the
online headline “Many Psychology Findings Not as Strong as
Claimed, Study Says.”'? This study, conducted in 2015 by Brian
Nosek and colleagues, attempted to replicate the findings of
many highly prestigious, randomly selected publications in psy-
chology. When the story appeared in print, the headline was
“Most Psychology Findings Cannot Be Replicated.” And that
is, in fact, the conclusion of the paper. A random selection of
studies, an aggressive effort to try to reproduce the findings, and
majority failure.

This problem is not confined to my discipline of psychology
alone. Consider political science. A paper entitled “When Con-
tact Changes Minds” was published in Science exploring the
idea that conversations on doorsteps could change attitudes
about gay marriage.'® The paper was also written about in the
New York Times following the discovery that although the prin-
cipal author claimed to have collected data, he had not.'* The
whole study had been fabricated. In economics, a series of pa-
pers show that in attempts to replicate the findings of empirical
studies, the majority could not be reproduced."® And surveys
of voters failed spectacularly in recent efforts to predict the out-
comes of elections in the United States, Britain, and Israel.!

This problem has been illustrated in the physical sciences as
well, especially vividly by Amgen Pharmaceuticals, whose sci-
entists attempted to replicate fifty-three landmark findings,
published in the most prestigious journals, Science, Nature, and
Cell.'” Amgen had tried to develop new drugs based on such
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findings and had failed repeatedly. So Amgen stepped back to
the fundamentals—to determine whether they could trust
what they read in these journals. A team of one hundred scien-
tists found that 89 percent of the findings they tried to repro-
duce could not be reproduced.'® When the Amgen scientists
told one study’s author that Amgen had tried numerous times
to replicate his or her finding and couldn’t, the original author
said that he or she had failed a good number of times before
finally producing the desired findings.

When Amgen went public, Bayer Pharmaceuticals reported
having had the same experience.'® They tried to replicate sixty-
seven published findings, and 79 percent of them could not be
reproduced. And problems have become vivid in chemistry as
well. In recent years, an increasing number of publications in-
cluded doctored graphs that made findings look better than
they were.”® And in ecology, genetics, and evolutionary biology,
findings were published and then disappeared, never to be re-
produced.”’ In line with all of these trends, the website called
Retraction Watch has documented a skyrocketing number of
retractions of published articles.

When the BPS group at Stanford spoke to engineers about
their experiences in this regard, we were paralyzed by a shock-
ing comment. When asked whether there are problems with
reproducibility and integrity in engineering, they replied,
“Truthfully, we don’t believe the findings of any other labs.” So
we asked, “Do you believe the findings from your lab?” and they
said, “Sometimes.”

Why? In engineering, it’s not uncommon for authors to in-
tentionally leave out a key ingredient of the formula needed to
make the soup, so that the competing labs can’t get ahead of
them in the race to build, for example, a battery that lasts
longer.
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What about in a field where lives are at stake, medicine? John
Ioannidis has been meta-analyzing research findings in health
research for decades. One of his papers gauged the reproduc-
ibility of preclinical medical research and found that more than
50 percent of the studies could not be replicated even once. This
lack of replication wastes $28 billion each year in research that
leads to nothing.*? This publication, “Why Most Published Re-
search Findings Are False,” was at one time the most down-
loaded paper from the journal PLOS One.*®

Why is all this happening? How can it be that science is won-
derful when all of these examples pile up to suggest we’re in
trouble? One answer is that contemporary scientists engage in
a variety of counterproductive, destructive practices.

One is called p-hacking: manipulating and massaging data
in order to get desired results. Another problem is reliance on
small sample sizes. If a study with a small sample doesn’t work
out, an investigator can discard it and do another small study
until desired results are obtained by chance alone, because
the cost of doing each study is low. Another problem is im-
proper calculation of statistics, leading to overconfidence in
the replicability of a finding. Some disciplines have been in the
habit of computing statistical tests in ways that are knowingly
biased toward getting significant findings. If computed prop-
erly, the statistics would suggest more caution. And in some
physical science fields, experiments never involve random as-
signment to conditions and do not involve statistical signifi-
cance testing, which leaves investigators vulnerable to being
misled.

Of course, accidental mistakes in statistical analysis will
occur, so proofing is essential. But when a scientist has obtained
desired results, it’s tempting to celebrate with optimism. And if
undesired results are obtained, perhaps scientists are more
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motivated to check their work and more likely to detect errors.
Thus perhaps errors go uncaught when results are desired.

How prevalent are suboptimal practices by scientists? In one
survey, a large number of psychologists said that they have im-
plemented many suboptimal practices.>* So perhaps the preva-
lence of irreproducible results should be no surprise.

All of us in science confront this reality by marshaling a de-
sire to remedy the problems. And in order to do so, we need to
know what causes suboptimal behavior on the part of scientists.
And, unfortunately, the causes are horrifying. There are
individual-level motivators of scientists themselves. Many sci-
entists want to be famous, to get research grants, to be em-
ployed with tenure, to get outside job offers to increase their
salaries, to get promoted, to be well paid, to found mega-
profitable start-ups, to be respected by their peers, to be re-
spected by non-scientists, and more.

If you put a scientist in a quiet dark room by himself or her-
self, he or she will most likely acknowledge that, almost always,
we operate in an environment (in academia or outside) where
these motivations are very clearly powerful for everyone. So we
don’t need to know whether a project’s funding comes from
ExxonMobil or the National Science Foundation. We’re all op-
erating in an environment in which we have these
motivations.

Everything’s fine if these motivations are coupled with a de-
sire always to be right, always to publish the truth. But unfortu-
nately, system-level causes carry us off that path. Systems value
productivity, reward faculty who publish alot, and don’t reward
faculty who publish less. And most disciplines value innovation
and unexpected findings. At Stanford, graduate students in psy-
chology have been taught not to waste their time publishing
something that people already thought was probably true. The



The Present and Future of Science + 209

goal should be to produce findings that would surprise people.
And if that’s the goal, should we always be asking ourselves
whether a really surprising finding is surprising because it con-
tradicts existing theory and evidence, and is unlikely to be real?

Systems value statistically significant findings, so journals
have been biased against publishing null findings, which slows
down the process of discovering that previously published find-
ings are false.

Researchers want to publish a lot: they want to publish
novel, counterintuitive findings; they want to tell a good story;
they want to defend their own previous publications and repu-
tation; they don’t want to admit that they didn’t predict their
findings and that they were surprised. They want to disseminate
findings as quickly as possible, and they attract the attention of
the news media.

Institutions encourage all this, because universities are in-
creasingly using metrics counting publications and citation ac-
counts in tenure and promotion decisions. Journals are biased
against messy results, where study findings are inconsistent
from one to the next. Journals disseminate innovative findings
more quickly. News reporters sometimes cause problems as
well, by asking for a simple, general conclusion when a qualified
claim would be more justified. Journals have page limits, de-
spite the fact that we no longer need paper to disseminate our
work. Page limits restrict the degree to which we can be trans-
parent about our methodology. And journals are favorable to
some types of findings, in some cases, that favor particular po-
litical agendas. And, of course, research assistants often want to
make the PIs happy, which can create motivations to produce
certain findings instead of others.

My observations above are mostly speculations. Everything
I have said could be wrong. But I might be right as well. As far
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as I know, no one is testing a theory like this to explain the be-
havior of scientists. And we need that sort of testing, because
we now know that scientific literatures and popular media are
filled with findings that cannot be reproduced. We don’t know
as much as we say we know about the matters that we study.
And if that’s true, we need to embrace the problem, and we
need to get to work on solving it by implementing reforms that
empirical evidence shows will work.

So this is a problem of social and behavioral science. It’s a
problem of human psychology. It’s not a problem of chemistry.
It’s not a problem of physics. It’s not a problem of intuition. And
it’s a problem that requires empirical research, informed by
theory and using rigorous methods of investigation.

What about solutions? Many have been proposed, but in my
opinion they are mostly band-aids. They make people feel good
in the short term. But we don’t yet know whether they actually
work to increase the efficiency of scientific investigation.

What conclusions can we reach? First of all, I don’t think that
the source of funding is a primary problem for science. In fact,
I would guess that’s among the least of our problems. A huge
amount of research has been funded by federal agencies and
private foundations that have no real agendas other than sup-
porting scientists’ making discoveries as quickly as possible.

Rather than funding sources, the fundamental problem is
with the incentives inherent in the world in which science oper-
ates today. Blanket discounting or acceptance of findings based
on who paid for them is probably missing the point. The prob-
lem is that new technology has sped up the process of science.
We hoped that technology would make science more efficient.
But instead, science is either operating incredibly inefficiently
or publishing a vast majority of findings that are false.
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What is the path forward? First, we must acknowledge the
problem. It does a patient no good for the doctor to withhold
the information that he or she has cancer. Second, we have to
identify the real causes of problematic behaviors, instead of
speculating. Third, we need to develop solutions to undermine
the counterproductive motivations that drive science in the
wrong directions. Last, we should be scientists, and we should
test the effectiveness of those solutions.

I hope that these thoughts, inspired by Dr. Oreskes’s lectures
and essays, complement her essays with a focus on more con-
temporary history and the present of science. In offering these
thoughts, I hope to encourage all scientists to consider this to
be a good moment to stop and reflect, to try to learn from the
past of science, and to redirect the present and future of science
in ways that considerably enhance the efficiency of the enter-
prise in achieving its goals.






