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FAITH, HOPE,
ND ASPERITY

BELIEF SYSTEMS, SCIENCE,
AND THE INVENTION OF REAL

WORLD VIEWS IN COLLISION

On the night of February 24, waﬁ Canadian astronomer lan
Shelton was looking through the telescope at the Las Campanas
Observatory in Chile; what he saw became ike 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 bigzer than our
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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 tihe point where the star literally blows its top, scatter-
ing most of its mass into the interstellar void, leaving behind a
smali, 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-
theugh 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 became suicidal, and it happened in the Large Mzgel-

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 2t least as far as the Chinese accounts of what is now the
Crab Nebula in 1.0. 1054, observation of their neutron star resi-
due dates back only a few years and constitutcs one of the major
science 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 century, let’s climb into a
time machine and go back to those exciting days to retrace the
steps leading to this momentous dis~overy.

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 Pell (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 necessar
condition for successful pursuit of the astronoraer’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 ar 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 :m.owwum: 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. o

One of the most sacred rules of academic institutions every-
where is that the graduate students perform the mﬁ.mi(, labor, the
Cambridge Institute of Theoretical Astronomy beizng a staunch
upholder of this venerable principle. Oo:mm@.cmm:v: Bell spent
her first two years as a graduate student ﬂum_a:,.m a 20-pound
sledgehammer, helping to construct the radiotelescope Ewﬁ she
would later use to gather the material for her doctoral disserta-
tion. Following completicn of the telescope in Hm.mz\.. {eam leader
Hewish assigned Bell the thesis topie of measuring .nwm mu.mEmH
diameter of radio galaxies (quasars) from the way ﬁ.zmﬁ signals
“twinkled’”” when seen from Earth due to the solar wind of mate-
rial emitted from the Sur. Her job was to operate the telescope
singlehanded and analyze the output until she accumulated
enough data for a respectable thesis. Since the telescope mwmﬂwmm
out 96 feet of three-track paper each day and covered the entire
<ky in four days, Bell’s data analysis mosi.ﬁ% wWas :mm&.% less
ocmwm%-wdwmcm?m than building the telescope :mmF. :ﬁ.&ﬁ:m as
it did eveballing the telescope record and separating the 4.&@3
of true twinkling signals from the chaff of I'repen television,
military radar, aircraft altimeters, and other . mmir-dmmmm
mocaamm of interference. The telescope was turned on in July
1967 and, not surprisingly, by Oectober she was already 1,000
feet of chart paper behind. Tt was at this point thst the fun,
both galactic and earthly, began. .

In one of the 460 feet of chart readings produced .,,.:..r each
scan of the sky, Bell noticed that there was about _ﬁ.:m an inch of
what she termed ‘‘seruff’ that resisted classification. She saw
{hat the scruff was neither twinkling or man-made interference,
and then recalled having seen similar patterns befere on mbogmw
record from the same part of the sky. Furthermore, mrm. :JSomm
that the mysterious signals seemed to be appearing wmaﬁmwomzw
on sidereal time of twenty-three hours, fifty-six minutes, 1.e., the
time needed for a given location on Earth to retu HB.S the same
position relative to the fixed stars (the sidereal day is m.ocw min-
utes shorter than the terrestrial day due to the Tarth’s orbital
motion about the Sun).




: ngmm Juncture Bell discussed the signals with Hewish, and
ey m@nﬁom to look at them again on a faster Hmoowmmwwgmﬁ
ﬁ.o&m allow them to pick out more detail. This recerder was -
cupied at the moment, so they had to wait unti] mid-November
to make the new reading. As so often happens in :.HW just when
you want a taxi (or a cop) there’s not one to be found anywhere;
astronomical anomnalies are similar, and Bell had to wait mmdmwmm
ﬂmme. before she could reacquire the odd signal. Imagine her
surprise when she finally found it again and discovered that it
was pulsating at the metronomic rate of almost ezactly 1V3 sec-
oumm..mw.m immediately phoned Hewish, who promptly dismissed
the signals as man-made in light of their extreme Hmmimi.@

N.Moﬂmdoﬁ an Earth-based source would keep terrestrial time dom
sidereal, casting a very dark shadow over Hewish’s offthand Mod-.
clusion. But the fastest variable star then known had a period of
oUm‘dEHm. of a day, and it was difficult to conceive of what kind
of star would rotate in little more than a second.

H.Wm first atteinpt to reconcile these conflicting facts was to
conjecture that the observations were radar signals ‘oocdﬁsm off
ﬁm Moon, or a satellite in an odd orbit. But such an oNEmenWob
_m&b#. wash, and since only astronomers and the stars keep side-
real time, Hewish thought that perLaps some.other observatorvy
r.mm a program under way that would account for the unusual
signals. His queries to other radioastronomers turned up no
m:.ow program. The next trial explanation was the LGM m,.ﬁ@oﬁv-
esis, postulating that the signals were intelligent communica-
tions from “little green men.” As a test of this conjecture
ﬂmimw calculated the Doppler shift of the pulses assuming mpwm
tne LGM would be on a planet, and that the planet’s orbital -
movement around its star would create a clustering of the pulses
28 the planet moved toward Earth and a spacing-out of the sig-
nals as it moved away. This explanation also came a cropper
iumwu 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
umm.._. . Bell was working late one night analyzing a record from a
different part of the sky. She noticed some more seruff that
Gonm remarkably similar to that of the LGM signal. As seren-
dipity would have it, the telescope was due t» 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 coraing in at
the rate of about 1v4 seconds per pulse. Since another rule of
graduate student life is that you don’t telephone your professor
at 3 a.M. (at least you dor’t if you value finishing your degree
program), Bell just dropped the recording on Hewish’s desk
with ~ note asking him to keep the recorder going ¢ver the vaca-
tion period, and left for her holiday. Hewish himself then made
a recording in mid-Jenuary confirming the second source,
thereby vecmoving 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 ns 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) il 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 describing the pulsar observations, too).

Forced into accepting that thc 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 Cold’s interpretation that they
were neutron stars as being the only plausible expianation 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. ,

In 1974 the Nobel Committee awarded its prize 1 physics for
the first time to astronomers, citing Martin Rvle and Anthony
Hewish for their “decisive work in the discovery of pulsars.”
Not a word was said about the actual discoverer of pulsars,
Jceelyn 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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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.
Gther astronomers were less certain. The ‘historical fact re-
mained that Bell was the first person who had recognized ihe
pulsar signals, and in fact she and Hewish, presumed to have
shared equally in the work by the exacting standards of the
Franklin Institute’s awards committee, were jointly awarded
the institute’s wammﬁmpocm V?&&moc Medal in 1973 for the dis-
covery.

Huou.moumuw_ I've m?ﬁﬁ felt gm» Hollywood HEmmmm a good bet

FAITH, HOPE, AND ASPERITY 7

by not putting this story on film, showing an upset, slightly
bookish Jane Fonda or Meryl QOm@ look-alike publicly de-
nouncing a 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 personzl farme and glory.
Unfortunately for Hollywood, real life as usual had quite a dif-
ferent ending in mind. In response to the various claims 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 anr case, 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 lock 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 asserticn
that the Sun now rises where it once set. How could they make
such a bizarre claim? And wby do so many cultures have legends
of global floods, manna from heaven, darkness on e Earth, and
other such strange phenomena? In 1950 the Macmillan Publish-
ing Company put out the volume Worlds in (hbllizton by a Rus-
sian-born psychoanalyst, Immarnuel Velikovsky, who purported
to explain these and many other phenomena as the result of a
series of celestial cataclysms taking place during historieal
times. This book so enraged the scientific community that Mac-
millan, under pressure of a boycott of its textbook division,
handed the best-selling project over to Doubledar and fired the
editor responsible for dealing with the manuseript. It's instrue-
tive to examine Velikovsky's claims and metheds as an example
of the sort of thing that sends the mﬁmrﬁmo establishment into
apoplectic fits.

The gist of Velikovsky’s argument is that a Twmm comet was
expelled from Jupiter sometime around the year 1500 B.c. This
comet passed very close to us, with its tail touching the Earth
and causing a rain of petroleum; as wecll as darkening the sky
for several days with its dust and debris. In addition, the
Earth’s rotation rate was slowed down by the cornet, rasulting in
earthquakes, hurricanes, tidal waves, and a variety of other dra-
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amounted - to.”” Hewish. adiitted 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.
Gther astronomers were less certain. The historical fact re-
mained that Bell was the first person who had recognized the
pulsar signals, and in fact she and Hewish, presumed to have
shared equally in the work by the exacting standards of the
Franklin Institute’s awards committee, were jointly awarded
the institute’s @Homﬁm»ozm E”meumou Medal in 1973 for the dis-
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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 a suave, but faintly sinister, James Mascn-ish profes-
sor on the steps of the Stockholm City Hall for casting her and
her -contribution aside in pursuit of personzl fame and glory.
Unfortunately for Hollywood, real life as usual had quite a dif-
ferent ending in mind. In response to the various claims 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 anyr-case, 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 lock 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 asserticn
that the Sun now rises where it once set. How could they make
sucl a bizarre claim? And why do so many cultures have legends
of global floods, manna from heaven, darkness on e Earth, and
other such strange phenomena? In 1950 the Macmillan Publish-
ing Company put out the volume Worlds in (hllision by a Rus-
sian-born psychoanalyst, Immaruel Velikovsky, who purported
to explain these and many othor phenomena as the result of a
series or celestial cataclysms taking place during historieal
times. This book so enraged the scientific community that Mac-
millan, under pressure of a boycott of its textbook division,
handed the best-selling project over to Doubledar and fired the
editor responsible for dealing with the mavusecript. It's instrue-
tive to examine Velikovsky's claims and metheds us an example
of the sort of thing that sends the mSmrSmo establishment into
apoplectic fits.

The gist of Velikovsky’s argument is that a H.d.mm comet was
expelled from Jupiter sometime around the year 1500 s.c. This
comet passed very close to us, with its tail touching the Earth
and causing a rain of petroleum; as wecll as darkening the sky
for several days with its dust and debris. In addition, the
Earth’s rotation rate was slowed down by the comuet, resulting in
earthquakes, hurricanes, tidal waves, and a variety of other dra-
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nvironmental shenanigans. Electrical discharges between
arth and the comet caused a reversal of the Earth’s mag-
metic field, the polar regions skifted, 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. .
Velikovsky correlates this first pass of the comet with the Ex-
odus of the Israelites from Kgypt, 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 descct was composed of carbohydrates
‘from the comet. Worids in Collision then asserts a 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
“Bun to stand still. And what does Velikovsky say about the iden-

wheat we call-tne planet Venus! But the story doesn’t end there.
- Ir Velikovsky'’s scenario there was another close cometary en-
counter around the year 800 B.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 2ven further away from the Sun,
bringing about the current year of 365%4 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 Cbllision is based upon an-
cient manusecripts, legends, and traditions. In a later volume,
‘Earth tn Upheaval, he cites evidence such as the existence of coal
beds in Antarctica, 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-
ticns 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,
geclogists, astrophysicists, and paleontologists speak with one

. tity of this eclestial molester? He claims that the comet is now -
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Joud voice in their condemnation of both dm:qumqum.BmﬁUw@w
and his conclusions. While his work represents an 1mposing
piece of sustained scholarship, there are just too many 1nconSis-
tencies in far too much of his historical, m?.wwmcgom.amr astro-
nomical, and physical data to take the arguments moio.cmq. For
instance. while it did turn out that Venus was moaa&._qu hot,
just as Velikovsky had predicted, this is almost amnﬂ.a.&% due to
an atmospheric ‘‘greenhouse effect” and so».ﬁo uny Eb@ dom come-
tary origin. Furthermore, the atmosphere ol 4mucm. is almost ﬁom
tally devoid of the hydrocarbons that Velikovsky ciaimed woul
be found as its main constituents. Moreover, the mcﬂmmom 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 o.m gw mowm.«.mwmﬂmg rmum
now heen relegated to that corner of the scientific iﬁ.ﬁo where sit
ancient astronauts, the Piltdown man, vgmn&wm@m.ﬁm, astrolo-
gers, and all the other playmates cf 5.@ ﬁ.m.mc@cmﬁmsﬁm%. N

Despite the truly devastating holes 1n his ,\Sooa,_ ¥ mE,,Oam <y
died in November 1979 convinced that he had v.om.m the ﬂoﬁOH in
his war against the Brahmins of science. And, in fact, his :w.mmm
live on to this day in some circles. In cur quest hexe z.v ,csoo ver
the essence of what constitutes ‘‘scientific” Wvoﬂ_mmpmm,. it’s ﬁww.au
taking a moment to examine the pulsar and Sw?&w m Qe:&:“x.
theories as antipodes of the spectrum ¢f what is commmoriy
termed scientific research.

