
Baloney Detection and the Tools of Science

John D. Nagy∗

Modified from Nagy and Cooper, 2003

1 The Foundations of Science

There’s a famous story about a strange young man that, for many people it seems,
defines the workings of a scientific mind. The story’s about a real person, although he
lived more than 300 years ago. And, indeed, this young man was really strange, both by
the standards of his day and ours. Throughout his life, starting in childhood, he spent
more time alone than most people do. A modern person would probably have described
him as a quiet, nerdy geek with something of a temper. Certainly he wasn’t always
pleasant to be around, which is probably one reason that he didn’t have many friends.
His distemper had many causes: he was raised in a broken home (his father died when
he was young), he was exceedingly ambitious but at the same time hypersensitive to
criticism, and he was extraordinarily intelligent. Now, by “extraordinarily intelligent” I
don’t mean “really smart.” I mean that today we recognize his as one of the brightest
minds—maybe the brightest—in history. There is also no doubt that he and others
around him sensed that, too, and one can imagine the kinds of envy and temptations to
arrogant behavior he faced on a daily basis.

At the time of this story, this young man had recently graduated from Cambridge
University, which even back then was among the most prestigious institutions of higher
learning in the world. The story goes that, one day while walking about in a garden,
this young man saw an apple fall from a tree. One variant of the story claims that
this observation sparked a sudden burst of insight, and instantly, one of the greatest
discoveries in human history—the discovery of gravity—exploded into being within this
young man’s brain.

Of course, this is the story of Isaac Newton. It’s a good story, but like most of its
type, it’s probably apocryphal—in other words, it’s bunk [33]. It turns out that the apple
story was probably invented by Newton late in life and “publicized” by others. Richard
Westfall, one of Newton’s principal biographers [33], argues that Newton’s insight in fact
resulted from years of intellectual effort, not a single day wandering his garden. But
even if this legend were true, the description of Newton’s intellectual achievement would
be trivial compared to what he actually did. In reality, Newton undoubtedly discovered
gravity the same way we all do—by falling down the first time. The idea that “Newton
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discovered gravity,” which is so trivial that it’s almost meaningless—how can something
so obvious be discovered by only one person?—probably arose as people untrained in
science fought to understand Newton’s actual achievement, which was much more subtle
than everyday notions like the fact that things fall towards the Earth. What Newton
actually did was to recognize, probably before anyone else, that the same underlying
physical phenomenon governed the motion of falling apples and the moon and planets in
their orbits—in other words, orbiting is a special type of falling. More importantly, he
also developed a mathematical description of that phenomenon allowing him to predict
the exact orbits of the moon and planets into the future given their locations now, at
least to within a very small margin of error. In fact, Newton’s theory is so successful
that we still use it to plan and control the flights of spacecraft and determine if Earth
will be hit by a particular asteroid, among many other things.

Before Newton came along, the question of how the motion of the moon and other
heavenly bodies is governed had already stumped hundreds, perhaps thousands, of serious
researchers. That’s why his discovery is considered to be so significant. But why was
Newton able to solve it? How was he “better” than the others? Certainly, Newton’s
was a towering intellect, and that helped. But Newton himself, in one of his humbler
moments, also said he saw the answer because he “stood on the shoulders of giants,”
acknowledging the previous advances of other scientists. No doubt there is truth in
that statement, too—science always builds on existing knowledge, skills and technology.
This same idea was expressed differently by J. Robert Oppenheimer [16], an American
physicist famous in part for directing the invention of the atomic bomb at Los Alamos.
(He also predicted the existence of black holes.) Oppenheimer described science as a
giant “house” or mansion, where rooms represent specific scientific disciplines—quantum
physics, relativity, evolution, genetics, paleontology, anthropology, and so on. Scientists
working within each room expand the mansion and even redesign certain parts so that
everything remains stable as the mansion grows.

Oppenheimer’s metaphor expresses three absolutely fundamental characteristics of
science. First, all sciences are interconnected. The theories of one discipline—like
biology—must always fit seamlessly with the theories of another—like physics. For exam-
ple, if the theory of evolution predicted a violation of the second law of thermodynamics,
then somewhere our understanding of Nature would have to be incorrect. In fact, no such
conflict exists or else at least one theory, probably evolution, would have been discarded
long ago. Second, our body of “knowledge”—observations, theories, natural
laws and technologies—change constantly. While science is founded on the belief
that a rational world external to our own minds exists, science has found no absolute,
eternal truth. In fact, scientists have no business trying to define such truths. Instead,
the goal of science is to describe and when possible explain natural phenomena in detail,
ideally quantitatively, appealing only to natural, not supernatural or spiritual, causes.
Whether or not such descriptions represent “truth” is an open question.

Finally, science is self-correcting. In the past, as scientists built the “house of
science” into its current form, they discovered that certain constructions were incorrect
or inadequate. For example, Einstein’s theories, specifically general relativity, presents
a better description of gravity than Newton’s theory did. We know it’s better because
relativity anticipated certain phenomena, like the bending of light rays in a gravitational
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lens, that Newtonian theory cannot explain. So, the “gravity” room originally built
by Newton later was altered by Einstein. And it is being renovated again right now
as scientists develop a quantum theory of gravity. In science, inadequate theories are
eventually refined or even completely replaced by others that more accurately describe
and explain observable phenomena; it may take several generations or even 1000 years if
a “dark age” intervenes1, but self-correction is part of what makes science science.

Newton’s and Einstein’s successes can be explained in part by these attributes of
science that allowed them to “stand on the shoulders of giants,” but only in part. They
weren’t just lucky to be working at the right place and time. They were also exceptional
people, as all the great scientists tend to be. Interestingly, and I think very tellingly,
Newton, Oppenheimer and Einstein, among other great scientists—Charles Darwin, Niels
Bohr, Werner Heisenberg, Hans Bethe and Richard Feynman2—all shared a compulsive
curiosity about the natural world that manifested itself at a very young age. In addition
to native curiosity, all possessed extremely disciplined minds. That’s not to say that they
were rigid in their thinking; quite the contrary, all were highly creative thinkers. But they
always demanded that theories conform to observed phenomena and logic, in detail. So,
here we see two characteristics apparently central to the workings of a scientific mind—
curiosity and disciplined thought. Indeed, one could argue that these two traits are really
the foundations of science.

2 The Scientific Method: A Myth

In Junior High, I was taught that science is the application of the scientific method to
the study of nature, or something like that. At the time, I remember, it didn’t make
sense. And it still doesn’t. That “definition” of science is logically equivalent to saying,
“we define science as something undefined,” because nowhere did they tell us what “the
scientific method” was. And that’s the problem. There’s no such thing as a scientific
method. So saying that “science is the application of the scientific method” really means
“science is something that doesn’t exist.” Some scientists find this definition inadequate.

Apparently not all do, however. Remnants of this “definition” persist in modern col-
lege textbooks to this day, although usually the author identifies “the scientific method”
with what is more accurately called the hypothetico-deductive method. The method
consists of a series of steps similar to a recipe. First, one makes observations about
nature. Then, one asks a question, typically along the lines of “what causes this phe-
nomenon?” Then one suggests possible answers, called hypotheses, that might explain
the cause. Next, one deduces predictions that would be observed in a given experiment
or natural observation if a given hypothesis were correct and ideally would not occur if
the hypothesis were wrong. Then one tests the hypothesis by performing the experiment
or observation to see of the predicted result occurs. Next one makes a conclusion—if
the predicted results are observed, then we say the hypothesis is supported, otherwise

1As happened, for example, between Augustine and Copernicus. For an analysis of the cause of this
dark age, see Freeman [9]

2I chose these scientists because solid, academic biographies are available for them [5, 15, 17, 18, 24,
25, 33].
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it’s not. Finally, one refines or expands the question or original observation to repeat the
cycle.

