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s On the night of February 24, 1987, Canadian astronomer Ian

Shelton was looking through the telescope at the Las Campanas
Observatory in Chile; what he saw became the scientific event of
the decade in the astronomical world. On that night, Shelton be-
came the first to see the star Sanduleak —69° 202 come to the
end of its cosmic tether in that most spectacular of celestial
fireworks displays, a supernova. According to current astro-
physical wisdom, such events occur when the hydrogen that
fuels the thermonuclear furnaces of stars a little bigger than our
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2 PARADIGMS LOST

sun runs out, allowing the contracting force of gravity to gain
the upper hand over the expanding forces of thermal radiation.
The star’s mass then collapses in on itself until the pressures
build to the point where the star literally blows its top, seatter-
ing most of its mass into the interstellar void, leaving behind a
small, rapidly spinning ball consisting solely of neutrons at an
incredibly high density. In fact, so dense is the material of such
a “neutron star” that one cubic inch of it would weigh more
than a billion tons, and a pinhead’s worth several million. Al-
though many supernovas have been seen in distant galaxies, the
importance of supernova 1987A was twofold: It was the first
time that astronomers had extensive observations of a star
before it beeame suicidal, and it happened in the Large Magel-
lanic Cloud, a galaxy “only” 170,000 light-years distant—essen-
tially next door on the astronomical scale of things. While
supernovas have been observed from Earth for centuries, going
back at least as far as the Chinese accounts of what is now the
Crab Nebula in a.p. 1054, observation of their neutron star resi-
due dates back only a few years and constitutes one of the major
seience stories of the 1960s. Since the discovery of these neutron
stars or, as they as more colloquially termed, pulsars (for “pul-
sating radio sources”) serves as an admirable case study of the
ways of science in the late twentieth eentury, let’s climb into a
time machine and go back to those exciting days to retrace the
steps leading to this momentous discovery.

The story begins in 1965 with the decision by Jocelyn Bell, a
young woman from Northern Ireland, to seek a doctorate at
Cambridge University in the then-new field of radioastronomy.
As Bell (now Jocelyn Bell Burnell) tells it, she had become fas-
cinated with astronomy as a young girl when her architect fa-
ther was hired to design the observatory in the small Irish town
of Armagh. Unfortunately, even then she saw that a necessary
condition for successful pursuit of the astronomer’s nocturnal
art is to have a night owl’s constitution, easily being able to in-
terchange the normal hours for sleeping and working. Despite
her passion for the stars, in the 1950s her constitutional need for
a good night’s sleep at the normal hours looked like a fatal ob-
stacle to any budding astronomical aspirations. But as luck
would have it, this was the time when Martin Ryle of Cambridge
was developing one of the first telescopes devoted to searching
the skies in the radio rather than visible light part of the electro-
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magnetic spectrum. Since the best time for “seeing” at these fre-
quencies is during the daylight hours, Cambridge was the place
for her, and off she went armed with an undergraduate degree
in physies to work for her Ph.D. in a group led by Anthony
Hewish.

One of the most sacred rules of academic institutions every-
where is that the graduate students perform the slave labor, the
Cambridge Institute of Theoretical Astronomy being a staunch
upholder of this venerable principle. Consequently, Bell spent
her first two years as a graduate student wielding a 20-pound
sledgehammer, helping to construct the radiotelescope that she
vs'rould later use to gather the material for her doctoral disserta-
tlon.‘Fo]lowing completion of the telescope in 1967, team leader
Hewish assigned Bell the thesis topic of measuring the angular
diameter of radio galaxies (quasars) from the way their signals
“twinkled”” when seen from Earth due to the solar wind of mate-
rial emitted from the Sun. Her job was to operate the telescope
singlehanded and analyze the output until she aceumulated
enough data for a respectable thesis. Sinee the telescope spewed
out 96 feet of three-track paper each day and covered the entire
sky in four days, Bell’s data analysis activity was hardly less
?nergy-intensive than building the telescope itself, involving as
it did eyeballing the teleseope record and separating the wheat
of true twinkling signals from the chaff of French television,
military radar, aircraft altimeters, and other Earth-based
sources of interference. The telescope was turned on in July
1967 and, not surprisingly, by October she was already 1,000
feet of chart paper behind. It was at this point that the fun,
both galactic and earthly, began.

In one of the 400 feet of chart readings produced with each
sean of the sky, Bell noticed that there was about half an inch of
what she termed “scruff’ that resisted classification. She saw*
that the scruff was neither twinkling or man-made interference,
and then recalled having seen similar patterns before on another
record from the same part of the sky. Furthermore, she noticed
that the mysterious signals seemed to be appearing periodieally
on sidereal time of twenty-three hours, fifty-six minutes, i.e., the
time needed for a given location on Earth to return to the same
position relative to the fixed stars (the sidereal day is four min-
utes shorter than the terrestrial day due to the Earth’s orbital
motion about the Sun).
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4 PARADIGMS LOST

At this juncture Bell discussed the signals with Hewish, and
they decided to look at them again on a faster recorder that
would allow them to pick out more detail. This recorder was oc-
cupied at the moment, so they had to wait until mid-November
to make the new reading. As so often happens in life, just when
you want a taxi (or a eop) there’s not one to be found anywhere;
astronomical anomalies are similar, and Bell had to wait several
weeks before she could reacquire the odd signal. Tmagine her
surprise when she finally found it again and discovered that it
was pulsating at the metronomic rate of almost ezactly 1%5 sec-
onds. She immediately phoned Hewish, who promptly dismissed
the signals as man-made in light of their extreme regularity.
However, an Earth-based source would keep terrestrial time, not
sidereal, casting a very dark shadow over Hewish’s offhand con-
clusion. But the fastest variable star then known had a period of
one third of a day, and it was difficult to conceive of what kind
of star would rotate in little more than a second.

The first attempt to reconcile these conflicting facts was to
conjecture that the observations were radar signals bouncing off
the Moon, or a satellite in an odd orbit. But such an explanation
didn’t wash, and since only astronomers and the stars keep side-
real time, Hewish thought that perhaps some other observatory
had a program under way that would account for the unusual
signals. His queries to other radioastronomers turned up no
such program. The next trial explanation was the LGM Hypoth-
esis, postulating that the signals were intelligent communica-
tions from “little green men.” As a test of this conjecture,

. Hewish calculated the Doppler shift of the pulses assuming that

the LGM would be on a planet, and that the planet’s orbital
movement around its star would create a clustering of the pulses
as the planet moved toward Earth and a spacing-out of the sig-
nals as it moved away. This explanation also came a cropper
when the only Doppler shift noted was that due to the Earth'’s
motion around our sun. At this point, theory gave way to an-
other observation, which definitively settled the matter.

Just before leaving for her Christmas holiday in December
1967, Bell was working late one night analyzing a record from a
different part of the sky. She noticed some more scruff that
looked remarkably similar to that of the LGM signal. As seren-
dipity would have it, the telescope was due to scan that part of
the sky again that very night, and she luckily got a strong read-
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ing showing an extremely regular train of pulses coming in at
the rate of about 14 seconds per pulse. Sinee another rule of
graduate student life is that you don’t telephone your professor
at 3 A.M. (at least you don’t if you value finishing your degree
program), Bell just dropped the recording on Hewish’s desk
with a note asking him to keep the recorder geing over the vaca-
tion period, and left for her holiday. Hewish himself then made
a recording in mid-January confirming the second source,
thereby removing the LGM hypothesis from further considera-
tion on the grounds that it was extremely unlikely that there
could be two groups of LGM trying to signal us on different
frequencies at the same time. So when Bell returned from her
Christmas break, she had two important problems to deal with:
(1) there was more than one pulsar, and (2) it was time to start
writing up a thesis describing- her original work on the angular
diameter of quasars (although it ultimately contained an appen-
dix deseribing the pulsar observations, too).

Forced into accepting that the sources of these pulses were
some sort of stellar phenomena, Hewish, Bell, and three others
from the Cambridge team coauthored the first paper on the sub-
ject, which was published in February 1968, and which vaecil-
lated between identifying the sources as neutron stars and as
white dwarfs, the kind of object our own sun will contract into a
few billion years from now. Six months later, the astrophysical
community accepted Thomas Gold’s interpretation that they
were neutron stars as being the only plausible explanation fit-
ting all the observations. This proposal followed up a theoretical
suggestion that Fritz Zwicky and Walter Baade made in 1934.
The general picture of how a neutron star acts to produce the
observations seen by Bell and Hewish is shown in Figure 1.1..
‘While the scientific excitement ended here, the story was still far
from over. F

In 1974 the Nobel Committee awarded its prize in physies for
the first time to astronomers, citing Martin Ryle and Anthony
Hewish for their “decisive work in the discovery of pulsars.”
Not a word was said about the actual discoverer of pulsars,
Jocelyn Bell! Shortly after the award ceremony in December,
another member of the Cambridge astronomical group, Fred
Hoyle, said in a speech in Montreal that Bell’s findings had been
kept secret for six months while her supervisors “were busily
pinching the discovery from the girl, or that was what it
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FIGURE 1.1 A pulsar in action

amounted to.”” Hewish admitted that he was ‘“angry’” over
Hoyle's allegation, calling it “untrue,” and noting that “Jocelyn
was a jolly good girl but she was just doing her job. . . . If she
hadn’t noticed it, it would have been negligent.”” He went on to
state that she had made the discovery using his telescope, under
his instructions, making a sky survey that he had initiated.
Other astronomers were less certain. The historical fact re-
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by not putting this story on film, showing an upset, slightly
bookish Jane Fonda or Meryl Streep look-alike publicly de-
nouncing & suave, but faintly sinister, James Mason—ish profes-
sor on the steps of the Stockholm City Hall for casting her and
her contribution aside in pursuit of personal fame and glory.
Unfortunately for Hollywood, real life as usual had quite a dif-
ferent ending in mind. In response to the various elaims and
counterclaims, Jocelyn Bell had the last word when she stated
that Hoyle “has overstated the case so as to be incorrect.” But
still, given the proclivity of the film industry for warping and
distorting reality in pursuit of art and entertainment, not to
mention hard cash, maybe there’s hope yet for realization of my
vision. In any ecase, the entire pulsar episode serves as a sterling
example of the bright side of the folkways, mores, and byways
of contemporary scientific life. For a look at the dark side, let’s
return to our time machine and go back a few more years to
examine another tempest in the astrophysical teapot.

In the writings of Plato and Herodotus we find the assertion
that the Sun now rises where it once set. How eould they make
such a bizarre claim? And why do so many eultures have legends
of global fioods, manna from heaven, darkness on the Earth, and
other such strange phenomena? In 1950 the Maemillan Publish-
ing Company put out the volume Worlds in Collision by a Rus-
sian-born psychoanalyst, Immanuel Velikovsky, who purported
to explain these and many other phenomena as the result of a
series of celestial cataclysms taking place during historical
times. This book so enraged the scientific community that Mae-
millan, under pressure of a boycott of its textbook division,
handed the best-selling project over to Doubleday and fired the
editor responsible for dealing with the manuseript. It’s instrue-
tive to examine Velikovsky’s claims and methods as an example
of the sort of thing that sends the scientific establishment into
apoplectic fits. '
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The gist of Velikovsky’s argument is that a large comet was
expelled from Jupiter sometime around the year 1500 .c. This
comet passed very close to us, with its tail touching the Earth
and causing a rain of petroleum, as well as darkening the sky
for several days with its dust and debris. In addition, the
Earth's rotation rate was slowed down by the comet, resulting in
earthquakes, hurricanes, tidal waves, and a variety of other dra-

l | mained that Bell was the first person who had recognized the
il pulsar signals, and in fact she and Hewish, presumed to have
' shared equally in the work by the exacting standards of the
I Franklin Institute’s awards committee, were jointly awarded
H the institute’s prestigious Michelson Medal in 1973 for the dis-
. covery.

' Perly:sonnlly, I’ve always felt that Hollywood missed a good bet
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" matic environmental shenanigans. Electrical discharges between

the Earth and the comet caused a reversal of the Earth’s mag-
netic field, the polar regions shifted, and the Earth’s axis of ro-
tation was altered, resulting in a change in the order of the
seasons. Furthermore, the Earth was pushed into a larger orbit,
lengthening the year to 360 days. :
Velikovaky correlates this first pass of the comet with the Ex-
odus of the Israelites from Egypt, claiming that the plagues of
blood, vermin, and hail noted in the Bible were the result of the
Earth’s contact with the comet’s tail. He also explains the part-
ing of the waters of the Red Sea as being due to the stopping of
the Earth’s rotation, and that the manna from heaven sustain-
ing the Israelites in the desert was composed of carbohydrates
from the comet. Worlds in Collision then asserts & second passage
of the comet fifty-two years later, this time interfering with the
Earth’s rotation just at the time when Joshua commanded the
Sun to stand still. And what does Velikovsky say about the iden-
tity of this celestial molester? He claims that the comet is now
what we call the planet Venus! But the story doesn’t end there.
In Velikovsky’s scenario there was another close cometary en-
counter around the year 800 s.c., this time with the planet Mars.
This near collision knocked Mars out of its orbit, bringing it

~ close to the Earth on at least three occasions. These near misses

shifted the Earth’s orbit even further away from the Sun,
bringing about the current year of 3654 days. At this point, all
three planets settled into their current positions, thus folding up
the tent on Velikovsky'’s celestial circus.

One might well inquire as to what kinds of arguments and
methods Velikovsky employed to explain these catastrophic go-
ings-on. Fundamentally, Worlds in Collision is based upon an-
cient manuseripts, legends, and traditions. In a later volume,
Earth in Upheaval, he cites evidence such as the existence of coal
beds in Antaretica, rock formations with reversed magnetic po-
larity, fossil beds containing animals from both desert and for-
est, as well as other geological and paleontological facts. The
cometary origin of Venus also gave rise to Velikovsky’s specula-
tions that Venus was hot and that the material for the comet
had originally been expelled from Jupiter, leaving behind what
we now know as the giant Red Spot.

It probably goes without saying that mainline astronomers,
geologists, astrophysicists, and paleontologists speak with one
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loud voice in their condemnation of both Velikovsky’s methods
s.fld his conclusions. While his work represents an imposing
piece of sustained scholarship, there are just too many inconsis-
tencies in far too muech of his historical, archaeological, astro- -
fmmieal, and physical data to take the arguments seriously. For
instance, while it did turn out that Venus was scorchingly hot,
Jjust as Velikovsky had predieted, this is almost certainly due to
an atm?sPheric “‘greenhouse effect”” and not to any kind of come-
tary origin. Furthermore, the atmosphere of Venus is almost to-
tally devoid of the hydrocarbons that Velikovsky elaimed would
be found as its main constituents. Moreover, the surface of
Venus appears to be over 1 billion years old, instead of just a
few thousand years as predicted by Velikovsky. For these rea-
sons and many more, Velikovsky’s vision of the solar gystem has
now been relegated to that corner of the scientific attic where sit
ancient astronauts, the Piltdown man, phrenologists, astrolo-
gers, and all the other playmates of the pseudosecientist.

Despite the truly devastating holes in his theory, Velikovsky
d.ied in November 1979 convinced that he had been the vietor in
his war against the Brahmins of seience. And, in faet, his ideas
live on to this day in some cireles. In our quest here to uncover
the essence of what constitutes “seientific’” knowledge, it’s worth
taking a moment to examine the pulsar and Worlds in Collision

theories as antipodes of the spectrum of what is commonly
termed scientific research.

At first glance, there appear to be a number of similarities
betv:veen the work of Bell and Hewish on pulsars and that of
Velikovsky: unexplained astronomieal phenomena, conjectures
and refutations of various theoretical explanations, a physically

. unobservable explanation interpreted to fit the observations—

even a public controversy over some sociological aspeets of the
way the world of science goes about distributing its aceolades.
With these points of contact, why is it that the seientific commu-
nity chose to reward Hewish with its highest honor, the Nobel
_I-‘rize, while at the same time vilifying Velikovsky and dismiss-
ing him as what could charitably be termed a misguided erank?
Just what was it ezactly about the pulsar work that made it the
height of respectability and was so obviously lacking in the ef-
forts of Velikovsky?