At first glance, there appear to be a_ number of mﬂdmmﬁ.fow
between the work of Bell-and Hewish on pulsars and .Sumﬁ o
Velikovsky: unexplained astronomical uumuoﬂm:m, o,ouumo.nﬁmpmm
and refutations of various theoretical explanations, a vw.dm.wom y
unobservable explanation interpreted 8. fit W.Wm o,cmmj‘wﬁobm.wl
even a public controversy over some mwo.po%omqn& mm@moﬁ ommﬁ e
way the world of science goes about QGQE&EW :.m .mooog €s.
With these points of contact, why wm.:“ .nr.mﬁ the seientific oommubvﬁ
nity chose to reward Hewish with 1.s ?,mv.mm» honor, Eo. No
Prize. while at the same time vilifying 4&%02@ m.sm &mswmmw
ing him as what could charitably be termed w,Bumm.Eamm oH..meM ?
Just what was it ezactly about the pulsar worx SS.;. Bm&m it mm
height of respectability and was so obviously lacking in the ef-

Velikovsky ¢
moﬂwmowobm and vwﬁm.w answer to the question will occupy us for



dards have been set for what constitutes acceptable evidence mB.,T..

4 nY[d-Lln.
kovsky’s did not. The central point for us in this .olume is t
ammwmm to which those commonly accepted standards genera
real rather than virtual knowledge of the universe iz «.aomq Pu
wnoﬁmn.ﬂwﬁ do the methods and standards of science <,Bm.:>m
vwmmo wh knowledge that is somehow more certain mw MH Emwm
Enﬂ.u.mwo pedigree than the methods-and standards of other seek
ers after truth like Velikovsky? The first step toward a resolu

question: .“_. ust what does constitute the practice of ‘‘science’ as
that term is commonly used in today’s world? .

DID YOU SAY SCIENCE?

Back in the am%m when I still attended cocktail parties, the most
mﬁgmwm situations always arose at those odd BoBmuam« when the
WEWE. stopped and social convention dictated that I make moBm
feeble effort to ““mix.”” Generally at these times, life conspired to
place Emﬁm.ﬁ to some slightly frenetic, upwardly mobile yuppie
qwm .m.ﬁmmwbum from an overdose of adolescent mbﬁuﬁmwmthwﬁ .
QH.BWEW. Jeeply from the brackish waters of life, not to mention
w.mu wwmn.m bor. Inevitably such encounters began with the ques-
tion “What do you do?”’ Resisting the temptation to reply, “Ah
ves, the me.mwdww question,’ or give some other equally mo@mmEoEm
response, in @_a early going I used to answer honestly that “I'm
w BwSoEwSoE:.: The reactions to this bit of ill-advised candor
-&.Eno one 0%. two categories: a petulant pout followed by the
- curious; conpliment ‘that “I was always terrible in math,” or
,ﬂwma was even worse, a bright smile and the remark “Oh “ozd.
love my uncle. He’s an accountant.”” Being a slow Hmmmum.w I
Ummm.mm some time to realize that such frank confessions of _ w.
fessional perversion were not the road to success c¢n the >oowwmm-,
and-corn-chip circuit. So I began experimenting with oﬁme 1 4
esoteric .nmvmom“ “I’'m an electrical engineer, a abonmm o
agronomist [“What’s thatf”’], a scientist.” H.ro results 0,9 ww
hardly have been worse-if I'd claimed to have been a ps omw
»dmmr. an undertaker, or, heaven forbid, some ,gow-mw»% WM :
politico type. Finally, I hit upon the dﬂbuwbmwowcﬁoc o% M.cmm»
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I was an unemployed tennis coach, at which point
up like a Minuteman missile.
d from this very :tatistically

sayving that
my Social Interaction Index shot
But the sad conclusion to be reache
insignificant sample is that there is a wide variety of gross mis-
conceptions and pontrivial misunderstandings floating around,

even among the educated public, as to the nature of hoth scien-
tists and the ways in which they spend their days (and nights!).
Trring to distill the essence out of the aforcmentioned encoun-
ters, I eventually came to the surprising realization that the
‘term science seems to be used interchangeably in general conver-

<ation in at least three quite distinet and inequivalent ways:

a set of theorires that explain the

3

« a set of facts and
facts
. a particular approac
|« whatever's being done by institutions carrying on
U igeientifie” activity

As a general rule, the nonsciontifie public usually opts for the
third interpretatior, oceasionally the first, but virtually never
the second—just the upposite ordering from that given by the
scientific community itself. It’s no wonder C. P. Snow could de-
velop a lengthy essay on the “two cultures.”

The fundamental misunderstanding on the pulblic’s part of
«what constitutes a “scientifie” activity gives rise lc ap array of
cubsidiary misperceptions about the goals of seience and the way
scientists go about their business of trying to achieve them. Let
list just a few of the more important popular Actions:

mulation of focts. Unfortu-
2 is net enough; we also

Science = h, the scientific method

me

« Tke primary goal of science is the accu
nately, the mere cataloguing of dat
require some overall organizing principles and a relatiouship
between these principles and the data. Actually, for scientists
the more reliable a fact is, the more trivial and unimportant it
hecomes. For instance, the atomic weight of earbon can confi-
dently be given as 12.011 atomic units. Yet this fact is basi-
cally just a curiosity until it’s correlated with similar facts
about the other chemical elements, using the laws and theories
of chemistry and physies.

Science distoris reality and can't do justice to the fullness of human

ezperience. Every human undertaking must somehow pick and
choose as to what aspects of reality to omit in order to probe
other aspects of the world. In this regard science is no differ-
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ent from religion, art, literature, mysticism, or any of its
other competitors in the reality-generation business. .
Scientific knowledge is truth. Science is not in the business of
providing ultimate explanations. Every scientific law or the-
ory is subject to modification; there are no universal, absolute,
unchangeable “truths’ in science.

Science is concerned primarily with solving practical and soctal prob-
lems. I can’t think of a single statement about science that could
be further from the actual case. For most scientists, science is
& game played for understanding, not for obtaining practical
Information about how to build a better radio, mix more nutri-
tious dog food or iron out the wrinkles of middle-aged dowag-
ers. In fact, this “science = technology’” misperception is so
Pervasive that it merits 2 few additional words all its own.

Some time back. T had the enervating experience of working
for & man who suffered from the delusion that doing science
meant finding answers to practical problems posed by industrial-
1815, government pelicymakers, and other dreamers, schemers,
and so-called mer of  affairs. One conversation that I ruefully
recall involved my temerarious claim that if you focus attention
on finding well-defined answers, then you’re not doing research,
at least not scientific research. Research involves ideas, not an-

Swers. In my view, what counted wa- devel ping a deep under-

standing of the questiou itself; whatever “answers’ there might
be would then fcllow as corollaries of this insight into the real
mﬁcﬂ of the question. A solution itself is not the ultimate goal;
what's important is understanding why an answer is possible at
.mF and why it takes the form that it does. The point I was mak-
g was that technological advancernent and the acquisition of
Stientific knowledge have only the feeblest points of contact with
each other. Technology is primarily engineering, and new.tech-
Dologies come more from Aghting with physical reality than
mwog seientific theories. Besides, it’s not clear that new technolo-
ges give us a better understanding of nature anyway, e.g., mod-
€T medicine vis-3-vis Chinese acupuncture. oa

The moral of the foregoing little tale is that even many people
who practice under the rubric of what in the vernacular is called
2 sclentist hold to a view of science and scientific work that at
best falls into the third eategory noted earlier, which we might
Compactly deseribe as “the General Electric Syndrome.” That is,
¥ GE is doing it, it must be science. Well if GE is doing it, it
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probably isn’t science, at least not the kind of science that most
members of the global scientific commuxnity would recognize. It
may be high-grade technology or world-class engineering or even
pathbreaking developmental research, but definitely not seience.
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 is 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 public 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 rractice of science that
the scientific comsuunity clings to with such uviversal 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 science
should operate in a Panglossian world, and rests upon the fol-
lowing pillars:

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

Observations/Facts .
1
Hypothesis
!
Experiment
P 5
Laws
!
Theory

To many, this diagram represents the essence of what we think
of as the scientific method. Ohservations give rise to conjectures
and hypotheses, which in turn are checked cut by performing
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experiments. If the experiments don’t confirm the hypotihesis,

then new hypotheses are formed, just as in the pulsar work de-
seribed earlier. Those hypotheses that survive are encapsulated
1nto 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 late~. Howerver, to
the practicing scientist there is much more to the scientific enter-
prisé than mere philosophy.

« Vertfiability of claims: Science is a pubic 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 thé refereeing process for secientific 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 can, in principle,
repeat the experiment and try to replicate the reported results.
Thus, in the vtopian world where the scientific ideology reigns,
refereeing and repeatability keep the scientific proeess (and
the scientiist) 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 libersl use of the so-called peer re-
view process. This involves committees of experts from the

- various flelds getting together and recommending to the fund-
ing agencies those projects and those scholars whose work they
Teel merits support. According 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 accept 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 wowwmaw
a later section. At the moment let me just remark tha! 2 MMH. the
skeptic would almost certainly raise an eyebrow or wo 0 b MD-
rather obvious fact that the conventional ideology Fmswmﬁoum
tirely upon the process of science, leaving aside all ooumam Sares
of the motivas and needs of the scientists themselves. I'be .omsam
to which this omission casts a cloud over the r0sY @wdoow

pairted above will occupy our attention throughout the ti 5.
For now, let’s stick to the scheme above and turn the mvw UMoW
on the cognitive structure of science, in an attempt to g° o5 o
to the questions of just what kind of knowledge the pro¢ ww is
science is able to offer us about the nature of the world 88, . mm
and whether that kind of knowledge is in some way supero

any other kind.

JES
THE NATURAL PHILUSOPHER'S STONF
. is con-
The issue before the house for the next counle of senti0DS =

sideration of the dual questions:

. the
Do scientific theories in any sense tell us about the way

world 1s? .
; P 2 . and/or.
Does science have anything like a method for cren tirg

evaluating theories?
06 kind of

Since all theories must necessarily be expressed iu so! gestion

language (natural, symbolie, mathematical), the first 4 a tool
takes us into the province of the philosophy of languag® ° with
for representing reality. The second question deals Emﬂﬂp at’s
science per se, foreing us to confront the natural quezy pelieve
so special about science?” In other words, why skeuld *° any
that scientific, knowledge is any more correct or reliabie ﬁwmnﬁmm-
other sort? So our short-term objectives are to explore the 4
tion marks in the following diagram:

Scientific theory J. Objective reality

(4
Scientific methods
: ; o i ill be Dee”
To address these two foundational question marks, it w1 atieth-

essary for us to dip briedy into the work of several twe
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individuals showing the clearest evidence of being able to do
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the scientific ideology, it comes as no surprise that many scien-
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grasp when hé developed logos into ““logic’ by use of the process
of deduction. 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 the an-
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 cky blue?” is answered with ‘‘Because the air
molecules absorb all frequencies of visible light except those in
the blue part of the spectrum.” And ‘“Why does water boil at
100°C (at sea level)?”’ is answered by “Because at that tempera-
ture the thermal motion of the water molecules is able to over-
come the external atmospheric pressurc’—cause and effect,
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 and effect.

In his Physics, Aristotle attempted to combine the purely logi-
cal method of deduction with his ideas about the nature of phys-
ical reality in order to draw conclusions about the way the world
really works. In Aristotle’s view physical matter was composed
of thiee things: qualities, form, and spirit. He felt that tkhere
was only one kind of matter, which could take many forms, the
fundamental forms being air, earth, fire, and water. Because
these four fundamentsl forms were not elements in any sense in
which we might uadserstand that term, they could be trans-
formea into each other. To illustrate, this scheme gave rise to
what today we imight term Aristotle’s versicn of the hydrologic
cycle: The Sun’s heat changes water into air; heat rises, so the
heat in this air pulls the rest of it up to the skies; the heat then
leaves the vapor, which bocomes progressively 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 then restores
true wateriness to the water, which falls as rain or, if the cloud’s
heat has now fallen below the freezing point, hail or snow. So we
see here the relentless chain of cause and effect being employed
to “‘explain” the observed behavior of water, air, heat, rain, and
snow. What’s amazing about the whole setup is how w: the
wrong reasons somehow combine to produce onmSEm HoEmwr-
ably close to the way things really do work!
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For almost two thousand years Aristotelian logic and physics
served as the “science’” 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 wnatter. OAdly
enough, despite Aristotle’s main occupation as an observational
biologist, the biggest flaw in his entire world picture was that he
advocated no experiments or even use of observations tv serve as
a check on the validity of his underlying premises. Basically, his
was an epistemology in which one iurerrcd specific instances
(conclusions) from general observations (premises). It was not
until the work of Francis Bacon in the seventeenth century 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 vue 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 .ather 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 chancellor of
England before being dismissed for taking a bribe (an indiea-
tion, perhaps, that the curvent 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 behavicr, 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 conclusion.