Here’s an example. A young Russian girl named Natasha Demkina claims to be able
to diagnose disease in others even though she has no medical training [13, 27].3 Her
“patients” typically agree with Natasha’s diagnoses, seemingly adding credibility to her
skills (the observation). This talent, she claims, comes from a sort of “X-ray” vision that
allows her to see inside people, even to the cellular level, making diseases obvious to her
(the hypothesis—it may explain the observation). No matter how one feels emotionally
about Natasha’s claim, the information given above is no basis for rational belief because
at least one alternative hypothesis—that Natasha has no X-ray vision, and her seeming
success is a product of general statements taken as specific diagnoses by gullible clients—
is at least equally probable. It still needs to be investigated scientifically. Such a test
was performed by Andrew Skolnick, Ray Hyman and Richard Wiseman [13, 27]. These
researchers reasoned that if Natasha does indeed have X-ray vision, then she should be
able to diagnose patients with fairly obvious maladies, like a surgically removed appendix,
a missing portion of a lung, or a metal plate covering a hole in the skull (the prediction).4

In the actual test, Natasha was able to correctly identify only four of seven patient’s
conditions (the test). Prior to the test, the researchers and Natasha agreed that, if she
had X-ray vision, she should be able to get at least five right. Therefore, since she could
only identify four, the researchers concluded that, whatever other talents Natasha has,
X-ray vision is not among them (the conclusion).

Many science teachers identify hypothetico-deduction as the “scientific method” prob-
ably because teaching the recipe presents few difficulties. Students can memorize the
steps, and teachers can easily concoct artificial “examples” of the method that students
can explore in class or even at home. However, there are many other types of logical
arguments used by practicing scientists, and hypothetico-deduction is probably not even
the most common. For example, in 1996 David McKay and his colleagues stunned the
scientific community with research, published in the prestigious journal Science [14], even
though their methods were not hypothetico-deductive. They claimed to have found ev-
idence for life on Mars. McKay and the others studied a meteorite found in Antarctica
in 1984 called ALH84001. Previous research had shown that gasses trapped inside the
rock closely resemble the atmosphere of Mars. This and other lines of evidence have
largely convinced the scientific community that ALH84001 is from Mars—apparently
it was blasted off that planet by a meteorite impact, entered an orbit around the sun
and eventually collided with Earth, ultimately landing in Antarctica. All of this was
known before the McKay paper appeared. McKay’s discovery, which astonished scien-
tists around the world, was that ALH84001 possessed a number of odd features, including
chemical deposits—polycyclic aromatic hydrocarbons, or PAHs, ‘globules’ of carbonate
and magnetite crystals—that apparently absorbed into the rock while it was on Mars.
In addition, they found microscopic, rod-shaped structures encrusting parts of the rock.

3See also the letters to the Skeptical Inquirer by J.A. Soyo, B. Abbot, D. Sheskin, J.D. Nagy and D.
Hall [28] and Hyman’s response [12].

4These were actual conditions of some patients used in the test. In total, there were seven patients.
To help Natasha even more, she was given seven cards with the conditions suffered by each patient both
drawn and written out in her native language (Russian). All she had to do was match cards to patients.
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The researchers argued that since carbonate and PAHs are typically made by living
things, and that some terrestrial bacteria contain magnetite crystals of the same gen-
eral shape and size as those on ALH84001, and that the microscopic structures resemble
fossilized bacteria, the most likely explanation is that life once existed on Mars. This
type of argument is not hypothetico-deduction, but rather abduction or an argument
to the most likely cause [23]. Arguments of this form—observations A, B and C imply
D—certainly occur in science, and in fact may be the most common type of argument,
making hypothetico-deduction’s claim to be the “Scientific Method” dubious at best.

But, if hypothetico-deduction is not the scientific method, what is? To answer that
question, it is probably best to go straight to the source—scientists themselves. Practicing
scientists generally express very sophisticated notions about the nature of what they do,
and careful study of these ideas reveals that the question, “what is the scientific method,”
makes no sense. For example, according to Einstein, “the object of all sciences is to
coordinate our experiences and bring them into a logical system.” But in his mind, the
logical system is fluid, not some rigid recipe. Niels Bohr, discoverer of atomic structure
and the first person to really understand quantum mechanics at a deep level, concurs.
He says that “the task of science is both to extend the range of our experience and
to reduce it to order,” essentially using whatever techniques work. Physicist P. W.
Bridgeman describes the scientific method in way that deeply satisfies many working
scientists (quoted in [11]):

The scientific method, as far as it is a method, is nothing more than doing
one’s damnedest with one’s mind, no holds barred. . . . This means in partic-
ular that no special privileges are accorded to authority or to tradition, that
personal prejudices and predilections are carefully guarded against, that one
makes continued checks to assure oneself that one is not making mistakes,
and that any line of inquiry will be followed that appears at all promising.
All of these rules are applicable to any situation in which one has to obtain
the right answer, and all of them are only manifestations of intelligence.

The historians of science Gerald Holton and Stephen Brush [11] summarize their under-
standing of the scientific method as follows:

“[i]f by scientific method we mean the sequence and rule by which scientists
now do and in the past actually have done their work, then two truths soon
become obvious. First, as for every task, there are not one but many methods
and uncountable variants and, second, even those different methods are for
the most part read into the story after it has been completed, and so exist
only in a rather artificial and debatable way.”

Although none are complete enough to serve as a definition of science, every one of
these statements captures some truth about its nature. Science requires rational thought
and intelligence. It extends our knowledge beyond experience with ordinary objects. It
reveals patterns in the apparent chaos of Nature. The variety of different methods used
in science, born of the creativity and cleverness of individual scientists, obliterates the
concept of a Scientific Method. However, after the fact one can typically, somewhat
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dishonestly, coerce the history of any scientific discovery to fit some rigid notion of “the
Scientific Method.”

Holton and Brush [11] summarize this complexity as follows: “. . . we may perhaps
agree . . . that the main business of science is to trace in the chaos and flux of phenom-
ena a consistent structure with order and meaning, and in this way to interpret and to
transcend direct experience.” [Italics in the original.] However, they recognize that one
could describe art, poetry, religion or philosophy with precisely the same words. What
sets science apart lies in “the kind of rules and concepts the scientist uses, the type of
argument that will cause his or her colleagues to say, ‘Yes, I understand and I agree’
” [11]. These rules, concepts and arguments are all strictly based on rational thought
and tend to be quantitative and mathematical in nature. Most importantly, everything
in science must ultimately agree with observations of Nature. As Richard
Feynman put it, “it doesn’t matter how beautiful your theory is, it doesn’t matter how
smart you are. If it doesn’t agree with experiment, it’s wrong.”

3 The Baloney Detection Kit

At this point one may have a little more sympathy for the “science is as science does”
definition from the old textbooks. It may be meaningless, but it’s a lot easier to under-
stand for the test. But science isn’t about classroom examinations—it’s about discovery.
Our goal now is to distill these ideas into practical suggestions for scientific patterns of
thought that facilitate discovery. Instead of a recipe-like “method,” scientists have a set
of intellectual tools that they use to probe Nature. In his beautiful book The Demon
Haunted World: Science as a Candle in the Dark [21], Carl Sagan describes the most
basic of these tools in a chapter entitled, “The Fine Art of Baloney Detection.” What fol-
lows is a detailed description of each of these basic tools in what Sagan calls the “baloney
detection kit,” each of which is followed by an example.

1. Confirm the facts: In science facts are results from experiments and observations.
Claims like “extracts of the herb Echinacea help the immune system ward off
disease” or “the protein p53 binds to DNA and measures damage to the genetic
material” are not facts. Instead, they are interpretations of experimental results
and observations. Because these interpretations form our understanding of Nature,
scientists always strive to confirm facts independently no matter how they feel
about the interpretation.