The long and proper answer to the question will occupy us for
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much of the remainder of this chapter; the short answer is that,
by common consensus in the scientific community, certain stan-
dards have been set for what constitutes acceptable evidence and
methods; with the pulsar work adhering to them while Veli-
kovsky’s did not. The central point for us in this volume is the
degree to which those commonly accepted standards generate
real rather than virtual knowledge of the universe ¢x ifself Put
another way, do the methods and standards of science produce a
* brand of knowledge that is somehow more certain or of higher
intrinsic pedigree than the methods and standards of other seek-
ers after truth like Velikovsky? The first step toward a resolu-
tion of this overarching question is to address a different
question: Just what does constitute the practice of “science’ as
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saying that I was an unemployed tennis eoach, at which point
my Social Interaction Index shot up like a Minuteman missile.
But the sad conclusion to be reached from this very statistically
insignificant sample is that there is a wide variety of gross mis-
conceptions and nontrivial misunderstandings floating around,
even among the educated public, as to the nature of both seien-
tists and the ways in which they spend their days (and nights!).
Trying to distill the essence out of the aforementioned encoun-
ters, I eventually came to the surprising realization that the
term science seems to be used interchangeably in general conver-
sation in at least three quite distinet and inequivalent ways:

. ; set of facts and a set of theories that explain the
acts

that term is commonly used in today’s world? . .
Science = {+ a particular approach, the scientific method

» whatever’s being done by institutions carrying on
“seientific” activity

DID YOU SAY SCIENCE?

:As 2 general rule, the nonscientifie publie usually opts for the
third interpretation, occasionally the first, but virtually never I
the second—just the opposite ordering from that given by the '

ientif. o % ,
fooble effort to ~mix. " Generally at these times, 1ife conspired to sclentific community itself. It’s no wonder C. P. Snow could de-

A : 4 : X 5 velop a lengthy essay on the “two cultures.”
place me next to some slightly frenetic, upwardly mobile yuppie b The fundamental misunderstanding on the public’s part of

type suffering from an overdose of adolescent enthusiasm for i what & Gy T T . .
drinking deeply from the brackish waters of life, not to mention ' subsi ;& nri ﬂﬁ;;&eﬁf& u:i;l:ltigg‘;?sﬁi :: :n?datji':r:y of
. our host’s bar. Inevitably such encounters began with the ques- scientists go about their business ofi ing to achieve them v;;{

— tion “What do you do?” Resisting the temptation to reply, “Ah oy : /
F J ? me list the more important popular ns:
yes, the eternal question,” or give some other equally sophomorie ¢ Just & few of % po £ pop fictions:

o response, in the early going I used to answer honestly that ‘“I'm
a mathematician.”” The reactions to this bit of ill-advised candor
2 fell into one of two categories: a petulant pout followed by the
; ~2d 1~ ' curious compliment that “I was always terrible in math,” or
i il what was even worse, a bright smile and the remark “Oh, you’d
love my uncle. He’s an accountant.”” Being a slow learner, I
needed some time to realize that such frank confessions of pro-

! Back in the days when I still attended cocktail parties, the most
' awkward situations always arose at those odd moments when the
music stopped and social convention dictated that I make some
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* The primary goal of science is the accumulation of facts. Unfortu-
natel-y, the mere cataloguing of data is not enough; we also
require some overall organizing prineiples and a relationship
between these principles and the data. Actually, for scientistse
the more reliable a fact is, the more trivial and unimportant it
becomes. For instance, the atomic weight of carbon ean confi-
dently be given as 12.011 atomic units. Yet this fact is basi-
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el fessional perversion were not the road to success on the cocktail- cally just a curiosity until it’s correlated with similar facts
- venyl and-corn-chip circuit. So I began experimenting with other, less about the other chemical elements, using the laws and theories
7o ;S (il esoteric replies: “I’'m an electrical engineer, a chemist, an of chemistry and physies.
/i ‘ci‘ il agronomist [“What’s thatf”], a scientist.” The results could * Science distorts reality and can’t do justice to the fullness of human
T ae. “‘s hardly have been worse if I'd claimed to have been a psychia- ezperience. Every human undertaking must somehow pick and
Ry L trist, an undertaker, or, heaven forbid, some back-slapping choose as to what aspeets of reality to omit in order to probe
z <4 politico type. Finally, I hit upon the winning solution of just other aspects of the world. In this regard science is no differ-
e g
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ent from religion, art, literature, mygticiam,. or any of its
other eompetitors in the reality—gensl:atzon t.msmesa. ' .

o Scientific knowledge is truth. Science 18 not_m the business o
providing ultimate explanations. Every smen_hﬁc law or the-
ory is subject to modification; there are no universal, absolute,

changeable “truths” in science. )

. ;?ism is concerned primarily with solving pmtical. and social prob-
lems. 1 can’t think of a single statement about science tha:t coul-d
be further from the actual case. For most scleni':zs.ts, seience is
a game played for understanding, not for i_:vbtmf:mg praehcs}l
information about how to build a better rad.l?, mix more nutri-
tious dog food or iron out the wrinkles of mlfldle-age(% dm_wag—
ers. In fact, this “science = technology” mlsperceptmn is 8o
pervasive that it merits a few additional words all its own.

Some time back, I had the enervating experience ?f wor'kmg
for a man who suffered from the delusion that dol.'ng science
meant finding answers to practical problems posed by industrial-
ists, government policymakers, and other dmem, schemers,
and so-called men of affairs. One convers-at:on that I ruefu}ly
recall involved my temerarious elaim that if you fot_-.us attention
on finding well-defined answers, then you’_re not d?mg research,
at least not scientific research. Research mvolyas ideas, not an-
swers. In my view, what counted was developing ?, deep unt.ier-
standing of the question itself; whatever “answ.rera .there might
be would then follow as corollaries of this insight m};o the real
nature of the question. A solution itself is not the ultzmate goal;
what’s important is understanding why an answer is possible at
all, and why it takes the form that it does. The point I was mak;
ing was that technological advancement and the acquisition o
scientific knowledge have only the feeblest polflta of contact with
each other. Technology is primarily engineerm_g, and new tech-
nologies come more from fighting with physical reality than
from scientific theories. Besides, it’s not elear that new technolo-
gies give us & better understanding of nature anyway, e.g., mod-
ern medicine vis-3-vis Chinese acupuneture.

The moral of the foregoing little tale is that even many people
who practice under the rubrie of what in th‘f ve::naeular is called
a scientist hold to a view of science and scientific _work that at
best falls into the third category noted earlier, which :ve mlg!:lt
compactly describe as ““the General Electric _Sync'quma. _Th{zt 1§E
if GE is doing it, it must be science. Well if GE is doing it, i

T e
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probably isn’t science, at least not the kind of science that most
members of the global scientific community would recognize. Tt
may be high-grade technology or world-class engineering or even
pathbreaking developmental research, but definitely not science.
I hasten to point out here that this observation is in no way
intended to minimize the truly outstanding and genuine scien-
tific work that s carried out at places like GE, IBM, Bell Labs,
Exxon, and so on. But it’s not the real science going on in these
corporate research labs that members of the publi¢ have in mind
when they think of, say, IBM. What comes to mind is comput-
ers, typewriters, and all the other office paraphernalia that car-
ries the IBM logo and that people use in their day-to-day affairs.
The development of these gadgets is the main business of such
an institution, and that development is definitely not science; it’s
technology. Now let’s get back on course and examine just what
it is that does constitute science as it’s seen by the scientists
themselves.

Paradoxically, scientists usually think of science as one area
of life in which ideologies play no role. Nevertheless, there is a
collection of beliefs and ideals about the practice of science that
the scientific community elings to with such universal tenacity
that it’s difficult to describe it as anything other than an ideol- .
ogy—the ideology of science. The scientific ideology is a mixture
of logical, historical, and sociological ideals about how secience
should operate in a Panglossian world, and rests upon the fol-
lowing pillars:

* The logical structure of science: This pillar represents what
many of us learn in our early schooling about the procedures
followed in science. Here we find the sequence:

Observations/Facts
1
Hypothesis
1
Experimient
1
Laws
1
Theory

To many, this diagram represents the essence of what we think
of as the scientific method. Observations give rise to conjectures
and hypotheses, which in turn are checked out by performing
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experiments. If the experiments don’t confirm the hypothesis,
then new hypotheses are formed, just as in the pulsar work de-
seribed earlier. Those hypotheses that survive are encapsulated
into empirical relationships, or laws, which in turn are embed-
ded in larger explanatory theories. It is this sequence of steps
that’s been the focus of most of the philosophical analyses of the
process of science, as we shall discuss in detail later. However, to
the practicing scientist there is much more to the scientific enter-
prise than mere philosophy.
o Verifiability of claims: Science is a public undertaking with
many filters that a claim must pass through before it’s ac-
" cepted as part of the current conventional wisdom. Two of the
most important are the refereeing process for scientific arti-
cles and the repeatability of experimental results. Before a
reputable scientific journal will publish a research announce-
ment, it’s sent out for review to other workers in the field, not
only as insurance that the results are correct, but also to sub-
stantiate their significance within the framework of current
knowledge in the area. In a similar manner, published work is
supposed to report all the details of the investigator’s experi-
mental setup so that any interested party ecan, in prineiple,
repeat the experiment and try to replicate the reported results.
Thus, in the utopian world where the scientific ideology reigns,
refereeing and repeatability keep the scientific process (and
the scientist) honest.
Peer review: The modern scientist is in much the same situa-
tion as the artisan of the Renaissance, at least when it comes
to needing a patron to finance pursuit of the muse. The only
difference is that nowadays everyone has the same patron—the
federal government. As a result, most funds are allocated by
federal agencies, making liberal use of the so-called peer re-
view process. This involves committees of experts from tlie
various fields getting together and recommending to the fund-
ing agencies those projects and those scholars whose work they
feel merits support. Aceording to the ideology, this process en-
sures that money is channeled to those ideas, institutions, and
individuals showing the clearest evidence of being able to do
something productive with it.

Given the highly egalitarian, logical, meritocratic nature of
the scientific ideology, it comes as no surprise that many scien-
tists aceept it as at least a very close approximation to the way
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science really is. I'll defer detailed consideration of this point to
a later section. At the moment let me just remark that a neutral
skeptic would almost certainly raise an eyebrow or two over the
r_ather obvious fact that the conventional ideology focuses en-
tirely upon the process of science, leaving aside all considerations
of the _mohve:s and needs of the seientists themselves. The degree
to ) which this omission casts a cloud over the rosy picture
painted above will oceupy our attention throughout the hook.
For now, 1e.t’s stick to the scheme above and turn the spotlight
on the eogm.tive structure of science, in an attempt to get back
to' the questions of just what kind of knowledge the process of
science is able to offer us about the nature of the world as it is,

and whether that kind of knowledge is i i
any other kind, g€ 18 In some way ﬁnwnor to

THE NATURAL PHILOSOPHER'’S STOi'TES

The issue before the house for the next coupl e
i g e of .
sideration of the dual questions: ple of seetions is con

Do scientific theories in any sense tell
oy y e us about the way the

- Does science have anything lik ting
g like a method f
evaluating theories? oreres and/or

Since all theories must necessarily be expressed in some kind of
language_ (natural, symbolic, mathematical), the first question
takes us into t.;he province of the philosophy of language as a tool
fo.r representing reality. The second question deals more with
science per se, foreing us to confront the natural query ‘“What’s
S0 spec}al :?bout science?”” In other words, why should we believe
that seientific knowledge is any more correct or reliable than any *
o_ther sort? So our short-term objectives are to explore the ques-
tion marks in the following diagram: :

Scientific theory . Objective reality
T

Scientific methods

To address these tv;vo foundational question marks, it will be nec-
essary for us to dip briefly into the work of several twentieth- -
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i hers of language and science. But before delv-
ﬁ;ﬁ fht:lf;:al.)s of these thinkers, let’s first go bﬁck a c?;ple ui
millennia and fix our attention on some of the pivotal i t::e.s oe
the ancient Greeks that ultimately led to the confused s w

ves in today. )
ﬂnfnom:uise;:tsm]l amrl’r testament, Arist?tla offers t!w iu_ll!:wm%
logical sequence of steps—i.e., an algonifhm—for dlspcf;smon t]c::e
his estate. Until his chosen son-in-law, Nicanor, came o 1z«.g‘e,ﬂje .
' estate was to be managed by three executors. If _Nmano:'ﬂ s
prior to the time when Aristotle’s daughter, Pythias, wol -
old enough to marry him, then The(tphrastqs was to. :{tlep in ﬁ.llll ;
§11 Nicanor’s designated role. But if Pythlg.s 1:111:1'1 som‘:o. g
else who, in the opinion of the executo?s,.dmn t d.lsgtll']ace ris-
totle’s name, then she was given permission to use hedfa.mlt heh;-
aneestral home at Stagira, which was then to be furm. S ei lo e
satisfaction by the executors. Evgar.l after death, Aristotle e:the
no stone unturned and no possibility 'un.aceounted forf-;i:shave
kind of detailed, step-by-step prescription that we mig b i
expected from the man who invented the idea of formal logie
dzi‘u::'wiﬁstoﬂe, the procedure for uncovering the t;uth ‘of
things was to postulate premises, then use the now- am1ha.r1. e
rules of logical deduction to derive the consequences Imp 1c;3i 2
the premises. The classieal exa:mple of thxs.procedure, Wi
we're all familiar with from Philosophy 101, is:

Premise I: AIl men are mortal.
Premise I1: Scierates is a man.

Conclusion: Soerates is mortal.

Note that nothing is said here about the actual truth or bial;iy:
of the premises. Maybe some men are nolf mortal or may e
rates is really a woman or a hermnphrodlte or vir_}m.towe:'l.1 d‘ythe
cal reality and truth play no role in the deductive maf ]r_i i

premises are assumed to be true, with the conclusion following
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it may seem. According to the famous mythologist Joseph Camp-
bell, myths serve several funetions: ‘

* Metaphysical: Myths awaken and maintain an ‘‘experience of
awe, humility and respect” in recognition of the ultimate mys-
teries of life and the universe. '

* Cosmological: Myths provide an image of the universe and ex-
planations for how it works.

* Social: Myths validate and help maintain an established social
order. '

* Psychological: Myths support the “centering and harmoniza-
tion of the individual.”

Myths need be neither true nor false, just useful fictions; how-
ever, they are not the kind of fiction that has entertainment
value alone, and makes no pretensions to truth. Religion, as we
shall see later, goes one step further than the useful fiction of a
myth by making assertions about what is indeed the case. It is at
this point that the age-old conflict between science and religion
starts to take off.

To illustrate the use of myths, imagine a band of prehistorie
hunters who have spent several days stalking a herd of mam-
moths. Just at the moment of truth when they’ve laid their am-
‘bush and are about to attack, a thunderbolt from the sky eomes
flashing down, secattering the herd and undoeing all the hunters’
carefully laid plans. Somehow it’s comforting at such times for
the hunters to have a belief system that provides some explana-
tion for what would otherwise seem a capricious whim of the
cosmos. A myth provides such a system of beliefs by offering a
scheme by which to order and explain the thunderbolt. Perhaps
the gods were angry because they had not been properly hon-
ored, or maybe the spirits of dead mammoths from the past
warned their living brethren, or it might have been that the
hunters hadn’t approached from the right direction. Whatever,
the important point is that the myth serves as a schemata
whereby the events of daily life can be given an interpretation in
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“-'_q ; tiom terms of mysterious forces and beings whose powers transcend
st f from.thlstoﬂss‘{n"zgﬂe tilﬁ traditional means for strueturing expe- lowly human concerns. Aristotle began the process of replacing
i Prior to Aris deriving from the Greek mythos, myth with what has now come to be termed science.

s rience was the myth, a term deriving itive statement Th ite side of the reality coin £ thos is logos, th
Phieet R ine “word.” in the sense that it is the definitive sta‘ en e opposite side of the reality coin from mythos is logos, the
: jj meirlllmg bvfro ) rA myth presents itself as an authoritative ac- Greek term for an account whose truth can be demonstrated and
'I" - % | I on e su ]e‘,‘. v, : * A i . . N - A

’ ? j ' : count of the facts that is not to be questioned, however strange de_bated It is this kind of truth that Aristotle was trying to
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asp when he developed logos into “logie” by use o.f the process
g dfduction. One of the main uses of myths as outlined above is
to provide an explanation of how real-world events work. In ev-
eryday speech, an “explanation” is usually taken to be tlge ;n-
swer to a question that begins “Why%” Such answers inevitably
begin with “Because,” and the question and answer together
constitute what we generally call a statement of cause and effect.
Thus, “Why is the sky blue$”” is answered wgth “Because the air
molecules absorb all frequencies of visible light except thos_e in
the blue part of the spectrum.” And “Why does water boil at
100°C (at sea level)?” is answered by “Because af: that tempera-
ture the thermal motion of the water molecules is able to over-
come the external atmospheric pressura”—eatuse. and_ eﬁecj;,
stimulus-response. The method of logical deduction is Aristotle’s
theoretical, or some might say mathematical, counterpart to the
explanation of physical happenings by cause ?.nd effect. )
TIn his Physics, Aristotle attempted to combine the purely logi-
cal method of deduction with his ideas about the nature of phys-
ieal reality in order to draw conclusions about the way the world
really works. In Aristotle’s view physica%l _mattar was composed
of three things: qualities, form, and spirit. He felt that there
was only one kind of matter, which could take many forms, the
fundamental forms being air, earth, fire, and water. Because
these four fundamental forms were not elements in any sense In
which we might understand that term, they could be t:rans—
formed into each other. To illustrate, this scheme gave rise !io
what today we might term Aristotle’s version of the .hydrologlc
eyele: The Sun’s heat changes water into air; ].mat rises, so the
heat in this air pulls the rest of it up to the skies; the heat then
leaves the vapor, which becomes progressivgly more watery
again, and this process results in cloud formation. There ensues
a positive feedback effect in which the more watery the cloud,
the more the water drives away its opposite, the heat. Thus, the
cloud gets colder and contracts. The contraction 1':hen restara’s
true wateriness to the water, which falls as rain or, if the cloud’s
heat has now fallen below the freezing point, hail OT STOW. So we
see here the relentless chain of eause and efEe(Et being employed
to “explain” the observed behavior of water, air, !wat, rain, and
snow. What's amazing about the whole setup is EIOW all the
wrong reasons somehow combine to produce something remark-
ably eclose to the way things really do work!
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For almost two thousand years Aristotelian logic and physies
served as the ‘““seience’” of the time, explaining various aspects
of nature, body, and mind by logical consequences of assump-
tions of the foregoing type about the nature of matter. Oddly
enough, despite Aristotle’s main oeccupation as an observational
biologist, the biggest flaw in his entire world pieture was that he
advocated no experiments or even use of observations to serve as

a check on the validity of his underlying premises. Basically, his '
was an epistemology in which one inferred specific instances

(conclusions) from general observations (premises). It was not
until the work of Francis Bacon in the seventeenth eentury that
someone had the courage to challenge the authority of Aristotle
and suggest turning the situation around, i.e., trying to infer
general instances from specific observations.

