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As the realities of science have changed, so our awareness struggles to
eep pace. Some spokesmen for science try to pretend, or even to hope,
1at a bit more ‘public understanding’ will bring back some bygone
mes of serene prosperity. Angry young men among scholars are intent
1 demystifying all pretensions of science to be anything other than just
nother game, or business. A public, becoming increasingly concerned
bout threats to their well-being, and even more that of their children,
-peatedly sees official experts exposed on television as determined to
ssure, at all costs. All this is a long way away from the traditional
age of science as being a sort of ‘fountain of facts’, to which all could
sme to collect what they needed for the solution of their problems. In
 earlier book I reviewed all these problems as they appeared at that
me, and then devoted myself to an analysis of the production of
jentific knowledge of the traditional sort. Without such a basis, I felt,
could not make an effective systematic analysis of what happens to
science when it is deprived of its traditional intellectual structures and
itical protection. The essays in this section represent my attempts
formulate a new understanding; at present they are all partial
nsights, for the reality is complex and ever-changing. But together
hey provide some elements which will necessarily be incorporated into
new synthesis,

The first essay here records my solving of an intellectual problem

at had been with me since my undergraduate days. It concerns the
philosophy of science, which in spite of its academic character is quite
fluential as an authoritative source for more popular conceptions of
ierice. When I studied this as an undergraduate, it struck me that

1at was being described had little relation to ‘science’ as I was

ning or understanding it. Yet the authors were clearly intelligent
1, committed to some sort of understanding and truth. But what

t? Years later, through my friendship with the late Imre Lakatos, 1
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s. What emerged clearly

came to renew the question, and then discovered the answer. B ) .
th nature 1s now 1

these philosophers (those of the ‘logical positivist’ school, and ¢h
critics such as Popper) were not so much concerned with what w
scientists do, as with Science as a symbol of the True and with j
Good. The peculiarities of their doctrines, and the character of
debates, then began to come clear. In those terms I could under:
the great debates in philosophy of science of the 1960s, particul
roles of Lakatos and Feyerabend; in them the ideological comm
was explicit. I could then develop the argument through success
drafts of an essay. But for a long time the philosophy of Thoma
withstood my analysis; and this was a severe weakness since his w,
been so influential. But when I had the opportunity to lecture a
on this history, at Fudan University (Shanghai) and Wuhan Uniy,
in China, the final pieces of the puzzle fitted together, k

More recently my focus has moved from scientists and science ¢
society in which they function; and the issues of commitment, 5
success and failure are also present on this larger scale.. In this c
easiest way into the problem is through quality control. In the y\
since the publication of my book, this has become recognized as
serious problem, both in science and technology. In the former ca
there are the well-known scandals of plagiarism, and worse, of co
by sponsoring institutions, mainly in the USA. For the latter, th
the Japanese challenge; through their focus on industrial quality
control, they have taken the lead, now approaching a commandi
position, in a wide range of industries. Is there something aboug
modern Western societies that inhibits the maintenance of qualit
control? If so, the cyclical theories of rise and decline of ¢ivilizatio
first articulated by the Muslim historian Ibn Khaldun, may becon
relevant; then it was luxurious living among the élite classes that |
a decline in national vigour; now the mild pleasures of consumeri
are available to most, and serve as a model to all. Some might wis
interpret this essay as ‘conservative’, advocating the reversal of a ¢
which in America is described as going from the work ethic to th
ethic, But I do not think the trend is so simple, and less that it ca
simply reversed. I am concerned to observe and analyse it, so that
whatever is done about it is not the sort of reaction that only mak
things worse.