Scientists employ two main techniques to confirm facts: peer review and repli-
cation. Every legitimate scientific research report must be reviewed by a panel of 3
or 4 independent scientists with expertise in the field before publication is allowed.
That’s called peer review. Even after publication, a result is used with great care
until at least one independent lab replicates the findings. It’s easy to get burned in
this business by telling everyone that research group A discovered some great new
thing (or by designing your own research assuming this “great new thing” is true)
only to learn a few months later that research group A got it all wrong.
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Both replication and peer review involve outside researchers. The reason is
simple—if someone wants something to be true, then he or she may misrepresent
“facts” by accident or even on purpose to support a preconceived belief. But if
rivals come to the same conclusion then we have much more confidence in the
result because usually a rival wants to show that the other group is full of baloney.

Example: In March, 1996 Ian Wilmut and colleagues K.H.S. Campbell, J. McWhir and
W.A. Ritchie announced that they had cloned an adult mammal, a sheep [34]. On the
surface their claim is not very exciting because mammals had already been cloned from
embryonic cells. However, Wilmut’s group claimed that they did something new and very
important by cloning a fully differentiated (mature) cell from a milk duct of a mature
Dorset ewe. That clone is the now-famous “Dolly,” and the announcement of her birth
was very exiting because if their technique, called somatic cell nuclear transfer , was
successful, then in principle we can now clone you or anybody else using the nucleus of
any of your cells, say one in your skin.

Despite the hoopla surrounding Dolly’s birth, other scientists harbored skepticism
over the result. In fact, in a letter Wilmut co-authored to the prestigious American
scientific journal Science in 2003 [22], the authors admit that “at first, the cloned sheep
‘Dolly’ was considered by some to be either irreproducible or worse,” an out-and-out
fraud. (See for example the exchange of letters to Science [2, 26].) “However,” the
authors pointed out, “scientific rigor has confirmed and extended somatic cell nuclear
transfer to seven species.” So here is an example of the importance of reproducibility
and peer review. Wilmut’s claim at first met with skepticism. That’s normal—as Sagan
points out, the more extraordinary the claim, the more extraordinary the evidence must
be before science takes it seriously. However, after independent labs produced clones using
the same method, the claim was considered valid. It is hardly possible to overemphasize
the indispensability of peer review and replication as tools in a scientist’s toolbox.

2. Encourage debate over scientific claims: At their best, scientists seek debate
over claims and alleged facts. Peer review is a formal method designed to encourage
debate before scientific research is published. However, debate should continue for
months and even years after publication. Thinking carefully about various points
of view, even initially unattractive ones, allows scientists to evaluate ideas that they
otherwise might not have considered.

Example: A year after the announcement of Dolly’s birth, some scientists familiar with
cloning, including Vittorio Sgaramella and Norton Zinder, remained unconvinced that
Dolly was in fact cloned from a mature cell [26]. They pointed out that “[t]he year has
brought much agonizing discussion, potential legislation, and some laurels, but no more
Dollies,” and that “[i]t is a well-known tenet of science that a single observation is not to
be codified until confirmed by someone in some way.” In their letter to Science Sgaramella
and Zinder explained the basis of their skepticism in detail. In particular,

(a) Dolly was the one and only success claimed in 400 tries. This fact bothered Sgaraella
and Zinder because a single “successful attempt out of some 400 is an anecdote, not
a result. All kinds of imagined and unimagined experimental error can occur.”

(b) The identity of the cloned cell was unclear. The cloned ewe, Dolly’s genetic “mother,”
was herself pregnant. They suggested that perhaps Wilmut’s team actually cloned
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the embryo rather than the ewe herself. Even though the cloned cell was obtained
from the ewe’s udder, the idea that it came from the embryo is not completely far-
fetched. A few embryonic cells will circulate in a pregnant female mammal’s blood,
although since they are subject to immune attack they don’t last very long. But,
if the Wilmut team had in fact cloned such a circulating embryonic cell then they
had done nothing new since others had already cloned embryonic cells.

(c) Instead of a circulating embryonic cell, the cloned cell might have been a stem cell
of the genetic donor, in which case the result would have no priority as stem cells
had been cloned before.

The scientific world welcomed these criticisms, which is why they were published in the
United States’ most prestigious scientific journal. They forced Wilmut and his team to be
very clear about their evidence. So, even though nonscientists might view these criticisms
as impolite, the critique ultimately helped vindicate Wilmut’s team’s accomplishment.
That is why criticism is encouraged among scientists.

3. Consider multiple hypotheses: Usually natural phenomena are complex enough
that their cause is not immediately obvious. While trying to determine causes of
phenomena the best scientists try to consider all possible explanations and avoid
ruling out those that they simply don’t like for superficial reasons.

Example: In The Malaria Capers [6], Robert Desowitz tells the story of how the cause of
malaria was discovered. As with all ancient diseases, malaria has been subjected to wild
speculations over the years. Ancient Greeks represented by Hippocrates (after whom the
Hippocratic oath is named) thought that poisonous swamp fumes called miasmas made a
person’s humors “unbalanced,” whatever that means, and somehow that led to malaria.
The Chinese had a similar idea. They felt that malaria was caused by an unbalanced
Yin and Yang. Things got worse before they got better. No less a figure as Carolus
Linnaeus, whose naming system of living things we still use, wrote his Ph.D. dissertation
on malaria in 1735. He concluded that the disease occurred when a person’s spleen, liver
and brain became clogged with clay from the water they drank. Even today, a distressing
number of people in the world don’t understand what causes malaria. For example, in
the late 1960s many people in the Philippines were convinced that malaria occurred when
a fatigued person drank polluted water.

Not until the 19th century did anyone suggest a hypothesis close to the truth. The
story leading to that discovery starts with two Italian scientists and their interesting idea.
I’ll let Desowitz start us off:

In 1879 Edwin Klebs and Corrado Tomasi-Crudeli, working in Italy, approached
the problem from the established “fact” that malaria was a [bacterial] disease
of swamps and therefore the bacterium must be either in the waters of the
swamp or suspended in the dank effluvium. They took some water from the
Pontine marshes and injected it into rabbits. The rabbits got sick, became
feverish, and had enlarged spleens [all signs of malaria]. A bacterium was iso-
lated from the dying rabbits. Klebs and Tomasi-Crudeli were convinced that
it was the bacterium of malaria and named it Bacillus malariae. The scientific
community applauded and welcomed the discovery even though no one could
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repeat the findings [my italics]. The long search for the cause of malaria was
ended. It was a bacterium. Wishing had made it so.

Because of this “discovery” the world was not open to alternative explanations. So,
when an unknown French army physician, a Dr. Lavaran, identified a parasite infecting
the blood of soldiers with malaria and suggested that this parasite caused the disease,
virtually everyone ignored him. Klebs and Tomasi-Crudeli even questioned Lavaran’s
scientific abilities—they suggested his “parasites” were nothing more than degenerating
blood cells. But Lavaran didn’t give up; for 4 years he repeated his results for anyone
who would listen, but it was all in vain.

Until 1884, when a miracle happened. The microscope manufacturer Carl Zeiss
developed a special lens, called an oil-immersion lens, that allowed a 3-times higher mag-
nification than was previously possible. Armed with this powerful instrument Lavaran
convinced even the Italians that everyone with malaria had Lavaran’s parasites in his or
her blood, and no one, it seemed, without malaria had them. That pretty well nailed
the coffin shut for the bacterial origin hypothesis, and by 1890 most researchers agreed
that Lavaran’s parasites, which we now classify in the genus Plasmodium, are indeed the
cause of malaria.

4. Ignore arguments from authority: Occasionally scientists, among others, will
make arguments of this form: “I know such-and-such is true because I have a fancy
degree and (or) special knowledge and abilities that you don’t.” (Politicians love
this sort of argument.) That’s called an argument from authority, and no matter
how presented or by whom, they are always nonsense. As Sagan puts it, so-called
“authorities have made mistakes in the past. They will do so in the future.”