Bacon’s argument was that if one wants to come to grips with

the way the world really is, it’s necessary to begin the investiga-
tion with the facts of life rather than prejudices about what
those facts might be. Thus followed the principle of induction,
whereby conclusions about future events are drawn on the basis
of repeated past observations. Such an approach is just what we
might come to expect from a man who was not only a philoso-
pher, but also a lawyer who rose to the post of lord echaneellor of

England before being dismissed for taking a bribe (an indica- .

tion, perhaps, that the current dubious ethical state of the legal,
financial, and political professions are not late-twentieth-century
aberrations, after all). In Bacon’s view of things, if we observe
the Sun rising in the east for fifty consecutive days, then we can
predict that it will rise in the east on day 51. And the longer we
observe such regular behavior, the more confidently we can
speak about its continuation. In a nutshell, this is the method of

_ induction—lots of individual observations eventually resulting

in the inductive leap to a general eonclusion.

On the one hand, it’s satisfying to have a method that takes
into aceount what Nature is actually doing; on the other hand,
why should such a procedure provide reliable information about
the way things work? On what grounds can I be certain that
every time I put water into my ice-cube trays and leave them in
the freezer for a few hours I'll soon have ice for my scotch on
the rocks? Just because it’s always happened this way before,
does that give me any assurance that today’s drink will have the
customary satisfying “‘clink’’%# The short answer is that there’s
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absolutely no justification at all for my concluding that (Il’]l s:::
be enjoying a seotch on the rocks and not 2 saf)tch and wa ké
This is the Problem of Induetion: Why should induction wor
Why is it a reliable guide to the future?

" To illustrate the Problem of Induction, eonsider the following
exchange: )
Ip me. My husban
woMAN: Professor, professor. Y?u gmst help ; I _
. uses an induetive argument to justify the use of induective ar

uments. )
PRgOFESSOR Hume: That’s terrible. How long has he acted this
way? .
wOMAN: As long as I can remember. .
HUME: Then why didn’t you see me sooner -
woMAN: T would have, but we needed (the conclusions of) the
induective arguments.
HUME: I’'m afraid I need them too.

Philosophers beginning with Hume have gral-apled. with this
problem, and I'll consider some of their conclusions in the next
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Newton added the idea of the description of nature in mathe-
matical terms—the keystone in the arch of scientific knowledge
whose foundations were laid by Aristotle. More than his remark-
able experimental results in opties, mechanies, and chemistry,
Newton’s legacy as writ large in his Principia is the idea of what
we would today call the matkematical model. Newton showed not
only how to ‘“‘encode” Bacon and Galileo’s world of observation
into mathematical form, but also invented the method (ealeulus)
for using the mathematical machinery to grind out theorems
that could be “decoded” into new implied statements about Na-
ture. The essence of this procedure is depicted in Figure 1.2,
where the physical system to be modeled (e.g., the solar system,
an electrieal eircuit, or whatever) is on the left, while the formal
mathematical system that represents it appears on the right.
Also on the left is our earlier notion of causality, represented as
a property of the physieal system in which eertain parts of the
system exert influences ‘““causing” things to happen elsewhere in
the system. The term implication is used on the right to represent
either the process of Aristotelian deduction or that of Baconian
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; : I ? R logically correct. These statements are usnally ecalled theorems
e RN repair the difficulties in mmﬂ;‘iby: introducing actual observa and follow from axioms and the above logical rules of inference.
gl il " tions into the creation of a world view. ; . The set of implications is the logical counterpart of the physical
e TR Y Galileo and Newton are the last two supporting actors in our TP Py

causality noted on the left side of the diagram. These implied
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el seientific “truth.” Galileo was a contemporary °£_ Franeis about the way the material system really ss.
° -~ .{1 il B d alth h there a ars to be no record of direct con- i : 5 A . . _
. acon, and althoug! Appe - e With the ideas of deduction, induetion, observation, and ex
! _ 3 i taet between the two, there is a clear connection between B periment welded together by the symbolic formalism of mathe-
2% ~%. T of Nature as the arbiter of what’s what as ?.dv?cated by 'aconé : maties, the stage is now set for a brief account of the alphabet
z %‘ il ] = and Galileo’s refinement of the idea t.’}' mst_ltutmg ;'fhe notl;oneoa |[ by which modern secience tries to inseribe the secrets of nature.
| g a controlled ezpeﬁmeut.eIr}tl :ﬁcr:én?);h::;)r;::dy:lafnus{t:;ns;uct ‘ The x.nain letters in this,alphabet are facts/observations, laws,
i ;j- i o theory al?out hqw thriﬂ hlli&11 the variables except the ome you're } theories, and.mol(:els. Let’s tt;:ke a look at_ what each of these econ-,
» : v?-; : | | o ;ant :g:er;miin:mlz;tr‘; llable. Then, by fixing the saiticlial vl | cepts means in the context of modern seience.
1 in . y DY | :
2t =l EJJ ables, you can measure the variable of interest, thereb{' c?eeﬁ::i rg- | In Dickens’s tale Hard Times, the schoolmaster Thomas Grad-
fil” . | e your theoretical hypothesis against the supreme court ?1 tg w | grind opens the story with the statement “Now, what I want is,
J'J 3 “C (IR Ll vation. Thus follows the oft—re-counted legf_md (for_ Whl: of ‘f:: o Facts. Teach these boys and girls nothing but Facts. Facts alone
i .: ol not a shred of documentary evidence) of his e;penme;lPisa a.lll}d : are wanted in life. Plant nothing else, and root out everything
ST ping two different weights from the Leaning Ccibyin 7 of else. You ean only form the minds of reasoning animals upon
" ! l i ’, measuring their respective rates of fall as a “laboratory te};sst ° Facts: nothing else will ever be of any service to them. . . . Stick
A _i il 1 the hypothesis that objeet:'.' fallfa:h a _un;f:;m rate in the absence to Facts, Sir” While Gradgrind is hardly a role model of the
o NI IE of air resistance, irrespective of their :
i ;: 1 ;
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FIGURE 1.2 Newton’s scheme for mathematical modeling

kindly, scholarly schoolmaster, hls v*'{ew forms- t]l't:,' starting 11:101;:
of what many think of as constituting ‘reality”’: the ‘;;1; .
can see, touch, smell, and hear; the wor:'ld of Facts: Bll..t : coz:::.t
monsense view is only the starting point for a scleni_nﬁc }nvi:sw:i
gation of Nature’s scheme of things. As noted esrhert}llso o
facts are useless curiosities until they are put toge ;r v:’l :
other facts into some kind of pattern. This requires the develop
of laws. .
me;:ppose we do the following ex_periment: Take a long cjlr'ln:iif;
with a movable piston and fill it with gas (e.g., one of the eylin o
in the motor of your car). Imagine now that we move the piston
various positions, and for each position measure tlya dprea;‘l;?
that the enclosed gas exerts upon .the walls of the eylinder. -
ther, suppose that after performing many -such -J:rua,‘as1.1113:11(:l b,
we note that whenever the volume of the eylinder is decr;aseti z:
a certain fraction, the pressure increases by th_e sa.meb r?ct ti0 ;
similarly, if we increase the volume by a fraction 4 {h e uge
the piston rise, we find that the pressure decreases by . t;? san;f
amount A . By an induective argument, afbe}' many repe ﬂ;mg :
this experiment we would eventually conjecture (hypo Zsﬁa
that there is a direct relationship betm?en the pressuradan =
volume of the gas in the cylinder. §pec1ﬂcally, we w_m:]lal ];;;othe
bly assert that the pressure P is mve}:sely ?rogortm o
volume V. And if we were mathematieally inclined, We Wo i
compactly write this relationship as PV = k., where k is adc:h -
stant determined by the nature of t!xe partolcula.r gas an =
units of measurement being used. This relationship is an t:x )
ple of what is called an empirical low. The law enables us fsutllllle
marize a large number of individual facts (the results o
individual experiments) in one general statement.

” ——“
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The charaeteristic properties of laws of the foregoing type are
that they:

1. are about kinds of events (experiments involving the pres-
sures and volumes of gases in eylinders), not about any sin-
gular event (a particular experiment with a particular
cylinder using a particular gas);

2. show a functional relationship between two or more kinds of
events;

3. are supported by a large amount of ezpersmental data contain-
ing little or no disconfirming evidence;

4. are applicable to different events (other types of gases and/or
eylinders).

It’s important to observe here that there are many different
types of laws, not all of which are scientific. The reader might
like to try to distinguish among the following in regard to their
seientific character: parking regulations, the Ten Command-
ments, the Law of Conservation of Energy, the Law of the Ex-
cluded Middle.

Useful as it is, the above pressure-volume relationship
(Boyle’s Law) still doesn’t tell us whky an increase in pressure is
linked with a decrease in volume. For this we need a theory of
gases. An explanation for Boyle’s Law can be obtained only if
we invoke the atomic nature of the gas, and think of it as being
corposed of a large number of little “billiard balls” randomly
moving about, oceasionally colliding with each other and with
the walls of the cylinder. Newtonian mechanics describes the mo-
tion of each such ball, and by combining their individual mo-
tions we can in principle calculate the pressure on the container

. walls by determining how many balls are colliding with the walls

at each instant, and the strength of each such collision. With
this picture in mind, it’s easy to see why when the volume of the
cylinder is halved, the pressure doubles. Sinee the eylinder’s sur-
face area has been cut in half, the likelihood that a randomly
moving ball will eollide with the wall doubles. Newton’s laws of
mechanical motion in the context of this gas situation form the
basis for what is termed the Kinetic Theory of Gases, a frame-
work that enables us to ezplain Boyle’s Law.

The characteristic feature of a theory is that it offers a means
of relating the laws describing a class of events to a framework
and a set of prineiples deseribed in terms differing from those
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used for the laws. Thus, the Kinetic Theory of Gases doesn’t Theory of Kinetic Theory
make use of the idea of pressure or volume at all, but only the bg'a'lalrd S / M.V
7 notion of a particle, together with its associated mass and veloe- s S VpfEec) ]
~ 25" hEI ity. We obtain an explanation of Boyle’s Law by deriving the _y MODEL rules of
el | law from the prineiples (Newton’s laws of motion). -7 iy = correspondence
o [ _ The idea of the gas molecules as little billiard balls flying T ey e g
> il about inside the eylinder also illustrates the notion of a model of on billiard T observations
Al ¢ a physieal situation or, more precisely, a physical model as eon- balls gt gmad
ol il trasted with a formal, or mathematical, model. No one takes seri- I_ postulated _] , V, etc.)
s e ously the idea that the gas molecules really are hard little analogy
it "~ inelastic spheres, but this turns out to be a very useful picture
el if |11 upon whieh to let common sense feed in order to generate intui- I— analogy (if any)
Qi tions about how the physical system will act under various between observations
gt i circumstances. The same technique is employed in other types FIGURE 1.3 Observati ;
soviead || || of physieal models, as, for instance, in theI:me of scale models of . " mum’. laws, theorics, and models
< cars and aircraft in wind tunnels to test for various sorts of i ive of this position is the
s [l aerodynamie properties. In these gituations, many aspects of the | cently in a small universityozil::::ll-l;nzita:ftmilw 1.)011 take_m i
e I real car or plane are neglected so that attention can be paid | of eleven faculty members, ten of whom Il)a‘ySlcs S
I i~ solely to the aerodynamic properties. Similarly, in the gas exam- i they were describing with ﬂ,leil' symbols andc 1me<.l 5 o Ehist
M ple many real properties of the gas, like its reaetivity, color, l Jective reality. As one of them remarked “Sqﬂlllatlo.ns gasvobs
it temperature, and so forth, are neglected to study its pressure- - ;_he use?”’ ’ erwise, what’s
i | i volume relationship. Facts, laws, models, and theories—such are | * Instrumentalism: This school cli . )
o it the tools that the scientist uses to prospeet for the gold of reality } are neither true nor false, bluihllllag:e ?Lﬁiaﬁl;efnﬁhatfﬂ}eones
o e in the mountainous doings of Nature. Figure 1.3 depicts the ! ments or caleulating devices for predietin, the: ylf(,)s 1;18151'11-
" "'g fi interconnections between these landmarks on the terrain of ._ Su}'ements. Basically, this amounts to thegbeliefetsllllat t?l mzf :
e (il science. ! Fhm@ that are genuinely real are the results of obs et'o v
i1s .3 il Depending upon your inclination, there are several different f ie., Gradgrindian Facts. A typical statement al ttiera 1ons,
padpds. (IR G philosophical positions that ean be taken as to whether the nug- ; comes from the engineer Rudolf Kalman, wh s e
o 3Ea U W gets of reality that turn up in the scientist’s prospecting pan are l context of mathematical model bui]dj_ng., ‘T;rr?n:;rks in the
AP} faw) fool’s gold or the mother lode. In the philosopher’s game, each of [ a§sumpﬁ0ns unrelated to data, indepen(ient ofef;;t:fe] mmeans
4 *‘3 i 1 these positions is associated with a particular philosophieal | - tions which cannot be (or simply are not) checked i assump-
F 1«. S e point of view, or “-ism,” the most important for our purposes data.” In light of the engineer’s hunger for an soii-g:imstﬂtll;e
2 3 by <2 being: ;7;:21:1?,” Psl'ilalzs sllllzh an extreme position is ag;ept:blg?n ent ’
ot (I - ng, but it’s hard to se. i .
CRAEe il | il S e Realism: Realists believe that there is an objective reality ‘“‘out 5 other than pragmatic ground:.hx ::e"i‘lzge:el:ig ?geghm;:ny
Vi 1 g there” independent of ourselves. This reality exists solely by ' the same problem arises at a much deeper level tha.e o
e 0 virtue of how the world is, and it is in principle discoverable | practical engineering when one passes to foun'(lationlll Tos.
v ; H by application of the methods of science. I think it’s fair to , tlo}ls of epistemology in quantum mechanics. Ther ?: n
T 5 say that this is the position to which most working scientists | prineipal defense of instrumentalism is that ‘:it wWo i;s oo e
Ca . subseribe. They believe in the possibility of determining ¢ felativism: In this increasingly popular position trruth is no
-g [ whether or not a theory is indeed really true or false. Indica- onger a relationship between a theory and an independent re-
~d
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ality, but rather depends at least in part on something like the
social perspective of the person holding the theory. Thus., fora
relativist as one passes from age to age, or from society to
society, or from theory to theory, what’s true changes. In th:s
view it’s not what is taken to be true that ehanges; au contrasre,
what changes is literally truth itself.

So reality is out there, in here, or what your measuring in-
struments (senses) tell you it is—take your pick! In an attempt
to tell us how to weight the odds, philosophers of scienee have
expended inordinate amounts of energy, thought, and heate-d
verbiage in pursuit of the elusive essence of the process oj sei-
ence as a vehicle for unmasking the imposters on the “-ism list.
We can summarize their Herculean task as:

THE FUNDAMENTAL QUESTION OF THE
PHILOSOPHY OF SCIENCE

Do scientists proceed as they do because there are objective rea-
sons for doing so, or do we call those procedures reasonable merely

because a certain group sanctions them?

