On Pathological Science

by James R. Fleming

Science is a set of rules that keeps the scientists
from lying to each other. Breaking these rules is
unbecoming to scientists. Society wants science to
be good, frue, and beautiful. In real life,

performance does not always conform to the ideal.

—-— Trevor I. Williamsl

What is Patholoéical Science?

In 1953, at a colloquium at General Electric's Knolls Research
Laboratory, Irving Langmuir, a Nobel Prize winning chemist and
longtime G.E. employee presented a seminar on "Pathological
‘Science" or "the science of tﬁingé_that afen't sol" As_gkémpleg
of this phenomeﬁon he cited Rene Blondlot's work on N-Rays
(1903), the case of Mitogenetic Rays (1923), the Allison Effect
(1927), the Davis-Barnes "effect" (1929-1931), J.B. Rhine's work
on ESP (1930), and reports of flying saucers (19503).2 According
to Langmuir, science done at the limits of observation or
measurement (precisely where most cutting-edge research is done)
could become paﬁhological if the scientists involved make
excessive claims for their results. He listed the following

characteristics of pathological science3:

1. Maximum effect caused by barely detectable intensity;



2. Observations are close to the threshold of detectability.
Alternatively, numerous measurements are taken, each with a
low statistical significance, while hopeful researchers
discard enough undesirable data to make the results look
promising; random noise may be converted into apparently
meaningful patterns;

3. Claims of great accuracy, sensitivity and specificity;

4. Theory increasingly fantastic and contrary to previous
experience;

5. Criticisms met by ad hoc excuses; no matter how sincerely
they believe in their results, pathological scientists are
really making it up as they go; )
6. The ratio of supporters to critics rises to near 50% and
falls slowly to zero (oblivion) even if the effect is not
disproved;

7. Critics cannot reprddﬁce ény éart of the alleged effect
and the experiment fails in the presence of an outside

observer;

8. In the end nothing is salvaged.

The Case of N-Rays

A classical example of pathological science-is the case of
René Blondlot, who, in 1903 found other emissions coming from his
experimental device (a Crookes tube generating X-rays) even after
he turned the power down. He named the new emissions N-Rays, and

claimed they exhibited many of the characteristics of X-rays. He



also found that they could be emitted, for example, by metals
subjected to stress and by living materials. As a phenomenon,
they were so elusive they could only be observed by watching for
faint flickers on a phosphorescent surface. In 1904 Blondlot and
others published about 100 papers on N-rays in the official
journal of the French Academy, Comptes rendues. For his
discovery, Blondlot even received the academy's Leconte Prize of
20,000 francs and a gold medal. Unfortunately, Blondlot's
colleagues around the world could not detect N-rays in their labs.
Robert W. Wood, professor of physics at The Johns Hopkins
University, an accomplished optical experimenter and debunker of
numerous frauds, visited Blondlot's laboratory where he was given
a lecture demonstration on N-rays. 1In the darkened room, Wood
secretly removed key parts of the experiment, including the prism
of ?loqglot's_igeptro§gop§, proving that N-rays were the figments
of the experimenters' imaginations.4 1In fact the case of N-rays
was not a hoax, but represented a true delusion, or mass
hallucination. 1In fact Blondlot pursued his erroneous work on N-
rays in part because he relied on confirming results and
experimental controls provided by a mécanicien in his -laboratory,
L. Virtz, who was totally dependent on him for employment .5
Perhaps the exhilarating pace of physics at the time also coloreJ
Blondlot's judgement. Crucial discoveries in radiocactivity and X-
rays had occurred just a few years before.

According to Langmuir, when you are examining such threshold
phenomena in science it means that you don't know, you really

don't know, whether you are seeing something important or not. N-



Rays, the Davis-Barnes experiment, and mitogenetic rays all have
certain things in common. These are cases where there is no
dishonesty involved but where people are tricked into false
results by a lack of understanding about what human beings can do
to themselves in the way of being led astray by subijective
effects, wishful thinking, or threshold interactions. These then
may be considered examples of pathological science on the

individual level.

What Sorts of Factors Mav Contribute to Pathological Science?