Example: There’s much more to the story behind the discovery of malaria’s cause than
was presented in the previous example, and another subplot fits quite nicely here. Once
again, I’ll let Desowitz get us going.

As late as 1887 the Russian zoologist Elie Metchnikoff (the father of immunol-
ogy) took microscope slide preparations of malarious blood from Russia to the
German Robert Koch (the father of medical microbiology) for Koch’s seal of
approval. The arrogant Koch made the anxiety-prone Metchnikoff wait out-
side in the hall for over an hour, then he cursorily examined the slides and
declared that anyone who believed that this was the malaria parasite was a
dumkopf.

Note the date. This was well after Lavaran had convinced even the Italians, who had a lot
more at stake than Koch did, that Plasmodium causes malaria. But, don’t get the idea the
Koch was a fool. He was far from it. In fact, today we still use his system of logic to prove
that a pathogen causes a given disease, and without him, medical microbiology would
probably not have developed into its modern form until many years later. Nevertheless,
Koch’s brilliance was so eclipsed by his ego in this case that he couldn’t recognize the
cause of malaria when it stared him in the face.

5. Avoid falling in love with your own ideas: Humans seem to be willing to
defend their own ideas well beyond the merit they deserve, perhaps because our
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feelings of self-worth get wrapped up in them. But the search for an accurate
description of reality requires us to decouple our egos from our ideas; otherwise
reality becomes clouded, as it did with Robert Koch. Many scientists, even the
likes of Albert Einstein, were betrayed by their egos.

Example: On Thursday, March 23, 1989 two reputable scientists, Stanley Pons at the
University of Utah and Martin Fleischmann of the University of Southhampton, an-
nounced their discovery of “cold fusion,” essentially a source of limitless, cheap energy.
Skeptical scientists around the world immediately started testing the claim, but Fleis-
chmann and Pons didn’t make it easy. They withheld key information about their research
and refused to allow peer review by not publishing through normal scientific channels.
To make a very long story short,5 Fleischmann and Pons finally relented and agreed to
conduct a definitive test themselves. The test was based on the following fact: if their
apparatus was indeed a fusion reactor, then after it ran for a while it should contain
helium that wasn’t there before. That suggests a simple experiment. Measure helium
levels in the reactor before turning it on, run it for a few hours and then measure the
helium afterwards. If it increased, then cold fusion probably occurred. Otherwise, don’t
bet the farm.

Being Fleischmann and Pons, they wanted to make a media circus out of the demon-
stration, so they and the University of Utah scheduled a press conference at which data
from the test would be presented. However, the day before the big event, Fleischmann
and Pons suddenly cancelled. They claimed to have run a preliminary test, the results of
which were “ambiguous” and not worth presenting. Meanwhile, other researchers, most
notably at MIT, tried and failed to find any helium in a reactor built to Fleischmann and
Pons’ specifications. In addition, physicists around the globe exposed devastating flaws
in the Utah scientists’ theory and technique. Nevertheless, Fleischmann and Pons held
their ground and refused to give up their by now obviously bogus claim. Ultimately, the
whole debacle cost these men, along with the president of the University of Utah, their
jobs and reputations.

6. Quantify: Always try to find a way to measure Nature quantitatively. As Sagan
points out, failure to do so produces ambiguous data that can be explained in too
many different ways. On the other hand, quantifying often makes things so clear
that new phenomena can be discovered even by someone not looking for it.

Example: In 1781 the brilliant French scientist Pierre Simon de Laplace showed that
the birth ratio in humans is close to 1:1 (50% boys and 50% girls), but it’s not exactly
1:1. Using statistical methods and the excellent birth statistics taken in both Paris
and London, he showed that slightly more boys are born than girls in both France and
England. He also showed that about 50.97% of children born in Paris were male, whereas
51.35% in London were male and this difference, although tiny, is almost certainly not
due to random chance. The difference was completely unexpected, leading Laplace to
speculate that something about London more so than Paris “facilitates the birth of boys;
it may depend upon climate, food or customs.” If it weren’t for someone’s careful use

5Those interested in the long version should read Robert Park’s book Voodoo Science [19] for an
engaging narrative of this and other entertaining episodes. More complete coverage can be found in
Taubes’ The short life and weird times of cold fusion [30].
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of quantitative data, this intriguing observation would almost certainly not have been
made, and we would have happily assumed that the birth ratio was exactly 1:1 all over
the world.6

7. Reason completely rationally: Scientific reasoning often consists of a series
of “if . . . then” statements. The “if” part is called the premise and the “then”
portion is the conclusion . The conclusion of one statement can then become the
premise of another, and so on and on. This is called a chain of argument . For
such a chain to be completely rational, every conclusion must follow logically from
its premise, and each premise must also be correct.

Example: In his book, Calculated Risks [10], Gerd Gigerenzer tells the story of “Susan,”
a 26-year-old single mother who tested positive for HIV in the mid 1990s. Her physician
explained to her that she will eventually progress to AIDS. As a result, Susan lost her
job, changed the way she interacted with her child and even had unprotected sex with
another HIV-infected person. Some months later Susan was retested and discovered that
she wasn’t HIV positive after all.

All of this resulted from faulty reasoning on the part of Susan’s physician. The
physician’s logic ran as follows. If a person tests positive for HIV, then they have HIV
disease, and if they test negative, then they don’t have HIV disease. Susan tested positive;
therefore, she has HIV disease. People with HIV disease eventually progress to AIDS.
Therefore, Susan will eventually progress to AIDS. Unfortunately for Susan, there are
flaws in every link in this chain of argument. Let’s look at each in detail:

(a) If a person tests positive, then they have HIV disease: The conclusion
does not follow from the premise. Some people who test positive do not have HIV
disease, a result called a false positive. Susan’s initial test was a false positive, a
possibility ignored by her physician.

(b) If a person tests negative, then they do not have HIV disease: Again, the
conclusion doesn’t follow because not everyone with an HIV infection tests positive,
a situation called a false negative.

(c) People with HIV disease eventually progress to AIDS; therefore, Susan
will eventually get AIDS: In this case, the premise is incorrect. Some people
have been tested and retested for HIV in different ways and definitely have an HIV
infection, but they have remained healthy for 20 years or more. These people are la-
belled, in the mutilated grammar typical of medicine, long-term nonprogressors,
and the jury is still out on what fate has in store for them.

8. Apply Occam’s Razor (carefully): Suppose you have two different explanations
for the cause of a given phenomenon, and each explanation is supported by the
existing data equally well. Occam’s razor, in a sense, allows you to cut away the
more complicated of the two. But, like any razor Occam’s must be used with care
because you don’t want to slice away a correct idea. In general, Occam’s razor
suggests that we favor simple explanations over more complicated ones, all else
being equal.

6This example is described in Stephen Stigler’s book, The History of Statistics [29].
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Example: On June 14, 1947, William Brazel, foreman of a ranch 75 miles northwest of
Roswell, New Mexico, found what appeared to him to be wreckage from a mysterious,
possibly extraterrestrial, air- or spaceship. This event put Roswell on the map for many
Americans as the “UFO capital of the world.” There is little doubt that Brazel found the
remains of something made of “neoprene strips, tape, metal foil, cardboard, and sticks,”
according to Robert Park, who writes about this incident in his book Voodoo Science [19].
The question remains, however, from what did this wreckage come? Today many people
believe an extraterrestrial space ship crashed northwest of Roswell sometime before June
14, 1947. Others believe that the debris came from a balloon released by the Air Force
in an operation called “Project Mogul.” These two ideas represent hypotheses, which I’ll
call the ET and PM (for Project Mogul) hypotheses.

Now, let’s think carefully about each possibility. If the ET hypothesis is correct then
how could any culture, alien or otherwise, construct a tiny space-faring vehicle capable
of travelling at least close to the speed of light, a requirement for interstellar travel,
out of such flimsy materials? (Perhaps that’s why they crashed.) “Well,” supporters of
ET could argue (and have), “they obviously have a technology way beyond ours.” That
would be an understatement. How could any technology, no matter how advanced, make
an engine out of such materials? What’s the fuel? How could such machine survive
interstellar travel?