To dig deeper into the ways science might be ablt? to .vindjcate
the creed of the realists and gain a glimpse of their nirvana of
objective reality, there’s no choice but to st.ep into the twentlet..h
century and look a little harder at the logical structure of sei-
ence as seen by the philosophers. While most practicing scien-
tists, not to mention laymen, find the discussion of suc_h matters
irksome, they are inescapable and cannot be ignored in a work
such as this. Begides, as David Hawkins wisely noted, “Those
who most ignore, least escape.” So with this eredo as our battle
ery, let’s briefly consider what the philosophers havg to say
about the correlation between the prazis and the theora .of sei-
ence and their connection with any kind of objective reality.
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where a group of physicists, mathematicians, and philosophers
met every Thursday evening for several years in the 1920s and
1930s to debate the relationship between the theories of science
and objective reality. This group, christened the Vienna Cirele in
1929, eventually came to what amounts to the instrumentalist
position that the only meaningful statements that can be made
are those for which we can give a definite prescription (method, -
algorithm) for their verification. Thus, use of a word like “yel-
low’’ would be equivalent to specifying a procedure for verifying
that any particular object possessed the property of being yel-
low. In this way, the meaning or reality of “yellow” became
equivalent te the statement of the procedure for its verification.
This, in essence, forms the basis for the notorious Verification
Principle, which lay at the heart of the school of logical posstiv-
tsm, the term later given to the philosophy expounded by the
Vienna Circle. But to understand this blend of empiricism and
logie, it’s necessary to go back a few years and look at the work
of another Viennese philosopher of the time, Ludwig Wittgen-
stein.

WITTGENSTEIN, LOGIC, AND LANGUAGE

For ordinary men, the middle of a battlefield with bullets flying
and bombs bursting amid cries of human pain and agony is
hardly the kind of place in which to engage in eontemplative
philosophical speculation. But Ludwig Wittgenstein was no or-
dinary man, and during the course of his valiant service with
the Austrian Army during World War I, he developed ideas
about the relationship of thoughts expressed in language to the
actual state of affairs in the world, ideas that were later en-
shrined in the pages of his classic work T'ractatus Logico-philoso-
phicus. The basic tenet of this seminal volume, containing the
only ideas of Wittgenstein’s published during his lifetime, is”

i ———————

that there must be something in common between the structure
t of a sentence and the structure of the fact that the sentence as-

serts. In this view, representation of the world in thought is
made possible by logic, but the propositions of logic do not in
and of themselves represent any actual state of the world. Thus,
logic was necessary but not sufficient to describe any kind of ob-
Jjective reality. However, for Wittgenstein logic did reveal which
states were theoretically possible, reflecting his underlying belief

RATIONALITY FOR REALISTS
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If Plato’s Academy in Athens served as the geographical fo«fal
point for Greek philosophy and its view of the world., then its
twentieth-century counterpart can only be a small seminar room
in the Mathematics Department of the University of Vienna,
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that reality was at least consiste!}t—e.g., if the stt:::mzzt
«Water boils at 100°C at sea level” is tni?, then the s - ;n ?
«Water does not boil at 100°C at sea level” cannot alaa;d :uw
Wittgenstein illustrated these ideas by what he cz}lll a pai_
 ture theory” of language, in which he compared logica : c{;lioptl v
tions to pictures. A picture can represent some pI;j}ifl : sbut,
using certain types of symbols; language can do ewmlztim_
with & different set of symbols. The picture bears some re g
ship to the physical reality that it represents. So, for exam;;n 1’-_he,
we see & human face in a photograph, the_nose may alzhpear'ctm
center of the face both in physical reality and in ]1: Ex e
However, if the picture is by Salvador Da.!l we mlgt t];u e
nose appearing in some quite different l?caho?z, or not a 8 . i
course we might try to clarify the relajc:onshlp _betwe;m ep -
ture and the object—for example, by.mtn?duemg color o:i;;eto
spective—but such an attempt at clar%ﬁcat:mt} Pnly glve{; gy
another pieture, which itself w111 require additional Zna Z:o d =
some stage the essence of the 1fﬂﬂture has to be unders
tly, or we fall into an infinite regress. )
1-‘a‘tis[l:lyi'.he picture theory of language, propositions ma.‘kmf g'1 ;?];;e
language are thought of as analogous to a serlaslo ] p1 tures.
Furthermore, since Wittgenstein assumes that the ogmath -
ture of language mirrors the logica:}’ ;truzltg: ?;.ff r:;tlt};,, orl‘:l A
“pictures’” represent posst s i
g:]?f;s tlI:;.itEnguisﬁcpstatements are meaningful when th(g ca::f,
in principle, be correlated with the world. Actual ol.)ser:a t(;nwe
the world will then tell if they are true or false. t]?o 111}13 ra I:T
can meaningfully say that ‘“the Umted‘-Na.tn?ns is 1% eiv;
York,” but it is meaningless to state that “ ig United the New )
York Nations.” Of course, different logical rulea (gran.]mnrlfl
could be developed in which the l.tftter staten-lent is mem:u].ltgi1 a;
but within the econtext of conventlon?.l En.ghsh graml_n:r i Lo
no logieal strueture at all. So the main e.lalm_ of the pic :::ween
ory—namely, that there must be something in comm:n per
the logical structure of the language aqd,:d_le strue u:;e tt? -
fact that it asserts—cannot really be “sa%d in terms o“ hewn -
guage being used to make the statement;. 11: can only be t,: lc; m
This conclusion gave rise to Wittgenstein's famous metaphor
the penultimate section of the Tractatus:

iti idati in the following way: any-
My propositions serve as elucidations in ; i
on{s I:Vh(? understands me eventually recognizes them as nonsenst

S e
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cal, when he has used them—as steps—to climb up beyond them.
(He must, so to speak, throw away the ladder after he has climbed

up it.) He must transcend these propositions, and then he will see
the world aright.

So Wittgenstein’s punch line is that the sense of the relationship
between reality and its description in language cannot be ex-
pressed in language.

Thus ended Wittgenstein’s “early period” studies on the in-

terplay of logic, language, and reality. The essence of his ideas
can be summarized in the following steps:

1. There is a world that we want to deseribe.

2. We try to describe it in some language, scientific, mathemati-
cal, or otherwise.

3. There is a problem about whether what we say about the
world corresponds to the way the world really is.

4. We want to know the true nature of the correspondence be- -
tween what we say and the way things are, but we ean only
use language itself to deseribe that correspondence.

5. Words of a language can never express the desired correspon-
dence, and we must take recourse merely to skowing it,
i.e., using the picture theory, since otherwise we would fall

into the infinite regress of descriptions of descriptions of
descriptions . . .

At Step 5 we come to one of the most famous statements in all of
philosophy, with which Wittgenstein concluded the 7Tractatus:
“What we cannot speak about we must pass over in silence.”
It’s easy to see how Wittgenstein’s exploration of the inter-
play of language, logic, and observation of the world would ap-
peal to the members of the Vienna Circle, with their concerns
about construeting a coherent philosophy of seience from an s
amalgamation of logic and empirieal epistemology. And indeed
the Tractatus did serve as a point of departure for many of their
deliberations, with several members of the circle in regular con-
tact with Wittgenstein in Vienna, although Wittgenstein him- .
self seems never to have participated in the Thursday  night
discussions. As an ironie twist, while the Vienna Cirecle was busy
putting together the tenets of logical positivism using Wittgen-
stein’s work as a basis, Wittgenstein himself was in the process

of undermining the entire effort by the development of his ideas
on the rules of language.




30 PARADIGMS LOST

* » +*

Remember those old IQ tests where some sequence of numbers

" is given and you’re supposed to pick the “right” continuation of

the sequence as a demonstration of your smarts? This kind of
problem lies at the heart of what started to bother Wittgenstein
abotit his picture theory of language, ultimately resulting in his
repudiation of the entire idea. Consider the following simple ex-
ample. Suppose the initial sequence is {1, 2, 4, 8] and you’re
asked, what’s the ‘“natural” or “right” continuation. On those
absurd high-school IQ and College Board tests, the examiners
would probably give full eredit only if you answered with the
sequence {16, 32, 64, 128}. Presumably this is the “‘correct” an-

~ swer because you’re supposed to recognize that each term in the

original sequence is twice as large as its predecessor. Now
there’s no doubt that this is one logically defensible reason for
guessing that the right continuation is one that extends this pat-
tern. But there can be other continuations that, depending upon
the eontext, would be equally logical and correct. For instance, if
the context were the high-school football stadium rather than
the examination room, then the most logical continuation might
be {1, 2, 4, 8] - {“Who do we appreciate?”’}. Or even in the
examination room you might think of continuing with {9, 11,
15}, a pattern that reflects the jumps in the original sequence.
The point is that in the absence of econtext, i.e., additional infor-
mation, there’s just no such thing as a “natural” continuation
of the sequence. The reader will recognize this situation as just
another illustration of the Problem of Induction stated earlier,
and it’s just this kind of difficulty that began to trouble Witt-
genstein after the Tractatus.

Following the First World War, Wittgenstein spent time as a
high-sehool teacher in village schools in Austria, where it is ru-
mored he taught some of his pupils about the Liar Paradox
(““This sentence is false’). By all accounts he was very popular
with the students, but was eventually run out of the village by
their parents, most likely on account of his homosexuality and
inability to relate to the concerns of the peasant families in the
regions where he worked. In any case, during this time he began
to become dissatisfied with his picture theory of language, since
it gave no clear-cut answer to questions like “Why should we see
the principles of logic to be true, even though it’s not possible to
express the reasons in words%’ (Because we can only ‘‘show”
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their truth, not “say” it.) Or “Is there some kind of i
logieal structure either to the world or to our thougg?i;lg;g
that somehow can be held responsible for the apparent self-evi-
dence of the propositions of logic$” In other words, is there a set
of r'ules for organizing sense experiences that is fixed within our
brains, but that we cannot articulate even though we all follow
these rules automatically when we “see” in the same way and
when we talk to each other?
_ In his !ater work Wittgenstein considered this kind of ques-
tion, coming to the unhappy conclusion that there could be no
underlying logical structure to the world to which our minds
must adhere, or vice versa. In the final analysis, he eclaimed that
the propositions of logie reflect the rules of language, and these
are k?w?m to us by our use of language in everyday life and by
linguistie experience. Consequently, Wittgenstein’s solution as
to why the right continuation of the sequence {1,2,4,8]is {16
32, 64, 128] and not {““Who do we appreciate?”} is that we know
how to go on ‘fm the same way”’ because we share a form of life.
Thus the continuation is dietated by sociological considerations
and bears no contact with any kind of objective reality for num:
ber sequences. He then coneluded that there are no private rules;
rules are th.a property of a social group. Hence, Wittgenstein,
gave a f‘sacmlogieal” solution to the Problem of Induetion by
concerning himself not with how we could be certain in principle
abput the c'ontinuation, but rather with how we come -to be cer-
tain abf)ut it in practice. The implication of all this for science is
!;hat science rests upon a foundation of taken-for-granted real-
1ty, a erueial aspect of the relativist school of scientifie thought.
We'll come back to this relativistic notion of scientific reality
later, but for now let’s return briefly to the Vienna Circle and

 its attempts to use the early Wittgenstein to clarify the meaning

of language, thereby trying to uncover the “realness” i
. , ess” of seien-
tific propositions about the world.

THE LOGICAL POSITIVISTS AND VERIFICATION

.In his account of the evolution of knowledge. Au

1de_nt1ﬁed _tbree stages of development: (l)gatl,ne Hsgelzsljegicg?,mit;
v?hleh reality is comprehended in terms of the conflicts and erea-
tions of gods and spirits; (2) the metaphysical, in which there is
the use of abstractions and generalities; (3) the positivistic,
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which relies upon the quantitative description of semsory phe-
nomens. The Vienna Circle was interested in formalizing the
last stage by marrying Comte’s quantification of empirical ob-
servations and data with the logical structure of language and
its relationship to the physical world as outlined by Wittgen-
stein. The result was the philosophy of logical positivism, whose
core clement was the Verification Principle discussed earlier.
For the logical positivists, there were only two sorts of state-
ments or propositions: analytic statements and those that could
be empirically verified. Only the latter had meaning, with ana-
lytic statements being either tautologies or literally meaningless.
The basic difficulty with the positivist approach is the Prob-
lem of Induetion: General empirical statements just eannot be
verified. For example, if I make the empirical claim that the Sun
will rise in the east tomorrow on the grounds that it always has
risen there up to now, the Problem of Induction prevents me
from offering an empirical procedure for verifying this claim.
Consequently, aceording to the positivist’s creed my statement is
meaningless, and certainly not scientific. Also, the Verification
Prineiple had difficulties in verifying things like the wave fune-
tion in quantum mechanics and, in general, failed to make a
clear-cut distinetion between meaningfulness and meaningless-
ness, thus eoming up empty as a eriterion for meaning or real-
ity. As the source of this difficulty is the Problem of Induction,
what could be more natural than to try to get around it by the
simple expedient of rejecting the use of induction altogether?
Enter Karl Popper and the idea of falsification.

POPPER, CONJECTURES, AND REFUTATIONS

Popper, the son of a Viennese lawyer, was originally interested
in developing methods for separating scientific statements from
pseudoscience. He also took an active part in the discussions of
the Vienna Circle, whose members at first thought Popper
shared their interest in meaning, a misunderstanding that was
soon cleared up. While still a teen-ager, Popper recognized that
no amount of supporting data will ever be sufficient to confirm a
hypothesis, but all it takes to refute it is one piece of negative
evidenee. So, for instance, if I hypothesize that all Ferraris are
red, no matter how many red Ferraris I see, the Problem of In-
duction will still prevent me from stating with certainty that
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this is the color of all Ferraris. However, all I need do is go to
the- Ferrari factory in Maranello and see that there is even one
w]?J’Ee car being built, and T can then confidently assert that my
original hypothesis is false. This chain of argument constitutes
what Popperians call the method of falsification, and forms the
he_art of Popper’s view as to how seience, as opposed to pseudo-
:ﬁlenc.?, i;ji;:iu be carried out. In his own words, “The criterion of
e scientific status of a theory is its ifiabili il-
ol o Ty falsifiability, or refutabil
) Popper is a realist and believes that there is an objeetive real-
ity out_ there that science ean acquire increasingly accurate in-
formation about. His method is conjecture and refutation: We
make 8 hypothesis and then look for evidence to falsify it. For
Poppe-r, one theory of a given situation is to be preferred to an-
other if there are more potential observations that ean refute the
theory than can refute its competitor. In other words, the more
statements that could be refuted by direct observation a theory
makes,_ the better the theory is. The classic example is the hy-
pothesis that the Barth’s orbit around the Sun is cireular. as
c9mpared to the hypothesis (theory) that it is an ellipse with ’the
c.lrcular orbit as just a special case. Sinee there are more poten-
tufl observations that will falsify, or refute, the circular hypoth-
esis, 1_3}1‘3 theory that the orbit is ecireular would have more
e.mpmcal content for Popper. To understand elearly the distine-
f:xon- between Popper’s views and those of the logical positivists
it’s m§tructive to examine the comparison given in Table 1.1. ,
. While Popper seems to have banished the Problem of Indue-
tion fr?m the philosophical banquet table, his conjectures-and-
refutations methodology is not without a few flaws of its own
The _n_wst difficult obstacle is what is known as the Problem of.
Au'nhary Hypotheses. To illustrate, let’s go back to the red Fer-
rari problem. If I happen to see a white Ferrari on the road,”
thereb? refuting my original contention, the “red Ferrari” hy:
pothesis can always be resurrected by adding some new back-
ground' condition to the situation, such as “It wasn’t really a
Ferrs.n,_ but a Lamborghini,” or “It was a red ear that had only
been painted white,” and so on. Following this line of attack
any theory in trouble can always be saved by the introduction oE
smtab}e'auxiﬁary hypotheses, since it may then be claimed that
the original assertion wasn’t wrong; the error was in one of the
background assumptions.
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POSITIVISTS POPPER
IDEAS
that is
DESIGNATIONS STATEMENTS
or TERMS or PROPOSITIONS
or CONCEPTS or THEORIES
may be formulated in
WORDS ASSERTIONS
which may be
MEANINGFUL TRUE
and thesr
MEANING TRUTH
may be reduced by way of
DEFINITIONS DERIVATIONS
to that of
UNDEFINED PRIMITIVE
CONCEPTS PROPOBITIONS

The attempt lo establish (rather than reduce) by these means their
MEANING TRUTH
leads to an infinite regress

TABLE 1.1 Logical positiviem versus Popper

Popper’s ideas place great emphasis upon scientifie method.
He is telling seientists about how they ought to bel}ave, neglect-
ing entirely how they actually do behave in practice. "I‘he hard
facts are that very few scientists, if any, spend much time lu?k-
ing for data or trying to develop experiments thgt would falsify
their hypotheses—just the opposite, in fact. This comonplm
observation leads us into consideration of the way social conven-
tions and ideas determine what we take to be scientifie truth, a
position that Popper himself ultimately came around t? ac-
knowledging in connection with his original problem of distin-
guishing seience from pseudoscience. He ﬁnally' com::lud:ed that
if we want to know whether or not a theory is scientifie, we
should look and see how it is handled by people, rather than con-
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sider its logical structure—a position remarkably similar to that

arrived at by Wittgenstein in his deliberations on many of the
same issues.