As the case of N-rays illustrates, Blondlot was not only
working at the edge of experimental detectability, he was also
working at a time of major breakthroughs in physics and needed a
major discovery to boost his career. 1In such circumstances the

_ S S — - . —oF
following sorts of pressures may lead a scientist“their team into

the realm of pathology:
* Priority disputes and pressure to be the first to publish a
result.
* This is driven by an insatiable eagerness for fresh ideas
in the scientific community, and may be linked to the
Patentability and profitability of proprietary discoveries.
* It is exacerbated by the relative ease of publishing
questionable or speculative results in the hope of later
confirmation. If confirmation is not forthcoming, or if
disconfirmation is not acknowledged by the originator of the

idea, the science is in danger of becoming pathological.



* Career pressure or funding pressure -- the need for a
scientist to advance in his or her career, or secure funding
for theilr personal or team efforts -- often requires a major
breakthrough, perhaps even a named discovery. Blondlot had a
solid but undistinguished career and was in such position
when he "discovered" N-rays.

e Prizes, such as the French Academy's, for cutting-edge
research, especially for new discoveries of phenomena at the
edge of detectability may induce researchers to rush to
publish dubious results.

* Group self-deception may reign over a lab or community;
hope may lead to delusion and overcome reason.

* The investigator may harbor deep-seated beliefs or fears,
perhaps that other teams of researchers or scientists of
other nations are conspiring to discredit the results of his
or her research.

* Scientists and the public may rely on the credentials of a
scientist (e.g. Langmuir's Nobel Prize) rather than on
verifiable studies.

* Scientists may violate or circumvent the established
standards of evidence (as in the case of cold fusion being
presented first to the media. Seemingly authoritative
testimony by scientists is often presented by scientists in
court and may be used either to establish or discredit a

scientific result.®



Irving I {r's Own E {+h Pathological Sci

Pathological science is by no means limited to esoteric
physics experiments done in darkened rooms where the perception of
the experimenter may be the source of the deception. In fact at
the very same time Langmuir presented his seminar at G.E. on
pathological science, he was himself involved in making highly
dubious claims for the efficacy of cloud seeding in creating rain,
otherwise modifying the weather, and perhaps even altering the
climate.”’

The modern era of weather modification research began in the
summer of 1946 at the General Electric Research Laboratory in
Schenectady, New York when Vincent Schaefer dropped a block of dry
ice into a home freezer unit and, to his surprise, instantly
transformed a cold vapor cloud into millions of tiny ice crystals.
After some rough calculations, Schaefer tossed six pounds of dry
ice out of the window of a rented plane and seeded a cold cloud
over Greylock peak in the Berkshires, creating ice crystals and
fall streaks of snow.8 According to Schaefer's laboratory
notebook, "It seemed as though [the cloud] almost exploded, the
effect was so widespread and rapid. . ."9 Within a year Bernard
Vonnegut of M.I.T. (yes Kurt's brother), who had come to G.E. to
count the crystals, discovered that silver iodide smoke also
"seeded" supercooled clouds. Completing the cloud seeding
triumvirate at G.E. was Langmuir, senior scientist and an
outspoken, enthusiastic promoter and popularizer of large-scale

weather control.l0 1In the press and before the meteorological



community, Langmuir expounded his sensational vision of large-
scale weather control: of the arid Southwest being changed into
fertile farmland and of cloud seeding preventing "all ice storms,
all storms of freezing rain, and icing conditions in clouds."ll
Cloud seeding, however, was becoming a controversial issue
and Langmuir's exaggerated claims threatened to take General
Electric into litigious territory, far beyond the limits of normal
corporate support for research.l2 As newspapers and magazines
began to bring the subject of "weather control"” to the public's
attention, G.E. lawyers tried repeatedly to limit Langmuir's
contact with the media and temper his optimistic predictions.
Langmuir, however, enjoyed the publicity and collected clippings
of his interviews. When one of the G.E. experiments coincided
with an eight-inch snowfall in upstate New York, Langmuir was
quick to claim that cloud seeding had "triggered" the storm. He
further claimed that "chain reactions" could be set off in warm
cumulus clouds, that in one field trial a hurricane had changed
direction within six hours because of seeding, and that in general
all meteorologists needed to do was find the proper "trigger" to
release the immense amounts of energy stored in the atmosphere.
He even appeared on TV on Dave Garroway's "Today Show" to explain
how cloud seeding might prevent hurricane disasters.l3 Perhaps
Langmuir's most fantastic claim was that changes in the weather
across the continent had been caused by a single silver iodide
generator in New Mexico.l? Langmuir "proved" his result, at least
to himself, using an unconventional statistical method of his own

devising.