On the one hand, it’s satisfying to have a method that takes
irto account whet 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




absolutely no justification at all for my concluding that I'll soon
be enjoying a scotch on the rocks and not a scoteh and water.
This is the Problem of Induction: Why should induction work?
Why is it a reliable guide to the future?

To illustrate the Problem of Induction, consider the following
exchange:

WOMAN: H.vaommmmch professor. You must help me. My husband
uses an inductive argument to justify the use of inductive -
guments. ) .

FROFESSOR HUME: That’s terrible. How long has he acted this

way? i . -

WOMAN: As long as I can remember.

HUME: Then why didn’t you see me sooner?

WOMAN: I would have, but we needed (the conclusions of) the

Inductive arguments.

HUME: I'm afraid I need them too.

Philosophers beginning with Hume have grappled with this
w.noﬁmBu and I’ consider some of their conclusions in the next
mmoﬁ.ou. For now we leave it as a gaping hole in the attempt to
repair the difficulties in Aristotle by introducing actual observa-
tions into the creation of a world view.

Galileo and Newton are the last two supporting actors in our

cursory sketch of developments leading up to the modern era of
selentific “‘truth.” Galileo was & contemporary of Franeis
Bacon, and although there appears to be no record of direct con-
tact between tie two, there is a clear connection between the idea
of Nature as the arbiter of what’s what as advocated by Bacon
and Galileo’s refinement of the idea by instituting the mSﬁou om
a controlled ezperiment. In effect, Galileo said that if you have a
theory &.uo.:ﬁ how some phenomenon works, you must construct
ap experiment in which all the variables except the one you're
"Interested in are controllable. Then. by fixing the controlled vari-
ables, you can measure the variable of wbwmhwmﬁ thereby checking
your theoretical hypothesis against the supreme court of obser-
vation. Thus follows the oft-recounted legend (for which there’s
Hﬁm a skred of documentary evidence) of his experiment of drop-
ping two different weights from the Leaning Tower of Pisa, and
measuring their respective rates of fall as a “laboratory wmmw: of
the hypothesis that objects fall at a uniform rate in the absence
of air resistance, irrespective of their mass.
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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 optics, mechanies, and chemistry,
Newton’s legacy as writ large in his Principia is the idea of what
we would today call the mathematical model. Newton showed not
only how to ‘““encode’” Bacon-and Galileo’s world of observation
into mathematical form, but also invented the method (calculus)
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 svstem,
an electrical circuit, 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 physical system in which certain parts of the
svstem exert influences “‘causing”’ things to baupeun elsewhere in
the system. The term tmplication is used on the right to represent
either the process of Aristotelinn deduction or that of Baconian
induction as ‘he means of proving mathematical statements to be
logically correct. These statements are usually called theorerms
and follow from axioms and the above logical rules of inference.
The set of implications is the logical counterpart of the physical
causality noted on the left side of the diagrain. These implied
statements are then inferprefed—ie., decoded—intc assertions
about tne way the material system really . :

With the ideas of deduction, induction, observation, and ex-
periment welded together by the symbolic formalizsm of mathe-
matics, the stage is now set for a brief account of the alphabet
by which modern science tries to inscribe the secrets of nature.
The main letters in this alpnabet are facts/observations, laws,
theories, and models. 1et’s take a look at what each of these con-
cepts means in the context of modern science.

In Dickens's tale Hard Times, the schoolmaster Thomas Grad-
¢rind opens the story with the statement “Now, what T want is,
Tacts. Teach these boys and girls nothing but Facts. Facts alone
are wanted in life. Plant nothing else, and root out everything
else. You can only form the minds of reasoning animals upon
Facts: nothing else will ever be of any service to them. ... Stick
to Facts, Sir!” While Gradgrind is hardly a role model of the
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FIGURE 1.2 Newton’s scheme for matkematical modeling

kindly, scholarly schoolmaster, his view forms the starting poiut

of what many think of as constituting “reality’”: the world we -

can see, touch, smell, and hear; the world of Facts. But this com-

onsense view is only the starting point for a scientific investi- v

gation of Nature’s scheme of things. As noted earlier, isolated
facts are useless curiosities untl they are put nommmw@w with
- other facts into some kind of pattern. This requires mwm mm«.mdo -
ment of -laws. S o
.msvmomm we do the follewing experiment: Take a long eylinder
”.SS a movable piston and fill it with gas (e.g., one of the nﬂ,:u%wm
in n.wm motor of your car). Imagine now that we move *he mmmno: to
varlous positions, and for each positicn measure the pressure
that the enclosed gas exerts upon the walls of the cyiinder Hur-
ther, suppose that after performing many such B(mmwcwmurmuﬁw
we 508. that whenever the volume of the cylinder is decreased ,c<,
a owimwb fraction, the pressure increases bv the mme fraction;
mgmwlﬂv R. we increase the volume by a Mwmomod A by me..:m
the piston rise, we find tha+ the pressure decreases by the mm.Sm
ms.uocg A4 . By an inductive argument, after many Hmmmﬁﬁoum of
this experiment we would eventually conjecture (hypothesize)
that there is a direct relationship between the @Howmﬂ.ﬁm and the'
d.oEEm of the gas in the cylinder. Specifically, we would UHowm“
bly assert that the pressure P is inversely- proportional to the
volume V. And if we were mathematically inclined, we would
compactly write this relationship as PV e %, where w,.‘ is a con-
mwm.uﬁ determined by the nature of the particular gas and the
units of measurement being used. This relationship is an exam-
ple ﬁ.n. what is called an empirical law. The lave enables us to .mﬁb-
marize a large number of individual facts (the results of the
individual experiments) in one general statement.
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The characteristic 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 cylinders), not abeut any sin-
gular event (a particular experiment with a particular
cylinder using a partiecular gas);

. show a functional relationship between two or mere kinds of
events; )

3. are supported by a large 2mount of ezperimental duta contain-

ing little or no disconfirming evidence;

4. are applicable to different events (other tyvpes of gases and/or

cylinders).

o

It’s important to ohserve here that there are many different
types of laws, not all of which are scientific. The reader inight
like to try to distinguish among the following in regard to their
scientific character: parking regulations, the Ten Command-
ments, the Law of Conservation of Energy, the Law of the Ex-
cluded Middle. 5

Useful as it is, the above pressure-vclume relationship
(Boyle’s Law) still deesn’t tell us why 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 abtained only if
we invoke the atomic nature of the gas. and think of it as being
composed of a large number of little ‘“‘billiard balls’” randomly
moving about, occasionally coiliding 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 colision. With
this picture in mind, it's easy to see why when the velume of the
cylinder is halved, the pressure doubles. Since the cylinder’s sur-
face area has been cut in half, the likeliiond that 2 randomly
moving ball will collide 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 principles described in terms differing from those

*
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used for the laws. Thus, the Kinetic Theory of Gases doesn
tnake use of the idea of pressure or volume at all, but only the
notion of a particle, together with its associated mass and veloc=
ity. We obtain an explanation of Boyle’s Law by deriving the
law from the principles (Newton’s laws of motion).

The idea of the gas molecules as little billiard balls flying
about inside the cylinder also illustrates the notion of a model of
a physical situation or, more precisely, a physical model as con-
trasted with a formal, or mathematical, model. No one takes seri-
ously the idea that the gas molecules really are hard little
inelastic spheres, but this turns out to be a very useful picture
upon which to let common sense feed in order to generate intui-
tions about how the physical system will act under various
circumstances. The same technique is employed in other types
of physical models, as, for iristance, in the use of scale models of
cars and aircraft in wind tunnels to test for various sorts of =
aerodynamic properties. In these situations, manry aspects of the
real car or plane are neglected so that attenticn can be paid
golely to the aerodynamic properties. Similarly, in the gas exam-
ple many real properties of the gas, like its reactivity, ecolor,
temperature, and so forth, are neglected to study its pressure-
volume relationship. Facts, laws, models, and theories—such are
the tools that the scientist uses to prospect for the gold of reality
in the mountainous doings of Nature. Figure 1.3 depicts the
interconnections between these landmarks on the terrain of
science. v ,

Depending upon your inclination, there are several different
philosophical positions that can be taken ac to whether the nug-
gets of reality that turn up in the scientist’s prospecting pan are.
fool’s gold or the mother lode. In the philosopher’s game, each of
these positions is associated with a particular philcsophical
point of view, or “-ism,”” the most important for our purposes

* Realism: Realists believe that there is an objective reality “out
there’” independent of ourselves. This reality exists solely by
virtue of how the werld js, and it is in principle discoverable
by application of the methods of science. I think it’s fair to
say that this is the position to which most working scientists
subscribe. They believe in the. possibility of determining
whether or not a theory is indeed really true or false. Indica-
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FIGURE 1.3 Observations, laws, theories, and models

tive of this position is the cutcome of a straw .m,,c: Squ Te-
cently in a small university department of physies consisting
of eleven mwmc:% members, ten of whom claimed that what
they were describing with their symbols and m@cho..bm was ow,v-
u.mom,..m reality. As one of them remarked, ‘Otherwise, what’s
the use?”’ . . .

« Imstrumentalism: This school clings to the belief that wrmodmm
are neither true nor false, but have (he status cply of instru-
ments or caleulating devices for predicting. the results of mea-
surements. Basically, this amounts to the belief that the .OE.%
things that are genuinely real are the results of ocmoﬂdmﬁwnm,
i.e., Gradgrindian Facts. A typical statement along .ﬁommw lines
comes from the engineer Rudolf Kalmarn, wiho 495»..1& in the
context of mathematical model building: “[Prejudice] means
assumptions unrelated to data, independent of data; assump-
tions which cannot be (or simply are nct) checked m_mm.Emﬁ the
data.” In light of the engineer’s hunger for any mo_zﬁow that
“works,” perhaps such an extreme position is mcmo@ﬁmgm in en-
gineering, but it’s hard to see how it can be mﬁmumom on any
other than pragmatic grounds. As we’ll see later in the book,
the same problem arises at a much deeper level .armb mere
practical engineering when one passes to .mosdmmﬁon&. ques-
+ions of epistemology in quantum Bmoﬁpduam..uﬁﬁ.ﬁ .Mo.o“ the
principal defense of instrumentalism is that .:%m works.” .

« Relativism: In this increasingly popular positior. truth is no
longer a relationship between a theory and an independent re-



“social perspective of the person holding the theory. Thus, for a
" relativist as one passes from age to age, or from society to
society, or from theory to theory, what’s wrue changes. In this

view it’s not what is taken to be true that changes; au contraire, -

what changes is litcrally truth itself.

So reality is out there, in here, or what your measuring in-
strumonts (senses) tell yon it is—take your pick! In an attempt
to tell us how to weizht the odds, pbilosophers of science have

expended. inordinate amounts of energy, thought, and heated °

verbiage in pursuit of the elusive essence of the process of 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

Ua.mowobﬁmﬁm proceed as they do because there are objective rea-
sons, for doing so, or do we call those procedures reasonable merely
ie/d’'ceértain group sanctions them? .

To dig deeper into the ways science might be able to vindicate
the creed of the realists and gain a glimpse of their nirvana of
objective reality, there’s no chcice but to step into the twentieth
century and look a little harder at the logical structure of sci-
ence as seen by the philosophers. While most practicing scien-
tists, not to mention laymen, find the discussion of such matters
irksome, they are inescapable and cannot be ignored in a work
such as this. Besides, as David Hawkins wisely noted, ‘“Those
who most iguore, least escape.” So with this credo as our battle
cry, let’s briefly consider what the philosophers have to say
about the correlation between the prazis and the theoric of sci-
ence and their comnection with any kind of objective reality.

,

RATIONALITY FOR REALISTS

{f Plato’s Academy in Athens served as the geographical focal
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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where a group of physicists, mathematicians, and philosophers
met every Thursday evening for several years in the Gmom and
1930s to debate the relationship between the theories of science
and objective reality. This group, christened the Viennia Circle 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 Emo. :w.,mT
low”” would be equivalent to specifying a procedure for verifying
that any particular object possessed the property of beiny yel-
low. In this way, the mean'ng or reality of “yellow” vmomgm
equivalent te the statement of the procedure for its <8.Eom3muc.
This, in essence, forms the basis for the notorious Verification
Principle, which lay at the heart of the school of logical ﬁemﬂ.hmc-
ism, 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 mﬁb.m
and hombs bursting amid cries of buman pain and agony 1s
hardly the kind of place in which to engage in nob\noﬁimﬂim
philosophical speculation. But Ludwig Wittgenstein was no or-
dinary man, and during the course of his valiant moﬁwom.aﬁg
the Austrian Army during World War I, he developed ideas
about the relationchip 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 Tractaius b@ﬁ.@&m&%?
phicus. The basic tenet of this seminal velume, containing arm
only ideas of Wittgenstein’s published during his lifetime, 18
that there must be something in common between the strueture
of a sentence and the structure of the fact that the sentence as-
serts. In this view, representation of the world in thought s
made possible by logic, but the propcsitions of logie do not in
and of themselves represent any actual state of the ﬁowE. Thus,
logic was necessary but not sufficient to describe any kind of miu-
jective reality. However, for Wittgenstein logic did H.mdw_& diuw.ow
states were theoretically possible, reflecting his underlying belief
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S9that reality “was at least consistent—e.g., if the statement
g “Water boils at 100°C at sea level” is true, then the statement
- “Water dees not boil at 100°C at zea level” cannot also be true.