LAKATOS AND SCIENTIFIC RESEARCH PROGRAMS

An important way station on the road from the purely realist
position of the positivists and early Popper to the completely
relativistie stance of today’s Kuhnians, as discussed in the next
section, is the work of the Hungarian educator and philesopher
Imré Lakatos. After serving in the anti-Nazi resistance during
World War II, Lakatos became a high-ranking official in the
Ministry of Education, later fleeing to the West during the
Hungarian uprising of 1956. At this time Lakatos went to En-
gland, where he began work on his Ph.D. thesis at Cambridge on
the theme of mathematical discovery. This novel work, presented
in the form of a dialogue centering on the proof of Leonhard
Euler’s famous formula relating the number of faces, vertices,
and edges of a polyhedron, led Lakatos to a deeper interest in
the question of the ‘‘dynamies” of theories. Thus he went one
step further than Popper and the positivists by centering atten-
tion not just on the structure of scientifie theories, but also upon
how they change. The vehicle for this study was what Lakatos
termed a scientific research program (SRP).

For Lakatos, an SRP is a sequence of theories in which certain

methodological rules are followed. The primary components of
an SRP are:

* The hard core—an inviolate cluster of hypotheses at the center
of the program

* The protective belt—a set of auxiliary hypotheses

* The negative heuristic—assumptions underlying the hard core
that are not to be questioned

* The positive heuristic—a set of suggestions or hints saying how
the SRP is to be altered

A good example of the kind of SRP that Lakatos had in mind is
the Ptolemaic view of the solar system, in which the Earth sits
at the center with the various planets moving about on orbits
that are described as complicated epicycles. These curves are
just the path traced out by a fixed point on, say, the rim of a
coin as you roll it along the top of a flat table. Coins of different
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sizes give rise to different epicycles, and Ptolemaic theory u§ed
combinations of these curves to deseribe the planetary orbits.
The hard core of the Ptolemaic. program is the geocentric h'y-
pothesis, together with the mecessity of the platnetary orbits
being given by epieycles. The protective belt eonslst-s'of the d.e-
tails of the various types of epicycles, while the positive he.urls-
tic would econsist of a plan for developing increa.smgly
sophisticated models of the planetary system. Note t]%at this pos-
itive heuristic is not a vague, general set of pri.qclples, but a
quite specific set of procedures giving definite advice on_how to
proceed, ineluding instructions on how to hand-le anomalies. .

On the positive side of the ledger, Lakatos’s ideas were an im-
provement over Popper’s since they acknowledged the soeial di-
mensions of seience. In this sense they served as forerunmners to
the ideas of Kuhn. Furthermore, the Lakatos vision of what con-
stitutes scientific truth had the virtue of showing that no partic-
ular research program is unambiguously to be preferred to any
other. In this way, the SRPs opened the door for the anarchical
views of Paul Feyerabend, which we'll look at in a moment. }_dso
to his eredit, Lakatos discerned two important facts about scien-
tific procedure: (1) scientists have sufficient faith in Fhe hard
core that anomalies are explained away, and (2) scientists ha:ve
general ideas about how one should try to cope with anomalies
(the positive heuristie).

As to liabilities of SRPs, there are many, not the least of
which is that the choice between two SRPs for Lakatos is no
easier than the choice between two theories for Popper. The as-
sessment of which of two programs to prefer eventually comes
down to a situation analogous to having Donald Trump and
Harry Helmsley tossing pennies off the top of the World Tr{).de
Center, the title Grand Real Estate Baron of Manhattan being
awarded to the one whose penny lands first; it’s a meaning1e§s
game without a criterion that they ean employ to. see who will
reign as king of the towers. But there is no operatlogal way i.for
them to decide whose penny lands first without invoking outside
agents, i.e., additional information outside the two *“programs.”
Lakatos’s SRPs had other drawbacks as well. ]

There were great difficulties in coming to agreement as to.]ust
what constitutes the hard core of an SRP in any specific situa-
tion. For instance, Newton’s view of planetary motion used the
inverse-square law of gravitational attraction as an inviolate !1]?-
pothesis, ie., as part of the hard core of Newtonian mechanies.

g vy S ————— -
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Yet in considering the motion of the planet Uranus, both George
Airy and Friedrich Bessel suggested modifying the inverse-
square law to account for the observations, while Urbain Jean-
Joseph Leverrier and John Adams suggested keeping the law
and explaining the motion by the presence of a hitherto-unob-
served celestial body (which turned out to be the planet Nep-
tune). Similarly, before the Theory of Relativity was
promulgated in 1905, some suggested modifying the inverse-
square law to account for aberrations in the perihelion of the
planet Mereury. In fact, the Encyclopaedia Britannica (1910 edi-
tion) stated that the gravitational law should have the exponent
2.0000001612 instead of 2 to make things come out right! So
even in that most solid of scientific bastions, Newtonian mechan-
ies, there were heated disagreements as to what should and
should not be in the hard core:. A final difficulty for Lakatos is
that the idea of the positive heuristic is hopelessly vague. This
part of the program is supposed to tell us what to do to modify
the program but, in fact, emerges during the ecourse of the re-
search. As a result, it says nothing about what one is supposed
to do to carry out an investigation successfully.

Lakatos’s vision of the scientific enterprise is far richer than
Popper’s in that his notion of heuristies directs attention to im-
portant aspects of scientific practice not stressed by Popper at
all. Nevertheless, the difficulties with his SRPs cast aspersions
on the kinds of views of scientific “reality” that ean be expected
from any such program.

So we see the various attempts by Wittgenstein & Co. to pro-
vide a solid, logical foundation, or method, for the scientific pur-
suit of knowledge all come to one bad end or another. Dare we
entertain the idea that perhaps there is no method? Well, Paul
Feyerabend not only entertains the notion, he insists upon it.

FEYERABEND: THERE AIN'T NO METHOD
In studies of scientific method, there are two prineipal branches:

A. Rules or techniques to use in the discovery of theories
B. Rules for the objective evaluation of rival theories

The Vienna Circle claimed that only B was the legitimate prov-
inee of the philosophy of science; Paul Feyerabend denies that
there is any valid distinetion between the two.

In Against Method, his famous manifesto for scientific
anarchy, Feyerabend states his basic theme in the following way:
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“No set of rules can ever be found to guide the scientist_ in his
choice of theories, and to imagine there is such a set is to xmped_e
progress. The only principle that does not imged.e progress is
anything goes [italies added].” Feyerabend is claiming that there
is no such thing as a scientific method. His a:rgun_le'nt is ths:t
science is just one tradition among many, and is privileged nei-
ther in terms of methods nor in terms of results. H_e goes on to
advocate removing science from its pedestal and trying to create
a society in which all traditions have equal access to power .a.nd
education. Among the traditions he suggests giving equal wexgh't
with science are astrology, witcheraft, mysticism, and fo]k' megh-
cine! If this all sounds like the grumblings of a faileq scientist
to you, it’s perhaps worth noting that Feyerabend did at one
time study physiecs and astronomy.

Feyerabend was also active in the Berkeley Free Speech
Movement, and became interested in the so-called alternative so-
ciety ideas bandied about in the 1960s. But he eventqally re-
deems himself by confessing that he doesn’t have the seriousness
of purpose of a true anarchist and would like to be remembered
as a “flippant Dadaist.” )

The central thesis of incommensurability of theories brought
out in such stark fashion by Feyerabend takes us from the ifieas
of realism and the work of Wittgenstein and the Vienna Circle
clear across town to relativism and the offbeat ideas of Feyera-
bend. Despite their shade of lunacy, the visions of Feyerabefnd
contain just enough good sense to suggest there’s snx.nefthn?g
worthwhile lurking at their core. This kernel of sense hiding in
the flamboyant noise is the notion that there are many methods
and ways of coming to scientific truth, and. what is ta.ken.to be
true at any moment is more a matter of social convention in the

- seientific community than it is a product of logical me.thods and
procedures. Reeognition of this startling fact const1tu.tes tt_la
theme song for Thomas Kuhn, whose ideas about paradigms in
seience lie at the heart of what is by far the most ta.lked:about
view of the scientific enterprise in the second half of this cen-

tury.
BUDDY, CAN YOU PARADIGM?

Julian Bigelow, an electrical engineer who helped J ohn von Neu-
mann build the Johnniac computer at the Imstitute for Ad-
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vanced Study in Princeton in the early 1950s, tells a story about
how when he drove down from Cambridge, Massachusetts, to be
interviewed by von Neumann for the job, he met with the great
man at his home in Princeton. As the story goes, there was a
large dog romping on the lawn, and as von Neumann opened the
door to let Bigelow in, the dog ran into the house and started
running from room to room, sniffing everything in sight in the
manner commonly praeticed by dogs everywhere. Busy in their
discussion, neither von Neumann nor Bigelow paid much atten-
tion to these canine anties for quite awhile, but finally von Neu-
mann’s curiosity overecame his courtly Central European
manners and he asked Bigelow if he always traveled with his
dog. Bigelow replied, “It’s not my dog. I thought it was yours.”
Such are the presuppositions that pervade every aspeet of
human activity, science (and scientists) being no exeeption. And
it’s exactly these kinds of presuppositions that constitute the
nucleus of the idea underpinning Thomas Kuhn’s notion of a
scientific paradigm.

In 1947 Kuhn, a young professor at Harvard, was asked to
organize a set of lectures on the origins of seventeenth-century
mechanies. As preparation, he began tracing the subjeet back to
its roots in Aristotle’s Physics, being struck time and again by
the total and complete wrongheadedness of Aristotle’s ideas. As
noted earlier, Aristotle held that all matter was composed of
spirit, form, and qualities, the qualities being air, earth, fire,
and water. Kuhn wondered how such a brilliant and deep
thinker, a man who had single-handedly invented the deductive
method, could have been so flatly wrong about so many things
involving the nature of the physical world. Then, as Kuhn re-
counts it, one hot summer day the answer came to him in a flash

- while he was poring over ancient texts in the library: Look at the

universe through Aristotle’s eyes! Instead of trying to squeeze
Aristotle’s view of things into a modern framework of atoms,
molecules, quantum levels, and so forth, put yourself in Aris-
totle’s position, give yourself the prevailing world view of Aris-
totle’s time, and lo and behold, all will be light. For instance, if
you adopt Aristotle’s world view, one of the presuppositions is
that every body seeks the location where by its nature it belongs.
With this presumption, what could be more natural than to
think of material bodies as having spirits, so that “heavenly”
bodies of airlike quality rise, while the spirit of “earthly” bodies
causes them to fall?
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FIGURE 1.4 Two visual gestalls or “paradigms”

This stroke of inspiration resulted in Kuhn’s developing the
idea that every scientist works within a distinetive paradigm, a
kind of intellectual gestalt that colors the way Nature is per-
ceived. The situation is vaguely analogous to the picture in Fig-
ure 1.4, where one way of looking shows what appears to be two
men face to face in profile, while another way shows a flower
vase.

According to Kuhn’s thesis as presented in his enormously. in-
fluential 1962 book The Structure of Scientific Revolutions, scien-
tists, just like the rest of humanity, carry out their day-to-day
affairs within a framework of presuppositions about what con-
stitutes a problem, a solution, and a method. Such a backgro'und
of shared assumptions makes up a paradigm, and at any given
time a particular scientific community will have a.prevaﬂmg
paradigm that shapes and directs work in the field. Since pe(?ple
become so attached to their paradigms, Kuhn claims that seien-
tific revolutions involve bloodshed on the same order of magni-
tude as that commonly seen in political revolutions, the only
difference being that the blood is now intellectual r:.ather than
liquid—but no less real! In both cases the argument is that the
underlying issues are not rational but emotional, and are se.ttled
not by logie, syllogisms, and appeals to reason, but by irrational
factors like group affiliation and majority or ‘“mob” rule. As
Kuhn states it: “There is no standard higher than the assent of

| ————
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the relevant community. The transfer of allegiance from one
paradigm to another is a conversion experience that eannot be
forced.” With these ideas in mind, just what constitutes a para-
digm anyway, at least as that term is used by Kuhn? The answer
is not easy, and Kuhn has come in for plenty of eriticism for the
vagueness of the notion. But the basic concept can be made clear
by the following map-making analogy.

Let’s imagine scientific knowledge of the world as being the
terra incogniis of the ancient geographers and map makers. In
this context, a paradigm ean be thought of as a erude sort of
map in which territories are outlined, but not too accurately,
with only major landmarks like large rivers, prominent moun-
tains, and the like appearing. From time to time, explorers ven-
ture into this ill-defined territory and come back with aceounts
of native villages, desert regions, minor rivers, and so on, which
are then dutifully entered on the map. Often such new informa-
tion is inconsistent with what was reported from earlier expedi-
tionms, so it’s periodically necessary to redraw the map totally in
accordance with the current best estimate of how things stand in
the unknown territory. Furthermore, there is not just one map
maker but many, each with a different set of sources and data on
the lie of the land. As a result there are a number of competing
maps of the same region, and the adventurous explorer has to
make a choice of which map he will believe before embarking
upon an expedition to the “New World.”” Generally, the explorer
will choose the old, reliable firm of map makers, at least until
gossip and reports from the Explorers Society show too many
discrepancies between the standard maps and what has actually
been observed. As these discrepancies accumulate, eventually the

-explorers shift their allegiance to a new firm of map makers

whose pictures of the territory seem more in line with the re-
ports of the returning adventurers.

This exploration fable gives a fair picture of the birth and
death of a scientific paradigm. Kuhn realized that revolutionary
changes in science overturning old theories are not in fact the
normal process of science, nor do theories start small and grow
more and more general as claimed by Bacon, nor ean they ever
be axiomatized as asserted by Newton. Rather, for most scien-
tists major paradigms are like a pair of spectacles that they put
on in order to solve puzzles. Oceasionally a paradigm shift takes

T‘u"l’!.-."‘ .
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place when the spectacles get smashed, and they then put on a
new pair that transforms everything into new shapes, sizes, and
colors. Once this shift takes place, a new generation of scientists
is brought up wearing the new glasses and accepting the new
vision of “truth.” Through these new glasses, scientists see a
whole new set of puzzles to be solved in the process of earrying
out what Kuhn called normal science.

The paradigms have great practical value for the scientist just
as maps have value for the explorer: Without them no one would
know where to look or how to plan an experiment (expedition)
and collect data. This observation brings out the crucial point
that there is no such thing as an “empirical” observation or
fact; we always see by interpretation, and the interpretation we
use is given by the prevailing paradigm of the moment. In other
words, the observations and experiments of science are made on
the basis of theories and hypotheses contained within the pre-
vailing paradigm. As Einstein put it, “The theory [read para-
digm] tells you what you can observe.” According to Kuhn’s
paradigmatic view of scientific activity, the job of normal sci-
ence is to fill in the gaps in the map given by the current para-
digm, and it’s only seldom, and with great difficulty, that the
map gets redrawn when the normal scientists (explorers) turn
up so much data not fitting into the old map that the map begins
to collapse into a morass of inconsistencies. But what happens
during these times of paradigm crisis?

Imagine we are at the initial stages of such a crisis, where the
old paradigm can’t account for certain anomalies, strange obser-
vations, and the like. Two new theories emerge, which offer dif-
ferent explanations for these aberrations. These theories
represent different maps or sets of spectacles, i.e., different reali-
ties. After a period of competition, one of these theories begins
to gain the acceptance of the scientific community. The reasons
may not be objective at all, but may revolve about matters like
simplicity, elegance, the social position of the theory’s adherents,

government science policies, and so forth. This support leads to
experiments that then ‘“corroborate” the theory, and the more
evidence that accumulates, the more supporters the theory gath-
ers, especially among the young Turks in the scientific commu-
nity. Soon ‘“reality” begins to take on the look of the new
theory, and scientists universally begin to see and test for cer-
tain features of this reality and ignore others.