The pleasures of consumerism may be mild in comparison to th
the extravagant luxuries of the rich of yesteryear; but there are now
many consumers that their combined impact on the planet threat
all. Participating in a conference on the Gaia Hypothesis provided
with the occasion to reflect on how our science-based powers of des
tion affect our approach to the traditional questions of the philosor
of science, or indeed of philosophy in general. Issues that have hit
been explored mainly through the medium of philesophical scienc

ow appropriate for seriolus .anallzsi 9
man's relationship

hzrter:())tmr:esi;lty of pathogen that might destfoy its planetary

manity itself (are we something'of a failed

o, our scientific knowledge, if judged by the

of success through survival into the future, becomes

us since by its means there may .easilly be s1.1c.h -

o :. o of our habitat that civilization, and with it science, 18 1rl1]ure

e d. All this may seem gloomy; but then many great earl.xer

. iverse have served to modify our conceited

i and the un ‘ ‘ ‘
l;so(:xfrlsrellzt;s- so perhaps Gaia, with these philosophical glosses, will |

ecessary humility. N
5 towi)r: ir?hr;nced b);( a remninder of how our scientific .
dern conditions, does not protect us against
on that we are so protected |
ur culture. In the brief

periment?). Als
arwinian criteria
f a paradoxical stat

heor
jew O
elp u
This can

owledge, under mo . :
e and even fantasies, The delusi

¢ of the more serious defects of o
piece for the section (first produced for a ]apan.ese
d then reprinted by Zia Sardar) I review the different ways

ence can, and does, go wrong.

gnoranc
2y be onl
ncluding
thology and ¢
which our sci
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Ideological Commitments in the Philosophy of Science

if this phﬂOSOphy~0f~science describes no actual SCieI.lCC it tells what
= ce must be like. Its claims to special and unique status as a

s scien : s s s
geml;?cal enquiry are not therefore dependent on whether its o.bJect

k ] rience.
S(J,Pe precisely reflected in the imperfect world of human expe

y ar

| - : i i iti for an academic discipline,

H m m . eption of itself is quite legitimate
Id eo I O g l Co I CO ITI I Ie nt = e fochpl)lilosophical enquiry. We do not ask geometers to go about
7 » 1 zcu%af yhe earth, so we should allow philosophers-o'f-sFlence 2.1 corres-
I n 1.h e Ph I IOSO p hy Of ' gurmg : develop their own autonomous discipline. It 1s unfor-

t . .
S . . e le so misinterpret the field as to try to glean insight from

.te that some peop . . . I
e'thhe status and methods of confessedly immature descriptive sciences;
ut t

ibili i hers. The philosophical
the responsibility of the philosop rs. . :
= Cann;thtc)):v assureg human knowledge can in principle be obtained in

owin, ! in L
fShtS of natural science, is one that takes priority over merely practica
sor

msix foregoing argument for purity seems as reasonable as I. have tru}:ld
'gt‘ ] we are well prepared for an histori?al paradox. This is, that the
- ¢t of the main protagonists 1n the development of twen-
def;::? [I)I}ll(i)lsosophy of science have been deeply committed to causes
ce

i i i i hy of science
. ' ! i i ity; and their doctrines of the philosop
with one major problem, to the near exclusion of all others, The truth.¢ tl%;;zzl\:?tg}l T}l::;nb ryoader e oy in view. PRy e

of completed scientific knowledge have been considered to be the only ar o : dition seems unlike ordinary practice is not because of
really worthwhile philosophical enquiry. The process of discovery, o nce 10 th1§ .tra lb ct of abstract conceptual analysis, but because of its
ethical problems of research or of applications, have traditionally ng @ Punﬁed y J(e; d and the True in a certain ideologically engaged
relegated to the status of non-problems or at best peripheral ones. Even g o 5ymbol 2 t theh‘ 0(1) olemic. If, as I believe, it is time to move on
as these other sorts of problems gain in interest among philosophers ition of ?hI.IOSOp 1c§ sIc)holarly‘ pr,oblems of that tradition, we should
absence of a coherent framework of ideas for constructive study inhibits n the' ighs a;l mrmitment so as to make an accurate and sympathe-
development; while epistemology, the theory of scientific knowledge, ciateits sour.ceso co at achievernents. Also, we will be better able to
dominates teaching because it at least provides materials that can be tau ss,essmer'lt of 1ts. pelrmane knesses and thereby to remedy them in our own
Furthermore, the sort of science considered worthy of study is very sp stand its particuiar wea
So special, in fact, that it might not even exist. The main tradition i
philosophy of science, including its variants and critics, has been devot
considerations of matured ‘exact’ sciences, which combine quantitative ex
ments and mathematical laws to give the most assured knowledge to w
humankind can attain. Other sorts of disciplines are deemed ‘immature’
their main assigned task is to find ways to approach or achieve the proper s
The obvious paradigm case for a genuine science is physics, whose solidit
attested by its triumphs both in theory and in application. It has been no
that the theoretical end of physics has been in a state of continuous concej
turmoil and revolution for nearly all of this century, and so its own crede
as a steady, perfected matured science are not beyond criticism. Imre La