Wittgenstein illvstrated these ideas by what he called a ““pic-

ture theory’” of language, in which he compared logical proposi-

tions to pictures. A picture can represent some physical state
using certain types of symbols; language can do likewise but
with a different set of symbols. The picture bears some relation-
ship to the physical reality that it represents. So, for example, if
we see a human face in a photograph, the nose may appear in the
center of the face both in physical reality and in the picture.
However, if the picture is by Salvador D=} we might find the
Dose appearing in some quite diZferent loeation, or not at all. Of

course we might try to clarify the relationship between the pie-

ture and the object—for example, by introducing color or per-
spective—but such an attempt at clarification only gives rise to
apother picture, which itself will require additional analvsis. At
some stage the essence of the picture has to be understood di-
rectly. or we fall into an infinite regress. .
In tre picture theory of language, propositions making up the
language are thought of as analogous to a series of pictures.
Furthermore, since Wittgenstein assumes that the logical struec-
ture of language mirrors the logical structure of reality. the lan-
guage ‘“‘pictures’ represent possible states of the world. It
follows that linguistic statements are meaningful when they can,
in' prineiple, be correlated with the world. Actual observation of
the world will then teil if they are true or false. To 1lustrate, we
can meaningfully say that ‘“the United Nations is in New
York,” but it is meaningless to state that “is United the New in
York Nations.”” Of course, different logical rules (grammars)
could be developed in which the latter statemeut is meaningful,
but within the context of conventional English grammar it has
'no logical structure 2t all. So the main claim of the picture the-
ory=-namely, that there must be something in common between
the Togical structure of the language and the structire of the
fett:that it asserts—ecannot really be “said” in terms of the lan-
glage being used to make the statement; it can only be “shown.”
TRis conclusion gave rise to Wittgenstein’s famous metaphor in
the penultimate section of the Tractatus-
My propositions serve as elucidations in the following way: any-
one who understands me eventually recognizes them as nonsensi-
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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. 2

So Wittgenstein’s punch line is that the sense of the relationship
between reality and its description in language cannol be ex-
pressed in language.

Thus ended Wittgenstein’s “‘early peried’” siudies on the in-
terplay of logic, language, and realily. The essence of his ideas
can be summarized in the following steps:

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

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

cal, or otherwise.

. There is a problem about wuether 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, bnt we can only
use language itself to describe that correspondence.

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

o8]

At Step 5 we come to one of the most famous statements in all of
philosophy, with which Wittgenstein concluded the Tractatws:
“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 werld would ap-
peal to the members of the Vienna Circle, with their concerns
about constructing a coherent philosophy of science from an
amalgamation of logic and empirical epistemclogy. And indeed

the Tractatus did serve as a point of departure for many of their:

-deliberations, with seieral members of the circle in regular con-
tact with Wittgenstein in Vienna, although Witigenstein him-
self seems never to have participated in the Thursday night
discussions. As an ironic twist, while the Vienna Circle 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.
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* * *

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 demonstratiou of your smar{s? This kind of
problem lies at the heart of what started to bother Wittgenstein
about his picture theory of language, ultimately resul*'ng 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 hose
absurd high-school I1Q and College Board tests, the cxaminers
‘would probably give full credit only if you answered with the
sequence {16, 32, 64, 128}. Presumably this is the “correct” an-
swer becavse you’re supposed tc 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 context, would be equally logical and correct. For instance, if
the context were the high-school football stadiur 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 context, i.e., additional infor-
mation, there’s just no suelh thing as a “natural® continuation
of the sequewce. The reader will recognize this situation as just
another illustration of the Problem of Induction stated earlier,
‘and it’s just this kind of diffienlty that began to trouble Witt-
.genstein after the Tractatus.

Following the First World War, Wittgenstein spent time as a
high-school 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 &.. underlying
logical structure either to the world or to our thought systems
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 rules 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 later 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 claimed that
the propositions of logic reflect the rules of language, and.these
are known to us by our use of language in everyday life mnﬁ by
linguistic 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 “‘in the same way’’ because we share a form of life.

Thus the continuationr is dictated by sociological considerations,
and bears nu contace with any kind of objective reality for num-
ber sequences. He then concluded that there are ne private rules;
rules are the property of a sccial group. Hence, Wittgenstein
gave a ‘‘sociological’’ solution to the Problemn of Induction by
concerning himselif not with how we could be certain in principle
about the continuation, but rather with how we come to be cer-
tain about it iz practice. The implication of all this for science is
that science rests upon a foundation of taken-for-granted real-
ity, a crucial aspect of the relativist school of scientifiec thought.
We'll come back to this relativistic notinn of scientific reality
later, bul for now let’s return briefly to the Vienna Circle and
its attemvts to use the early Wittgenstein to clarify the meauing
of language, thereby trying to uncover the “realness’ of scien-
tific propositions about the world. ’

THE LOGICAL POSITIVISTS AND VERIFICATION

In his account of the evolution of knowledge, Auguste Comte
identified three stages of development: (1) the theological, in
which reality is comprehendrd in terms of the conflicts and crea-
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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“_Mwwoan/bov reljes vron the quantitative description of sensory phe-
Jest SRmena. “The Vienna Circle was.interested in formalizing the
mmd.m,n,..» sta®& by marrying Comte’s quantification of empirical ob-
its ;ﬂ(,qms.omﬁ and data with the logical structure of language and
seiNme .HmﬂwﬂuOume to the physical world as outlined by Wittgen-
e - Tha result was the philosophy of logical positivism, whose
i w)‘(».m eletment was the Verification Principle discussed earlier.

Bmuazz.., the Logical positivists, there were only two sorts of state-
ixg mennuua, OF propositions: analytic statements and those that could
It ,a emPlTically verified. Only the latter had meaning, with ana-
; p_ﬁUo statements being either tautologies or literally meanirigless.

lem q T m.dmﬂwo difficulty with the positivist approach is the Prob-
& .),.g. ;o» Inyduection: General empirical statements just cannot be
il HH, HE&. .Wow example, if I make the empirical claim that the Sun
risen Rm TIS€ 1mn the east tomorrow on the grounds that it always has
WOBM.WLE the&xe up to now, the Problem of Induction prevents me
Comses 2 offeying an emnvirical procedure for verifying this claim.
%miMﬁmﬁﬁﬁHpSﬁ according to the positivist’s creed my statement is
Prin )...mm:.dmu@mmu and certainly not scientific. Also, the Verification
s 5&3& had difficulties in verifying tuings like the vwave func-
clear ™en I Gyyantum mechanies and, in general, failed to make a
ummm,:ﬁumw.oﬂﬂ distinction between meaningfulness and meaningless-
ity. M?Mm, thus coming up empty as a criterion for meaninz or real-
et As thye source of this diffieulty is the Problem of Induction,
simpl, t cOURgG be more natural than to try to get around it by the
Rmple €Xpedient of rejecting the use of induction altegether?

Entex,
Fater Kayyy Popper and the idea of falsification.

10m_.hmx~ CONJECTURES, AND REFUTATIONS

Po

Emwwﬂé@mm Rhe son of a Viennese lawyer, was originally interested
peud, developsing methods for separating scientific statements from
the d,mm%mou/muom. He also took an active part in the discussions of
R S Viehya Circle, whose members at first thought Popper
soon MM@HQ thgeir interest in meaning, a misunderstanding that was
10 mEﬁUc tleanseg up. While still a teen-ager, Popper recognized that
bypoty . 2 PCUINt of supporting data will ever be sufficient to confirm a
aammu@amgo%mwu/mw but all it takes to refute it is one piece of negative
red, ng 2dence So, for instance, if T hypothesize that all Ferraris are
=8, 20 ™M a tter how many red Ferraris I see, the Problem of In-

ductiqy. ..
Metion Wiy still prevent me from stating with certainty that
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this is the color of all Ferraris..However, all T need do is go to
the Ferrari factory in Maranello and see that there is even one
white car being built, and I can then confidently assert that my
original hypothesis is false. This chain of argumeut constitutes
what Popperians call the method of falsification, and forms the
heart of Popper’s view as to how science, as opposed to pseudo-
science, is to be carried out. In his own words, “The criterion of
the scientific status of a theory is its falsifiability, or refutabil-
ity, or testability.”

Popper is a realist and believes that there is an objective real-
ity out there that science can acquire increasinglv accurate in-
formation about. His method is conjecture and refutation: We
make a hypothesis and then look for evidence to falsify it. For
Popper, ore theory of a given situation is to be preferred to an-
other if there are more potential obscrvations that can refute the
theory than can refute its competitor. In other words, the more
statements that comld be refuted by direct obhservation a theory

makes, the better the theory is. The classic example is the hy- .

pothesis that the Earth’s orbit around the Sun is circular, as
compared to the hypothesis (theory) that it is an ellipse with the
circular orbit as just a special case. Since there are more poten-
tial observations that will falsify, or refute, the circular hypoth-
esis, the theory that the orbit is circular would have more
empirical content for Popper. To understand clearly the distine-
tion between Popper’s vie vs and those of the logical positivists,
1t’s instructive te oxamine ths comparison given in Table 1.1.

‘While Popper seems to have banished the Probiem of Induc-
tion from the philosophical banquet table, his conjsetures-and-
refutations methodology is not without a few flaws of its own.
The most difficult obstacle is what is known as the Problem of
Auxiliary Hypotheses. To illustrate, let’s go back to the red Fer-
rari problem. If I happen to see a white Ferrari on the road,
thereby refuting my original countention, the “red Ferrari’” hy-
pothesis can always be resurrected by adding some new back-
ground condition to the situation, such as ‘1t wasn’t really a
Ferrari, but a Lamborghini,” or It was a red car 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 of
suitable auxiliary 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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TR

B POSITIVISTS POPPER
IDEAS
that 1s
DESIGNATIONS STATEMENTS
or TERMS 07 PROPOSITIONS
0T CONCEPTS or THEORIES

may be formulated in
WORDS , ASSERTIONS
- which may be
MEANINGFUL N TRUE
and their
MEANING TRUTH
may be reduced by way of

DEFINITIONS DERIVATIONS
to that of ,(

UNDEFINED i PRIMITIVE
CONCEPTS PROPOSITIONS

The atiempt to establish (rather than reduce) by these means their
MEANING TRUTE.

leads to an infinite regress

TABLE 1.1 Logical positivism versuc Popper

Popper’s ideas place great emphasis upon scientific method.
He is telling scientists about how they ougkt to behave, neglect-
ing entirely how they actually do behave in practice. The hard
facts are that very few scientists, if any, spend much time look-
ing for déta or trying to develop experiments that would falsify
their hypotheses—just the opposite, in fact. This commonjplace
observation leads us into consideration of the way social conven-
tions and ideas determine what we take to be scientific truth, a
position that Popper himself ultimately .came around to ae-
knowledging in connection with his original problem of distin-
guishing science from pseudoscience. He finally concluded 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
positirn of the positivists and early Popper to the cowpletely
relauvisiic stance of today’s Kuhnians, as discussed in the next
section, is the work of the Hungarian educator cad philosopher
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 T.eonhard
Fuler’s famous formula relating the number of faces, vertiees,
and edges of a polyhedron, led Lakatos to a deeper interest in
the question of the ‘“dynamics” of theories. Thas he went one
step further than Popper and the positivists by centering atten-
tion not just on the structure of scientific 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 cf 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 LLakatos 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
Jjust 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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combinations of these curves to describe the planetary orbits.
The hard core of the Ptolemaic program is the geocentric hy-
pothesis, together with the necessity of thc planetary orbits
being given by epicycles. The protective belt consists of the de-
tails of the various types of epicycles, while the positive heuris-
tic would. consist of a plan for developing increasingly
sophisticated models of the planetary system. Note that this pos-

itive heuristic is not a vague, general set of principles, but a

quite specific set of procedures giving definite advice on how to

proceed, including instructions on how to handle anomalies. -
Oun the positive side of the ledger, Lakatos’s ideas were an im-

provement over Popper’s since they acknowledged the social di-

- mensions of science. In this sense they served as forerunners {o

the ideas of Kuhn. flurthermore, the Lakatos vision of what con-
‘mmgﬁom scientific truth had the virtue of showing that no partie-
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. Also
to his eredit, Lakatos discerned two important facts about scien-
tifie procedure: (1) scientists have suificient faith in the hard
core that anomalies are explained away, and (2) scientists have
general ideas about hew one should try to cope with anomalies
(the positive heuristic). .