But what if the community had given its initial support to the
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other, competing theory? According to Kuhn, in tha “
a!lty” would have taken a quite different tun;, and ti:zz!iletnﬁrﬁ:
view of the world would have been seen through that pair of
sp?ctacles I:athgr than the first. This means that there is no such
thing as sclefztlﬁc “progress,” at least not in the sense that one
parad{gm btuld§ upon its predecessor. Rather, the new paradigm
_tums In an entirely different direction, and as much knowledge
is lost with the abandonment of the old paradigm as is gained
from the new. Now we “know” a different universe. =

_If Kuhn’s thgsis is true, then it also destroys one of the main
p_!.llars of ‘tha seientific method, since the whole idea of a seien-
tifie experiment rests upon the assumption that the observer ecan
be essentially separate from the experimental apparatus that

tests the theory. Kuhn contends that the observer, his theory, '

and his equipment are all essentiall i i

v.iew, and the results of the expeﬂm};natzlegzetis;g?g:ngin;of
sion of that point of view as well. This position eﬁectivelp a:-
serts tl:_w.t sci‘ence is not objective, but at the same time we l}irnow-r
that seience is not totally subjective either, since paradigms are
eventually overthrown. So we’re back to consideration of the

central question: What is the relationshi it
universe he observes? p of the scientist to the

The most revolutionary aspeet of Kuhn’s claims i
entirely omit things like knowledge, truth, a;éaiiaﬁat&ey
In fact, K}lhn states that in science truth is an entirely optionii
fmd gratuitous concept. As he puts it, “Does it really help to
lmagine that there is some one full, objective, true accounlz of
?lz;ture and that -t.he proper measure of seientific achievement is
e extent fo which it brings us closer to that ultimate goal?” I

. think most practicing scientists would say that yes, such a belief

helps a hell of a lot! But apparently Kuhn doesn’t think so, since
he says that there’s no way for seience to get hold of the “t’ruth”
anyway, so you can’t measure scientific progress as getting
closer to _the way things are in themselves. Returning to the
map-making analogy, Kuhn's claim is tantamount to the belief
that not only are there many map makers, each emphasizing dif-
ferent aspects of the territory, but that it is in prineiple impossi-
ble :avc':r to produce a complete map of the entire region. So you
can’t ;'udge 2 map by how close it comes to this ideal Platonie
map, since such a map is literally undrawable. In some ways this
line of argument is reminiscent of Wittgenstein’s claim that lan-
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guage cannot deseribe the intrinsic logical structure of the
world.

Just like the revolutions they describe, Kuhn’s arguments
were met with fieree opposition from the philosophical commu-
nity, although he was a minor saint to humanists since he
seemed to be putting the human being back into the scientific
enterprise. One of Kuhn’s sharpest eritics has been the philoso-
pher Dudley Shapere, who complained that Kuhn was a relati-
vist denying the objectivity and rationality of science. Shapere
felt that science according to Kuhn is nothing more than a series
of fads dressed up to look presentable, and offered the eoun-
terargument that even though we may be wearing rose-colored
glasses, there’s still a lot that shines through unaffected. The col-
ors may be skewed, but other qualities like shape, size, and tex-
ture come through loud and clear. In short, the glasses may
distort our view of reality but they don’t create it—a staunch
realist position.

Another ecriticism of Kuhn’s ideas is that he places too little
emphasis upon the social determinants of scientific revolutions.
On the one hand, Kuhn argues that a paradigm shift takes place
when there’s an accumulation of anomalies; on the other hand,

_he says an anomaly can be ignored to preserve the paradigm.
Question: At what point does a mass of discrepancies become ir-
ritating enough to bring about a paradigm shift? Kuhn offers
little help in addressing this dilemma.

‘While Kuhn denies the label of an “irrationalist,” he does as-
sert that there are no methods or methodological rules for creat-
ing or evaluating scientific theories. His argument is that only
propagandizing plays a role in changing allegiances from one
paradigm to another. What makes reasons for theory change
“good” is that they are generally accepted by the community,
and if you want to be a member of that community it behooves
you to operate within the framework of this system of reasons.
As-an immediate consequence, we find Kuhn’s statement that
rival paradigms cannot really be compared, although he does

offer what we might term a Fivefold Way for characterizing the
features of a good theory. Kuhn’s way consists of the following
points stating that a good theory must be

e Accurate: Consequences of the theory should be in agreement
with experiment.
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. Qomﬁtent: The theory should contain no internal econtradic-
tions and, moreover, it should be consistent with currently ae-
cepted theories applicable to related aspects of Nature.

* Broad: The scope of the theory’s consequences should extend
beyond the particular observations, laws, or subtheories that it
was created to explain.

* Simple: 1t should bring order to phenomena that without it
would be individually isolated.

* Frustful: The theory should disclose new phenomena or previ-
ously unobserved relationships.

Kulu;;;s .clairgl is that these criteria offer the shared basis for the-
ory choice, but that there is no possible way of giving a justifi-
cation for this selection of eriteria. yorgmheed
To compare Kuhn with Feyerabend, Kuhn sa

! i ys there are
rules (the Flvefolq Way) for theory choice, but their application
may be problematic and they cannot be given objective justifica-
tion. Feyerabend says there are no rules whatsoever but, like
Kuhn, rests much of his case on the existence of incommensura-
ble theories.

) We can also compare Kuhn with Popper and Lakatos by not-
ing that, roughly speaking,

Paradigm = Hard core + Positive heuristic

el.labling us to connect Lakatos’s SRPs to the notion of a para-
(.hgm. As far as Popper is concerned, his central themes of eon-
Jecture, test, refutation, are also present in Kuhn’s world, but
only during the course of practicing normal science.-Popi)er’s
con'fention t!mt there is no rationale for the introeduction of new
conjectures in science, but only for the exposure of such econjec-

. tures to falsifying tests, is basically similar to Kuhn’s claim that

there is no rationale for the introduction of a new paradigm, but
only for the attempt to “articulate’” the paradigm and mai{e it
deal successfully with anomalies. The point of divergence be-
tween Kul}n and Popper arises when it comes time to shift from
one p.?.radlgm to another. Popper believes this can and should
(and 15? done rationally, logically, and with little fuss; Kuhn
says this method may be fine in the abstract, but real science
Just doesn’t work that way.

With Kuhn we have come to the end of the line as far as con-
temporary views on the ways science operates both to form and
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to validate its view of the world. Since the path from Wittgen-
gtein to Kuhn has been a complicated one filled with lots of
switehbaeks and strange meanderings, in the next section 'l try
to summarize the competing positions as well as briefly reexam-
ine our original question: How real is scientific reality?

PHILOSOPHICALLY SPEAKING

‘When embarking upon this whirlwind tour of twentieth-century
philosophy of science, our point of departure was to explore the
two basic issues: What is the connection between scientific theo-
ries (language) and objective reality, and does science have any
special sort of procedures or methods for either generating new
theories or evaluating competing ones? Note again here the im-
portant point that when we use the term method in this setting,
we’re referring to a method for generating theories and not to
the more common concept of the “scientific method” as con-
stituting the potentially infinite sequenece hypothesis — experi-
ment — hypothesis . . . These questions led us to divide beliefs

on the nature of reality into three categories:

« Realism = Objective reality exists.

o Instrumentalism = Reality is the readings noted on measuring
instruments.

« Relativism = Reality is what the community says it is.

We also saw that beliefs as to whether or not there’s method
in the madness of science determine one’s position as a rational-
ist or an irrationalist, with rationalists believing in method, ir-
rationalists not. The various philosophers and philosophical
schools took differing views on these matters, and to expound
them occupied a lot more time and space than I'd intended, but
necessarily so. Consequently, before going on to consider what
the practicing scientists themselves, as well as competing ideolo-
gies, have to say about these matters, I have tried to summarize
the story so far in Table 1.2. As the table shows, the overwhelm-
ing conclusion of the philosophers is that, as Einstein said, “it’s
all relative.” But we saw earlier that ten out of eleven everyday
physicists supported the idea of an objective reality “out there”
that their equations were describing. To address this paradox,
let’s quickly hear from the laboratory instead of the ivory tower
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SCHOOL REALITY BELIEF METHOD ARGUMENT
W?ttgensbem I realism rationalist  picture language
Wittgenstein IT relativism irrationalist language rules
logical positivists instrumentalism rationalist verification -
principle
P .
opper realism rationalist falsification
FLakatos relativism rationalist SRPs
Keyerabend relativism irrationalist “anything goes”
uhn relativism rationalist paradigms

TABLE 1.2 The battle of the philosopher kings

and listen to what the players rather than i
quarterbacks have to say about the whole btllxl:inhg:sl?day nome
In 19?9 the Institute for Advanced Study in Princeton held
celeb.ratw.n to honor the one hundredth anniversary of the birtIaJ.
of Einstein, the inst.itute's first and most celebrated resident ge-
ln;su;t:ft{; plan for this celebration, a committee was formed at the
o to arrange a program and invite scholars from around

e world to participate. Just as Caesar divided all Gaul into
three pafrts,‘t.hfa IAS committee decided to organize the Einstein
ggiztenma} slmﬂ.a.r!y, focusing on Einstein’s seience, the histori-
= gene;ls of his ideas, and, finally, the philosophieal impact of

work. As Freeman Dyson tells it, the committee solicited
names and put together lists of scholars who could be invited in
eael? of th‘e three areas. The committee was personally ac-
q?amifed with almost everyone on the list of seientists. As {o the
historians, the committee didn’t know them personally but at

~ least had heard of most of them and knew of their work. But

when it came to the philosophers of seience
the eommittee was not only unfamiliar with’ gﬁ? :erresr:::llis t:::
had never even heard the names of most of them! More thayn’ an;
abstract argument could ever hope to show, this little e isody
conveys the level of contact between the activ;ties of the wr?rlcine
smex:tlst and tfle arguments of the philosopher: It is exactlfr
zero! In Dyson’s words, “There’s a whole eulture of philosoph:
out tl'lere somewhere with which we have no contaets at all aa
there’s really little contact between what we call science‘ and
what these philosophers of science are doing—whatever that is.”
Dyson’s observation serves to unravel the eontradiction not;d
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a moment ago between the beliefs of scientists and those of phi-
losophers. As far as most practicing scientists are concerned,
there’s nothing more dangerous than a philosopher in the grip of
a theory. In fact, there appears to be something of an unre-
quited love affair between the scientists and philosophers, in
which the scientists by and large spend their days ignoring the
attempts by the philosophers to press their attentions upon
them. As an indicator of the state of affairs, the physieist Mur-
ray Gell-Mann at all times carries with him a doctor’s prescrip-
tion forbidding him to argue with philosophers on the grounds
that it could be dangerous to his health!

So we come to the perhaps not so surprising conclusion that if
you want to know about how scientists really think and work,
you’ll get no help from a philosopher of science. However, if
your concerns go beyond what scientists do and encompass the
broader issues of the significance of what they do and its relation-
ship to other knowledge-generating mechanisms, then, as noted
before, a consideration of matters philosophical is unavoidable.
Most of our stories in this volume center upon what scientists
are really doing, but in each one of them there is a strong under-
current of philosophical presupposition conditioning the inter-
pretation of the results. The reader should try to keep these
deeper issues in mind as we go along, as a guide to evaluating
the myriad competing arguments.

‘While philosophical factors probably are honored more in the
breach than in the practice of seience, sociological pressures are
another matter. Science is not yet done by impersonal, unin-
volved machines, but by real, live, thinking and feeling human
beings, and it’s impossible for this fact not to have some impact
upon the way science proceeds to its conclusions about the way
the universe functions. Let’s take a few pages to consider the
sociology of science rather than its philosophy, as another ave-
nue to walk down on our way to learning about the way science
comes to what it sees as ‘“‘truth.”

A TALE OF TWO SUICIDES

Ludwig Boltzmann and Paul Kammerer were both professors at
the University of Vienna in the early part of this century; they
were both popular with their students and held in great esteem
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by their colleagues; and they both committed suicide. Whil
haps extreme in the outcome, these two cases serve as exazxg?;
?:uozllle ]a:spectht ofo:ah;i way scientifiec truth is determined at least as
ch by the social climate i i
reason and logic alone. i, e o DA of
Bol?zma.nn, a physicist, is perhaps best remembered for his
work in thermodynamies and the connections he discovered be-
tween the theory of heat and the more general issues of random-
ness and order. He is today credited with having introduced the
not1.0n of entropy as a measure of the disorder present in a eol-
lect'mn of objects of any sort, an idea that later served as the
hasm: for the theory of information, which turned out to be so
erucial to the development of modern communieations technol-
ogy. In fact the formula § = % log W, expressing the entropy §
as being proportional to the logarithm of W, the number of pos-
sible :3tates that a system can assume, is engraved on Boltz-
mann’s tombstone in Vienna’s Zentralfriedhof, a fitting
memongl to the importance of this fundamental i:iea. In this
expression, the constant of proportionality k is even today
tenped Boltzmann’s constant in recognition of this magnificent
?.chxevement. But at the time he was carrying out this pioneer-
ing work, th_e achievement was anything but magnificent, at least
if one was listening to the leading scientists of the day.,
Boltzmann’s problem was that his theory of heat involved an
a.ssemblfnge of atoms moving aceording to the usual rules of
lN.Tewtoman mechanies. He used this concept of an atom as a par-
ticle of matter to construet his theory of heat as a statistical
property em?,:_rg-ing out of the overall motion of these atoms
Note that this idea was put forth around the turn of the cen:
tury, several years before the work of Ernest Rutherford, J. J.

' Thomson, and Niels Bohr gave the coneept of an atom its mod-

ern birth. As a result of his atomistic speculations

came into hea.t.ed confliet with several of l?’:}m giants Lﬂﬁ?ﬁ?&
tific community, most notably his Viennese colleague Ernst
Mach and the German physieal chemist Wilhelm Ostwald, who
amed forcefully against the idea of the atom. Ostwald iI; par-
ticular, preferred a theory of heat based upon the notio,n of en-
ergy _ri{.ther than matter. Depressed by the acrimony of this
opposmon,_ as well as his failing eyesight and what he thought of
as i_;he' decline of his mental faculties, Boltzmann took his life in
Duino, Ttaly, on September 5, 1906.
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Tragically, Boltzmann’s suicide took place almost cotermi-

;'nously with the work by Thomson a.nd Ruthe?fc{rd in Bri]':clain
* that would lead to a complete vindieation of h1s ui?as. Sof :;:le
. we have a textbook illustration of how the soecial climate of the

scientific community, as well as the influence of two great men,

i i i being a major con-
ted to delay introduetion of what ended up
'E'aibution to gu.r way of thinking about the way the world works.

Now let’s move the clock forward almost exactly twent.y years
and examine the case of another Viennese professoF as 1_11ustra£
tion of how these same social forces can work .to rid science o

equally controversial, but this time erroneous, ideas.

1 Kammerer was a professor of biology' at the University
ofI;a;elnna in the 1920s. Accounts credit him with an almost_ mali-
ical skill at breeding amphibians and ot'he; types of amma.f ]
They also note that he was an ardent socialist and crl..isadelrl ?tr
the politieal causes of what today we would te:r!:u the hb:era ?t'.
(iven this combination of scientific and political lean}ngs, 1;;1 i
perhaps not surprising that Kammerer supported .the 1(.1ea Lz
acquired characteristics can be pass on to oﬂ‘sp.rmg, ie., th-
marekian inheritance. For ideologues bet.lt upon improving the
human race, the idea that behavioral traits like learning, 'altru-
ism, and the like can be acquired holds great a?,ppeal: So }t was
for Kammerer, too, and he set ou; v::f plt':ov?1 the idea with his now
i s experiments on the midwife toads. .
mf(;:l:lzl:ally ghese toads breed on land, with the male lacklr}g th(fa
so-called nuptial pads of the male members of other species o
toads that breed in the water. These pads are rough patches cl)ln
the hands of the male that he uses to grab on to_ the back (}E the
slippery female during the course of mat_mg.m wattiei. ba.m(i
merer’s experiment involved foreing the_ midwife toa to i‘]::;, :
in water for several generations, his claimed results bﬂ{lg' :
such toads then developed the nuptial pads characteristic o

their naturally water-breeding cousins. The suppcrter:a of Kafm-
merer focused upon this experiment as clear-cut evidence 1-,:;
Lamarckism; opponents remained highly doubtful and reques

k at the evidence.

: %(t)nsezl; 1((:;:periments with the midwife toad came under ht.aa\;y
attack from naturalists in both Europe and Amerfca, especial lz'
William Bateson in England and Kingsley Noble in N,ew York.
On a visit to Vienna in 1923, Bateson saw Kammerer’s last re-
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maining specimen of a midwife toad with nuptial pads and later
asked to reexamine it in his own lab. Kammerer replied that it
could not be sent from Vienna. At the same time, Noble was hav-
ing doubts about some of the particulars of the physieal strue-
ture of Kammerer’s claimed nuptial pads, and visited Vienna in
1926 to examine the last specimen personally. His results, pub-
lished later that year in Nature, claimed that the so-called pads
were nothing more than black markings made with India ink.
At the time of Noble’s report, Kammerer was preparing to
leave Vienna for a position at Moscow University as head of a
new laboratory in Lamarckian biology. Noble’s Nature article
appeared on August 7, 1926. In a letter of September 22 to the
Soviet Academy of Sciences, Kammerer wrote that he had exam-
ined Noble’s elaims and found them to be totally accurate. He
went on to protest his ignoranece of how the inking had been
done, but acknowledged that his experimental conelusions about
Lamarckism were baseless. After withdrawing from the post in
Moscow, the letter concluded with the poignant statement “I am
not in a position to endure this wrecking of my life’s work, and
I hope that I shall gather together enough courage and strength
to put an end of my wrecked life tomorrow.” And, in fact, dur-
ing a walk in the Wienerwald the next day, Kammerer shot him-

- self in the head. This was another extreme example of scientifie

peer-group pressure and its sometimes tragic effect upon the
lives of scientists deviating from the group norms. Only this

time the pressure acted to discredit wrong results rather than to
suppress correct ones.