recognized this in a revealing footnote in one of his later papers, whe
remarked: : -

To outward appearances the academic discipline of ‘the philosophy of sci
has in recent times been an austere and abstract study. Its concerns hav

ienna Circle: Proclaiming the True in Science

i oherent tradition of philosophy of science was Vlenr'la,
; fof;,}&(l;: ;I:doef;:;fe: 1930s. There flourished the Vienna Circlfr, a gr‘ou}fnng
ilosophers and other scholars that included K.arl Popper on its Il)erqz) negs
le Popper's writings, philosophical and autobiographical, ar;: (}:1 elai1 his
and abiding political commitment, the better-kno'wn Englis ;;l gu Cge
gs of the members of the Circle do not overtly depict such an in uex}l1 .
the connection was there; the school’s founder and greatest ph1losop. (;lr.,
7 Schlick, was assassinated in 1936. And Schlick was truly a m'artyr, 1}51
cause that extended back to the Enlightenment. of the elghteelnt :
ry: a struggle against ‘dogma and metaphysic.s’ (th,e mtellect}lal tools ct)o
onary clerical forces) and the invocation of ‘science’ as the unique way

and human improvement.

This [when a tradition degenerates] seems to be the case in modern
particle physics, or according to some philosophers and physicists €
in the Copenhagen school of quantum physics.? '
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plain.

Norwegian social philosopher Arne Naess. He recalled:

ideological Commitments in the Philosophy of Sclence

A manifesto issued by the Vienna Circle itself in 1929 makes a]} ch Otto Neurath embrace aloof and aristocratic Polish logicians of

ous philosophical affiliations and proclaim, “‘We agreel You are one
o If Neurath sensed that one was somehow on the right side, one

The increase of metaphysical and theologizing leanin ich e . ]
s i el < identified as a sort of logical positivist. Protestations were of little

itself today in many associations and sects, in books and journal . ‘
talks and university lectures, seems to be based on the fiejrcemal ¢ and disagreements were concelv?d as due on(liy t}? unhapply -
economic struggles of the present: one group of combatants, hg rmulations’ (ungliickliche Formulierungen) and there was alway

fast to traditional social forms, cultivates traditional attitudes o; edy for that.®

metaphysics and theology whose content has long since been is a stylistic feature of the Vienna Circle’s studies which supports the
superseded; while the other group, especially in central Europe, cation of their being prophets in analysts’ clothing. For their vision of
modern times, rejects these views and takes its stand on the grov “ deliberately abstracted from the processes of a personal

‘. . N N . : was quite ¢ '
empirical science. This development is connected with that of ¢ and historical development; and in this regard they were more
modern process of production which is becoming ever more rig k in their demarcations than their great predecessor, Ernst Mach. For
mechanized and leaves ever less room for metaphysical ideas, It