As to liabilities of SRPs, there are many, not the least of
which ‘is that the choice between two SRPs for Lakatos is no
casier than the choice between two theories for Popper. The as-
sessment. of which of two programs to prefer eventually comes
down to a ci*uution analogous to having Donald Trump and
Harry Helmsley tossing pennies off the top of the World Trade
Center, the title Grand Real Estate Baron of Manhattan being
mﬂmaom to the one whose penny lands first; it’s a meaningless
game without a criterion that they can employ to see who will
reign as king of the towers. But there is no operational way for
them to decide whose penny lands first without invoking outside
agents, 1.e., additional infermation outside the two “programs.”
Lakatos’s SRPs had other drawbacks as well.

There were great difficulties in coming to agreement as to just
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 hy-
pothesis, i.e., as part of the hard core of Newtonian mechanies.
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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 TTrbain Jean-
Joseph ILeverrier and John Adams suggested keeping the law
and explaining the motion by the presence of 2 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 Mercury. In fact, the Encyclopaedia Britannico (1910 edi-
tion) stated that the gravitational law should have the exponent
92.0000001612 instead of Z to make things come out right! So
even in that most solid of scientific basticns. Newteniav mechan-
ics, there were heated disagreements as to what should and
<hould 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 teli us what fo do to modify

the program but, in fact, emerges during the course 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 f2r richer than
Popper’s in that his notion of heuristics directs attention to im-
poriant aspects of scientific practice not stressed oy Popper at
all. Nevertheless, the difficulties with his SRPs cast aspersions
on the kinds of views of scientific “reality’” that cen be expected
from any such program.

So we see the various attempts by Wittgenstein & Co. to pro-
vide a solid, logical foundaticn, 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 tvio principal 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-
ince 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 themne in the fellowing way:
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“No set of rules can ever be found to guide the scientist in
choice of theories, and to imagine there is such a set is to imped
progress. The only principle that does not impede progress.
anything goes [italics added].” Feyerabend is claiming that ther
is no such thing as a scientific method. His argument is tha;
science is just one tradition among many, and is privileged ne .
ther in terms of methods nor in terms of results. He goes on
advocate removing science from its pedestal and trying to create s
a society in which all traditions have equal access to power and
eaucation. Among the traditions he suggests giving equal weight
with science are astrology, witcheraft, myrsticism, and folk medi=
cine! If this all sounds like the grumblings of a failed scientist
to you, it’s perhaps worth noting that Feyerabend did at one
time study physics and astronomy.

Feyerabend was also. active in the Berkeley Free Speech
Moverment, and became interested in the so-called alternative so-
clety ideas bandied -about in the 1960s. But he eventually re-
Geems himself Ly confessing that he doesn’t have the seriousness
of pnrpose of a true anarchist and would like to be remembered
as a “fippant Dadaist.” : , .

The central thesis of incommensurability of theories brought
out in such stark fashion by Feyerabend takes us from the ideas
of realism apnd the work of Wittgenstein and the Vienna Circle

_clear agross town to relativism and the offbeat ideas of IFeyera-
bend. Despite their shade of lunacy, the visions of Feyerabend
contain just enough good sense to suggest there’s something
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 taken to be
true at any moment is more a matter of social convention in the
scientific community than it is a product of logical methods and
‘procedures. Recognition of this startling fact constitutes the
theme song for Thomas Kuhn, whose ideas about paradigms in
science lie at the heart of what is by far the most talked-about
view of the scientific enterprise in the second half of this cen-
tury.

BUDDY, CAN YOU PARADIGM?

Julian Rigelow, an electrical engineer who helped John von Neu-
mann build tke Johnniac computer at the Institute 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 a. 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 practiced by dogs evcrywhere. Busy in their
discussion, neither von Neumann nor Bigelow paid much atten-
tion to these canine antics for quite awhile, but finally von Neu-
mann’s curiosity overcame his courtly Central Furopean
manners and he asked Bigelow if he always traveled with his
dog. Bigelow replied, “It’s not my dog. I thought if was yours.”
Such are the presuppositions that pervade every aspect of
human aetivity, science (aud scientists) being no exception. 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

oamwcwmowmmwomﬂmoﬁﬁ.mmoc.&mowmmw:mommma.m:?o.sg‘omuﬁsﬁ%
mechanics. As preparation, he began tracing the subject back to
its Toots in Aristotle’s Physics, being struck time and again by
the total and complete wrongheadedness of Aristotle’s ideas. As
noted earlier, Aristutle held that all matter was composed of
spirit, form, and qualities, the qualities being air, earth, fire,
and water. Kuhn wondered how such a brilliaut 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: Lock at the
universe through Aristotle’s eyes! Instead of trying to squeeze
Aristotle’s view of things int) 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 Jight. For instance, if
vou 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 gestalts or ~vaw&m§~\

This siroke of inspiration resulted in Kuhn’s developing the
idea that every scientist works within a distinctive 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, earry out their day-to-day
affairs within a framework of presuppositions about what con-
stitutes a problem, a solution, and a method. Such a background
Oh shared assumptions makes up a paradigm, and at any given
time a particular scientific community will have a prevailing
paradigm that shapes and directs work in the field. Since people
become so attached to their paradigms, Kuhn claims that scien-
tific revolutions involve bloodshed on the same order of magni-
tude as that commonly seen in political re¢olutions, the only
difference being that the bleed is now iniellectiial rather than
liquid-—but no less real! In both cases the argument is that the
underlying issues are not rational but emotional, and are settled
~not hy Homwn., syllogisms, and appeals to reason, but by irrational
fectors like group affiliation and majority or “mok’ 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 cannot be
foreced.” With these ideas in mind, just what constitutes a para-
digm anyway, at least as that term is used by Kuhn? The answer
s not easy, and Kuhn has come in far plenty of criticism 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 incognita of the ancient geographers and map meakers. In
this context, a paradigm can be thought of as a crude 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 accounts
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-
tions, 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 szt 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 explorar has to
make a cholce of which mop he will believe befars embarking
upon an expedition to the ““New World.” Generally, the explorer
will choose the old, reliable firrn of map makers, at least until
gossip and reports from the Exploreis Society show too many
discrepancies between the standard maps and what haz actually
been observed. As these discrepancies accumulate, eventually the
explorers shift their allegiance to a new firm: of map makers
whose pictures of the terrivory 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 de theories start small and grow.

more and more general as claimed by Bacon, uor caun 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. Occasionally a paradigm shift takes
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place when -the spectacles get smashed, and they then @5 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 carrying
out what Kuhn called normal science.
The paradigms have great practical value for the scientist ucmw
‘as maps have value for the explorer: Without them no one would
know where to look or how to plan an experiment (expedition)
and zollect A=ta. 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 cof science are made on
the vwmpm of theories and- Eﬁomummmm contained within the pre-
vailing UmﬂmeNB ‘As Einstein put it, “The theory [read para-

- digm]- tells you what you can observe.” According to EKuhn’s
paradigmatic view of scientific activity, the job of normal sci-
ence is to fill in the gaps in the map given by ihe 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 Wmﬁﬁmnb
during these times of paradigm crisis?

Imagine we are at the initial stages of such a erisis, where ﬁpm
old paradigm can’t acccunt mow certain anomalies, strange obser-
vations, and the like. Two new theories emerge, which oficr dif-
ferent  explanations for these aberrations. These theories

" represent diferent 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 af 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 tke more

.mimouom. 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

.other, competing theory? According to Kuhn, in that event! “re-

Hu fact, Kuhn states that in science truth is an entirely optional
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ality”” would have taken a quite different turn, ard the scientific :
view of the world would have been seén through that pair of :
spectacles rather than the first. This means that there is no such
thing as scientific :Eomwmmm " at least not in the sense that one
wwawm:&: builds uponits predecessor. Rather, the new paradigm
turns in an entirely different direction, ard 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 thesis is true, then it also destroys cne of the main
pillars of the scientific method, since the whole idea of a scien-
tific experiment rests upon the assumption that the vbserver can
be essentially separate from the mwﬁmwgauﬁmw apparatus that :
tests the theory. Kuhn 2ontends that the observer, his theory,
and his equipment are all essentially an expression vf a point of "
view, and the results of the experimental test mnust be an expres- }
sion of that point of view as well. This positien effectively as-
serts that science is not objective, but at the same time we know
that science is not totally subjective either, since paradigms are
eventually overthrown. So we're back te considazation of the
central question: What'is the relationship of zum scientist to the
universe he observes? ;

PRI

The most revolutionary aspect of Kuhn's claims is that they
entirely omit things like goﬁumamm truth, and external reality.
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aud gratuitous concept. As he puts it, “Does it really help to
imagine that there is some one full, objective, true account of
nature and that the proper measure of scizntific achievement is
gm mimuﬁ tc which it brings us closer to that ultimate goal?™” I
think most dwno&&ﬁ scientists would say that, yes. such a belief
qm 2 hell of a lot! But n@ﬁ&.mn.& Kuhn mommdu” think so, since
savs that there’s no way for science to get held of the “truth”
mswﬂmw, so you can’t measure nSmuSmo progress as getiing
closer to the way things are in themselves. Returning to the
map:-making analogy, Kuhn’s claim is tautamount to ihe belief
that not only are there many map makers, each emphas izing dif-
ferent aspects of the territory, but that it is in prineivle impossi-
ble ever to produce 2 complete map of the entive region. So vou
can't judge a map by how close it comes to this ideal Platonic
map, since such a map is literalls undrawable. In some ways this
line of argument is reminiscent of Wittgenstein’s claimn that lan-
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guage cannot ‘deseribe the Endbmuo Hom.po& mﬁdogwo of the
world.

Just like the H.mdognobm they describe, Kuhn’s mwmﬁsmam
were met with fierce 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 critics has been the philoso-
pher Dudley Shapere, who complained that Kuhn was a relati-
vist denying the objectivity and rationality of scierce. Shapere
felt that science according to Kuhn is nothing more than a series
of «fads dressed up to look présentable, and offered the coun-
terargument that even though we may be wearing rose-colored
glasses, there’s still a lot that shines through unaffected. The cul-

jS6SEH4 v

ors may be skewed, but other qualities like shape, size, and tex-

ture come Eb.opqw loud and clear. In short, the glasses may

distort our view of reality ,35 Emu mou t create il —a staunch

realist position.
Another criticiem of Kuhn’s idezs is that he places too little
emphasis upon the social determinants of scientific revolutions

On the one hand, Kuhn argues that 2 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 nwzmﬁo NEE offers

little help in addressing this dilemma.

While Kuhn denies the label of an ““ir1ationalist,” he does as-

sert that there are no methods or mcthodolcgical rules for creat-

ing or evaluatling scientific theories. His argument is that only
propagandizing plays 2 role in changing allegiznces from one
paradigm to amother. What inakes reasons for theory change
“‘good” is that Smw are generally zccepted by the community,
and if you want {o be a member of that commurity it duooo,mu
you tn operate within the frameworkx of this ﬁ.u.ij of reasons.
As an immediate consequence, we £nd Kuhn’s statement that
rival paradigms cannot really be compared, al Gccmw he does
offer what we might term a Fivefold Way for characterizing the
features of a good theory. Kuhn’s wAY consists of &m following
points stating that a good theory must be

* Accurate: Consequences of the theory should be in agreement
with experiment.

FAITH, HOPE, AND ASPERITY a5

Consistent: The theory should contain ne interpal oouwwwﬁ_ﬁa-
tions and, moreover, it should be consistent with currently ac-
cepted theories applicable to related aspects of Nature.

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

» Stmple: It should bring order to vwosgbmdw that without it
would he individually isolated.