Chapter 7

REPLY

Susan Lindee has given us a brilliant exposition of the ways in
which late twentieth-century scientists built a narrative stress-
ing the distinction between science and technology and the rea-
sons why they did so. During the Cold War, scientists” ambiva-
lence toward the project of building a massive nuclear arsenal
expressed itself (in part) through their insistence that science and
technology were separate domains. Noncompeting magisteria,
we might say, to borrow Steven Jay Gould’s famous formulation
of the relation between science and religion, except that whereas
Gould urged respect for both domains, scientists, Lindee argues,
were constructing a thesis of separate and unequal: science was
separate and superior to technology because of its moral purity.
To retain that purity, it needed to stay separate.

Historians of science recapitulated this framework, denying
the tight linkages and intellectual afhinities between science and
technology and emphasizing instead their distinctive character-
istics, independent institutional structures, and mostly non-
overlapping populations or practitioners. Historians of technol-
ogy rejected the premise that their object of study was inferior,
but accepted—indeed promoted—the notion that it was
separate and distinct from science. Both groups were content
to see their professions proceed on parallel tracks, and many pre-
ferred it.

I think Professor Lindee is completely correct about this. In
my own recently completed magnum opus on the history of US
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Cold War oceanography, I have made a similar argument: that
American oceanographers generally downplayed and sometimes
denied the technological aspects of their work.! Most of these
technological elements were closely related to submarine war-
fare, including the delivery of weapons of mass destruction (to
use our language).

For the most part scientists were unable to discuss these rela-
tions because of security restrictions, so it is not always easy to
discern how they felt about them, but some scientists explicitly
expressed moral qualms. Others did not necessarily doubt the
imperative of countering the Soviet threat, but nevertheless ques-
tioned the wisdom of hitching their scientific horses to the mili-
tary wagon. One way to skirt the moral dimension was to insist
that their work was not so hitched: that even though the US mili-
tary was paying for it, scientists had retained control of their
intellectual agenda.” The ideological framework of pure science
enabled them to claim—and perhaps believe—that the knowl-
edge they produced was separate and distinct from anything
the US government, through its armed services, might do with
it. And so many of these oceanographers insisted they were
pursuing “pure science,” even when this was manifestly not
the case.

Given this history, it is not surprising that many Americans
do not have a clear conception of the historical or current rela-
tionships between science and technology. But I suspect that that
our current situation is overdetermined: there may be many
reasons why Americans are confused about science and tech-
nology. These include a near-complete lack of engineering
education in primary and secondary schools so that most stu-
dents, unless they study engineering in college, will have no
exposure whatsoever to engineering and no sense of how engi-
neers use science in their everyday work. Conversely, science is
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generally taught with little reference to its practical uses, and
popular science writing perpetuates a myriad of myths that dis-
tress historians, the relation between science and technology
being from my perspective the least of them.

Thus, it seems to me unlikely that what scientists or histori-
ans claimed in the 1950s and "60s is a primary factor explaining
our current situation. To be sure, today’s senior scientists were
raised by the Cold War generation and perhaps for this reason
have often perpetuated the “separate and unequal” framework
that Lindee laments. But the current generation has also pio-
neered biotechnology—which by its very name declares itself
to be both science and technology—and routinely invokes tech-
nology as a justification for why we should believe in science.?
Yet this has not stopped religious fundamentalists from reject-
ing evolutionary theory nor free market fundamentalists from
rejecting the facts of anthropogenic climate change.

Yes, there is a tremendous amount of scientific knowledge em-
bedded into everyday technologies, from roads and bridges to
iPhones and laptops, and, indeed, frozen peas. Explaining this
more clearly in public settings and in the classroom would re-
mind people that we have direct evidence of science in action
in everyday life. But I doubt that it would have the effect Lindee
thinks, because even if people are well informed of the science
embedded in their cell phones, it is not likely that will change
their stance on climate change.

The reason for this is clear and well established: Americans
do not reject science, tout court, they reject particular scientific
claims and conclusions that clash with their economic interests
or cherished beliefs. Numerous studies have shown this to be
true. The recent report of the American Academy of Arts and
Sciences, for example, showed that most Americans do not re-
ject science, overall, but do reject evolutionary biology if they
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interpret it as clashing with their religious views, or climate
change if they see it as clashing with their political-economic
views. Tellingly, many Americans are quite content to accept that
DNA carries hereditary material even while rejecting evolution
as a process that over time alters the DNA of populations.*

Moreover, this pattern is not a uniquely American pathology,
nor a particular feature of the present moment. In the twentieth
century, Einstein’s path-breaking work on relativity was rejected
by Germans who felt it threatened their idealist ontology.> Vac-
cine resistance has been going on for just about as long as vac-
cination has. Smallpox vaccine noncompliance was so wide-
spread in late nineteenth-century England that the Vaccination
Act of 1898 included a “conscience clause” allowing parents to
decline vaccination on grounds of personal belief.®

If we explain to people how their cell phones work, they may
very well feel better about those phones, but absent other inter-
ventions it will likely have little or no impact on their views of
evolutionary theory. People compartmentalize.

Perhaps most fatally to Lindee’s argument, we know that in
recent decades various parties have cynically exploited the val-
ues that lead some Americans to reject climate science or evo-
lutionary theory for their own social, political, or financial ends.
Recent work suggests that people’s opinion and attitudes can be
shifted if you show them—with concrete examples—that this
is the case, and explain to them how disinformation works. John
Cook and his colleagues call this “inoculation”: By analogy with
vaccinations, if you expose people to a small amount of disinfor-
mation, in a controlled environment, you can generate future
resistance.”

Lindee’s proposed solution also conflates utility with truth.
This is a point that philosophers have long emphasized. When
we say that something works, we are making a claim about
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performance in the world. Cell phones enable us to talk to
people in other locations without being connected by wires.
Laptops enable us to store and access huge amounts of infor-
mation in a very easy way. Vaccinations prevent diseases. Frozen
vegetables enable us to eat foods long after they were har-
vested. No one doubts that these things do the things they
claim to do, because we see that it is so. But it is another thing to
claim that this proves the truth of the theories that underlie
them.

We might argue that every time we use a piece of technology
we are performing a small but significant experiment, confirm-
ing that the technology works. (Or not, as the case may be. Fro-
zen peas taste pretty lousy.) But this is a very different matter
from confirming the underlying theory required to design,
build, and use that technology. There are many reasons for this:
suffice it here to consider three.

The first is that that my cell phone does not reify a single
theory. My phone is a complex expression of the many diverse
scientific theories and practices that have gone into its devel-
opment. These could include theories from electromagnetics,
information technology, computer science, material science,
cognitive psychology, and more, as well as various engineer-
ing and design practices. We might argue that the success of the
cell phone affirms the correctness of all these theories and prac-
tices, but the conceptual link for the average user will be vague
at best.

The second is that Lindee’s premise—that the success of the
technology is proof of the theory behind it—is an instance of the
fallacy of affirming the consequent. It is the core of the logical
objection to the hypothetico-deductive model that we discussed
in chapter 1. (To recapitulate: If I test a theory and it passes my
test, this does not prove that the theory is correct. Other
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theories may have predicted the same result. Or two [or more]
errors in my experiment may have canceled each other out. It is
a fallacy to assume that, because my theory worked in that in-
stance, I have demonstrated it is true.)

David Bloor has provided a third powerful argument against
Lindee’s line of reasoning, which we might label the fallacy of
theoretical precedence. Consider airplane flight.

We might think of airplane flight as one of the most obvious
examples of the success of science. For centuries (perhaps lon-
ger), people dreamed of flying. Birds could fly, and so could in-
sects. Some mammals could glide over considerable distances.
Why not us? In the early twentieth century, clever inventors
overcame the challenge of heavier than air flight, and soon we
had commercial aviation. Today airplane travel is as familiar to
most Americans as frozen peas. It is just the sort of everyday
technology in which Lindee places epistemological aspiration.
She is not alone. In the 1990s, when some scientists tried to de-
fend realist concepts of scientific theory in the face of the chal-
lenge of social constructivism, airplane travel was a favorite
invocation. How could planes possibly fly if the theory behind
them was just a social construction? If it were something that
scientists had settled upon for social rather than empirical rea-
sons? If it wasn’t true?

Confronting this argument, David Bloor uncovered a startling
historical fact: that engineers were building planes before they
had a working theory of flight. In fact, heavier-than-air machines
were flying for years while existing aeronautical theory declared
itimpossible. As Bloor explains: “The practical success of the pio-
neer aviators still left unanswered the question of how a wing
generated the lift forces that were necessary for flight.” The
technological success of aircrafts did not signal an accurate the-
oretical understanding of aerodynamics.
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Perhaps the history of aviation is an odd exception, where
technology got ahead of theory. But one of the contributions of
the history of technology during the period when it was severed
from the history of science was to show how many technologies,
particularly prior to the twentieth century, developed relatively
independently from theoretical science. Many technological in-
novations were empirical accomplishments whose relationship
to “science” was only established retrospectively.® Following
Lindee, one might argue that one can nonetheless use the suc-
cess of technology to build trust in current relevant science, ir-
respective of historically contingent relationships. Or one
might suggest that what held true in the eighteenth and nine-
teenth centuries, and perhaps even in the early twentieth, is no
longer the case, and it is simply implausible that our exquisitely
complex modern technologies could work as they do if the theo-
ries behind them were not true. Perhaps this is the case. Only
time will tell.