Undaunted by the concerns of the G.E. legal staff, Langmuir
continued to make claims for weather control which could not be
substantiated by other meteorologists. Storms of controversy raged
for years between Langmuir and the U.S. Weather Bureau. Although
skeptical of his results, the meteorological community had no one
of the scientific stature of Langmuir to counter his fantastic

claims.13

Pseudo-science, Hoax, and Fraud

While the practitioners of pathological science, at least as
Langmuir defined it, may completely sincere in their delusions,
that can not be said for the pseudo-scientific perpetrators of

hoax and fraud.l® For example, L. Ron Hubbard's Dianetics,
Immanuel Velikovsky's Worlds in Collision, and Erich von Daniken's
Erinnerungen an die Zukunft (Chariots of the Gods?) are classic
examples of the genre. These works are rooted in the literary
tradition of science fiction. Hubbard's text is a gnostic
revelation that draws from the tradition of medical quackery and
revelatory self-help books. Velikovsky's astronomical pseudo-
science is based on unsupportable scenarios presented without
proof. Von Daniken's archaeology of ancient astronauts reads like
the headlines of current tabloids like the Weekly World News.

By no means is such pseudo-science a late twentieth-century
phenomenon.l?7 The creationist George McCready Price, the last and
greatest of modern opponents of evolution, based his unsupportable

scientific views on his devout faith in Seventh Day Adventism.



His New Geology: A textbook for colleges, normal schools, and
training schools: and for the general reader (1923), is a classic
in pseudo-science. According to Price, the great "sacred cow" of
evolution is the belief that fossils proceed from simple to more
complex forms as you move from older to younger strata. But since
dating the strata is done by fossils, evolution is based on a
system of circular reasoning. His alternative assertion, that
creation was completed several thousand years B.C. in literally
six days was in accord with his religious beliefs. William Cullen
Bryan cited Price as an authority on geology during the famous
Scopes trial in Tennessee. Price's book convinced an entire
generation of creationists.18

Wilber Glenn Voliva, the leader of the Christian Apostolic
Church of Zion, Illinois from 1905 to 1935 mixed his religious
dogmas with his beliefs that the earth was flat, that the sun was
only 32 miles in diameter, and was less than 3,000 miles away.
His community of 6000 believers were exemplary in many ways: they
adhered to a strict moral code and ran lucrative businesses to
support their church; yet, at Voliva's insistence, their faith
blended Biblical literalism with a very curious and unsupportable
position on geophysics and astronomy. Voliva's desire to defend a
religious dogma with pseudo-science was supported by a paranoid
belief in his own greatness so far removed from reality as to
border on the psychotic.19

Of course there are also cases of hoax (e.g. Piltdown man),
health scams (elixirs or science diets, etc.) and the most ancient

of pseudo-sciences, astrology.20 These examples are by no means



exhaustive. The sincere but nonetheless deluded pseudo-scientist
may have at least some of the following general characteristics:
* May range from illiterate to brilliant, but usually
considers him or herself a genius.
* Believes to be unjustly ignored and/or persecuted. May be
compulsive or neurotic about this. It is said that paranoia
sustains the crank against all odds.
* May be well educated, but typically not in the field in
which the research is done.
* Works in isolation, typically not part of a team. The
crank has individualistic self-assurance, the scientist
collective self-doubt.21
* Publishes in specialty or vanity presses, not in reviewed
journals or with major publishers.
* Typically has a low regard for intelligence of others.
* Has strong compulsions to attack the greatest scientists
and the best-established theories (e.g. build perpetual
motion machines, develop a new theory of gravity, disprove
the germ-theory of infection, etc.).
* Writes in complex, yet unconventional jargon; works are
peppered with new terms, neologisms.
* Advances views contradicted by evidence, offers no
reasonable grounds for serious consideration, does not
participate in ongoing debate.
* May be rationalizing strongly held religious or ideological