* Fruitful: The theory should disclose new phenomena or previ-

onsiy unobserved relationships. : B

Kuhn's claim is that these criteria offer the shared basis for the-
ry choice, but that there is no possible way of giving a justifi-
cation for this selection of criteria. _ . o ;
To compare Kuhn with Feyerabend, Kuhn -says.there are
2les (the Fivefold Way) for theory choice, but their %U:om tion
may be problematic and they cannot be given objective justifica-
tien. - ﬁ.m%mwwdosm sayvs. there are no rules whatscever but, like
Kuhn, rests ch of his case on the existence of incommensura-
ble wmoﬁmm. .
We can also compare Kuhn with Popper and I.2katos by not-
ing that, roughly speaking, _

Humww&mn.a = Hard core + Positive heuristic

enabling us to connect Lakatos’s SRPs to the notion of a para-
digm. As far as Popper is concerned, his central tnemes of con-
jecture, test, refutation, are also presént in Kuhn’s world, but
only during the course of practicing pormal science. Popper’s
contention that there is no rationale for the introduction of new
conjectures in science, but only for the exposure of such conjee-
tures to falsifying tests, is basically similar to Kuhr's claim thai
there is no rationale for tke introducticn of 2 new paradigm, but
only for the attempt to ‘‘articulate” the paradigm and make.it
deal successfully with anomalies. The point of divergence be-
tween Kuhn and Popper arises when it comes time to shift from
one paradigm to another. Popper believes this can and should
(and is) 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 wax. :

TWith Kuhn we kave come to the end of the line 2s far as con-
temporary views on the ways science operates both to form and
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to validats its view of the world. Since the path from Wittgen- .

stein to Kuhn has been a complicated -one filled with lots of
switchbacks and strange meanderings, in the next section I'll try
to summazarize the competing positions as weil as briefly reexam-
ine our original question: How real is scientific reality?

PHILOSOPHICALLY SPFRLTING

When embarking upon this whirlwind tour of twentisth-century
philosophy of science, our point of departure was to explore the
two basic issues: What is the connection between scientific thzo-
ries (language) and objective reality, and does science have any
special sort of procedures or methods for either generating nzw
theories or evaliratiug competng ones? Note again here the ira
poriant poiat thaf when we usz the term method in this setting,
we’re referring to z method for generating theories and not to
the more common ooucmnn of the “scientfific method” as con-
stituting the potentially 1nfisite sequence hypothesis — experi-
mment — hypothesis . . . Thess questions led us to divide belizfs
on the nature of rezlity into three categories:

* Realism = Objective reality exists.

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

* Relativism = Reality is whai the community says it is.

1We also saw that beliefs as {o whether or not there’s methaod
in the madness of science determine one’s position as a rational-

~ 4}

" ist or an irrationalist, with raiionalists believing in method, ir-

rationalists not. The various philosophers and philosephical

them occupied a lot more time and space tzan I'd intendad, but
necessarily so. Consequently, bzfore 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 conclusior nZ the philosophzrs is that, 2s Einstein said, “it's
all relative.” But we saw earlier that ten out of eleven everyday
vhysicists supported the idea ¢f 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 \,.m.OC_.SmZA
Wittgenstein I realisin rationalist Eﬁmﬂm language
Wittgenstein 11 relativism irrationalist Janguage rules
logical positivists instrimentalism rationalist verification
principle

Popper realism rationalist falsification
Lakatos H.&.msimg rationalist SiNks:
Feyerabend relativism irrationalist ‘*‘apything WOmmr
rationalist paradigms

N:r,: relativism

TABLE 1.2 . e betile of the philosogker kings

and listen to what the player.: rather than the Monday morning
quarterbacks have to say about :he whole business. .
In 1979 the Institute for Advanced Study in Princeton held a
celebration to honor the one hundredth anniversary of the birth
of Einstein, the institute’s first and most celebrated resident ge-
nius. To plan for this celebration, a committee was forined at the
institute to arrange a program and invite scholars from around

the world to participate. Just as Caesar divided ull Gaul into’

three parts, the TAS committee decided to nrganize the Einstein
centannial similarly, focusing on Einstein’s szience, the histori-
cal genesis of his ideas, and, finally, the pkilosophical impact of
his work. As Freeman Dyson tells it, the committee solicited
names and put together lists of scholars who couid be iavitea in
each of the three areas. The committee wes personally ac-
quainted with almost everyoue on the list of scientists. As to the
historians, the committee didn't know them personally but at
least had heard of raost of them and knew of their work. But
when it came io the philosophers of seience, Dyson remarks that
the committee was not only unfamiliar with them personaliy, but
had never even heard the names of most of them! Meie than any
abstract argument could ever hope to show, this little episode

conveys the level of contact between the activities of the working

scientist and the arguments of the philosopher: It is exactly
zero! In Dyson's words, “There’s a whole culture of philosophy
out there somewhere with which we have no contacts at all. . . .
there’s really little contact between what we call science and
what these philosophers of science are doing—whatever that is.”

Dryson’s observation serves to unravel the contradiction noted
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‘a moment ago between the belicfs of scientists and those of phi- .

Homo@wmwm 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-
guited 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 indicaior of the state of affairs, the physicist Mur-
ray Gell-Mann at all times carries with him a doctor’s prescrip-
tion forbidding him to argue with philosophers cn 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 issués of the significance of what they do and its relation-
ship do,ogmw knowledge-generating.mechanisms, then, as noted
before, a consideration of matters philosophical is unavoidable.
Most of our steries in this volume center upon what scientists
are réally doing, hut 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 aleng, as a guide ﬁo mﬁw?wﬁcm,

the myriad competing arguments.

While @Eomovwno& factors wwocmzw. are honored more in the
breach than in the practice of science, sociologicel pressures are
another matter. Science is not yet &.oum by impersonal, unin-
volved machines, but by real, live, thinking and feeling human
beings, and it’s :Bw.OmﬁZm mS. this fact not to have some impact
upon the way science proceeds to its conclusions absut the way
the universe functions. Let’s taks a few pages to consider the
sociolngy of science rather then its philosophy, as another ave-
tue to walk down on our way to learning about the way science
comes to what it sees as “truth.”

A TALE OF TWO deOHUMM e

Ludwig Boltzmann and Paul Kammerer were both wﬂo»onmowm at
the duwwmwﬁq 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 o,o.:mmm:mﬁ and they both committed suicide. While per-

haps extreme in the outcome, these two cases serve as examples
of ore aspect of the way scientific truth is determined at least as
much by the social climate of the times as by the dictates of
reason and logic alopes

Boltzmann, a physicist, is perhaps best remembered HOH his
work in thermodynamics and the ccnnections he discovered be-

_tween the theory of heat and the more. genera! issues of random-

ness and order. He is .ﬁommﬂ credited witn having introduced the
notion of entropy as a measure of the disorder present in a col-
lection of objects nf any sort, an idea that later served as the
basis for the theory of information, which turned out {o be so
cruciel to the development of modern communications technol-
ogy. In fact the formula & = k log W, expressing the ectropy S
as being proportional to the logziithm of W, the number of pos-
sible states that a system can assume, iz engraved on Hwo:N-
mann’s tombstone "in Vienra’s Nmui friedhof, a mnﬂmm
memerial to the importance of this fundamental idea. In this
expression, the constant of proportionality &4 is even today
termed Bolizrann’s constant in Hoﬁ_omdwcou of this magnificent
achievemexzt. But at the time he was carrying out this pioneer:
ing work, the achievement was anything but magnificent, at least

if one was listening to the leading scientists of the day. ,

Bolizmann’s problem was that his thecory of heat invoived an

mmmmqumm of atums moving according fo the usual rules of
Newtonian mechanics. He used this concept of an atom as a par-
ticle of matter to construct his theory of heat as a statistical
wnoJ} iv mBmﬁméq out of the overall mwoticn of these atoms.

Note t this idea was put forth around tke turn of the cen-
Ed.u several years before the work of Ernést m::umf-. I A 9
Thamson, and Niels Bohr gave the conecept of an atem s mod-

ern oirth. As a result of his atemistic specu 5:2...,.”... Belizmann

came izto heated conflict with several of the giants of ths scien-
tific communitv, most notably his Vienrese culleague Ernst

Mach and the German physical chemist Wilheln Ostwald, who

argued torcefully against the idea of the atom. Ositwald, in par-
ticuler, preferred a theory of heat hased upon the notion of en-
ergy reiher than matter. Depressed by the acrimouy of this
opposizion, as well as his failing eyesight and what Le thought of
as tke dzcline of his mental faculties, Boltzmann took his life in
Duino, Italy, on September 5, 1906.
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Tragically, Boltzmann’s suicide took E.mom mgoﬂ,. cotermi-

nously with- the work by Thomson and Rutherford in Britain
that would lead to a complete vindication of his ideas. So here
we have a textbnok illustration of how the social climate of the
scientific community, as well as the influence of two great men,
acted to delay introduction of what ended up being a wajor con-
tribution to our way of thinking about the way the world works.
Now let’s move the clock forward almost exactly twenty years
and examine the case of another Viennese professor as iiiustra-
tion of how these same social forces can work to rid science of
equally controversial, but this time erroneous, ideas.

Paul Kammerer was a professor of biology at the University
of Vienna in the 1920s. Accounts credit him with an almost mag-
ical skill at breeding amphibians and other types of arimals.
They also note that he was an ardent sociaiist and crusader for
the political causes of what today we would term the liberal left.
(Given this-combination of scientific and political leanings, it’s
perhaps not surprising that Kammerer supported the idea that
acquired characteristics can be pass on to offspring, i.e., La-
marckian inheritance. For idaolegues bent upon improving the

humax race, the idea that behavioral traits like learning, altru-

ism, and Qm like can be acquired holds great appeal. So it was
for WPBEmHoH ﬁoo and he set out »o vwodo the idea with his now:
infamous experiments on the midwife toads.

Generally these toads breed on land, with the male lacking the
so-cailed nup4al pads of the male members of other species of
‘toads that breed in the water. These pads are rough patches on
the hands of the male that he uses to grab on to the back of the
slippery female during the course of mating in water. Xam-
merer’s experiment involved forcing the midwife toad to breed
in water for several generations, his claimed results being that
such toads then developed the nuptial pads characteristic of
their naturally water- breeding cousins. The supporters of Kam-
merer focused upon this czperiment as clear-cut evidence for
Lamarckism; opponents remained highly doubtful mum Hm@comﬂmm
a closer Hoor at the evidence.

These experiments with the midwife toad came cb@mw heavy
attack from naturalists in both Europe and America, especially -
William Bateson in England and Kingsley Noble in New York.
On a visit to Vienna in 1923, Bateson saw Kammerer’s last re-
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maining specimen of a midwife tnad with nuptial pads and later
asked to reexamine it in his own lab. Karnmerer 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 physical struc-
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 maﬁﬁm
appeared on August 7, 1926. In a letter of September 22 {¢ th
Soviet Academy of mﬁmcnmm Kammerer wrote that e had exam-
ined Noble’s claims and moﬁba them to be totally accurate. He
went on to protest his ignorance of how the inking had been
done, but acknowledged that his experimental conclusions 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 T shall gather together enough courage and m?mumg

B<

to put an end of my wrecked life tomorrow.” bum in fact, duz-

ing a walk in the Wienerwald the next day, Kammerer shot him-
self in the head. This was another extreme example of scientific
peer-group pressure and its sometimes tragic effect upon the

lives of scientists de—iating from the group nomns. Only this ~

time the pressure acted to @Hnowmm; wrong results rather than to
suppress correct ones.

The tales of these two Viennese professors sei.¢ to undex-
score the sometimes dramatic influence. that the social compo-
nent of science plays in establishing what we take to be the
scientific “truth” of the moment. These social factors operate

‘within the scientific community itself as well as in the outside

world, shaping not ouly the way scientific activity is carried
out but also the manner in which certain ideas, like Boltz-
mann’s, .are buried while others thrive. One of the pioneers in
studying these social determinants, at least inside science it-
self, is the sociologist of science Robert K. Merfon, who in
1942 identified a small set of what he termed norms character-

_izing- the scientidc enterprise.” Roughly speaking, in modern

terms we can give Merton’s norms as:

.
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* Originality: Scientific H@mF:m should always be original, i.e.,
‘novel. Studies that add nothing new »o what is already known
are not part of science.

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

‘e Untversality: Claims and arguments should be given weight ac-
cording to their intrinsic merits alone, and should not depend
upon religious, social, ethnic, or wowmou& factors surro u&bm
the individuals who make them. In short, there are no privi-
Hmmmm sources of scientific knowledge.

* Skepticism: No scientific statements of fact should be tzken on
faith. All claims should be carefully serutinized for invzlid ar-
gurnents and errors of fact, and any such mistakes should be
made public immediately. To put it simply, scieniists should
trust no o1, at least not when it comes to claims of scizntific

_ truth.

* Public accessibility: All scicntific kaowledge should be freely
available to anyone. Thus, results of research are not the pri-
‘vate property of the scientist, but are public goods that should
be {rarsmitted immediately to the community of zsience. This
norm lies at the heart of debates as to whether or not engaging
in classified military memnnnr is scicantificaily ethical.