Marc Lange suggests that the question of why we should trust
science can “easily induce a kind of dizziness or even despair.”
Many potential answers collapse into circularity. For example,
reasoning that invokes empirical evidence (such as my argument
based on history) is itself a form of scientific (i.e., empirical) ar-
gument, in which case we are using scientific styles of reasoning
to defend scientific styles of reasoning—the very definition of
circularity. Moreover, if I say we should trust science as the war-
ranted conclusions of experts, then we must ask on what basis
is someone to be judged an expert? The answer, of course, is by
other experts. So that is circular, too.

Or is it? The signs of expertise—academic credentials, pub-
lications on the pertinent topic in peer-reviewed journals, awards
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and prizes—are evident to non-experts. Journalists have some-
times asked me, “How am I to tell if an alleged expert really is
one, and not just a shill?” I reply, “One place to start is to find out
what field they trained in and what publications they have in the
domain.” Of course, Professor Lange is right to note that train-
ing is provided by other experts—it takes an expert to make an
expert—and so it may appear that we have not escaped circular-
ity. But there is an escape, because the social markers of exper-
tise are evident to non-experts. This is a non-trivial point, because
it is relatively easy to discern that most climate change deniers
are not climate scientists, and that objections to evolutionary
theory largely emerge from non-scientific domains. Neutral non-
experts can identify experts and discern what they have (or
have not) concluded.

Social markers do not tell is if an expert is trustworthy, but
they do tell us if the person is an expert and, more to the point,
if a person claiming expertise does not possess it. Similarly, it is
(or should be) easy to distinguish a research institution—Ilike
Princeton University or the Lawrence Livermore National
Laboratory—from policy-driven think tanks, such as the Ameri-
can Enterprise or Discovery Institutes. The fact that journalists
often fail to make such distinctions has more to do with dead-
lines than with epistemology.

Of course, as | have stressed, experts can be wrong. (Our en-
tire inquiry would be superfluous were this not the case!) Asa
human activity, science is fallible. Consensus is not the same as
truth. Consensus is a social condition, not an epistemic one, but
we use consensus as a proxy because we have no way to know,
for sure, what the truth is.

Moreover, the category of consensus is epistemically perti-
nent, because our historical cases have shown that where ex-
perts appear to have gone astray, typically there was a lack of
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consensus. Thus, we need to live with the fact that our indica-
tors are asymmetric. We can never be absolutely positively sure
that we are right, but we do have indicators that suggest when
something might be wrong.

This is why consensus is important—why it is so important
to be able to identify and discount shills, celebrities, and perhaps
well-meaning but misguided lay people—in order to clarify who
is an expert, what they have to say, and on what basis they are
saying it.

Lange’s own solution to these dilemmas is to examine how
past debates were resolved and agreement achieved. He shows
us that even in the heat of debate, it can be possible to find an
argument that persuades one’s scientific agonists. Galileo per-
suaded contemporaries of the superiority of his proposal for the
relation between time and the distance traveled by a moving
body by showing that only his proposal satisfied the demand of
dimensional homogeneity, i.e., being independent of the partic-
ular (and presumably arbitrary) units applied. Lange concludes
that “finding powerful reasons in a crisis is inevitably going to be
difficult, but not impossible.”

This argument, drawn from history, is a nice one, but (as
Lange himself acknowledges) it still leaves us with the problem
of generalizing from specific examples to science as a whole. Per-
haps there is no way to so generalize, but Lange agrees that we
ought to try. And that, of course, is the point of this book.

Ottmar Edenhofer and Martin Kowarsch address the relation-
ship between scientific knowledge and public policy. In a world
where dangerous anthropogenic climate change threatens human
life, liberty, and property, the future of biodiversity, and the sta-
bility of liberal democracy, the relation between science and
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policy is of no small concern. Yet, the scientific consensus on cli-
mate change has notled to policy consensus. Indeed, they sug-
gest that it cannot, because policy decisions involve many more
dimensions than scientific findings do. In particular, policy de-
cisions entail value choices above and beyond whatever values
may have been embedded in the scientific work. Thus, they con-
clude, more work is needed on the “role of scientific expertise
and the design of policies” to understand how we get from sci-
ence to policy on urgent, contested, value-rich issues.

All this is true, but a bit orthogonal to the point of this
book.

I posed the question—Why Trust Science?>—because in recent
decades, some groups and individuals have actively sought to
undermine public trust in science as a means to avoid policy ac-
tion that may be warranted by that science. This includes but is
by no means limited to climate change. In the United States, it
includes such diverse matters as the justification for compulsory
vaccination, the hazards of persistent pesticides, and whether
children raised by homosexual parents turn out as well adjusted
as those raised by heterosexual ones (or at least no less well-
adjusted). At least in the United States, where I have studied the
matter most closely, it is confusing to say, as Dr. Edenhofer and
Kowarsch do, that “conflicts about climate policy are thus not
necessarily rooted in alack of trust in climate science—but rather
in disagreement about the design of climate policies.” My work
has shown that (for the most part) they are not rooted in a lack
of trust in science at all! They are rooted in economic self-interest
and ideological commitments, and are intended to stymie dis-
cussion of climate policies.

As Erik Conway and I showed in our 2010 book, Merchants
of Doubt, those who deny the findings of climate science do not
(for the most part) have principled disagreements with scientists,



Reply <« 225

economists, and environmentalists about the best policy to ad-
dress anthropogenic climate change. Rather, they do not want any
policy at all.’ Because of economic self-interest, ideological com-
mitments to laissez-faire economics, or both, they do not wish
to see any government action to limit the use or raise the price
of the fossil fuels whose use drives climate change. What they
want is preservation of the status quo ante. Recognizing that an
honest accounting of the costs of climate change would almost
certainly warrant a change in the status quo, they attempt to un-
dermine public confidence in the science that supports such an
accounting. Discrediting science is a political strategy. Lack of
public trust in science is the (intended) consequence.

Given this, it would be absurd for me to expect that articulat-
ing the reasons for trust in science would alter the positions of
climate change deniers. What is not absurd is the hope that for
some readers, this book will answer legitimate questions, even
if those questions have at times been raised by people with a po-
litical agenda with which I strongly disagree.

Do we need more information on how science is used (or not)
in policy? Absolutely. For all the reasons that Drs. Edenhofer and
Kowarsch articulate, science alone cannot not tell us what, if any-
thing, to do about disruptive climate change (or any other com-
plex social challenge). But the natural sciences do tell us that if
we continue business as usual, sea levels will rise, biodiversity
will be lost, and people will get hurt. The social sciences further
tell us that trillions of dollars will be spent dealing with cli-
mate damages—money that could be used in happier and more
productive ways—and we are all going to end up a lot poorer.
The point of this book is to explain how and why this science is
likely to be worthy of our trust. Should we go further and think
harder about the basis for trust in the scientific assessments, such
as the reports of the Intergovernmental Panel on Climate
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Change, which attempt to collate, judge, adjudicate, and other-
wise evaluate scientific evidence for the purpose of informing
policy? By all means.

The fact that I did not address this issue in these chapters
should not be taken as disparaging its significance. On the con-
trary, I have written a different book on that topic!"® But since
it is bad form to answer a serious question by saying “read my
other book,” let me say a few words here.

Assessment for policy occurs in a different context from
everyday science: namely, that a problem has been identified
and some agency of governance has asked for information to
help guide policy choices. Often this involves deadlines. Re-
ports are needed in time for a particular press conference, con-
gressional session, international meeting, or the like. There is a
demand for an answer, even if the science required to supply it
may be evolving and incomplete. This—along with their com-
plex moral and political landscapes—makes assessments for
policy more complex than science left to its own devices.

This is not to say that everyday science does not also encoun-
ter real, suspected, or alleged problems and threats: Edward
Clarke certainly believed that female higher education was a
threat. But there is a major difference: the IPCC was formulated
as part of the UN Framework Convention on Climate Change,
which formally recognized anthropogenic climate change as a
threat to sustainable development. (In this sense, a value
premise—the value of sustainable development—was embed-
ded into its creation.) This instrument of international gover-
nance asked the scientific community, qua community, to gives
its best assessment of the consensus of scientific opinion—the
state of scientific knowledge—relative to this challenge. No one
asked Dr. Clarke for his opinion on female scientific education;
no institutional body was waiting for his answer. Thus, one
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obvious response to Clarke’s work is to point out that it was a
single study by a single author; there was nothing remotely ap-
proaching a consensus on the matter at hand: not on the proposed
solution and not even on the existence of the alleged problem.

I endorse Edenhofer and Kowarsch’s view that the complex-
ity of climate policy issues requires “serious, integrated assess-
ments to facilitate a learning process about the available policy
pathways,” and that any such process must necessarily include
both the natural and social sciences, as well as perspectives from
law, government, religion, and the humanities. Their position is
entirely compatible with the arguments I have presented. I also
agree that values cannot be excised from such discussions; value
differences are a central reason why we have political and social
conflict. But I do maintain that ethical overlap among agonists
is often greater than may appear. Edenhofer and Kowarsch im-
plicitly acknowledge as much when they invoke “fundamental
rights” and the (implicitly undisputed) “backdrop of Sustainable
Development Goals,” as well as the prospects for “rational discus-
sion about value-laden policy” We don't all agree on everything,
but many of us agree on some things, and some of us agree on
many things.

My argument complements theirs, insofar as we are all
arguing for the open discussion of the role of values in both
science and policy. I am not naively suggesting that if only we
are transparent about values, all will be right with the world. Iam
arguing that if we can make the overlap in our values explicit, this
may, in some cases, help us to overcome distrust that is rooted
in a perceived clash of values. But this is hard for most natural
scientists to do.