1 critical studies, as of mechanics,® Mach allowed for the maturing of
connected with the disappointment of broad masses of people wi

line through several phases, the earlier, anthropomorphic ones as
attitude to those who preach traditional metaphysical and theol at and valid in their own way as those which were appropriate to a
doctrines. So it is that in many countries the masses now reject ¢

m cfected state. The Vienna Circle showed no interest in such origins or

doctrines much more consciously than ever before, and along wi ﬁkges being concerned solely with the establishment of the credentials
T . . 1 ¥

socialist attitudes tend to lean towards a down-to-earth empirici

ments in fully matured sciences.
In previous times, materialism was the expression of this view: this aspect of the Vienna Circle’s programme has not been made
meanwhile, however, modern empiricism has shed a number o

t is a matter beyond my present purposes to explain fully. Let it
iadequacies and has taken a strong shape in the sctentific worle \at with the rise of Nazism in central Europe, the surviving members of
conception.

ol dispersed to the Anglo-American cultural area. .There, the
Thus, the scientific world-conception is close to the life of th al battles were in a totally different style and on different issues. It was
present. Certainly it is threatened with hard struggles and hestil aral for the positive content of the scholarly work to be emphasized
Nevertheless there are many who do not despair but, in view of eological commitments (themselves severely shaken by the defeat of
present sociological situation, look forward with hope to the cous Nazi forces) left in discreet obscurity.
events to come. Of course not every single adherent of the scien they remained, through the lifetimes of the founders of the school
world-conception will be a fighter. Some, glad of solitude, will 1 careers of their pupils. But in the present period, there is a renewed
withdrawn existence on the icy slopes of logic; some may even di al relevance to the philosophy of science, related not so much to
mingling with the masses and regret the ‘trivialized’ form that th against the traditional Right as to attacks from the new Left. Hence it
matters inevitably take on spreading. However, their achieverne ant and illuminating to see how, beneath the dry formalisms of the
will take a place among the historic developments. We witness t

bositivist writers, there was an intense commitment to a political cause.
of the scientific world-conception penetrating in growing measur '
forms of personal and public life, in education, upbringing,
architecture, and the shaping of economic and social life accord
rational principles. The scientific world-conception serves life, ane
recetves it.*

er: Rescuing the Good in Science

ase of Sir Karl Popper, one of the deepest and most influential
phers of science of our time, the clues to ideological commitment are
. in his best-known work. In a classic autobiographical essay, he
how he came to conceive of the criterion of falsifiability in the
tion of genuine science from its spurious imitations. Even allowing for
table rationalization in the recollection of an event after a lapse of
ir decades, the story has all the intensity and drama of a genuine
_experience.” Put simply, in 1919 the young Popper was a radical

In support of this interpretation we have the personal testimony

The Vienna Circle was a nucleus of a movement for ‘rationality’
against certain forms of metaphysics which at the time were closel
allied with fascism and national socialism. It had all the mission:
of a movement, and it was touching but also somewhat alarming :
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student who was inspired by four great thinkers who styled them
‘scientists’: Karl Marx, Sigmund Freud, Alfred Adler (the p;
psychologist) and Albert Einstein. After the defeat of the Central
1918, the way seemed open for the forces of scientific rationalism ¢