Alternatively, ET supporters could argue that wreckage from a much more elaborate
vehicle was actually found, but those few who have seen the real remains, including Brazel,
were either paid-off or threatened into keeping their mouths shut by the government. But
if that’s true, then how could such an immense conspiracy have been maintained for over
50 years, through 10 different presidential administrations in a government as open and
contentious as ours, where a sitting president, the most powerful single human on earth,
can’t even hide a love affair? To explain that, you’d have to add on yet another ad hoc
hypothesis. (Ad hoc means it was made up just to counter this particular argument, not
to explain anything in general. It’s also called “special pleading,” and is usually a sign
of a hypothesis in trouble in the face of facts or logic.)

On the other hand, the PM hypothesis is much simpler. First, Air Force balloons
used in Project Mogul were made of the materials found. Second, a scientist who worked
on Project Mogul, Charles Moore, told people afterwards that one of the balloons used
in the project, flight #4 to be exact, happened to be within 17 miles of the spot where
Brazel found the wreckage when the Air Force lost contact with it. Weather balloons are
designed to fly at very great altitudes, so 17 miles is not too far for one to travel as it
crashes.

Occam’s razor says to favor the simpler explanation, so in this case it suggests we
favor the PM hypothesis—it seems very likely that the wreckage was remains of flight
#4. Notice that Occam’s razor does not say we must believe the simpler hypothesis, just
that we should favor it. The evidence for the PM hypothesis, the recollections of Charles
Moore, are circumstantial—he never presented any direct evidence that the wreckage was
from flight #4. Besides, he could be lying or misinterpreting his memory. It’s also possible
that neither the PM nor ET hypotheses are true, but something else happened that led to
William Brazel’s discovery. So, given the lack of direct evidence, a “smoking gun” if you
will, we maintain a healthy skepticism of all current hypotheses. But skepticism about

the PM hypothesis does not argue in favor of the ET hypothesis, so we shouldn’t
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expect a bug-eyed creature flying a spaceship made of neoprene, tape, foil, cardboard and
sticks to land, pop the hatch and shout, “Ylyxernetic foschnylyx,” anytime soon.

9. Avoid hypotheses that can’t be falsified: In science, the word hypothesis
frequently applies to an untested explanation of natural phenomena. Ordinarily,
nonscientists incorrectly refer to the same concept as a theory, but to a scientist,
the word theory means something very different. A scientific theory is a general
statement about Nature that is usually supported by evidence. By ”general”, I
mean that a theory explains a vast array of observations, usually spanning differ-
ent scientific disciplines. The more it explains, the better the theory. Examples
include Einstein’s theories of relativity, the theory of universal gravitation, the the-
ory of plate tectonics, the various quantum theories and the theory of evolution,
all of which are supported by overwhelming evidence. In contrast, a scientific hy-
pothesis usually applies to a specific observation and is something of a guess. For
example, suppose someone notices some odd natural phenomenon and suggests a
potential explanation without further research. Then we would call their sugges-
tion a hypothesis, not a theory, because it is tentative—we have no evidence yet
to decide if it is correct—and it explains only the odd observation. Before testing
the hypothesis—before designing and performing experiments to evaluate it, for
example—good scientists first investigate the quality of the hypothesis, because
some hypotheses are not worth testing. For example, suppose, for the sake of ar-
gument, that the hypothesis wrong. If, nevertheless, it is impossible to show that
the hypothesis is wrong—no experiment can be designed that would demonstrate
its falsity—then the hypothesis is not falsifiable . Any such hypothesis is scien-
tifically worthless. Almost all supernatural explanations lack falsifiability, which is
why science limits itself to natural explanations.

Example: The origin of species, especially humans, is one of the most controversial
modern issues in the United States (not elsewhere, like in Europe, for example). One
offshoot of this controversy, called creation science, is an oxymoron—that is, a self-
contradicting statement. Creationism is by definition not science. Proponents believe
that all species arose by a special act of some creative force in the universe, typically the
Christian God, and that none came from organic evolution. The basis for this belief is
faith, and as we will see in a moment, faith cannot be the basis of science.

To comprehend why, we should first explore the frequently misunderstood concept of
faith, which is a belief held despite a lack of physical evidence. Faith and belief are not
the same thing. For example, one does not need faith to believe that the Earth revolves
around the Sun, because overwhelming physical evidence supports that notion. Faith
comes into play in situations where no physical evidence can be obtained and one feels
compelled to adopt a belief. Faith is also required when one feels compelled to adopt a
belief in the face of apparently contrary physical evidence. That’s not to imply that faith
is foolish—physical evidence isn’t always available, and even when it is, it isn’t always
clear.

However, some people feel that faith is irrelevant, and that one should base one’s
beliefs only on evidence from the natural world, and one’s degree of belief should be
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proportional to the strength of such evidence7. If no evidence exists, then, these people
might argue, one should not commit to any belief but simply admit that no conclusion
can be reached. Others feel differently. Some people believe that there is a spiritual world
that is, by definition, supernatural (outside the bounds of physical Nature). If a spiritual
world exists, these people might argue, the only tool we have to probe it is faith since,
by definition, direct physical evidence cannot be obtained.

Creationists adopt the view that the universe and all life arose by supernatural forces
(God) exactly as described in Genesis, the first chapter of the Bible. Since this creative
force is supernatural, faith is the only possible basis for the belief. However, modern
people tend to value physical evidence, and evidence in favor of organic evolution has
been accumulating very rapidly over the last 100 years. As a result, certain religious
groups, primarily conservative Christians (but not all Christians—most Roman Catholics,
Mormons and a large fraction of Protestants accept evolution) in the U.S., and some
conservative Muslims in parts of the Middle East, feel that evolution threatens their
faith in God. In response to this perceived threat, conservative Christians in the U.S.
developed “creation science,” which amounted to an attack on the methods of acquisition
and interpretation of the physical evidence for evolution. These attacks were largely
unsuccessful because they were met with decisive counterarguments based on evidence
and logic, and the creationists presented no positive evidence in favor of special creation.
So, more recently, these fundamentalist Christian groups have added a new strategy to
their attack on evolution. This strategy, called intelligent design, resurrects an ancient
argument for the existence of God, in particular that the complexity, functionality and
integration of living things at all levels requires an intelligent designer, and who would
that designer be but God? This idea has been presented as positive evidence for the
existence of God for literally thousands of years. Today, conservative Christians use it to
support their strict interpretation of Genesis.

Intelligent design is frequently misinterpreted as science by nonscientists. Creation-
ism, no matter how argued, cannot be science because it cannot be falsified. Suppose for
the sake of argument that life was not created as described in Genesis. In this situation
no experiments or observations from the real world could demonstrate that the Genesis
account is wrong because belief in it is a matter of faith. A more specific example comes
from a 2005 court case in Dover, Pennsylvania. In that case, Michael Behe, one of the
few scientists who champions intelligent design,8 argued that the mammalian immune
system is too complex to be explained by evolution and natural selection. When asked if
he had read any of the peer-reviewed, published articles that present evidence supporting
natural selection’s role in the evolution of immunity, Behe admitted that he had not since
he already knew that the complexity could not be explained by evolution. So, regardless
of the truth of the matter, no amount of physical evidence for or against his claim mat-
tered to him. Since faith is his only basis for belief, his claim cannot be falsified. And
most certainly, willfully ignoring evidence against one’s beliefs runs exactly counter to
any scientific way of thought. As a result, anyone who wishes to believe in creationism
can do so without being pestered by science. But, the knife cuts both ways—science also
cannot be used to support that belief.

7This view is explained in great detail in the excellent book by Theodore Schick and Lewis Vaughn
[23].