Because they have been enculturated in the norms of value
neutrality, most scientists feel the need to hide or expunge their
values from scientific practice and discussion." I argue that this



228 + Chapter 7

is unnecessary and possibly counterproductive. For example:
many scientists, even if they are not themselves religious believ-
ers, hold values that overlap with believers. This was demon-
strated in a series of meetings at the Pontifical Academy of Sci-
ences, which helped to lay the foundation for the Papal Encyclical
on Climate Change and Inequality, Laudato Si."> The scientists
and theologians who attended those meetings did not by any
means agree on all things, but we found considerable common
ground, which Pope Francis made explicit in his writings.

Diverse people will never agree on all things. My Christian
friends believe in the divinity of Jesus Christ and I do not. That
is unlikely to change. My point is not that we will reach theologi-
cal or ethical consensus, but only that, if we share some values,
then we can find common ground for a conversation. And that
may help us to overcome what otherwise appears to be an insur-
mountable divide, not only on climate change, but perhaps on
other matters as well.

Professor Jon Krosnick calls attention to a serious issue in con-
temporary science: the “replication crisis.”*? It is an issue with
potential to undermine public trust in science, as well as to re-
fute my argument that the communal processes of vetting sci-
entific claims are likely to lead to reliable results so long as the
vetters are diverse and open to self-criticism.

The issue is this: there have been a number of well-publicized
examples of papers published in reputable journals—and in
some cases heavily cited—whose results could not be replicated.
Some papers have been retracted, leading commentators to
declare a “retraction crisis.”'* Much of the discussion of the rep-
lication crisis, as well as of potential remedies, has focused specifi-
cally on psychology and biomedicine."”> However, Professor
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Krosnick claims that the problem pertains to all contemporary
science, because of the incentive structure that rewards rapid
publication at the expense of care and diligence. This may be, but
Krosnick’s specific examples are all from psychology and bio-
medicine, and the latter predominantly from clinical trials of
drugs. Both are domains in which statistical analysis plays a cen-
tral role, and both are areas wherein the misuse of statistics—
particularly p-hacking—has been demonstrated.

In 2019, a paper published in Nature called for a rethinking of
the entire manner in which statistical tests of significance are
conventionally used in science. They noted that the failure of a
test of an effect to achieve statistical significance at the o.05
level is not proof that the effect does not exist, yet scientists
often claim that it is. Likewise, the finding that the difference
between two groups does not achieve statistical significance at
the 0.05level does not prove that there is no difference between
those groups, but scientists often make that claim too.'® The
authors called for an end to the use of p-values in a dichoto-
mous way and for “the entire concept of statistical significance
to be abandoned.” Their paper was supported by the signa-
tures of over eight hundred additional scientists, suggesting
that these issues are widespread. We might expect that in any
field that relies heavily on statistics—particularly where stu-
dents are taught statistical tools in a “black-box” fashion—
these problems might indeed be widespread.'”

There is evidence of this. In a series of recent papers, my col-
leagues and I have demonstrated that the misapplication of sta-
tistics to historical temperature records—combined with social
and political pressures—Iled many climate scientists to conclude
wrongly that global warming had stopped, “paused,” or experi-
enced a “hiatus” in the 2000s."® Despite our work, the misimpres-
sions persist: One government science agency blog post in 2018
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misleadingly posed the question “Why did Earth’s surface tem-
perature stop rising in the past decade?” Later, it was updated
to inform the reader: “Since this article was last updated,
the slowdown in the rate of average global surface warming that
took place from 19982012 (relative to the preceding 30 years) has
unequivocally ended.”"®

This sentence illustrates how scientists tried to save face when
it was demonstrated that Earth’s surface temperature did not stop
rising in the past decade: they altered their terms, replacing stop-
page, pause, and hiatus with “slowdown.” The latter term re-
flected the fact that the rate of warming appeared to be lower in
the 2000s when compared to a baseline representing the period
during which anthropogenic climate change has been underway.

This may seem like a trivial replacement—merely semantics,
in some views—but it is not. It is well known that Earth’s climate
fluctuates, so even in the face of a steady rise in atmospheric
greenhouse gas concentrations, the rate at which the planet
would warm would vary. No scientist would expect otherwise,
but, ceteris paribus, we would expect the overall direction of
change to remain positive. This is, in fact, what happened. In
other words: nothing abnormal or unexpected occurred. The
observed slowdown was neither scientifically surprising nor epis-
temically problematic. It was not something that required ex-
planation. Yet, many scientists treated it as if it were, leading to
a great deal of misleading conversation both in the scientific com-
munity and in public arenas.*®

It seems reasonable therefore to conclude that the misuse of
statistics is not restricted to psychology and biomedicine. But
is there a broader problem with science, writ large? Here the evi-
dence becomes more ambiguous, and I find it surprising that
Professor Krosnick—who stresses the importance of rigorous
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empirical research—makes broad claims on limited evidence
and lumps together phenomena that may be distinct.

In his opening, he offers a story of outright fraud—a profes-
sor who had fabricated data in over one hundred publications in
leading journals. No doubt this is bad stuff, but fraud is a feature
of all human activity. Is it more common in science than in fi-
nance? Or real estate? Or mineral prospecting? The informa-
tion offered here does not enable us to judge.”* What it does en-
able us to do is to ask why was this fraud not detected sooner,
reminding us that science (like every human activity) demands
oversight, and to consider whether better oversight mechanisms
in science are needed.

Then Krosnick offers us something completely different: the
story of a paper that claimed to demonstrate the reality of ESP
and “set off a firestorm, because the results seemed implausible
and could not be reproduced.” This is the opposite of fraud: it
illustrates science working as it should. A paper was published
that made a strong, surprising, and implausible claim. Immedi-
ately it received tough critical scrutiny, and the psychology
community rejected it. One might query why this paper was pub-
lished in the first place, but if science is to be open to diverse
ideas (as I have argued it must be), then it is inevitable that in-
correct, stupid, and even absurd items will sometimes make their
way into print. By itself, that is not an indictment of science. On
the contrary, it is evidence that the scientific community has re-
mained open, even to ideas that some of us might think should
be closed down.

Then we have the example of one of the most well-known
studies in the recent history of psychology—the famous (or in-
famous) Stanford prison experiment. Here, we are told that the
BBC—which is not a scientific organization, so one has
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immediately to wonder about motivations and possible bias—
tried and failed to replicate that study.?* Now we have study 1
versus study 2. What are we to think of that? Four options
present themselves:

Study 1is correct and study 2 failed to replicate it because of
flaws in the latter.

Study 2 is correct and study 1 should be considered refuted.

Both studies are incorrect, albeit in different ways.

Both studies are correct, but the conditions under which
they were performed were different, and therefore they
provide different information about the effects of the

conditions under which humans behave.

Without additional information, it is impossible to determine
which of these four options is the right one.>®

Most of the studies that Professor Krosnick offers as evidence
of trouble in science are single studies that were later shown to
be faulty. But the thrust of my argument is to stress that scien-
tific knowledge is never created by a single study, no matter how
famous, important, or well-designed. What leads to reliable sci-
entific knowledge is the process by which claims are vetted.
Crucially, that vetting must involve diverse perspectives and the
presentation of evidence collected in diverse ways. This means
that a single paper cannot be the basis for reliable scientific
knowledge. In hindsight we might conclude that the Stanford
prison experiment was given far too much weight, considering
that it was a single study.

Albert Einstein’s celebrated 1905 paper on special relativity
is a case in point: many people know only of that paper and
think that Einstein, on his own, overturned Newtonian me-
chanics. This is an incorrect view, made possible by ignorance
of history. Many of Einstein’s contemporaries helped to lay the
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groundwork that made the 1905 paper both possible and plau-
sible (most famously, Hendrik Lorenz), and much subsequent
work went into consolidating the epistemic gain of the 1903
paper. The same was true of general relativity: various col-
leagues, including the mathematician Emmy Noether, helped
Einstein to resolve difficulties in the theory, and it was the En-
glishman Sir Arthur Eddington who undertook the experi-
mental confirmation that convinced the world that the theory
was true.”*

Professor Krosnick’s commentary thus reinforces my argu-
ment about consensus: We should be skeptical of any single
paper in science. Scientific discovery is a process, not an event.
In that process, many provisional claims—perhaps even most
provisional claims—will be shown to be incomplete and some-
times erroneous. As several past presidents of the US National
Academy of Sciences recently argued, refutation and retraction,
if done in a timely manner, may be viewed as science correcting
itself as it should.?® Conventionally, we have called this process
progress.