Anyone . involved with the way scientific practice zciually.
works will immediately recognize that these prescriptions ars vi-
olatéd every day of the week in both trivial and not so trivial
ways, serving the same role in science that general laws serve for
society at'large. There’s nothing particularly disturbing zbout

- this gap between theory and practice, just as the fact that

human beings jaywalk, rob banks, and drive their cars too fast
is not really news either. What is mLm urbing, to some anyway, is
what appears to be an increasing incidence of such viclatiors of
the spirit of science, at least as it’s embodied in these norms.
Such an increased pace of corner cutting in science seems espe-
cially evident in the last decade or so, certainly aided and abst-
ted by science’s Fesustian bargain with government funding
agencies. Nevertheless, the Mertonian norms 2re still the ethos to
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which the community of scientists subseribes, and form. the
heart of the code. by which the behavior of most scientists is
judged by their peers. And in exactly this way the nurms make
their contribution to the way scientists think, hence 10 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 cutside, es-
@mﬁmzq in today’s Irass- -media-saturated and cash- w;umww

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 cancer, with the “same kind of céncentrated effort that
split the atom and took man to the Mean. . .. This proncnnce-
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 GmUnow Research in New. York
City. :

Amid the high-pressure ﬁorﬁo& climate mcwwosu&:m cancer

research and the feverish hustling and gr antsmanship, in March -

1973 Summerlin applied fcr a five-year federal research grant
from the.American Cancer Society to pursue his mvvn.ﬁ interest
in skin grafts and immunolegy. 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 li‘tle favorable publicity never huri the case of
a relatively obscure, but ambitious, young researcher, Summer-

lin presented an outline of his work in progress at a sc:ence writ-

ers’ convention. The results were predictable: a three-column
headline the next'day in Zhe New York Z1imes declaring L4B DIS-.
COVERY MAY AID TRANSPLANTS. Sumsmerlin 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 increasingly difScult to coufirm his re-
sults by independent experiments. In fact, evern werkers in
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Suramerlin’s own laboratory at Sloan-Kettering were unable to
reproduce the claimed properties of the specially treated “Sum-
merlin skin,” leading to a showdown between Summerlin and
Sloan-Kettering Director Dr. Robert A. Good in March 1974. On
his way to this fateful meeting, Summerlin pulled out a black
felt-tip pen and hurriedly inked in some dark patches on the
white mice he was bringing as evidence for his claims. At the
time Good didn’t notice the Summerlin embellishments, and it
was only when the mice were returned to the lab assistant that
Summerlin’s “help’” was discovered. The assistant immediately
reported the matter to his boss, at which point Summerlin was

instantly suspended. While he dényed any wrongdoing,.assert- -

ing that he had inked in the skin grafts on the mice only to make
them more easily identifiable; Summeriin’s credibility was shat-
tered by the incident, along with the credibility of his supposed
technique for skin NHmmH
Interestingly enough, the Summerlin episode bears some
strange similarities to that of Kammerer and the midwife toads,
although without the same tragic suicidal ending. The point in
raising these cases here is not so much the issue of whether or

not Kammerer or Summerlin was really guilty of fraud, but
" rather to illustrate the degree to which forces outside the world

of science, in this case the federal research-funding establish-
ment and the public at large, contribute to creating a climate
that can drive scientists to manufacture and/or artifcially en-
hance what they claim are “the facts.”. And money is not the
only such pressure. Political considerations, mm@.m&m:w those in-
volving what is often termed ‘“‘Human dmgﬂm ”’ can and do play a
dramatic role in influencing what’s scientifically “right.”” A good
illustration of this kind of effect was the controversy over social
Darwinism in the first half of the century, a debate about which
we shall have much more to say later when we conside: its mod-
érn.incarnaz.on: the Sociobiclogy Prcblem. In this context, it
may even be safe to say that the real issue is the confiict between
the norms of science, as exemplified by Merton’s list, and the
“norms” of politics as-encoded in the ideologies of certain paliti-

cal movements (in the case of sociobiology, Marxism).

The foregoing stories barcly scratch 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 claims and comes
to a consensus on a given issue. The heart of the difSiculty is that
knowledge is underdetermired. H&:mv there are always manjy
different theories, each of which can give a plausible account of
the available facts. So how are we to choose one aund let the oth-
ers go? The basic problem is encapsulated in the remark of the
philosopher Wiilard Van Orman Quire, who roted that ‘“‘any
statement can be held truc, come what may, if we make drastic
enough adjustments elsewhere in the system.” Oue 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
tue raging sociobiology debate ccovered in Chapter Three.

As to arrival at a consensus, the key factor is the Mertonian
norm relating to the public character of scientitic knowledge.
The rule that scientific information is communicated explicitly
and unambiguously influences both ‘the form and the content of
knowledge that is labeled ‘‘scientific.” For exampl:, this norm
goes a long way toward accounting for why éxperinemal 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 publc 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 norr, to see scme
of the ways in which scieniific knowledge differs in significant
ways from these other forms-of realitv rcpresentation.

Since we'll see many concrete instances of these soclological
factors entering into the stories that foliow, there’s no need to
belabor the point here 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 bhe in a better positicn 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 Jocelyn Bell
and Immanuel Velikovsky, noting their positions at opposite
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- ence.”” We are finally in s position to give the long answer to th
guestion posed earlier about why Velikovsky’s work has bee
relegated to the dustbin of pseudoscience, while Bell’s was re-%
warded with the Nobel Prize for physics (although not to her).-

unpleasant task of telling potential contributors that their Da- 98
pers are not suitable for publication. Generally the reasons are
the usual ones: trivial or nonexistent results, poor writing, work
outside the scope of the journal, and so on. However, occasion-
ally I.get a parer that I den’t even bother to send out for the
customary refereeing process, rejecting it out of hand. Such pa-
pers are the bane of the editor of almost every scientific publica-
tion, and every editor soon becomes sensitized to their telltule
aroma of nonsense masquerading as séience. Since my oA&D jour-
nal is devoted to mathematics, papers of this sort tend to involve -
such well-known impossibilities as squaring the circle, trisecting
an angle, and doubling the cube, although they occasionally ad-
dress famous-outstanding prebiems 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 that was
correct). Luckily for me, mathematics is an area wkere it’s dif-
ficult to try to dress up such pseudoscience in respectable clothes
and not have it show. Certainly my colleagues in biology, medi-
cine, and the sccial sciences must have it much worse in this re-
gard. But just what is' it about this kind of paper that
immediately stamps it as pseudoscience to the trained (and jaun-
diced) scientific eye? To answer this puzzling query, leJ's briefy
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 compactls
the practicz 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-
_{ure (facts — hypothesis = experimgnt — laws — theory),
togzther with the processes of verification and peer review.
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B. Science is a social activity, with tte standards for what con-
stitutes good science determined by the norms of a particular
community. . ;

TWith these facts of modern scientific life in mind, let ' me now
offer a short checkli§t of “‘sights and sounds” (and smells) for
detecting pseudoscience. If you're reading a paper and catch the
whiff of even one of the items on this list, be assured that the
author is dealing in pseudoscience, at least by the standards pre-
vailing in today’s world of science. For the following list T am
indebted to the outstanding work Science 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 cuiture of pseudo-
science and pseudoscientists.

HALLMARKS OF PSEUDOSCIENCE

o Anachronistc thinking: Cranks and pseudoscientists often re-
vert to outmoded theories that were discarded by the scientific
commupnity years, or even centuries, ago 2s being jnadeguate.
This is in contrast to the usual notion of crackpot Emowwmmﬂ as
being novel, original, offbeat, daring, and imaginative.. Good

examples of this kind of crankishness are the crzationists, who -

link their objections to evolution to catastrophism, claiming

that ‘geological evidence supports the catastrophic rather than -

nuwmowB#mﬁwu194omtumWu.bmommmowommomwmnmﬁqEm%mm-
sociate with evolution. The argument is anachrepistio jusofar
3 it presents the uniformitarianism-catestrophism dichotomy
as if it were still a live debate.

Seeking mysterics: Scieutists do not set out in their work to
look for anomalies. Max Planck.wasn’t lookwyg for trouble
when he carried out his radiation emission experiments and
AMichelson and Morley certainly were not expeciing EoEmBm
when they devised their experiment to test for the EBMEH.m.H-
ous ether. Furthermore, scientists do not reject ene theory 1n
favor of another solely because the new thecry explains the
anomalous cvent. On the other hand, there’s an entire school of
pseudoscience devoted to enigmas and mysteries. be »ﬁmw. the
Bermuda Triangle, UFOs, yetis, spontaneous combustion, or
other even more offheat phenomena. The basic principle cdmm.ﬁ-
lving such searches seems to be that *‘there are more things 1n
heaven and earth than are dreamt of in your philosophy,’” cou-
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- hﬁﬁmpw to §N\§m. OHwPrm omwmu use the following pattern of
reasoning: Start with 2 myth from ancient times and take it as
an account of actual occurrences; devise a hypothesis that ex-
plains the evenis 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-
ficicucy 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 mever &o@@m@ from the list of confirming evi-
dence.
Irrefutable kypotheses: 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. Pseudosciznce is riddled with
hypotheses of this sort. The prime example of such a hypothe-
sis ‘s creationism;-it’s just plain not possible to falsify the
‘creationist model of the world, as we’'ll see in tha next chapter.
Spurious similaritics: Cranks often argue that the principles
that underlie theiv theories are already part of legitimate sci-
ence, and see themselves not s¢ much as revolutionaries bt

more 28 the poor cousins of science. For example, the study of -

biorhythms tries to piggyback upon legitimate studies carried
cut on circadian rhythms and other chemical and eiectrical os-
cillators known to.be present in the human body. The basic
pseudoscience claim in this area is that there is 2 similarity
between the views of the hiorhythm theorists and those of the
biological researchers, and therefore biorhythms are consistent
with current biological thought. :

. Mﬁﬁ&xﬁ&a by scemartor It’s commonplace in science to offer
scenarios for mAE nation of certain phenomenz, such as the
origin of life or the extinction of the dinosaurs, when we don’t
have @ enough data to reconstruct the exact circumstances of

v>x>o_ozm.romﬂ
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the process. However, in science such scenarios must be con-
sistent with known laws and principles, at least implicitly.
Pseudoscience engages in explanation by scenario alone, i.e.,
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 caused the Earth to flip over ana reverse its magnetic
poles Velikovsky nffers no mechanism by wkich this cosmic
event cculd have taken place, and the cwm?. principle of deduec-
ing consequences from general principles is totaliy ignored in
his ““explanation” of such phenomena.

+ Research by literary interpretation: Pseudoscientists {requently
reveal themselves by their handling of the scientific literature.
They regard any statement by any scientist as being open to
interpretation, just @s in literature and the arts, and such
statements can then be used mm»Emﬁ other scientists. They
focus upon the words, not on the underlying facts and reasons
for the m»m*mBmE‘m Gmﬁ appear in the scientific literature. In
this regard, the pseudoscientists act like lawyers gathering
precedents and using these as arguments, rather than attend-
ing to what has actually been communicated. {

+ Refusal to revise: Cranks and crackpots pride themaselves on
never having been shown to be wrong. It’s for this reason that

the evperienced scientific hand never, under any circum-
stances, enters into dialogue with a @wmc&onﬁmcﬁﬁ But im-

‘munity to criticism is no proof of success in science, for there
are many ways to fend off attacks: dfim only vacuous mate-

rial replete with ﬁwcﬁowo@mm. make sure vour statements are so’

vague that criticism can nevir get a foothold; simply refuse to
momuoﬁmmmmw ﬂwmnm.qma criticism yon do receive. A variant of
this last ?:. a faverite technique of pseudoscientists: They
always replr to criticism, but never revise thelr position in
light of it. Ther see scientific debate not as a niechanism for
scientific progress but as an exercise in rhetorical combat.

Again the creationists serve as vgwrdo testimony to the power

of this principle.

The major defense of tmocQOmSmuom is mcn:%m up in the state-
ment ‘““Arything is possible,” the pseudoscientiic version of
Feverabend’s philosophical theme song “Anything Ctoes.” Kar-
lier we considered the question of competition between models
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and theories and drew up a few mwoﬁum rules by which the com-
petition is generally carried out in legitimate scizntific circles.
Tet’s look at how pseudoscientists, with their “Anything is pes-
sible’” shield, enter into such competition.

In the competition among theories, the pseudoscientist makes

_the following claim: ‘‘Our theories ought to be allowed into the

competition because they may become available alternatives in
the future. Scientists have been knovn to change their B:im oL
the matter of what is and is not impossible, and ther are likely
to do so again. So who’s to say what tomorrow’s available alter-
natives may be?” In other words; anything is wOmmMEm_ The fact
that a theor¥ may become an available alternative in the future
does mot 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 current scientific MHwBoﬂoww since it will mﬁmuEm:w

have to ‘be replaced anyhow. . -

By referring to a future but as- w.m?ﬁb;goﬂu state of science,
the cranks are in effect refusing to participate in the competi-
tion. This would be all right if they didn’t at the same time in-
sist on entering the race. [t’s as if one 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 je! car race!