The tales of these two Viennese professors serve to under-
score the sometimes dramatic influence that the social eompo-
nent of science plays in establishing what we take to be the
scientific “truth” of the moment. These social factors operatb
within the scientifie community itself as well as in the outside
world, shaping not only the way scientific activity is earried
out but also the manner in which ecertain ideas, like Boltz-
mann’s, are buried while others thrive. One of the pioneers in
studying these social determinants, at least inside seience it-
self, is the sociologist of science Robert K. Merton, who in
1942 identified a small set of what he termed norms character-
izing the scientific enterprise. Roughly speaking, in modern
terms we can give Merton’s norms as:
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* Originality: Scientific results should always be original, i.e.,
novel. Studies that add nothing new to what is already known
are not part of science. -

o Detachment: Scientists undertake their work with no motive
other than the advancement of knowledge. They should have
no personal axes to grind insofar as the results cf. their work
go, and they should have no psychologieal commitment t.o a
particular point of view. The impersonal style of most scien-
tific communications is a direct consequence of this norm.

e Universality: Claims and arguments should be given weight ac-
cording to their intrinsic merits alone, and should not depgnd
upon religious, social, ethnie, or personal factors surround.m.g
the individuals who make them. In short, there are no privi-
leged sources of scientific knowledge.

o Skepticism: No scientific statements of fact should be takfen on
faith. All elaims should be carefully serutinized for invalid ar-
guments and errors of fact, and any such mista.ikeaf should be
made public immediately. To put it simply, scientists .shol.lld
trust no one, at least not when it comes to claims of scientific
truth.

e Public accessibility: All scientific knowledge should be £reel;’
available to anyone. Thus, results of research are not the pri-
vate property of the scientist, but are public goods t'hat shoul_d
be transmitted immediately to the community of seience. T]ns
norm lies at the heart of debates as to whether or not engaging
in elassified military research is scientifically ethical.

Anyone involved with the way scientific practice actually
works will immediately recognize that these preseriptions are vi-
olated every day of the week in both trivial and not so frivial
ways, serving the same role in seience that genergl laws. serve for
society at large. There’s nothing particularly disturbing about
this gap between theory and practice, just as the fact that
human beings jaywalk, rob banks, and drive their cars too fas;:t
is not really news either. What is disturbing, to some anyway, is
what appears to be an increasing incidence o.f su'ch violations of
the spirit of science, at least as it's mef:lﬂ.led. in these norms.
Such an increased pace of corner cutting in seience seems espe-
cially evident in the last decade or so, certainly aided and ayet-
ted by science’s Faustian bargain with govermfnent funding
agencies. Nevertheless, the Mertonian norms are still the ethos to
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which the community of secientists subseribes, and form the
heart of the code by which the behavior of most scientists is
judged by theit peers. And in exaectly this way the norms make
their contribution to the way scientists think, hence to what they
ultimately come to accept as the way things are. But these fac-
tors working inside the scientific community are not the only so-
cial components influencing the work of science. Of equal
importance are the forces affecting science from the outside, es-

pecially in today’s mass-media-saturated and cash-hungry
world.

In his 1971 State of the Union address, President Richard M.
Nixon declared that the time had come for the country to wage
war on eancer, with the “same kind of concentrated effort that
split the atom and took man t6 the Moon. . . .” This pronounce-
ment led to an avalanche of money pouring into the nation’s can-
cer research laboratories, and resulted not only in a war on
cancer but also in a war among the various research establish-
ments for a generous hunk of the federal government’s cancer
war chest. One of the foot soldiers in both of these conflicts was
William T. Summerlin, a young skin specialist at the prestigious
Sloan-Kettering Institute for Cancer Research in New York
City. :

Amid the high-pressure political climate surrounding cancer
research and the feverish hustling and grantsmanship, in March
1973 Summerlin applied for a five-year federal research grant
from the American Cancer Society to pursue his special interest
in skin grafts and immunology. In particular, Summerlin felt
that he was on the track of developing procedures whereby skin
treated by his technique could be transplanted without rejection.
Thinking that a little favorable publicity never hurt the case of
a relatively obscure, but ambitious, young researcher, Summer-
lin presented an outline of his work in progress at a science writ-
ers’ convention. The results were predictable: a three-column
headline the next day in The New York Times declaring LaB pis-
COVERY MAY AID TRANSPLANTS. Summerlin was on his way, or so it
seemed.

During the course of the next year, while Summerlin traveled
the country presenting seminars and lectures on his work, col-
leagues were finding it inereasingly diffieult to confirm his re-
sults by independent experiments. In faet, even workers in
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ummerlin’s own laboratory at Sloan-Kettering were un?;bla to
?apmduee the elaimed properties of the specially treated : Sum-
merlin skin,” leading to a showdown between Summerlin and
Sloan-Kettering Director Dr. Robert A. Go_od in March 1974. O;
his way to this fateful meeting, Summerlin pulled out a blat;'.]
felt-tip pen and hurriedly inked in some darl;: pat?.hes on the
white mice he was bringing as evidence for lns claims. At th_e
time Good didn’t notice the Summerlin embelhshmer_lts, and it
was only when the mice were returned to tha. lab aa.smtant. that
Summerlin’s “help” was discovered. The ass_lsta.nt unme@ately
reported the matter to his boss, at which point Hum_merhn was
instantly suspended. While he denyed any wrm':lgdomg, assert-
ing that he had inked in the skin grafts on the mice _only to make
them more easily identifiable, Summerlin’fs credeﬂlty was shat-
tered by the incident, along with the eredibility of his supposed
technique for skin ts.

Inteiestingly enﬁﬂ?h, the Summerlin episode bears some
strange similarities to that of Ka.mmerfar and tl':le midwife l';oa.d's,
although without the same tragic suicidal er_xdmg. The point in
raising these cases here is not so much the issue of whether or
not Kammerer or Summerlin was really guilty o;E fraud, but
rather to illustrate the degree to which forces outa_ide the wqud
of science, in this case the federal reseamh—fundl-ng esta!:vhsh-
ment and the public at large, contribute to creating a climate
that can drive scientists to manufacture and/or amffemny en-
hance what they claim are “the facts.': And money is not t.he
only such pressure. Political considerations, 3specmlly those in-
volving what is often termed ‘“human nature,” can _and 1’1'0 play a
dramatie role in influencing what’s scientifically “right.” A gOde
illustration of this kind of effect was the controversy over soc_la.l
Darwinism in the first half of the century, a debate.aboqt which
we shall have much more to say later when we cons.1der its moq-
ern incarnation: the Sociobiology Problen-l. In this _context, it
may even be safe to say that the real issue is the e;on@mt between
the norms of science, as exemplified by Ma'rton 8 hst,.and 1-:}1.e
“norms” of polities as encoded in the ideologies of. certain politi-
cal movements (in the case of sociobiology, Marxism).

The foregoing stories barely seratch the surface of the many
ways in which sociological considerations shape -what science
thinks of as being true, with many far more detailed accounts
noted under “To Dig Deeper” in this volume. For our purposes
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here, the main consideration is the manner in which these social
factors influence the way science validates its elaims and comes
to a consensus on a given issue. The heart of the difficulty is that
knowledge is underdetermined. Thus, there are always many
different theories, each of which can give a plausible aceount of
the available facts. So how are we to choose one and let the oth-
ers go? The basic problem is encapsulated in the remark of the
philosopher Willard Van Orman Quine, who noted that “any
statement can be held true, come what may, if we make drastie
enough adjustments elsewhere in the system.” One natural place
to make these drastic adjustments is in the cultural background
to the problem, thereby creating a climate in which only one or
at most a few of the contending theories can survive. Again, we
will see ample evidence of this kind of “cultural imperialism’ in
the raging sociobiology debate eovered in Chapter Three.

As to arrival at a consensus, the key factor is the Mertonian
norm relating to the public character of secientifie knowledge.
The rule that scientific information is communieated explieitly
and unambiguously influences both the form and the content of
knowledge that is labeled “scientific.”” For example, this norm
goes a long way toward accounting for why experimental verifi-
cation involving neutral instrumentation occupies such a hal-
lowed position in science, as well as the great value attached to
quantitative observation and expression of results in mathemati-
cal form. All of these features contribute to the public accessibil-
ity of the information and the reproducibility of the results, at
least in principle. One need only consider other fields like litera-
ture or the arts, where such a norm is not the norm, to see some
of the ways in which scientific knowledge differs in significant -
ways from these other forms of reality representation.

Since we'll see many concrete instances of these soeiological

 factors entering into the stories that follow, there’s no need to

belabor the point hers in the abstract. For now, it’s of somewhat
more interest to look at some of the knowledge-generating de-
vices that make some pretense to a degree of scientific character,
in their goals if not their methods. With the above ideas as prel-
ude, the reader should be in a better position to distinguish those
groups doing what we would now term science from those prac-
ticing at the fringe. '

We began this chapter with the dual stories of J. ocelyn Bell

and Immanuel Velikovsky, noting their positions at opposite
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ends of the spectrum of what’s currently held to be “good sci-
ence.” We are finally in a position to give the long answer to the
Question posed earlier about why Vt.alikovsky’:s work’has been
relegated to the dustbin of pseudoscience, while Bell’s was re-
warded with the Nobel Prize for physies (although not to her).

ON THE FRINGE OR AT THE CUTTING EDGE?}

As editor of a scientific journal, I’'m regularly faced wdih the
unpleasant task of telling potential contributors that their pa-
pers are not suitable for publication. Generally the Teasons are
the usual ones: trivial or nonexistent results, poor writing, w.ork
outside the scope of the journal, and so on. However, occasion-
ally I get a paper that I don’t even bot'her to send out for the
customary refereeing process, rejecting it out of .han-c'l. Such pa-
pers are the bane of the editor of almost every scientifie publica-

" tion, and every editor soon becomes sensitized to their telltale

oma of nonsense masquerading as science. Since my own jour-
;;l is devoted to mathematics, papers of this sort .tend to 'mvo_lve
sueh well-known impossibilities as squaring the cu-cle,. trisecting
an angle, and doubling the cube, although they occasionally ad-
dress famous outstanding problems like Fermat’s Last Theorem
or the Riemann Hypothesis (in which case I’'m compelled to look
at them seriously, even though there’s not yet been one t!nz.t was
correet). Luckily for me, mathematics is an area where it’s dif-
ficult to try to dress up such pseudoscience in re.spegtable clothe.s
and not have it show. Certainly my colleagues in blolqu, l.nedl-
cine, and the social sciences must have it mu'ch worse in this re-
gard. But just what is it about this kind .of paper that
immediately stamps it as pseudoseience to fche trained (a,nd jaun-
diced) scientific eye? To answer this puzzling query, let’s ereﬂy
recall what’s been learned so far about the actual practice of
science in today’s world. )

Our deliberations up to now allow us to summarize compactly
the practice as opposed to the philosophy of science in the follow-
ing two principles:

A. There is an ideology of science consisting of a cognitive struc-
ture (facts — hypothesis — experiment — laws — tl-leory),
together with the processes of verification and peer review.
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B. Science is a saci&l activity, with the standards for what con-
. stitutes good seience determined by the norms of a particular
eommunity. . .

With these facts of modern seientific life in mind, let me now
offer a short checklist of “sights and sounds” (and smells) for
detecting pseudoscience. If you’re reading a paper and cateh the
whiff of even one of the items on this list, be assured that the
author is dealing in pseudoseience, at least by the standards pre-
vailing in today’s world of science. For the following list T am
indebted to the outstanding work Seience and Unreason by Mi- &
chael and Daisie Radner, to which I direct the reader’s attention
for a far more extensive account of the whole culture of pseudo-
science and pseudoscientists.

HALLMARKS OFH'PSEUDOSCIENCE

* Anachronistic thinking: Cranks and pseudoscientists often re-
vert to outmoded theories that were discarded by the scientific
community years, or even centuries, ago as being inadequate.
This is in eontrast to the usual notion of crackpot theories as
being novel, original, offbeat, daring, and imaginative. Good
examples of this kind of crankishness are the creationists, who
link their objections to evolution to catastrophism, claiming

 that geological evidence supports the catastrophic rather than
uniformitarian view of the kind of geological activity they as-
sociate with evolution. The argument is anachronistic insofar
as it presents the uniformitarianism-catastrophism dichotomy
as if it were still a live debate.

Seeking mysteries: Seientists do not set out in their work to
look for anomalies. Max Planck wasn’t looking for trouble
when he carried out his radiation emission experiments and
Michelson and Morley certainly were not expecting problems .
when they devised their experiment to test for the luminifer-
ous ether. Furthermore, scientists do not reject one theory in
favor of another solely because the new theory explains the
anomalous event. On the other hand, there’s an entire school of
pseudoscience devoted to enigmas and mysteries, be they the
Bermuda Triangle, UFOs, yetis, spontaneous combustion, or
other even more offbeat phenomena. The basic prineiple under-
lying such searches seems to be that “there are more things in

heaven and earth than are dreamt of in your philosophy,” cou-
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* pled with the methodological priziciple that anything that can
be seen as a mystery ought to be seen as one.

o Appeals to myths: Cranks often use the following pattern of

_ reasoning: Start with a myth from ancient times and take it as

" an aceount of actual occurrences; devise a hypothesis that ex-

. plains the events by postulating conditions that obtained at

_ that time but that no longer hold; consider the myth as provid-
ing evidence for support of the hypothesis; argue that the hy-
pothesis is confirmed by the myth as well as by geological,
paleontological, or archaeological evidence. This is a pattern of
circular reasoning that is absent from the blackboards and
laboratories of science.

*» A Casual approach to evidence: Pseudoscientists often have the
attitude that sheer quantity of evidence makes up for any de-
ficieney in the quality of the individual pieces. Further,
pseudoscientists are loath ever to weed out their evidence, and
even when an experiment or study has been shown to be ques-
tionable, it is never dropped from the list of confirming evi-
dence.

o Irrefutable hypotheses: Given any hypothesis, we can always
ask what it would take to produce evidence against it. If noth-
ing conceivable could speak against the hypothesis, then it has
no claim to be labeled scientific. Pseudoscience is riddled with
hypotheses of this sort. The prime example of such a hypothe-
sis is ereationism; it’s just plain not possible to falsify the
creationist model of the world, as we’ll see in the next chapter.

s RN » Spurious similarities: Cranks often argue that the principles

ot i g that underlie their theories are already part of legitimate sei-

bl ence, and see themselves not so much as revolutionaries but
more as the poor cousins of science. For example, the study of
biorhythms tries to piggyback upon legitimate studies carried
out on circadian rhythms and other chemical and electrical os-
cillators known to be present in the human body. The basie
pseudoscience elaim in this area is that there is a similarity
between the views of the biorhythm theorists and those of the
biological researchers, and therefore biorhythms are consistent
with eurrent biological thought.

* Ezxplanation by scemario: It’s commonplace in science to offer
scenarios for explanation of certain phenomena, such as the
origin of life or the extinction of the dinosaurs, when we don’t
have a enough data to reconstruct the exact circumstances of

14
" -

-n' = ".‘. ‘!. .‘_“i I :; -5
: ; " . .:‘ A .
PRAVIAN FREFrm ¥
]
'

;510000

!

A\l

b b LR
LR T

BT M ddsaals 8 B e

-
=

?
|
|
'i

FAITH, HOPE, AND ASPERITY ’ 59

t!le process. However, in seience such seenarios must -
sistent w'ith known laws and principles, at least i.m;lv)]‘iac‘i,;;
Pseudoseience engages in explanation by scenario alone i.a..
by mere scenario without proper backing from known’ laws;
and. theories. A prime offender in this regard is the work of
Velikovsky, who states that Venus’s near collision with the
Earth cau..sed the Earth to flip over and reverse its magnetie
poles. Velikovsky offers no mechanism by which this cosmie
!avent could have taken place, and the basie prineiple of dedue-
Ing consequences from general principles is totally ignored in
his “explanation” of such phenomena.