convictions (as in the cases of dianetics, the Christian

Apostolic Church, or creationism).
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That is not to say that every dubious scientific claim can
immediately be dubbed as pathological science or pseudo-science.
For example, one of the characteristics Langmuir listed for
pathological science: "fantastic theory contrary to experience"
may, in some cases, turn out to be instead: "exciting new theory
invalidating previous thinking."22 1np every case, reliable and
false theories about nature lie on a more-or-less continuous and
relative scale. On this scale, no theories are absolute or
eternal; most theories receive the grade of plausible; and all
theories, according to Popper, are at least potentially
falsifiable -- the demarcation of empirical science from pseudo-
science being based on methodology of the practitioners.23 1In
practice, both the collective judgement of the scientific
community and the test of time must also be applied. Table 1
illustrates this scale for theories in astronomy, physics, and

biology.

Table 1: Relative scale of sciepntific rlausibility

Astronomy: FALSIFIED - Geocentrism
PLAUSIBLE - Expanding universe
RELIABLE - Special Relativity

Physics: FEALSIFIED - N-Rays
PLAUSIBLE - Unified field theory
RELIABLE - Newton's laws

Biology: FALSIFIED - Lysenkoism
PLAUSIBLE - Darwinian evolution
RELIABLE - Genetic inheritance

11



In addition to theories, the abilities of individual researchers
also lie on a continuum from the incompetent pseudo-scientist to

the well-respected and competent scientific practitioner.

Socially Pathological Sci

Beyond the delusions of individual researchers and their
assistants or adherents, pathology may manifest itself among
larger social groupings. England and America in the late
nineteenth century were mesmerized by the "social Darwinism" of
Herbert Spencer. Spencer applied the rules of Darwinian evolution
to social evolution in support of his "law of universal social
progress" -- a message the played well in the gilded age.24 In
addition to its influence on wealthy Americans such as Andrew W.
Carnegie, who considered himself the fittest of the fit, Social
Darwinism further influenced the eugenics movement and the
development of a racially pure "Nazi science."25 It is well-known
that the overall behavior of nations may turn pathological in
times of war and other social stresses, or under the influence of
a dictator. So too with science. Witness the example of
Stalinist Russia.

Between 1937 and 1964, Soviet genetics was dominated by the
thought of T. D. Lysenko, an "illiterate and fanatical charlatan,"
who gained absolute dictatorial control over both research in
biology and practical agriculture.26 Lysenkoism was based on
utopian assumptions about the state's power to accelerate the

modernization of agriculture by altering its social organization.
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The myth surrounding Lysenkoism says that it was a rejection of
genetics and an acceptance of Lamarck's view that characteristics
acquired by an organism can be inherited to its offspring. Such
malleability of nature, especially human nature could be used to
support the Marxist-Leninist theory that new conditions will
create new men.27 In reality it was much less scientific or even
theoretical. Rather than an attack on science or a prop for
Marxist ideclogy, Lysenkoism was a "self-deceiving arrogance among
political bosses, a conviction that they knew better than
scientists how to increase farm yields."28 This bizarre chapter
in the history of modern science stifled progress in the life
sciences in the Soviet Union and, because of its negative
influence on agriculture, was destructive to the Soviet economy.
All the agricultural and life sciences were abused under Lysenko's
irrational and brutal campaign for improved farming. It stands as

an indictment of a system of centralized control of science.

PRERSIE ¢ National Sci . § | si

In an earlier contribution to this conference titled, "Historical
Perspectives on the International Transfer of Science and Technology," 1
presented four stages that nations typically go through as they mature
scientifically. The stages were: Exploration phase, Colonial phase,
Emergent phase, Scientific and Technological Maturity. Throughout
history, nations reaching scientific maturity and carrying the banner of
world leadership included Italy (ca. 1620), Britain (ca. 1750), France

(ca. 1830), and Germany (ca. 1880). After 1930, the United States --
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initially in the fields of genetics and astrophysics, and subsequently
in physics, computer technology, and most other specialties -- emerged
as the leading scientific nation of the world. The Soviet Union, with a
distinct bias toward the applied sciences and relatively few Nobel Prize
winners, has established leadership in weaponry and space technology
since the 1950s.