Admittedly, this does put us in a difficult situation when we
have to make decisions on the basis of scientific knowledge that
may in the future be challenged. What are we to do at any given
moment, when we cannot say which of our current claims will
be sustained and which will be rejected? This is one of the cen-
tral questions that I have raised. Because we cannot know which
of current claims will be sustained, the best we can do is to con-
sider the weight of scientific evidence, the fulcrum of scientific
opinion, and the trajectory of scientific knowledge. This is why
consensus matters: If scientists are still debating a matter, then
we may well be wise to “wait and see,” if conditions permit.?¢ If
the available empirical evidence is thin, we may want to do more
research.
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But the uncertainly of future scientific knowledge should
not be used as an excuse for delay. As the epidemiologist Sir
Austin Bradford Hill famously argued, “All scientific work is
incomplete—whether it be observational or experimental. All
scientific work is liable to be upset or modified by advancing
knowledge. That does not confer upon us a freedom to ignore
the knowledge we already have, or to postpone the action that it
appears to demand at a given time.”>” At any given moment, it
makes sense to make decisions on the information we have, and
be prepared to alter our plans if future evidence warrants.*®

Returning to psychology, I was surprised that Professor Kros-
nick did not offer what I consider to be the most egregious recent
example of bad science in that field: the “critical positivity ratio.”
This was the claim that a very specific number—2.9013—could
be used in a variety of ways to distinguish psychologically healthy
individuals from unhealthy ones.*® After the paper was published
in 2003, it was cited over one thousand times before being de-
bunked in 2013, when a graduate student, Nick Brown, collabo-
rated with physicist Alan Sokal and psychologist Harris Fried-
man on a reanalysis of the data.*® In hindsight it is bizarre that this
paper—with its implausibly broad and ambitious claims and
absurdly precise “ratio”—five significant figures!—would have
broadly been accepted. Its theoretical reliance on nonlinear dy-
namics might also have suggested that the paper was little more
than trendy hype.*! But the crucial point here is this: it was a
single paper. It may have been heavily cited, but it did not repre-
sent the consensus of professional experts.

Perhaps Professor Krosnick did not include it because it does
seem to suggest that something is rotten in the state of psychol-
ogy. But that is not the conclusion Krosnick wants and, perhaps
for this reason, he paints with a broad brush and speaks in gen-
eral terms. I think this is unfortunate, for it does not help us to
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delineate the extent and character of the problem. He gives us
a singular example of fraud in political science and uses this to
implicate the entire field. He speaks of the “physical sciences”
when he is referring to biomedicine. He suggests that problems
in engineering are “not uncommon,” but then offers only hear-
say and anecdotes about engineering, and no evidence at all
from physics, physical chemistry, geology, geophysics, me-
teorology, or climate science. He acknowledges that his ob-
servations about the causes of the alleged crisis are “mostly
speculations.”

Then there is the claim that retractions are “skyrocketing.” In
a world of skyrocketing numbers of publications, this is not a
meaningful claim. The relevant metric here is the retraction rate,
so let’s look at that. Steen et al. (2013) conclude that the retrac-
tion rate has increased since 1995, but that the overall retraction
rate in the period 1973—2011 (based on an analysis of 21.2 million
articles published in that interval) was 1 in 23,799 articles, or
0.004%.>* Fang et al. (2012) conclude that the percentage of
scientific articles retracted because of fraud has increased ~10-
fold since 1975, but this still leaves the overall retraction rate at
< 0.01%. It is difficult to see how this constitutes a general crisis
in science.??

Moreover, it is not clear what the current increase in retrac-
tion rate means, because the notion and practice of retraction is
arelatively recent one in the history of science. Historians have
yet to study this matter closely, but it seems that the word “re-
traction” was until recently mostly used in the context of jour-
nalism.>* According to Steen et al. (2013) the earliest retraction
of a paper indexed in PubMed—the largest index of biomedical
publications—was the 1977 retraction of a paper published
in 1973.>° To a historian, this relatively recent date is not surpris-
ing, insofar as faulty claims in science have traditionally been
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corrected by subsequent articles or ignored. Today we have
claims of a retraction crisis, promulgated by websites such as
“RetractionWatch.com,” complete with social media outreach
@retractionwatch and a Facebook page: https://www.facebook
.com/retractionwatch/.3¢

RetractionWatch.com was founded in 2010, which suggests
either that retractions have only of late become a problem or that
they have only of late come to public attention. Here I am spec-
ulating, but I venture that the concept of retraction has gained
traction in recent years because of heightened public scrutiny of
science, which in turn has created conditions in which previ-
ously accepted practices of allowing erroneous claims to wither
away are no longer considered adequate. If retractions were rare
in the past but are common now, this may mean that science is
more plagued by fraud or error. But it may simply signify that
more people are watching, and mistakes that might in the past
have been accepted as an unproblematic element of the progress
of science are now being recast as unacceptable. In other words,
for better or worse, it appears that we have changed our concept
of what constitutes a problem in science.

The fact that most of Professor Krosnick’s examples come
from psychology and biomedicine is consistent with this inter-
pretation. These are fields that generate a great deal of popular
interest, and in which scientific results can have large social and
commercial consequences. It is surely not a coincidence that the
two studies he cites that found low rates of replication in bio-
medicine were undertaken by companies—Amgen and
Bayer—with substantial financial stakes in scientific research
outcomes. The competitive pressure of these high-stakes fields
may indeed lead scientists to rush to publish work that turns
out to be flawed. These are fields that are also heavily covered by
mass media, who often run articles on single studies that may not
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be upheld by further work, leading perhaps to a biased impres-
sion of the overall state of science.

I can think of no example of a prominent retraction in geo-
morphology or paleontology.®” There is, however, a recent highly
publicized case in hydrology that merits consideration. A study
published in aleading peer-reviewed journal found no effects on
groundwater from hydraulic fracturing operations for gas pro-
duction. The result garnered media attention because it seemed
to undercut a major source of public concern about and source
of opposition to fracking. However, a conflict of interest was later
revealed: A gas company had partially funded the study, supplied
the samples, and was involved in the study design, and one of the
authors had worked for the company. The authors had not dis-
closed these potentially biasing factors.*® The journal undertook
areview of the situation, and invited me to write a paper on the
necessity of financial disclosure (which I did).** Meanwhile,
other researchers came to contrasting conclusions about the re-
lations between proximity to gas wells and groundwater con-
tamination.*® We do not know which side in this debate is cor-
rect scientifically, but we do know that one side had a conflict of
interest that could have affected their results.*'

What do we conclude from all this? One obvious conclusion
is that peer review is a highly imperfect process: bad and biased
papers do get published. In the domain of endocrine-disrupting
chemicals it has been shown that some published papers use
strains of mice that are known to be insensitive to the effects
under investigation.*> Why would someone do that? It could be
accidental—perhaps the researchers were unaware that these
strains were insensitive—or it could be deliberate. It could also
be that, knowing their funders’ desires, researchers introduced a
subconscious bias. Scientific papers are complex, and if the
methods being used appear to be standard a reviewer might not
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examine them in detail. However, if reviewers are aware that the
study’s funders had a vested interest in a particular outcome, they
may pay just a bit more attention.

We should also acknowledge that sometimes papers are
wrongly retracted because of social or political pressure.** These
cases may be rare or they may not be. The available evidence
makes it difficult to judge. And this leads to another question:
Is this is a global problem or not? The papers Krosnick cites were
all published in English-language journals, which suggests that
the lion’s share were produced by English-speaking researchers
or institutions. In the United Kingdom, recent changes in evalu-
ation and funding of research universities have greatly increased
pressures on scientists to increase their rate of publication. In
the United States, funding rates have gone down dramatically
compared to the 1960s, increasing the competitive pressure on
researchers to produce results in a timely fashion in order to
compete for the next round of funding. These factors contribute
to pressure to produce—and not to take too much time check-
ing results. One empirical test we might undertake would be to
look at the country of origins of the researchers whose papers
are being retracted.

There may well be general problems in contemporary science
born of the competitive pressure to publish quickly and move
onto the next fundable project, but Krosnick has not made the
case. Despite his suggestion that problems are rampant through-
out science, most of the evidence he offers involves a few do-
mains and is drawn from English-language journals. This does
not prove that all is well elsewhere, but Krosnick’s argument slips
from domains where problems are evident to domains where
they are not.

This lack of clear and quantitative evidence permits him to
make what I consider the least supported of his comments, that
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“We don’t need to know whether a project’s funding comes
from ExxonMobil or the National Science Foundation,” and
that “the source of funding . . . [is] among the least of our prob-
lems. A huge amount of research has been funded by federal
agencies and private foundations that have no real agendas
other than supporting scientists’ making discoveries as quickly
as possible.” Here Krosnick makes both a logical and an empiri-
cal error. Logically, he succumbs to the fallacy of the excluded
middle. Even if it were demonstrated that the replication prob-
lem was pervasive, it would not exclude the possibility of other
serious problems in research. Empirically, we have strong em-
pirical evidence of adverse effects when research is funded by
self-interested parties.

It has been established that the tobacco industry long funded
scientific research with the explicit goals of confusing the pub-
lic, escapinglegal liability by delaying epistemic closure, block-
ing public policy aimed at curtailing smoking, and, above all,
maintaining corporate profitability by keeping smokers smok-
ing.** By the judgment of nearly all scholars who have studied
the matter, the industry succeeded. The link between tobacco
and cancer was demonstrated by the 1950s, but smoking rates in
United States began to decline dramatically only in the 1970s,
when the tobacco strategy began to be exposed and thereby to
become less efficacious.*> While it is impossible to prove a coun-
terfactual, the available evidence strongly suggests that if the
tobacco industry had not interfered with scientific research and
communication, more people would have quit smoking sooner
and lives would have been saved.