Research by literary interpretation: Pseudoscientists frequently
reveal themselves by their handling of the scientifie literature.
tl‘hey regar.d any statement by any scientist as being open to
interpretation, just as in literature and the arts, and such
statements can then be used against other seientists. They
foeus upon the words, not on the underlying facts and reasons
foT the statements that appear in the scientific literature In
this regard, the pseudoscientists act like lawyers gathez-'ing
precedents and using these as arguments, rather than attend-
ing to what has actually been communicated.

Refusal to- revise: Cranks and crackpots pride themselves on
never having been shown to be wrong. It’s for this reason that
the experienced scientific hand never, under any cirecum-
stan?es, ente_rs. into dialogue with a pseudoscientist. But im-
munity to eriticism is no proof of success in science, for there
are many ways to fend off attacks: Write only vacuous mate-
rial replete with tautologies; make sure your statements are so
vague that criticism can never get a foothold; simply refuse to
ac!mowledge v-vhatever criticism you do receive. A variant of
this last ploy is a favorite technique of pseudoscientists: They
a_Iways rfeply to eriticism, but never revise their position in
hg:ht ?f it. They see scientific debate not as a mechanism for
scientific progress but as an exercise in rhetorical combat.

Again the ereationists serve as sterling testi
: cre stim to
of this prineiple. ) s e

The major defense of pseudoscience is summed up in the state-
ment “Anything is possible,” the pseudoscientific version of
lf‘eyerabend’s philosophical theme song “Anything Goes.” Ear-
lier we considered the question of competition between models
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and theories and drew up 2 few ground rules by which the com-
petition is generally carried out in legitimate scientific eircles.
Let’s look at how pseudoscientists, with their “Anything is pos-
sible” shield, enter into such competition.

In the eompetition among theories, the pseudoscientist makes
the following claim: “Our theories ought fo be allowed into the
competition because they may become available alternatives in
the future. Scientists have been known to change their minds on
the matter of what is and is not impossible, and they are likely
to do so again. So who’s to say what tomorrow’s available alter-
patives may be?”’ In other words, anything is possible! The fact
that a theory may become an availabie aiternative in the future
does not constitute a reason for entering it in the competition
today. Every competitor now must be an available alternative
now. The pseudoscientist suggests that we may as well throw
away the eurrent scientific framework sinee it will eventually
have to be replaced anyhow.

By referring to a future but as-yet-unknown state of science,
the cranks are in effect refusing to participate in the eompeti-
tion. This would be all right if they didn’t at the same time in-
gist on entering the race. It’s as if ome entered the Monaco
Grand Prix with a jet-propelled car and insisted on being al-
lowed to compete because, after all, someday the rules may be
changed to make it a jet car race!

The pseudoscientists also worm their way into the competition
by putting the burden of proof on the other side. They declare
that it’s up to the scientific community to prove their theory
wrong, and that the theory must be taken seriously if the com-
munity eannot do so. The obvious logieal flaw is the assumption
that failing to prove a theory impossible is the same thing as
proving it possible. While the prineciple of innocent till. proven
guilty may be used in Anglo-Saxon courts of law, scientific de-

bate is not such a court. The reason why pseudoscientists think |

they can put the burden of proof on the scientists can be traced
to a mistaken notion of what constitutes a legitimate entry in
the debate. They think that the scientific method places a duty
on the scientific community to consider all proposed ideas that
are not logically self-contradietory. In their view, to ignore any
idea is to be prejudiced.

TFinally, we note that the pseudoscientists often act as if the |

arguments supporting their theory were peripheral to the the-
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:;)111.1?1; Science is defined in terms of kow and why we know some-
thatg;zzt 1;;]1:1]: we know. Thus, !:he pseudoscientists fail to see
R < thes a theory a serious contender is not just the
ry, but the theory plus the arguments that support it.
thaCmnkst o thmkunl that somel:}ow the. theory stands on its own, and
that | g measure of its merit for entering the competition is
cummir;f 0 hasda.rmg and novelt_y. Hence, they think the scientific
o titity only two choices: admit their theory into the
5 dg? d;nn or else prove it to be wrong. However, when it comes
o ending a t]:}eory or model in seientific debate, without high-
Eh ',cy ‘support.mg evidence and a solid eonceptual scheme
here’s Just no time, room, or patienee for the “Anything i ’
sible”” anties of pseudoseience. i
WhAstzlzl p?stscnpt on the pseudoscientists, it’s of interest to ask
y the 1dea§ o_f many pseudoscientists like Velikovsky are so
Eic;;:ullar. While it is true that Velikovsky’s concepts are a little
irs 1;2 e;is thr?;lt:do:: t:1:(3(." !?y tx;l:nodi;n astronomers and paleontolo-
sts, age is that the i i
alize mentally and come to terms wr:irt]a:elzoszlc?r(;;h :h!!:le: = ‘:1811;
wlfat John Q. Public would eall common sense 'Unfsl;rtppetel
neither the world nor seience is as simple as na'i;e eommum o’
w_ould have us believe. For example, what kind of peas:::ts:nse
:llilzag v:ould suggest that energy levels in atoms can come onlyu;;
& ageu; E;eﬁg::? (tJomn;on t:::]nse would say that if you ean
e step at a time, then you can also stroll u
ramp to get to the same place. But mo i ot
Change of energy levels can occur only (il:rgisilz:;c:t:aga '1!'1}:;
z?nrfn dewelopeq a scient_iﬁc specialty becomes, the less preijable
g on sense is as a guide. In fact, there are aspeets of science
at are just plain contrary to common sense, like the staircase

~example just noted. The point to keep in mind is that most be-

liefs being promoted as alternatives to secien i
:ﬁicti:;ed th?:; fit s;mo:‘thlbi into what commoneeses;:::a i?llél;e;t;eg
gs shou , as well
problems. Within these comfnrﬁngaswt:;dw:iwt: s:?:e h:lvleour
problems of our own—everything that happens to ’us does so b?
ca;use of .bad a§pects of Jupiter, the work of the devil, or the will
;)n e:lslpeno; beings from Al_ld_romeda. At root, these b’e]iefs are a
bliure of the degree of disappointment with which the general
public greets the revelations of modern science. The average m
wants complete, easy-to-understand, clear-cut answers, wien :11;
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that science has to offer is arcane, difficult-to-follow ifs, ands,
buts, or maybes.

Belief systems outside seience come in many forms, some of
them covered by the general umbrella of pseudoscience. By far
the most interesting and important alternative to a scientifie or-
dering of the world is that provided by the prineiples and tenets
of organized religion. From the beginnings of Western science
in the Middle Ages, there has been a sort of (not always unde-
clared) guerrilla war waged between the Church and the scien-
tific community on the matter of which is the keeper of true
knowledge about the nature of the cosmos. In the next section we
will examine this eonflict as our final statement about the alter-
native realities that we use to shape and interpret our daily

lives.

THE PULPIT AND THE LAB

A few years ago Daysi Fernandez, a mother of three living on
welfare in New York City, bought a lottery ticket that came up
a winner, returning almost $3 million, a tidy profit on a $4 in-
vestment. Little did Mrs. Fernandez realize that in her good for-
tune she would become embroiled in a classic case pitting the
claims of science against those of religion. As the story goes,
Mrs. Fernandez had asked a young friend, John Pando, to pur-
chase lottery tickets for her. Pando, a staunch believer in the
power of prayer, thought that the chances of success for one of
the tickets would be greatly enhanced if he asked for the divine
intervention of Saint Eleggua. Apparently Mrs. Fernandez was
sympathetic to his beliefs, for he claimed that she had promised
to give him half the proceeds if any of the tickets struck gold. If
you've already guessed the punch line of this story, you’re just a
bit ahead of me.

One of Mrs. Fernandez’s tickets was drawn to the tune of
$2,877,203.30, but she refused to fork over the promised half of
the pie to Pando. In the tried and true American fashion for
dealing with such slights, Pando’s immediate response was to file
a lawsuit against her, in an attempt also to gain entry to the
Millionaires’ Club. Mrs. Fernandez argued that the agreement

was illegal and/or unenforceable on a number of grounds, in- |

cluding the fact that John Pando was a minor under the age of
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eighteen. After hearing the competi
peting arguments, Judge Ed-
ward Greenfield ’ t
e i ;a. of the New York County S‘upreme Court ruled
The judge found in favor of Pa
! ndo on most of the points, in-
:f:;l;i.;ntg}'ft};;m mnFtter ofdage, but came up with a final I;e;:ﬁa’tl?n
i - fernandez on the grounds that it was i i
1n a court of law to prove that “faith and e
] prayers brought about
a miracle and caused the defendant to win.’ i
’ o win.” In oth
ga;gi; ?:g.n fti proved that Saint Eleggua had rigged t;;: lv::tl;dr?
. e finger of fate at Mrs. Fernandez. As far as i goes
;l:;a:eee.ms t]f defensible statement. But what is open g ::,erious:
1s the reasons gi b j i
Slinre G T given by the judge for denying Pando a
Judge Greenfield in effect ass iori
' umed a priori that religi -
;Jizf; ?]: n_otdamenable to scientific testing. As partrzf gﬁi?iet?
» the jJudge also stated that rainmaking b ing
would qualify for payment, but that ing 'doud i
g the produetion of rain b
i?;lcgs, cl;arr}t]s], and the other tricks of the medicine man’s tradz
not. Thus, the Fernandez case opens up for further in-

spection the age-ol i i ;
s begim.g -old question of where a belief system stops and

mi}ngi)h;ﬁﬁ:z:itypi}:;:e, rebligion has always been science’s tough-
st oppo A ps because there are so man

; y surfa

:ilmﬂance - n?;:t ﬁst‘;;e:!:‘e tllim' aetu;le practice of science and the pra(:i

f gions. Let’s take mathematic

ple. Here we have a field that e i r—c
\ mphasizes detachment fr
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« Language: The language of science is primarily directed to-
ward prediction, explanation, and econtrol; religion, on the
other hand, is an expression of commitment, ethical dedica-
tion, and existential life orientation. So even though there are
superficial similarities at the syntactic level, the semantic eon-
tent of secientific and religious languages are poles apart.

* Reality: In religion, beliefs concerning the nature of reality

are presupposed. This is just the opposite of the realist view of

science, which is directed toward discovering reality. Thus re-
ligion must give up any claims to truth, at least with respeet
to any faets external to one’s own eommitment. In this regard,
the reality content of most religious beliefs is much the same
as in the myths considered earlier. Fundamentally, what we
have in science is a basic belief that the universe is under-
standable using rational arguments, experimental observa-
tions, even divine inspirations, but no acts of blind faith. This
is a viewpoint that is not neeessarily shared by many religions.

Models: While both scientific and religious models are analogi-

cal, and used as organizing images for interpreting life experi-

ences, religious models also serve to express and evoke

distinetive attitudes, as well as to encourage allegiance to a

way of life and adherence to policies of action. The imagery of

religious models elicits self-commitment and a measure of ethi-
cal dediecation. These are features completely anathematic to
the role of models in science. In religion the motto is “Live by
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ISSUE RELIGION SCIENCE
subject matter God and humankind phenomena of Nature
information source revealed word, holy observations,
. experiments
objective of study purpose and plan mechanisms
language everyday speech mathematics
method ) literary measurement and
interpretations analysis

results moral imperatives explanations
wtalidat'ion personal experience replication, testing
limitations mechanisms no goals or values

unexplainefi
community church seientific establishment

TABLE 1.3 Religion compared with science

we inhabit? It seems that there are at least three i
swers to this classic conundrum: possiblekan

1. Two realms: Science and religion have diffe j
iy ligi ve rent spheres of ju-
2. Concordance: Religious and scientific ex i
planations of Nat
can be brought together on the same plane. e

‘i these rules, think our way, and you’ll see that it works.” The 3. Parfial views: Secience and religion each illuminate the same
3 contrast with the traditioyal ideology of science is clear. . r.eahty (whatever that might be), but from different perspec-
e 19 « Paradigms: In the discussion of paradigms, we saw that scien- tives.
‘ tific paradigms were subject to a variety of constraints like T . .
2 ;: simplicity, falsifieation, the influence of theory on observation, e;;:l %112]238’ toll; leﬂ:z :;ztarl)lo i(s):)bahty makes any sense whatso- o
=1 r— and so forth. All of these features are absent in the selection of the kind that so much blood haeli:aessm]f (tlel‘rltonal disputes
e dll T of a religious paradigm. . °h blood has been shed over through the
2 Bl o o Methods: In science there is a set of procedures to get at the y;a ars, while the second is self-defeating since seientific views are i
e 1 o scheme of things: observation, hypothesis, experiment; in reli- :n:as{; ef::?f?c g1fx; fmfs ta dresul'fila the{’hgy that attaches itself to 'y
i~ ; : o " y today will surely be i |
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~:q il Table 1.3 displays a comparative chart of the different ways of suzie : Izggz:: - Stc pnces ltjerof i.ntferest to ponder why there is
#] i science and religion. How are we to divine what this table is try- view of the claiﬁlsx' olér:i:f n;)lnsclent]ﬁc knowlealge, especially in '
41! ing to convey about the respective abilities of science and reli- | g0 0 30 nieo rmly mo:ta y e‘:;ﬂ; sect that its own brand of E
‘ ; : : powerful. 1
3 1 gion to tell us anything useful about ourselves and the universe My view on this matter is quite simply that neith . §
i1, { ply neither science nor
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religion nor pseudoscience gives a produet that is satisfactory to
all customers; the wares are just not attractive enough. In some
cases the beliefs are not useful in the way that people want to
employ them. For example, many people have a deep-seated psy-
chological need for security and turn to conventional religion for
myths of all-powerful and beneficent Beings who will attend to
this need for protection. Science, with its mysterious and poten-
tially threatening pronouncements about black holes, the “heat
death” of the universe, evolution from lower beings, nuclear
holocaust, and so on, offers anything but comfort to such primal
needs and, as a result, loses customers to the competition. Basi-
cally, beliefs thrive because they are useful, and the plain fact is
that there is more than one kind of usefulness.
To the practicing scientist, the foregoing observations come as
a sobering if not threatening conclusion, since they seem to put
in jeopardy the conventional wisdom that the road to truth lies
in the “objective” tools of science, not the subjective, romantie
notions of believers and erusaders. But if we acecept Feyera-
bend’s arguments of alternative and equally valid belief systems,
then we are inexorably led full cirele back to the position that
there are many alternative realities, not just within seience itself
but outside as well, and the particular brand of reality we select
is dictated as much by our psychological needs of the moment as
by any sort of rational choice. In the final analysis, there are no
complete answers but only more questions, with science provid-
ing procedures for addressing certain important and interesting
classes of such questions.

INTO THE COURTROOM OF BELIEFS

The British philosopher John Locke appears to have been the
first to use the word “science” in anything like its modern mean-
ing when he equated “scientifical” with eertainty and demon-
stration of knowledge about the physiecal world. In the chapters

that follow, we will be out to question the degree to which science |

delivers on these lofty aims. Our dual philosophical themes cen-
ter about the eternal puzzles: What is real, and what is our rela-
tionship as human beings to this reality? In the course of
attempting to shed light on these Bobbsey Twins of philosophi-

cal speculation, I have chosen the vehicle of a courtroom meta-
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phor' w1th1n which the competing scientific (and sometimes pseu-
doscientific and/or religious) parties can plead their case. My -
reasons for this setting are best summed up in the remari: by
Henry' Bauelf that “where eminent men disagree violently ang
both s1des. present their cases as proven, we can be rather,sure
that qertamty is not in fact available, and that the matter is not
te_:c.h{.ucal but rather trans-scientific. It is a dispute over proba-
bilities, vz.ilues, desirability, not over faets.” The only factor that |
characterizes science as a whole is that, in the long run, untruths
are wee.ded out and what remains becomes more relia’ble. Thus
just as in economies where Adam Smith’s Invisible Hand guides’
the ﬂow. (.>f events into progressive channels, in science we have
;l::i Il)léxlr}s;bl:hBtogt, Yzhich acts to kick out those ideas, theories,
iefs that don’t prov
et j;Pti(;n Z.useful to enough people over a suf-
I leave it to the reader to be the final judge o
“sclentism.” (I promise that this will be IJny ﬁ\st fmﬁ?ﬁiﬁﬁiﬁzs
a case for .1ts underlying thesis that “seience = truth.” But suec-
f:eeq or f-all, .I hope that as we go through the various case stud-
ies in sclfantlﬁc conflict that follow, the reader will not only get
some bgsw grasp of the ideas themselves, but even more impir—
tant will discover that these ideas are genuinely worth an at-
tempt to understand them. Only by acquiring a deeper feelin
for the processes as well as the results of science will it be possE
jble to assess its merits effectively as a reality-generation activ-
ity. So now that the anthems have been sung, the pledges of
allegiance given, and the witnesses called, the eourt is ready to
hear the first case in the continuing litigation between sciche
and Nature. Let the opening arguments proceed! '