8Behe is a chemist, not a biologist.
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Another very important digression is required here. The intelligent design idea forges
a faulty logical link between belief in God and belief in creationism. The logic runs as
follows: the functionality of Nature implies an intelligent designer; the existence of an
intelligent designer implies the existence of God; if God exists, then Genesis must be
literally true. Regardless of the truth or falsity of the first two statements, the conclu-
sion of the third—that Genesis is literally correct—does not necessarily follow from the
premise—the existence of God. For example, many Christians understand Genesis to be
an allegorical description of the origin of the universe and its life forms. Many of them
believe that God used and is still using evolution to create new species. So, why does the
word “evolution” not occur in Genesis? Because it was written thousands of years ago
for people with no notion of the modern scientific outlook required to understand evolu-
tion. The allegory, some orthodox Christians argue, expresses God’s construction of the
universe in a way that people thousands of years ago could comprehend.9 Therefore, no
necessary conflict between science and religion exists, and in fact many religious people
are accepting of scientific ideas, including evolution.

So what about the alternative to creationism, namely organic evolution? Is it
science or faith? The answer is definitive—it is science.

To see why, we need to understand what the concept of evolution really is. In short,
evolution is the idea that species change over time, and this change can generate new
species from existing ones. The idea itself is very simple, but people often become con-
fused because the concept applies to groups of organisms (populations), not individuals.
When we say that a species changes over time we refer to a change in the frequency of
some trait or traits in a population over time, not in some individual over time. One
of the best examples of this phenomenon was studied by ecologists Peter and Rosemary
Grant on the island of Daphne Major, part of the Galapagos archipelago off the coast of
Ecuador. This study10, which began in the mid 1970s and continues to this day, focuses
on two different species of birds—the cactus finch and the medium ground finch. The
Grants and their coworkers noticed that during droughts lasting a few years, the beaks of
both species of finch got larger and more robust, but no single bird’s beak ever changed
length.

The Grants discovered that the finches’ beaks were getting larger because of changes
in the types of available plant seeds, the staple of a finch’s diet. Like humans, no two
finches look exactly alike, not even twins. So, if we were to measure the beak lengths of all
cactus finches on Daphne Major, we would find that some are much longer than average,
some much shorter, and the rest would be distributed in between. As you might expect,
finches with larger beaks can crack open and eat larger seeds, but at a cost—it’s hard to
pick up small seeds with a large, bulky beak. The Grants showed that during droughts,
plants with small, easily-opened seeds tended to survive and reproduce less well than
plants with larger seeds. Therefore, finches with small beaks had a harder time finding
food and so suffered a general decline in health relative to the larger-beaked birds. So, the
smaller-beaked finches suffered more deaths and produced fewer eggs. As a result, over

9For an excellent explanation of the importance of myths as a way of expressing certain ideas that
cannot be easily expressed in any other way, see Karen Armstrong’s book, The Battle for God [1]. In it
she also explores the causes of the fundamentalist Christian attack on science and evolution in particular.

10See Jonathan Weiner’s Pulitzer Prize-winning book, The Beak of the Finch for a very readable
description of the Grants’ work.
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generations, the proportion of birds on the island that had larger beaks began to increase,
causing the average beak length to increase. From these observations we can predict that
following the drought, the average beak length should come back down because the small-
seeded plants will return. In fact, the Grants verified this prediction when the drought
finally broke. Such phenomena are precisely what Darwin called natural selection in
his book, On the origin of species. He further argued that under certain circumstances
and given enough time, like millions of years, natural selection can cause such profound
changes in an organism’s form that eventually a new species can result.

Note that there are really two distinct concepts embedded in this description of organic
evolution by natural selection: small-scale change over time like changes in finch beak
length, and large-scale changes causing speciation. Both of these concepts are scientific
because they are based on evidence from the real world and can be proven false if they
are indeed false. For example, for various reasons we know that only heritable traits can
evolve by natural selection. In principle, the heritability (or nonheritability) of a trait
can be demonstrated. If it were shown that beak length in finches was not heritable, then
it cannot have evolved by natural selection.

The idea of speciation by natural selection, or any other means, is also based on real-
world evidence and is falsifiable. Empirical support for speciation comes from a number
of sources, including but not limited to the fossil record, comparisons of how different
species look, how their proteins are built and how similar their DNA is. The types
of fossils one finds in various geological formations throughout the world consistently
supports evolution. For example, very few fossils of multicellular organisms with hard
body parts are found in rocks older than 530 million years, but younger fossil-bearing
rocks are rich in shelly and bony animals. No dinosaur fossil has ever been found in rocks
less than 64 million years old, but in rocks between the ages of 221 million years and 64
they are common. No human or human-like fossils have ever been found to be anywhere
near this age—the oldest known are on the order of 5 million years old, and these fossils
are human-like essentially only in that they are primates that walked upright. As for the
other three lines of evidence, study after study demonstrates that similar looking species
have a proportional similarity in their DNA and proteins. Therefore, if a human fossil
was found to be older than 550 million years, or if similar-looking species tended to have
entirely different DNA and proteins, then evolution would become untenable.

10. Maintain honesty and integrity at all times: This element was not in Sagan’s
original kit, but I place it here because of all the tools of science, honesty is by far
the most important. It should be obvious why that’s true. A dishonest scientist,
especially one in medical research, can cause death and suffering. Any scientific
dishonesty can set back our understanding of Nature for decades. Because of this,
individual scientists who act unethically, especially dishonestly, tend to be treated
harshly by their colleagues. Dishonest researchers, once exposed, will never publish
again in reputable journals and often lose their jobs. Consider the Fleishmann and
Pons example. As Park points out, these two were more than just foolish—they
were fraudulent. They must have known after their test that cold fusion was a
farce, but they still tried to gain fame and money from it. Instead, their careers
were terminated by their colleagues.
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But, you might ask, what exactly constitutes unethical behavior? While there
is no complete answer that all scientists would agree to, there is broad agreement
that the following must not be allowed: fabrication of data (making up re-
search results); falsification of data (altering research results); and plagiarism
(claiming the work of others as your own). Anyone engaging in any of these prac-
tices should not expect to have a scientific career for long. And, if a researcher is
funded by a government agency, state or federal, and someone demonstrates that
this researcher fabricated or falsified data or plagiarized, the researcher faces an ap-
pearance in court and possible fines and jail time. Be aware that this is the minimal
list of prohibited practices. Many other behaviors are also considered unethical in
science.

Example: In April 1978 a young Greek post-doctoral fellow (a temporary research job
that many Ph.D. scientists take between their graduate training and their first profes-
sorship) named Demetrios Spandidos had the world by the tail. He had just delivered a
brilliant lecture on cancer at the Harvard Medical School to the leading cancer researchers
in the world, including Robert Weinberg, who writes about this incident in his book, Rac-
ing to the beginning of the road: the search for the origin of cancer [31]. The talk was so
extraordinary “that anyone else who continued in this line of research would be left with
only small pieces to pick up, leavings from the scientific table,” writes Weinberg. After
the talk Weinberg was “impressed and at the same time profoundly depressed.” Spandi-
dos’s work made nearly all of Weinberg’s obsolete. But, Spandidos didn’t just impress
Weinberg. Every major university in the world with active cancer research programs
wanted Spandidos on their faculty. He was becoming a scientific superstar.

Trouble began with a remark that was almost an afterthought. As mentioned earlier,
before any paper is published it must be reviewed by experts in the field. During this
process for one of Spandidos’s papers a reviewer mentioned that he was astounded by
how rapidly Spandidos completed his experiments. This reviewer did similar work and
indicated that his lab team would take at least twice as long to produce such a volume
of data. At first this observation went unnoticed. But, Spandidos’s boss, a scientist
named Siminovitch, who himself was quite famous in this field and whose reputation was
increasing because of Spandidos’s brilliance, became alarmed when he read this remark.
He was so worried that he calculated the number of Petri dishes Spandidos would have
required and discovered that the entire lab team didn’t purchase anywhere near this
number of dishes. Siminovitch also noticed that, although Spandidos had recently begun
to spend less time working in the lab, his output didn’t slow. Concerned, Siminovitch
halted publication of the paper and confronted Spandidos about the the discrepancy in
lab supplies. Spandidos’s response did not satisfy Siminovitch, so he forced Spandidos to
leave the lab.