The tobacco story is egregious, but not unique. Scholars have
demonstrated the effects of motivated industry funding in the
realms of pesticides and other synthetic chemicals, genetically
modified crops, lead paint, and pharmaceuticals.*® Recently,
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some have noted that a disproportionate amount of environ-
mental research is now funded by the fossil fuel industry.*’
While the effects of the latter are not yet entirely evident, it
seems reasonable to suppose that at minimum this is influenc-
ing the focus of research projects (such as emphasizing carbon
sequestration as an answer to climate change versus energy ef-
ficiency, for example), and could be biasing the interpretation
of scientific results.*®

There is an additional problem that merits attention, one that
increasingly makes it difficult for observers—or even scientists
themselves—to differentiate legitimate from facsimile science.
(By this term I mean materials that carry the accoutrements of
science—including in some cases peer review—but fail to ad-
here to accepted scientific standards such as methodological
naturalism, complete and open reporting of data, and the will-
ingness to revise assumptions in the light of data.)* This is the
problem of for-profit and predatory conferences and journals.

In recent years, various forms of sham science have prolifer-
ated. Some of them appear to be motivated purely for profit,
charging substantial fees to attend their conferences or publish
in their journals, fees that many scientists pay out of their re-
search funds. Last year, one facsimile science institution run
by a Turkish family was estimated to have earned over $4 mil-
lion in revenue through conferences and journals.*® Others may
have disinformation as their intent, as they provide outlets for
the tobacco, pharmaceutical, and other regulated industries to
make poorly supported and false claims, and then insist that
they are supported by “peer-reviewed science.”’

A 2018 article “Inside the Fake Science Factory” discusses the
findings of a team of researchers who analyzed over 175,000 ar-
ticles published in predatory journals and found extensive evi-
dence of published studies and conferences funded by major
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corporations, including the tobacco company Philip Morris, who
have been found responsible in US courts for fraud based in part
on their use of sham science to promote and defend their
products.>® Other participating companies, according to the re-
port, included the pharmaceutical company AstraZeneca and
the nuclear safety company Framatone. When the predatory
journals publish these companies’ research, the companies can
claim that it is “peer reviewed,” thus implying scientific legiti-
macy. But the damage spills over into academia, further blur-
ring the boundary between legitimate and facsimile science: the
researchers found hundreds of papers from academics at leading
institutions, including Stanford, Yale, Columbia, and Harvard.>
Whether the academic authors realize that they are publishing
in sham journals is unclear; probably some do and some do not.
The New York Times has called this phenomenon “fake aca-
demia.” The phenomenon is sufficiently recognized that Wikipe-
dia has an entry for “predatory conferences.”>*

Facsimile science can also be used by start-up companies to
generate a supposedly scientific basis for proposed drugs and
treatments, such as the company First Immune, which “had pub-
lished dozens of ‘scientific’ papers in these predatory journals
lauding the effectiveness of an unproven cancer treatment called
GcMAEF. ... The CEO of First Immune, David Noakes, will stand
trial in the United Kingdom later this year for conspiracy to man-
ufacture a medical product without a license.”*

No doubt these activities are bad for science, insofar as they
can generate confusion within expert communities, but in many
cases, experts will likely see the flaws in many if not most in-
stances of facsimile science. The greater risk, I believe, is that to
the extent that the public learns about these corrupt prac-
tices, they may come to distrust science generally. It is essen-
tial for academic scientists to pay attention to these issues,



242 + Chapter 7

particularly the question of who is funding their science and to
what ends, to insist in all circumstances of full disclosure of that
funding, and to reject any grants or contracts that involve non-
disclosure or non-publication agreements. In this sense, Profes-
sor Krosnick and I agree: It is essential for scientists to keep
their house in order.

The difficulty of keeping our own house in order is under-
scored by one of the examples on which Professor Krosnick
relies: the Amgen Pharmaceuticals replication study of papers
published in Science, Nature, and Cell. These are top-flight jour-
nals that reject most of what is submitted to them and often
boast about the importance of the work published in their
pages, and, as Professor Krosnick notes, many scientists experi-
ence institutional pressure to publish in such prestigious jour-
nals. This may increase the odds that they exaggerate the nov-
elty or significance of their results. But how reliable is the Amgen
study?

In his note 18, Krosnick oddly cites not the Amgen study it-
self, but a very interesting and useful study of replication in psy-
chology, which highlights the tension in science between in-
novation and replication and the need for both. “Innovation
points out paths that are possible; replication points out paths
that are likely; progress relies on both.”*® This paper discusses
the Amgen study, albeit in passing. Here is what those authors
have to say about the latter: “In cell biology, two industrial labo-
ratories [Amgen and Bayer] reported success replicating the
results of landmark studies in only 11 and 25% of the attempted
cases .. .. These numbers are stunning but also difficult to in-
terpret because no details are available about the studies, meth-
odology, or results. With no transparency, the reasons for low
reproducibility cannot be evaluated.” Why didn’t the Amgen
scientists offer details about their study? We cannot say, because
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the published article was not, in fact, a peer-reviewed study, but
a “Comment” by two authors, one an Amgen scientist and the
other an academic.®” It specifically address the problem of “sub-
optimal preclinical validation” in oncology trials, their recom-
mendations equally specifically addressed to oncology
research.®®

Cancer is both a dreadful and a scientifically complex disease
and the authors offer numerous reasons why promising early
results may not translate into effective treatments. They also
note that “it was acknowledged from the outset that some of the
data might not hold up, because papers were deliberately se-
lected that described something completely new.” *° In other
words, the sample was deliberately and selectively focused on
novel results; it was not a general appraisal of reproducibility in
biomedicine. Admittedly, the replication rate achieved—11%—
was very low. But was it “shocking?” Given that the papers were
selected because they were novel and surprising, it strikes me as
unsurprising that on further inspection most of them did not
hold up. As I have stressed throughout this book, scientific
knowledge consists of bodies of theory and observations. One
paper does not constitute—cannot constitute—a scientific
proof. If pharmaceutical companies design clinical trials based
on inadequately verified scientific claims, that is certainly prob-
lematic, but it’s not clear that the problem lies in science.

I agree with Professor Krosnick that suboptimal practices
and problems in science need to be openly acknowledged and
addressed; that is precisely the purpose of this book! But if we
overgeneralize the problem, and are cavalier about funding (or
any other kind of bias), it will be difficult if not impossible to
assess either the extent or the cause of the replication crisis.

Professor Krosnick’s comment underscores the need for the
overall project of which this book is a small part: academic
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history and philosophy of science. He suggests that scientists
rush to publish and exaggerate novelty because they “want to
publish . .. counterintuitive findings” and, paradoxically, “don’t
want to admit that they didn’t predict their findings.” The first
idea—that scientists should seek out counter-intuitive results
that will upset the applecart of received wisdom—was a central
idea for Karl Popper. The second idea—that we should be able
to predict our findings—is the centerpiece of the hypothetico-
deductive model of science. In chapter 1 we saw that both these
models have serious logical flaws and neither works well as an
accurate empirical description of scientific activity. If Professor
Krosnick is right about what scientists want, then scientists are
wanting a lot of wrong things. In that case, I hope that this book
will help them to appreciate what science can and cannot give
them.



AFTERWORD

Truthiness. Fake news. Alternative Facts. Since these Princeton
Tanner Lectures were delivered in late 2016, the urgency of sort-
ing truth from falsehood—information from disinformation—
has exploded into public consciousness.1 Climate change is a case
in point. In the United States in the past two years, devastating
hurricanes, oods,andwild res have demonstrated to ordinary
people that the planetary climate is changing and the costs are
mounting. Denial is no longer just pig-headed, itiscruel. e
American people now understand—as people around the globe
have already for some time—that anthropogenic climate change
is real and threatening.2 But how do we convince those who are
still in denial, among them the president of the United States,
who has withdrawn the United States from the international cli-
mate agreement and declared climate change to be a “hoax?3

Moreover, on many other issues our publics are as confused
as ever. Millions of Americans still refuse to vaccinate their
children.4 Glyphosate pesticides remain legal and widely used,
even as the evidence mounts of their harm.5 And what about
sunscreen?

In this social climate, one might conclude that the arguments
of this book are overly academic, that the social and political chal-
lenges to factual knowledge are so great that we should be fo-
cused on these dimensions and not on epistemology. As the co-
author of Merchants of Doubt—a book dedicated to explicating
ideologically motivated opposition to scienti ¢ information—I
might be expected to do just that.  at would be a mistake.
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As Erik Conway and I showed in that book, the core strategy
of the “merchants of doubt” is to create the impression that the
relevant science is unse led, the pertinent scienti c issues still
appropriately subject to contestation. If we respond on their
terms—o ering more facts, insisting that these facts are facts—
then they win, because now there is contestation. When it
comes to doubt-mongering, one cannot ght rewith re.One
hastoshi the terms of debate. One way to do so is by exposing
the ideological and economic motivations underlying science
denial, to demonstrate that the objections are not scienti ¢, but
political. Another is by explaining how science worksanda rm-
ing that, under many if not all circumstances, we have good
reason to trustse led scienti c claims. In Merchants of Doubt,
Conway and I did the rst. Here,  am a empting to do the
second.

eargument of this book is that the answer to our question—
Why Trust Science?—is not that scientists follow a magic for-
mula (“the scienti ¢ method™) that guarantees results.  at idea
persists in textbooks and the popular imagination, but it does not
stand up to historical scrutiny. What does stand up is a portrait
of science as a communal activity of experts, who use diverse
methods to gather empirical evidence, and critically vet claims
deriving fromiit.