‘The pser doscientists glso worm their way into the aonmSSod .

bv putting the burden of ﬁHoom 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 cannot do so. The obvious logical flaw is the assumption
that failing to prove a theory impossible is the same thing es
proving it possible. While the principle of innocent till proven
guilty may be used in bbmwo-muwnou courts of law, scientific de-
bate is not such a court. The reason why pseudoscientists think
they can put the burden of procf 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 comraunity to consider ¢ll proposed ideas that
are not logically self-contradictory. In their view, to ignore any
idea is to be prejudiced. v

Tinally, we note that the pseudoscienfists cften act as if the
arguments supporting their theory were peripheral to the the-
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ory. Science is défined in terms of kow and why we wuoa_ some-
thing, not wkat we know. Thus, the pseudoscientists fail to see
that what makes a theor= a serious contender is not just the
theory, but the theory plus the arguments that support it.
Owwﬁrm think that somehow tne theory stands on its own, and
that the only méasure of its merit for entering the roEmeSou is

ts degree of daring and novelty. Hence, they think the scientific

community has only two choices: admit their theory into ‘the
competition or else prove if to be wrong. However, when it comes
to defending a theory or medel in scientifie debate, without high-
quality supperting evidence azd a2 solid conceptual scheme,
there’s just no time, room, or paiience for the “Anything is pos-
sible” antics of pseudosciecce. :
As a postseript on the pseudoscientisis, it’s cf inferest to ask
why the ideas of many wmmsmoémpuznﬂw like Velikovsky are so
popular. While it is true that Velikovsky’s concepts are a little
simpler than those used by modern astronomers and paleontolo-
Zists, his real advantage is that they are so much easier to visu-
alize mentally and come to *orms with. 1n short. thex appeal to
what John Q. Public wouid call commen sense. Unfortunately,
neither the world nor science is as simple as naive common sense
would have us believe. For example, what kind of peasant cun-
ning would suggest that ecergy levels in atoms ¢an come only in -
diserete packages? Common serss would say that if you can
walk up stairs one step at a time, then you can also stroll up a
ramp to get to the same place. But modern physies says no:
Change of energy levels can occur orlr in discrete steps. The
more developed a scientific n@mrnnﬂ bzccmes, the lsss veliable
common sense is as a guide. In fzetf, there are aspects of science

_that are just plain contrars to cczmor. sense, like the staircase

example just noted. The paoint to Zeep in mind is that most be-
liefs hLeing prometed as a2lzzrnatizes to seience are deliberately
caleulaied to it smoothly into wiat conimon sense suggests is
ﬁwm war things skould be, as wel as the way to solve all our
problems. .S.:ED these comforiing werld views, ive have no
problems of our ow b'm‘,.maﬂ.r?by that hzppens to us does so be-
cause of bad aspects of Jupiicr, itz work of the devil, or the will
oF superior beings from Axn rdromeda. At root, these heliefs are a
measure of the degree of disappoiziment with which the general
public greets the revelations of modern seience. The average man
wants complete, easy-to-understand, clear-cut answers, when all
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that science has to offer is arcane, difficult-to-follow ifs, wummu

buts, or maybes.
wm:mm systems outside science come in many forms, some of *

them covered by the general umbrella of pseudoscience. By far.

the most interesting and important alternative to a scientific or-
dering of the world is that provided by the principles and tenets
of organized religion. From the beginnings of Western science

in the Middle Ages, there hes been a sort of (not always unde- :

clared) guerrilla war waged between the Church and the scien-
tific cornmunity 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 conflict as our final.statement about the alter-
native realities that we use to shape and interpret our dailx

lives.

THE PULPIT AND THE LAB

A few years ago Daysi Fernandez, a mother oi three living on
welfare'in New York Cily, bought a lottery ticket that came up
a winner, returning almost $3 million, a tidy prefit on.a $4 in-
vestment. Little did Mrs. Fernandez realize that in her good for-
tune she would become embroiled it 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 lotter tickets for her. Pando, a staunch belicver 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
ma.BHuwgmUo to his beliefs, for he claimed that she wwm 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
$2,877,203.20, but she refused to fork over the prowised 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
Millicnaires’ Club. Mrs. Fernandez argued that the agreement

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

clading the fact that John Pando was a minor under the age of

- i
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eighteen. After bearing the competing arguments. Judge T@-
ward Greenfield of the New York County ﬂmv?: e Court ruled
on the matter.

The judge found in favor of Pando on most of the uo:uﬁw in-
cluding the malter of age, but eame up with a finzl verdict in
favor of Mrs. Fernandez on the grounds that it was impossible
in a court of law to prove that “faith and prayers brought 2bout
a miracle and caused the defendant to win.” in cther words,
Pando hadn’t proved that Saint Eleggua had rigged the lotters
to point the finger of fate at Mrs. Fernandez. As far as it goes,
this seems a defensible statement. But what is open to sericus
debate is the reasons given by the judge for denyizz Pando a
share of the fortune.- :

Judge Greenfield in effect assumed a priori that religious be-
liefs are not amenable to scientific testing. As part of his deci-
sion, the judge also stated.that i«inmaking by cloud seeding
would qualify for payment, but that tke producticr of rain by
dancec, chants, and the other tricks of the medicine =ian’s irade

would not. Thus, the Fernandez case opens cw. for further in-.

spection the age-old gquestion of where 2 belief srster mﬁowm and
science begins. - L . BT

In the Reality Game, religion has always been science’s tough-
est opponent, perhaps because there are so many surface
similarities between the actual practice of science ara the prac-
tice of most major religivns. Let’s take mathematics 2s an exam-
ple. Here we have a field that emphasizes detachrient from
worldly chjects, a secret language comprehensible zxnly ‘to the
initiated, a lengthy period of preparation for the “priesthood,””
holy missions (famous unsolved problers) to which mambsrs of

the faith devote their entire lives, a rigid and som=what arbi-

trary codz to which all practitioners swear allegiazee, ard so

on. Thess features are present in most of the scienczs as well,

“and bear a striking similarity to the surface chzr recte risties

of many religions. Roth scientific and 1m:m5rm mciels of the
world direct attention to particular paiterns in evezis and re-
structure how one cees the world. But at a deeper level there
are substantial differences Uwﬁa.mmu the religious view and that

of science.
Let’s consider some. of the Bmu.ou. arezs in wnich seience and

religion difer:
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64 PARADIGMS LOST.

« Language: The ﬂwbwdmmm of science is primarily directed to-
ward prediction, mxwwmbwﬁou and control; religion, on the
other hand, is an expression of commitment, ethical dedica-
tion, and mﬁm?bﬁ& life orientation. So even though there are
mc@mﬁmo&p similarities at the syntactic level, the sexmantic con-
tent of scientific and religious Hmbwswmmm 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 respect
to any facts external to one’s own commitment. In this regard,
the reality content of most religious beliefs is much the same
as in the myths considered earlier. Frndamentalls, what we
have in science is a basic belief that the universe is under-
standable using rational arguments, experimentz! observa-
tions, even divine inspirations, but no acts of blingd faith. This
isa 3mﬁ.@oﬁn that is not necessarily shared by marny religions.

* Models: While both scientific and religious models zre analogi-

cal, and used as organizing images for interprejing Iife experi-
ences, religious models also serve to mwvmmw and evoke
.distinetive attitudes, as well as to encourage allegience io a
way of life and adherence to policies of action. The imagery of
religious models elicits self-coramitment and a measure of ethi-
cal dedication. These are features completely anathematic to
the role of models in science. In religion the motto is ““Iive by
these rules, think our way, and yvou’ll see that it works.” The
contrast with the traditional ideology of science is clear

* Paradigms: In the discussion of paradigms, we saw that mommw-
tific paradigms were subject to a variety of consirzints like
simplicity, falsification, the influence of theory on observation,
and so ferth. 417 of these features are absent in the selection
of & religious paradigm.

* Methods: In science there is a set of procedurss to nu at the

scheme of ahbmm observation, hypothesis, experiment; i mw
gion there is a method, too—divine enlightenmant. mo;
the religious method is not repeatable, nor is ; nsces Ld

available to every interested investigator.
Table 1.3 displays a oonmHmﬂdm chart of the different ways of
"science and relizion. How are we to divine what this table is ﬂw. -
ing to convey about the respective abilities of science znd reli
gion to tell us anything useful about ourselves and the universa
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ISSUE ‘ RELIGION SCIENCE
'mcgmﬁ matter God and humankind phenonena of Nature
information source revealed word, holy * observations,
. L books experiments

~objective of m.rcm.w purpose and plan mechanisms
langnage everyday speech mathematics -
method literary measurement and
intcrpretations analysis

results moral imperatives explanations
validaticn personal experience replication, ﬁmmawum
limitations mechanism no goals or values

unexplaired

scientific establishment

| community church

we inhabit? It seems that there are at least three possible an-
swers 1o this elassie co nundr urm: o
i. Two realms: Science and religion rma.m different y@wmwmm of ju-

risdiction. -
=
2. Concordance: Religions and scientifie explapations of Nature

cun be brought together on the same plane.

3. Partial views: Science and religion each illurninate the same
reality Aﬂwmao/]ow that might be), but from different perspec-
tives

To mv mind, only the last possibility ermm zny sense whatso-

ever. The m.ﬁm leads to the all too depressing territorial disputes
Lind that so much Ylood has been shed over through the
s wwhile the second is self-defeating since scientific views are
\lwars changing. As 2 result, a theology that attaches itself to
one scientifie mmEz« today will surely be an orphan tomorrow.
With .; e above considerations on religion under our belt, we
see .,.nmﬂ both pseudoscience and reiigion provide alternate real-
ity-structuring @aoommp%m radically dirferent in character from
‘hose emplored in science. It's of interest to ponder why there is
/zLu 2 diverse mixture of nonscientific knowledge, especially in

e

view of the claims of virtually every sect that its own brand of

.n...;
medicine is uniformly most powerful.
My view on this matter is quite simply that neither science nor

va o
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78: the wares are just not attractive enough. In sone
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mploy them. For example, many people have a deep-seated psy-
chological need for security and tuin to conventional religion for
myths of all-powerful a:.d beneficent Beings who will attend to
this need for protection. Scierce, with its mysterious and poten-
tially threatening pronouncements about black holes, the ‘“‘heat
death” of the universe, evoiutina from lower beings, nuclear
holocaust, and so on, ofiers 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 threafening conclusion, since they seem to put
in jeopardy the conventional wisdom that the road to truth les
in the “objective” tools of science, not the subjective, romantic
notions of believers and crusaders. But if we accepi Feyera-
bend’s arguments of alternative and equally ¥alid belief systems,
- then we are inexorably led full circle back to the position that
there are many alternative realities, not just within science 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
complets answers but only more questions, with science provid-
ing procedures for addressing certain important and intercsting
classes of such questions. .

INTO THE COURTROOM OF BELIEFS

The British philosopher John Locke appears to have beern th

first to use the word “science’ in anything like its modern mean-
ing when he equated “scientifical” with certainty and demon-
stration of knowledge about the physical world. In the.chapters
that follow, we vill be out to question the degree to which science
delivers on these lofty aims. Qur dual philosophical themes c=n-
ter about the eternal puzzles: What is real, and what is our rela-
"tionship as humen beings to this reality? In ths course of
_attempting to shed light on these Bobbsey Twins of philosophi-

cal speculation, I bave chosen the vehicle of a courtroom meta-
: , : .

e science gives a product that is satisfactory to -
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phor within 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 remark by
¢ Henry Bauer that “where eminent men disagree violently, and
both sides present.their cases as proven, we can be rather sure
that certainty is not in fact available, and that the matter is not
technical but rather trans-scientific. It is a dispute over proba-
bilities, values, desirability, not over facts.” The only factor that
characterizes science as a whole is that, in the long run, vatruths
® are weeded out and what remains becomes more reliable. Thus,
just as in economics where Adam Smith’s Tnvisible Hand guides

and beliefs that don’t prove useful to enough people over a suf-
ficiently long peried of time. :

I leave it to the reader to be the final judgé of whether or not
“scientism” (I promise that this will be my last -ism)) establishes
a case for its underlying thesis that “‘science = truth.” Bat suc-
ceed or fail, I hope that as we go tarough the various case stud-
jes in scientific confiict that follow, the reader will not only get
some basic grasp of the ideas themselves, but even more impor-
tant will discover that thesé ideas are genuinely worth an .m.wn
tempt to understand them. Only by acquiring a deeper mwmﬁd.m.
for the processes as well as the results of science will it be nossi-
ble to assess its merits effectively as a reality-generation activ-
itv. So now that the anthems have been sung, the pledges of
m:mmFEm given, and the witnesses called, the court is Hmm@w to
hear the first case in the continuing litigation between science
and Nature. Let the opening arguments proceed!

the fiow of events into progressive channels, in science we have:
the Invisible Ront, which acts to kick out those ideas, theories, .

i .