The taxonomy I presented also included a fifth stage that may be
considered the pathological stage of national scientific development:
Eclipse and Decline Phase. A nation reaching the stage of scientific
and/or technological maturity may or may not maintain its hard-won
gains. This is certainly true for numerous ancient civilizations which
had highly developed technologies, yet lost their role as world leaders
and their sovereignty as well. In modern times, the nations of Western
Europe are in relative decline compared to their historical "golden
eras." Even the United States is now facing hard questions relating to
the distribution of scarce resources for scientific research. Hard
choices are also necessary due to the increasing urgency and cost of
repairing and maintaining its aging, low-tech, public works, such as
bridges and highways.

Another pathology affecting American science is that it has
become oversized. 1In the decades following World War Two growth
was rapid. Measured in constant (1982) dollars, funding for
science from all sources rose from $19.7 billion in 1953 to $62.5
billion in 1966. During the Vietnam era it leveled off, with
funding remaining about constant from 1966 to 1977. Since then
funding has risen again, but at a slower rate than in the 1950s.29

Total funding is now at about $120 billion (1987 dollars).

14



According to Frank Press, President of the National Academy of
Sciences, the "dilemma of the golden age" of science in America
lies in the fact that a golden age of discovery and scientific
advance, with breakthroughs and worthy proposals in all fields, is
coming at a time of record budget deficits.30 Leon M. Lederman,
President-Elect of the AAAS, paints a gloomier picture. According
to him, science in America may be reaching "the end of the
[endless] frontier."3l with level federal funding, a growing
scientific community, increased costs of doing research, and non-
defense R & D as a percentage of gross domestic product lagging
far behind that of Japan and Germany, moral of U.S. scientists is
low. The report concludes that, "American science shows signs of
extreme stress."32 The health of the scientific enterprise in
America is at risk. The question remains -- if you agree with the
premise of the report -- was this potentially pathological
situation caused by the bloated, overindulgent scientific

lifestyle of American research and development?

Conclusion

Pathological science comes in many forms. For individuals working
at the limits of their instruments, it may begin as a spurious
result, mistake, or delusion, that, if pursued, may take on a life
of its own with serious consequences for the researcher: public
embarrassment, the end of a career, or even suicide. Close
associates in a research group may also experience a group

delusion if pet theories are not put to rigorous independent
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tests. The social context in which science is done also
undoubtedly contributes to the emergence of pathological science.
Priority disputes, career and funding pressures, and even the
current crisis in the peer review process can push a researcher to
premature publication or allow a substandard piece of work to get
through. As the case of Irving Langmuir's enthusiasm for weather
modification shows, not even Nobel Prize winners, especially if
they invade the professional territory of other scientists, are
immune to pathological behavior.

Other manifestations of pseudo-science, particularly cases of
hoax and outright fraud are more like diseases that attack the
scientific community where it is most vulnerable -- in the realm
of public perception of science. The case of Iben Browning a
self-taught seismologist who based his predictions of a major
earthquake in New Madrid. Missouri for December 3rd, 1990 on
planetary and lunar alignments is perhaps typical. There was
widespread public awareness of the prediction, especially in New
Madrid, a city that has remained basically quakeless for about two
centuries. Schools and businesses were closed that day; emergency
relief teams were on full alert status; the media had a field day
covering the event; songs, tee-shirts and paraphernalia were
produced commemorating the upcoming quake; many people chose to
leave town. Because of the publicity, a small number of people
became aware of the fact that the sun and the moon (but not the
planets) produce tidal effects on land similar to those produced
in the oceans. This has been known by geophysicists for many

years. Almost no one, however, bothered to note that the stresses
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associated with these tidal forces are not correlated with times
of seismic activity.33 so Mr. Browning playing the role of a
pseudo-scientist, appeared as a prophet of impending doom to
announce the very day of destruction -- well, perhaps next time.

Pathology also may infect a national scientific
establishment, as it did in Nazi Germany or Stalinist Russia.

Even in the best of situations, we have seen that scientific
prowess does not linger long with any one nation, as was the case
with Italy where much of the scientific revolution got its start.
Science in the United States of America is currently showing signs
of potentially pathological stress related to its extremely large
size and the impossibility of sustaining decade after decade of
net growth.

These pathologies of science, whether caused by
epistemological limits, moral turpitude, social pressures, or
economic realities are all part and parcel of the ongoing business
of science. Not only is nature reluctant to reveal its secrets
without a tremendous effort by investigators, but human nature and

the social structure conspire to make it more difficult as well.
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