e diverse methods of science have identi able common ele-
ments. One is experience and observation of the natural world;
another is the collective critical scrutiny of claims based on those
experiences and observations. In chapter 1 we developed the ar-
gument that the appropriate basis for lay trust in science is the
sustained engagement of scientists with the natural world, cou-
pled with the social character of science that includes proce-
dures for critical interrogation of claims.
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All'social arrangements rely on trust, and many involve exper-
tise, be it from doctors, dentists, plumbers, electricians, car me-
chanics, accountants, auditors, taxa orneys, real estate appraisers,
or what-have-you. Even buying a pair of shoes may rely on
trusting the salesman to measure our feet properly. If trust in
experts were to come to a halt, society would come to a halt, too.
Scientists are our experts in studying the natural world and sort-
ing out complex issues that arise in it. Like all experts, they
make mistakes, but they have knowledge and skills that make
them useful to the rest of us. e crucial component that sepa-
rates science (and here I include the social as well as the natural
sciences) from, for example, plumbing, is the centrality of the
social ve ing of claims.

e critical scrutiny of scienti ¢ claims is not done individu-
ally; it is done collectively, in communities of highly trained, cre-
dentialed experts, and through dedicated institutions such as
peer-reviewed professional journals, specialist workshops, the
annual meetings of scienti ¢ societies, and scienti ¢ assessments
for policy purposes.6 A crucial aspect of this process is revision:
most peer-reviewed papers are revised many times prior to pub-
lication, both informally as preliminary results are presented at
conferences and workshops and dra s are sent to colleagues for
comment, and then formally through editorial peer review. Pa-
pers are then revised in response to reviewers’ suggestions of
clari cationsand corrections. If errors are detecteda er publica-
tion, journals may issue errata or retractions. (In this regard, re-
tractions should be seen as essentially agood thing.)  isprocess
of critical scrutiny and revision is what philosopher Helen
Longino has called “transformative interrogation,” what anthro-
pologist Bruno Latour calls the “agonistic eld.” It is the process
by which, as historian Martin Rudwick has stressed, novel
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solutions to problems are developed, accepted, and sustained as
facts.7

Exchanges among scientists at times get testy, but this is to be
expected when hard-won intellectual accomplishments are called
into question. e fact of contestation—even highly emotional
contestation—is not by itself evidence that anything is wrong.
(On the contrary, it may be a sign that things are right, as scien-
tists are taking a challenge seriously and neither ignoring nor
dismissingit.)  rough this process of contestation, novel claims
come to be intersubjectively accepted and ultimately viewed as
objectively true. e social aspect of scienti ¢ work is thus cru-
cial to the question of whether or not scienti ¢ conclusions are
warranted, because it helps to ensure that conclusions are not
merely the opinions of individuals or dominant groups, but
something less personal and more reliable. A claim that has sur-
vived critical scrutiny becomes established fact, and collectively
the body of established facts constitute scienti ¢ knowledge.

e beauty of this picture is that we can now explain what
might otherwise appear paradoxical: that scienti ¢ investigations
produce both novelty and stability. New observations, ideas, in-
terpretations, and a empts to reconcile competing claims in-
troduce novelty; critical scrutiny leads to collective decisions
about what obtains in the world and hence to stability of know!-
edge claims. is picture also helps us to appreciate the irony
that what was once viewed asana ack on science—the articu-
lation of its social character—provides the basis of the strongest
defense we can make of it.8

at said, those of us who wish to defend science from ideo-
logically and economically interested a ack must be not only
willing and able to explain the basis of our trust in science, but
also to understand and articulate its limits.  is means coming
clean about the various ways in which things can go wrong. In
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chapter 2, we explored a number of instances where scientists,
in hindsight, did get things wrong. Here, we saw the salience of
three ma ers especially: 1) consensus, 2) diversity, and 3) meth-
odological openness and exibility.

Consensus is essential to our argument for the simple reason
that we have no way to know for sure if any particular scienti ¢
claimis true. As philosophers going back to Plato (and perhaps
before) have long recognized, we do not have independent, un-
mediated access to reality and therefore have no independent,
unmediated means to judge the truth content of scienti ¢ claims.
We can never be entirely positive. Expert consensus serves as a
proxy. We cannot know if scientists have se led on the truth, but
we can know if they have se led. In some cases where itis alleged
in hindsight that scientists “got it wrong,” we nd on closer ex-
amination that there was, in fact, no consensus among scientists
onthe ma erat hand. Eugenics is a case in point.

Diversity is crucial because, ceteris paribus, it increases the
odds that any particular claim has been examined from many
angles and potential shortcomings revealed. Homogenous
groups o en fail to recognize their shared biases. In chapter 2,
we saw not only how the Limited Energy  eory instantiated
prevailing late nineteenth-century American gender bias, but
also how Dr. Mary Putnam Jacobi shone a light on those biases
and in doing so revealed serious aws in both the theory and its
evidentiary basis. We also saw how socialist geneticists were par-
ticularly articulate in their opposition to eugenics, drawing on
their politics to question the obvious class bias in many eugenic
theories and proposals. One did not have to be a socialist to ques-
tion eugenics, but socialist class consciousness played a role in
a substantial line of dissent.

Methodological openness and flexibility are necessary
because when scientists become rigid about method, they may
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miss, discount, or reject theories and data that do not meet their
standards. We saw this at play in the history of continental dri
theory, as American scientists rejected a theory that did not fol-
low their preferred inductive approach; in the history of the
contraceptive pill, where gynecologists rejected case reports
from patients because they were viewed as subjective and there-
fore unreliable; and in the evaluation of dental oss, where
double-blind trials were simply not possible.

ese insights make clear that we are not powerless to judge
contemporary scienti c claims. We can ask: Is there a consen-
sus? Is the community undertaking the studies diverse, both de-
mographically and intellectually? Have they considered the
Issue from a variety of perspectives? Have they been open to di-
verse methodological approaches? And have they paid a en-
tion to all the relevant evidence, not missing or discounting some
substantial portion of it? Have they avoided becoming fetishis-
tic about method?

In closing, let’s consider one more topic: sunscreen. It is well
known that some widely used ingredients in sunscreens—
particularly oxybenzone—may disrupt endocrine function in
laboratory animals.9 Oxybenzone isalso is toxic to corals.10 e
state of Hawaii has banned the sale of oxybenzone-bearing sun-
screens, and many consumers (myself included) have switched
to mineral-based formulations.11 However, recently some scien-
tists and physicians have questioned the use of sunscreen, tout
court, and in January 2019, Outside magazine reported on new
evidence suggesting that conventional wisdom on the bene ts
of using sunscreen was wrong.

earticle focused on “rebel” dermatologist Richard B. Weller,
who believes that sunlight lowers blood pressure, which in turn
lowers the risk for heart disease and stroke—two of the biggest
killers in the industrialized world. If Weller is right, then the
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widespread, habitual use of sunscreen may have adverse health
e ects. Inthe article’s headline, the magazine demanded pro-
vocatively: “Is Sunscreen the New Margarine?”12

e argument begins with the established correlation between
sunshine and heart health. As the article reported, “high blood
pressure, heart disease, stroke, and overall mortality all rise the
farther you get from the sunny equator, and they all rise in the
darker months.” But is sunshine the controlling factor? A erall,
foodiso enbe erin Mediterranean climes than in high lati-
tudes (think Italy vs. Norway), and people eat more fresh fruits
and vegetables and typically get more exercise in summer. Or
perhaps life is more stressful when you have to deal with snow
and ice and long, dark winter nights. However, at least one con-
trolled study suggests that the causal factor is sunshine: when
volunteers were exposed to the equivalent of thirty minutes of
summer sunlight (without sunscreen), their blood pressure de-
creased. Moreover, there is a known mechanism to explain this
relationship: nitric acid in the blood dilates blood vessels and
thereby lowers blood pressure, and sun exposure increases blood
nitric acid.  us: sun exposure increases nitric acid, which de-
creases blood pressure, which reduces the risk of hearta ackand
stroke. Not bad for something that is readily available to most
of us, free of charge. So ditch the sunscreen and head outside,
right?  at’s what the Outside magazine writer concluded, won-
dering “How did we get it so wrong?”

Did “we” get it wrong? More to the point, did scientists (or
physicians) get it wrong? If you only read this article, you would
conclude that they did. e American Academy of Dermatolo-
gists, for example, advises “everyone” to use sunscreen, to rou-
tinely seek shade during the hours of 10 am. and 2 p.m., to wear
protective clothing including long-sleeved shirts, pants, hats, and
sunglasses, and to get Vitamin D through diet. “Don’t seek the
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sun,” they state without quali cation.13 e Outside article calls
this a “zero-tolerance” stand.

However, there are anumber of problems with the magazine’s
conclusion.  earticle relies heavily on a study by Dr. Weller that
has not yet been published. “Weller’s largest study is due to be
published later in 2019,” we are told. Perhaps the study will be
game-changing, but until it goes through peer review and is pub-
lished, we are in no position to judge—and neither is Outside
magazine.

Weller is a coauthor on two papers that have been published—
one in 2014 and one in 2018. Both relied on very small samples:
twenty-four (eighteen men and six women) and ten participants
(all male), respectively. Noma erwhat they found, it would be
unwise to summarily reject a huge body of existing science dem-
onstrating the adverse e ect of sun exposure (skin cancer) on
the basis of such small studies.