To this day controversy surrounds both Spandidos and Siminovitch. Spandidos even-
tually did obtain an academic position, but at none of the prestigious institutions who
first courted him. Many researchers, including a member of Siminovitch’s lab team named
Bill Lewis, tried and failed to replicate Spandidos’s results. Siminovitch suffered the in-
dignation of many of his colleagues who blamed him for allowing a fraud to flourish in
his lab. So, rightly or wrongly, this episode smeared mud on the reputations of both
Spandidos and Siminovitch.

Science is utterly unlike law, politics, business or journalism. A scientist’s job is to
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understand Nature, not increase the reputation or wealth of a client, partner or him- or
herself. Dishonesty works directly counter to the goals of science, so any hint of fraud is
simply not tolerated or tolerable.

The best scientists consistently apply these “baloney-detecting” tools, along with
others they themselves devise based on experience, when they evaluate claims. This kit
along with properly conducted studies—experimental, observational and theoretical—
constitute the basis of scientific research.

4 The Science of Things That Aren’t So

There is no doubt that science has been wildly successful.11 The study of quantum
mechanics led directly to the computer I’m using to write this. Without physics in gen-
eral we would never have gone to the moon, and the idea of a superpower would not
exist. The power of our military, our atomic and thermonuclear bombs in particular,
define us as a superpower. All our weapon systems depend, for good or evil, on modern
physics and chemistry. Discoveries in other disciplines besides physics have also made
enormous contributions to humanity. For example, before anyone proposed the so-called
germ theory—the idea that microorganisms cause disease—the average age at death in
the United States was around 40; after acceptance of the germ theory, life expectancy
nearly doubled. Today our understanding of the structure of proteins allows us to de-
scribe exactly how drugs interact with cells, and therefore increase the effectiveness of
drug delivery and even allows us to engineer new drugs. Without the theory of natu-
ral selection, an effective treatment for HIV disease would have taken much longer to
find if it was discovered at all—the HAART “cocktail” currently used to treat HIV was
invented specifically to counter well-understood evolutionary changes in populations of
HIV. These examples illustrate just a very few ways in which science touches nearly every
aspect of the day-to-day lives of literally billions of people.

Unfortunately, the very success of science has opened it up to destructive attacks by
frauds and the occasional fool. Although our society generally recognizes the power of
science, it often has difficulty identifying what is science and what isn’t. As a result,
frauds and fools frequently convince people that nonsense is true simply by adopting the
trappings of a scientist. This sort of thing is so common that we have a name for it—it’s
called pseudoscience. Pseudoscience is something that looks like science but isn’t—the
Roswell incident, for example.

Cold fusion should also be placed in the pseudoscience category, but there’s an inter-
esting twist with it. As Park makes very clear [19], the evidence suggests that Fleishmann
and Pons were not trying to defraud anyone at first. They simply made a mistake, and
mistakes don’t convert science to pseudoscience. Later, Park argues, Fleishmann and
Pons must have realized that cold fusion was fantasy but continued to accept research
money to study it. Somewhere along the line, then, they became frauds. At that mo-
ment, cold fusion became pseudoscience. Nevertheless, even today you can find websites
touting the truth of cold fusion, and some people still “study” it.

11The title of this section is from Taubes [30]

18



So, how can such an obviously wrong idea be taken seriously for so long? First, it’s
important to note that the vast majority of people do not take it seriously. But there are
over six billion people on the planet spanning just about every conceivable variation in
worldview and intellectual ability. So frauds will always have an ample supply of victims,
including people who should know better, like political leaders or journalists. Second,
cold fusion shares a trait common among pseudoscientific claims—it is sensational. If
cold fusion were true, then all of us could install generators no larger than a computer
in our own houses that could power our cars and trucks, run our lights and appliances
and heat our water. We’d be freed from a dependence on foreign oil. We’d stop arguing
about drilling for oil in Alaska. No one would ever have to mine coal again. Our energy
bills would drop to about a tenth of what they are now, and we’d stop polluting the
atmosphere. That vision alone is enough to make many people believe in cold fusion,
simply because they desperately want it to be true.

Finally, the frauds can present completely bogus “evidence” that convinces many
people simply because it looks and sounds like science. Even many professional scientists
were initially duped by Fleischmann and Pons because they were credentialed scientists
with posts at prestigious universities. Most professional scientists, including biologists
and even the majority of physicists and chemists, could not evaluate the evidence because
the scientific disciplines involved in the controversy—high-energy physics and electro-
chemistry—directly engage only a small proportion of all scientists. So many scientists
retreated into more normal patterns of thought and therefore fell into the trap.

But they didn’t have to. In fact, many nonspecialists remained skeptical because,
even though the argument was outside their field, they remained committed to rational
thought. Many of these scientists, in an effort to help all members of the scientific
community evaluate Fleischmann and Pons’ claim,12 circulated notes from a lecture given
by Irving Langmuir, a Nobel Laureate in Chemistry, entitled, “Pathological Science.” At
the heart of Langmuir’s message is a list of items he called “symptoms of pathological
science.” Here, in the form based on Taubes’ [30] presentation from which the title of
this section comes, are the symptoms of a bogus scientific-sounding claim.

1. At best, both the phenomenon under study and its cause are “barely
detectable,” and “the magnitude of the effect is substantially indepen-
dent of the intensity of the cause.” In the case of cold fusion, if Fleischmann
and Pons’s reactor functioned as they claimed, it must have produced neutrons.
Most researchers who attempted to verify cold fusion could detect no neutrons in
their versions of the Fleischmann/Pons system. However, Fleischmann and Pons
claimed that they detected a tiny increase in the neutron count above background
in their setup. That was about the best anyone ever could ever claim.

2. Those making the claim of discovery argue that they can make mea-
surements of literally incredible accuracy, far more precise than anyone
else. Fleischmann and Pons claimed that their neutron detectors were better than

12Almost every scientist became deeply interested in this episode because they recognized instantly
that cold fusion, if true, would have been the greatest scientific discovery ever.
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everyone else’s, which is why they could detect the effect and hardly anyone else
could.

3. The theory underlying the phenomenon is fantastic and contrary to es-
tablished experimental and observational results. Even if one believed Fleis-
chmann and Pons’s claims of neutron radiation, at best it was orders of magnitude
lower than it should have been based on well-established physical theory. Fleis-
chmann and Pons explained this discrepancy away by claiming that cold fusion
was a fundamentally new physical phenomenon.

4. Claimants answer critics with ad hoc rationalizations. Whenever a re-
searcher failed to replicate the original cold fusion results, Fleischmann and Pons
claimed that the failure occurred because of a previously undocumented technical-
ity.

5. At its peak, the discovery is believed by about half of the research com-
munity. (The beliefs of the general public are often influenced by political and
marketing factors, and so, unfortunately, can be wildly inaccurate. Journalists
tend to represent, and therefore reflect, the attitudes of the general public, not the
scientific community.) After that, support declines slowly and eventually
disappears entirely. This pattern contrasts sharply with a productive, wrong
theory, like Newton’s theory of gravity, which is still taught in college physics and
engineering courses because, although incorrect in detail, it is still useful. Belief
in cold fusion flared to include a surprisingly large fraction of working scientists.
However, over the subsequent five years conviction waned and by 2000 hardly any
reputable scientists still discussed it seriously. Eventually, it will probably com-
pletely die out, having never powered even the tiniest radio or enlightened our
understanding of any natural phenomenon.