Moreover, what the studies found does not support the con-
clusion that the magazine article asserts.

e 2014 paper found a small, transient decrease in diastolic
blood pressure (e.g., from 120 to 117) associated with an exposure
toarti cial UVA light equivalent to thirty minutes in a Mediter-
ranean region. eauthorsassert the signi cance of this result,
arguing that “any amount of BP [blood pressure] reduction is
protective against stroke and cardiovascular mortality . . . and the
magnitude of changes observed in this study would appear to be
large enough to account for the standardized mortality di er-
ences in populationslivingat di erent latitudes”  at might be
true if the observed changes were sustained, but temporary blood
pressure e ects from nitrates are not strongly associated with
long-term improved cardiovascular health.14 Unless people are
staying outside a lot, the signi cance of this nding is unclear.
Certainly, it is far from demonstrated.
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e 2018 paper found a transient e ect on blood nitric acid
levels and resting metabolic rate, but noe ect atall on blood pres-
sure. is immediately calls into question the alleged mecha-
nism. Outside implied that the mechanism was known, but in fact
It was a hypothesis that these studies were designed to test, and
this test did not con rm it! Moreover, if something is a causal
factor, we expect to nd a dose-response relationship: more of
the cause should produce more of thee ect. e study found
no dose-response relationship, forcing the authors to admit
that their ndings “contrasted” with their hypothesis. And both
studies involved arti cial, UVA-only light, leaving it unclear
how well this any of this correlates with natural sun exposure.

Dr. Weller may one day be proven right, but at present the al-
leged bene ts of sunlight on blood pressure are not even close
to proven. In contrast, the connection between sun exposure and
skincanceris.15 isiswhy dermatologists are advocates of sun-
screen and sun avoidance, particularly for fair skinned people
in Europe, North America, Australia, and New Zealand. Sun ex-
posure can lead in the short run to painful sunburn, and in the
long run to early aging of the skin and skin cancers, including
deadly melanomas.  escienti cevidence for this is abundant
and well established.

If we look at the guidelines o ered by leading organizations
of dermatologists in the United States, United Kingdom, and
Australia, we do ndsome subtle di erences of opinionand em-
phasis. In contrast to the American “zero-tolerance” stand, the
Australian Cancer Council discusses the risks and bene tsof sun
exposure, providing “guidance on how much sun you need and
how to protect yourself from ge ing too much”16 ey advise
protection (hats, sunglasses, and sunscreen) when UV levels
exceed three, which in most cases equates to protection in sum-
mer, but not winter.17 (  is contrasts with the dominant advice
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in the United States, which is to use sunscreen year-round.) e
argument in favor of some sun exposure is not, however, the ef-
fect on blood pressure, but on Vitamin D.

“A balance is required between avoiding an increase in the risk
of skin cancer by excessive sun exposure and achieving enough
exposure to maintain adequate vitamin D levels.”18

e British Association of Dermatologists also advocates a
balanced approach:

Nobody wants to spend the entire summer indoors, and indeed
some sunshine, below sunburn level, can be good for us, helping
the body to create vitamin D and giving many of us a feeling of
general wellbeing as we enjoy outdoor summer activities.

However, all too 0 en we over-do our sun exposure which can
lead to a range of skin problems, the most serious of which include
skin cancer. Other summertime skin problems include sunburn,
photosensitive rashes and prickly heat. In addition, sun exposure
can worsen already existing conditions like rosacea.19

e UK dermatologists stressthe di erences among people, not-
ing that light-skinned people burn more easily and therefore
need more protection than darker people. However, in the end,
their advice (at least for the light-skinned among us) is more or
less the same as the Americans’: protect yourself with a hat,
clothing, and sunglasses, use sunscreen of at least SPF 30 on ex-
posed skin, and stay in the shade at midday. Lest they be ac-
cused of being old-fashioned, they also suggest ge ing the World
UV app, which provides “real time information on daily UV levels
across over 10,000 locations across the globe.”20

Where does this leave us? While there are some di erences
of opinion among dermatologists on how to balance the risks of
skin cancer (and other forms of skin damage) with the bene ts
of sun exposure (Vitamin D metabolism), overall, physicians
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have a consensus on the bene ts of protecting yourself from the
sun. Scientists did not get this wrong, Outside magazine did.

Of course, there may well be bene ts to sun exposure that go
beyond Vitamin D. Californians don’t need British doctors to tell
them that being out in the sun makes them feel good, and there
is clearly a reason people vacation in sunny places. Moreover,
dermatologists—uwith their focus on protecting the skin from the
sunsille ects—mightbeslowtoa end to evidence that some
degree of sun exposure is good for you. And it is interesting that
American dermatologists seem to take a harder line than British
and Australian doctors. But then Americans take a harder line
than Australians on many things.

Good decision-making requires integration of information.
Being healthy involves more than just avoiding carcinogens.2l It
also involves relaxation, recreation, stress reduction, and many
other things that Europeans and Australians seems to be be er
at than Americans, and to which science has been a bit slow to
a end. ereisnotonly more on heaven and Earth than is
dreamed of in our philosophies, but also more than is understood
by our sciences.

ere is much we do not know, but that is no reason not to
trust science on the things we do know. e argument for trust
in science is not an argument for blind or blanket trust. It is an
argument for warranted con dence against unwarranted skepti-
cism in scientists’ ndings in their domains of expertise.
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organized by Harvey C. Mans eld in the Harvard Government Department: while
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from the History and Philosophy of Science

L I hesitate to use the word crisis, but on the other hand, rejection of the science
of vaccines isa ma er of life and death, and rejection of climate science has now
become so.

2. isclaimwas picked up by various media outlets, including several promoting
conspiracist ideation. Jones, “About Alex Jones”

3. Mnookin, e Panic Virus.
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work, Frankenstein, particularly comes to mind, along with Goethe’s Faust and other
variations of the Faust legend. Various artists and poets who implicitly or explicitly
criticized science on diverse grounds, including the disenchantment of nature (see,
for example, Harrington, Reenchanted Science, 1999). My point here is that as a source
of authority on empirical questions, science has been broadly accepted in recent
Western culture, which is, in part, why the current state of a airs seems to many of
us to be so shocking.
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20. Morris and Brown, “David Hume.”
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24. Emphasisadded. uswe nd that Bruno Latour is in fact a positivist. Ibid.

25. Note that Comte does not take this to logical conclusion regarding gender.
Bourdeau, “Auguste Comte.”

26. Richardson and Uebel, Cambridge Companion to Logical Empiricism, use the
terms logical positivist and logical empiricist (and sometimes neopositivist) inter-
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29. Friedman and Creath, e Cambridge Companion to Carnap; Quine and Car-
nap, Dear Carnap, Dear Van.

30. I focus here on challenges relevant to the philosophy of science.  ere were
also substantive challenges in the domain of mathematics, e.g., thea empts by Ber-
trand Russell and A. N. Whitehead to place mathematics on a logical footing, but
this is beyond my expertise and ambition.

3L Popper’s critical rationalism is directly related to his politics: indeed, he insists,
throughout his work, that his project is both epistemological and political: he be-
lieves that the sort of skeptical a itude necessary for scienti ¢ work is the same as
what is necessary to resist authoritarianism.

Both his politics and his epistemology are radically individualistic; Conjectures and
Refutations is dedicated to von Hayek. Perhaps for this reason his work was widely
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Mirowski and Plewe, Road om Mt. Pelerin.

32. Popper, Conjectures and Refutations, p. 46 .
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ported. Helen Longino makes a similar point in Fate of Knowledge, 5-7, when she
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44. 1bid., p. 219.
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as a crank than a maverick, he is more likely to be a crank.
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67. Lakatos, Criticism and the Methodology of Scienti ¢ Research Programmes, on
p. 18L
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69. One student of mine asked how Kuhn's views are di erent from Fleck. Asa
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Chapter 3. The Epistemology of Frozen Peas:
Innocence, Violence, and Everyday Trust
in Twentieth-Century Science
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Pauling collaborator Art Robinson. Robinson has a scienti ¢ pedigree and a home
laboratory. And he has played a key role in climate science skepticism. Engber,“ e
Grandfather of Alt-Science”
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under-regulation, particularly of EDCs, is another ma er. For a list of sunscreen
ingredients allowed by the FDA see Code of Federal Regulations Title 2. For a dis-
cussion of questionable products allowed in US cosmetics but restricted or banned
elsewhere see Becker, “10 American Beauty Ingredients  at Are Banned in Other
Countries” At present, oxybenzone is permi ed in both the United States and in
Europe up to 6% in sunscreens.

14. Perez, Musini,and Wright, “E ect of Early Treatment with Anti-Hypertensive
Drugs on Short and Long-Term Mortality in Patients with an Acute Cardiovascular
Event.” Studies analyzing the e ects of blood pressure on long-term cardiovascular
health are recommended to take multiple samples so short-term variability does not
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skew the data: “Age-Speci ¢ Relevance of Usual Blood Pressure to Vascular
Mortality”

15. Consensus Development Panel, “National Institutes of Health Summary of
the Consensus Development Conference on Sunlight, Ultraviolet Radiation, and
the Skin. Bethesda, Maryland, May 8-10, 1989

16. Cancer Council Australia, “Position Statement—Sun Exposure and Vitamin
D—Risks and Bene ts—National Cancer Control Policy”

17. Ibid. “In late autumn and winter in those parts of Australia where the UV
Index is below 3, sun protection is not recommended. During these times, to support
vitamin D production it is recommended that people are outdoors in the middle of
the day with some skin uncovered on most days of the week. Being physically active
while outdoors will further assist with vitamin D levels.”

18. Cancer Council Australia, “SunSmart.”

19. “Sunscreen Fact Sheet”

20. Ibid.

21. On the net risk of avoiding the sun: Lindqvist et al., “Avoidance of Sun Expo-
sure as a Risk Factor for Major Causes of Death”
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