In addition to these symptoms originally identified by Langmuir, Taubes points out
that one could add the following:

6. Those who believe the claim can reproduce the results, but skeptics
generally cannot. This property of pathological science is insidious and makes
rational judgement very difficult. Suppose independent scientists with seemingly
trustworthy credentials claim to have replicated a controversial experimental result,
and others cannot. Then either those who can are all fooling themselves, all making
the same mistake, or they are the only ones with the technical skill to conduct the
experiment properly. The first two are hard to believe—if the researchers were that
foolish or incompetent, how did they get credentialed in the first place? In the
case of cold fusion, credentialed scientists did reproduce some of Fleischmann and
Pons’ results, but only because they committed the same errors Fleischmann and
Pons did. Most of these scientists, however, retained their reputations because they
eventually recognized and publicized their mistakes. For example, one researcher
who claimed to have confirmed cold fusion announced his result in a press confer-
ence, as Fleischmann and Pons had. After the conference, colleagues from another
university contacted him with a question about his procedures. The question led
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him to realize that he had made a mistake that invalidated his claim. So, he im-
mediately retracted, to the applause of the scientific community. Nevertheless, the
mistake still carried a wicked price. Some months after his retraction he awoke one
morning with a sensation as if someone were shoving a red-hot iron rod down his
throat. It was the anniversary of his press conference.

7. The discoverers are often working outside their field. Although the phe-
nomenon of fusion is squarely in the realm of nuclear physics, Fleischmann and
Pons were electrochemists, not physicists. That’s not to say that scientists cannot
make contributions outside their field, but those who try often tread very thin ice.

8. The claim is not presented through normal channels of scientific com-
munication, usually in such a way that peer review is not possible. Fleis-
chmann and Pons presented their results at a press conference before any of their
peers had a chance to review their work.

9. Debate over the claim is discouraged. Often, scientists attend conferences
where they present their latest research results and keep up with those of their
colleagues. Normally, no restriction is placed on who can attend, primarily because
the best scientists want outside criticism of their work. But some conferences on
cold fusion were held in which skeptics were not invited to attend. At one such
conference, hosted by the National Science Foundation and the Electric Power
Research Institute, only scientists who believed in cold fusion were invited. So
instead of a scientific conference, this gathering became little more than a cold
fusion infomercial held at taxpayers’ expense.

10. Those making the claim have a financial or political stake in its accep-
tance. If Fleischmann and Pons were right, they would have ended up billionaires,
at least. They planned to patent the technology and perhaps found a public com-
pany to develop it. Such a situation generates a clear conflict of interest, because
public investment in their company would provide a massive incentive to doctor or
suppress troubling experimental results.

5 A Final Example

In late December, 2002, Brigitte Boisselier announced the birth of “the first human cloned
by somatic cell nuclear transfer,” the cloning technique developed by Ian Wilmut and
colleagues in Edinburgh. Boisselier represented a company named Clonaid, which had
ties to a religious cult who refer to themselves as “Raëlians.” The leader of the cult
is a Frenchman named Claude Vorilhon, who claims to have met with space aliens on
December 13, 1973. Vorilhon has called himself Raël ever since, a name “. . . which means
‘messenger’ in some language on some planet somewhere” [3, pg. 323].13 Vorilhon, or
Raël if you prefer, claims that the aliens told him that they produced human beings by
cloning themselves, hence the Raëlian’s interest in the subject.

13Robert Park also discusses the Raëlians in Voodoo Science [19].
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Boisselier’s announcement of Clonaid’s achievement stunned the world, or at least
parts of it. Not only had Clonaid produced the first human clone, but, Boisselier claimed,
four more were due in the next month just in time for the holidays. The media ate it
up. Every night, news anchors feigned awe over this great new scientific achievement,
announced by a funky 40-year-old woman with bright red hair and a bare midriff—not
exactly the stereotypical stodgy male with thick, black glasses, lab coat and poor social
skills. The fact that Bosselier was a Raëlian “bishop” certainly wasn’t bad for ratings,
either. News editors live for this type of story, where entertainment news and real news
merge into one. Far more fanfare attended the Clonaid story than the pioneering work
of Ian Wilmut.

But no matter how fantastic, either in the sense of “great” or “hard to believe,”
Boisselier’s claim sounds, and no matter how one feels personally about Boisselier’s ec-
centricities, a scientist is obliged to consider her claim rationally—that is, to apply the
baloney detecting tools to it. So, the first thing we ask is, what are the facts, and how well
are they supported? In this case, the only fact we have is Clonaid’s claim. So far Clon-
aid has failed to produce a living human being for the scientific community to evaluate.
Clonaid claims that they are keeping the children’s identities secret to protect their rights
to privacy. When a U.S. court ordered Clonaid to allow the court to evaluate the first
alleged clone, Clonaid said neither the clone nor the mother (the woman they claimed
they cloned was supposedly pregnant with her own clone; as odd as it sounds that’s not
at all impossible) were living in the U.S., so the court had no jurisdiction. In this way
they both protected the rights of the alleged clone and also avoided a court-ordered DNA
test that would essentially have removed all doubts about their claim.

But, Clonaid could still put down all detractors even without releasing the identities
of the alleged “clones.” In fact, researchers who have already demonstrated their ability
to clone mammals—including Wilmut himself—showed them how in a letter published
in Science [22]. In their letter, the researchers pointed out that if Clonaid provided the
scientific community with a table of quantitative data showing how many eggs Clonaid
originally gathered and how many survived various stages of the procedure, a second
table with data on embryo development before and after implantation and finally a
series of pictures showing cells in various stages of the procedure, subsequent embryo
development and fetal ultrasounds, then their claim would carry a lot more weight.
The critics also suggested that Clonaid publish details of their lab procedures. To this
day, Clonaid has produced none of these basic data, thereby stifling scientific debate
and transforming a technically falsifiable claim—if they didn’t clone anyone, it could in
principle be demonstrated—into a practically unfalsifiable one.

Essentially, Clonaid’s claim is an argument from authority—we are to believe them
simply on their word. That’s hard to do because of the problems noted above and
because their claim displays a number of symptoms of pathological science. First, as
point out in the letter to Science noted above [22], “enormous difficulties in generating
just a single somatic cell nuclear transfer offspring demanded years of dedicated efforts in
accomplished labs (including our respective labs with sheep and pigs, but not yet rhesus
monkeys). Consequently, the Christmas-time synchrony of these alleged five births from
this messianic group with success rates far in excess of the world’s best infertility clinics
is truly unbelievable.” I italicized this passage because it is essentially identical to the
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claims of incredible measurement accuracy common to other cases of pathological science.
Also, although Boisselier claims to have two Ph.D. degrees, she and whoever else works
for Clonaid14 appear to be working outside their area of expertise—critics note that
Clonaid “has not described any laboratory and clinical facilities, skilled personnel, proof
of specialized knowledge, or prior accomplishments” [22]. Also, instead of publishing
their results in a peer-review journal, Clonaid, like Fleischmann and Pons, announced
their success at press conferences. By thus placing their claim directly into the hands
of the public, who generally rely on the scientific community to filter out the garbage,
Clonaid acquired an instant following of believers. Their unwillingness to provide physical
evidence of their alleged accomplishment effectively blocked any critical evaluation of
their claim from entering the ears of their believers.

All of these facts suggest to a rational mind that Clonaid’s claim is wrong. Indeed,
most scientists would probably agree that “in the absence of any evidence for [Clonaid’s]
claims, this destructive hoax must end” [22]. But, why would Clonaid perpetrate such
a “destructive hoax?” What would they gain by lying? While researching Clonaid for
the Boston Globe, Raja Mishra discovered that Clonaid planned “to charge dozens of
prospective cloning patients up to $200,000 apiece for its services.” Not only that, but
even in 2006 one could still order an “RMX2010 Embryonic Cell Fusion” device for only
$9220 from Clonaid’s official website (www.clonaid.com). Evidently Clonaid has at least
209,220 reasons to keep people believing the lie.
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