s how the practitioners of such fields, as Fh.e follower's of Freud and
use the doctrines in a particularly insidious fas}.non to pl"otect
Qes from criticism. The Marxist critic:.al of the Pe.lrty is defemed petty
s the patient sceptical of Freu.d’s mter'pretat'lcfn.s is dxagnose.c} a;
their goals in society as well as in nature. But things began to go wron y neurotic’ and so on. Thus imrflumzed agalrfst crmcxsm., arfg forttl;(;iees
and complications in the political struggle, doubts and confusio _ «confirmations’, these essentlzflly speculat}ve, non-scienti lc; hi
intellectual debate. come really pernicious dogmatic psel‘xc.io-smences. We not.lce t at this
Popper began to sense that the pretensions to ‘scientific’ status (me ‘ ve device is the same as that of traditional theology, whlfclll m(]:;udlis
course, embodying the good and the true) of socialism and psycho| s whereby all dissent is prqved to be }}eresy". (I am gratefu t;) r h..
not correct. Yet by the accepted criteria of the time, they were in, the University of California, Santa Gruz, for his
scientific. An adherent of Marx or of Freud could display numerous ¢
tions of their theories (very close to the principle of ‘verification’ that
heart of the Vienna Circle positivism). And Adler relied on the
evidence of his clinical experience for the development of his theories
one of the most fateful moments in the philosophical thought of th
occurred when Popper queried one of Adler’s instant diagnoses,
assured of the psychologist’s ‘thousand-fold experience’ of such case
reports that he could not help saying ‘And with this case, I supp
experience has become thousand-and-one-fold.’® This could be ¢
sarcastic little joke; but actually it sends a searchlight beam into ¢
centre of straightforward inductive reasoning. (It should be recalled ¢
when statistics are collected in an apparently inductive fashion in a ¢ 5
scientific experiment, the logic of the exercise, which should be refle
the techniques, is that of the testing of an hypothesis and not the con!
of an inductive generalization.)
Popper makes one little remark on the background to these inciden
calls out for historical investigation. This 1s, that he and his friend
knew that science is not infallibly true, and that scientists can err
genuine demarcation of real science from the spurious would h
independent of truth. Now, where these young radicals could have lear:
lesson, is an intriguing and perhaps quite important question; I recomr
Popper’s story is given added point by his example of astrology, asb
worse, methodologically, than the sciences which he had come to
Now, this was not an example of an ancient and discredited pseudo
chosen for its rhetorical effect. With the collapse of traditional auth
central Europe after the defeat of 1918, all sorts of fringe activities flo
wildly. Astrology was prominent among them, and supported self-ap
professors, institutes and learned journals. To such radical intellec
Popper, it could well have been the most vicious of the aberrations, be
its pretensions to the status of an empirical science. Hence to show tha
criteria of the Vienna Circle, the superstition of astrology could
excluded, was to indicate the intellectual bankruptcy of the schoel.
" Another implicit criticism in Popper’s account concerns the dogm:
the would-be sciences of man and society; and this would strike anot )
at positivism’s claims to be defeating the traditional enemies of rea

s as I reconstruct Popper’s problem-situation from .his t.ext,. hedhafi
»given up Truth, and then found that the positivistic crlterlla a mit
perstition and dogma. How to find an exafnple by which real science
demarcated from the suspect fields'of Marxism and psychology, as vt/ell
more patent pseudo-sciences? Einstein’s bold theory of gefleral rela.t1v1ty,f
ore, his dramatic challenge to the astronomers to test it in the_ eclipse o
rovided that experience. For Finstein had argue('i mathe.matlcally that
. Newton had been wrong, ona fundamental point of his system. of the
And now he was calmly inviting the scienti§ts to test his claim, to
ine whether he was greater than Newton — or himself ‘onl}f the 'fxuthor of
6hceived theory. That was real science —not fake confirmations, but
njectures ruthlessly put to the test. Popper conclufied that w.h.at made a
cientific was not that it was verifiable, but that it wa§ fa1'51flable. But
¢t of his insight was that what made a man a real scientist and not a
as the moral quality of daring to be shown to .be wrong.
& is a very deep insight into the essentials of our science and md’eed o‘f .our
European civilization. If there is any doubt as to Popper’s political
ment in its genesis and development, that can be removed by
tance with his influential works in political philos'o.phy, such as 'The
ociety and Its Enemdes and The Poverty of Hz'storzc‘z.fm..'?h,e ac'hu'ave-
ad its own cost, reflected in Popper's use of the ‘falsifiability p'rlnc1ple
philosophy of science. For Popper was not content to leave it as an
‘lly ethical principle of genuine scientific behaviour; he needed to
t to function as a principle of epistemology and of method.? .Se.vere
ms were then encountered, for it turned out to be exceedingly difficult
onstrate how knowledge could increase as a result of a})plying tests
d to falsify hypotheses: if such a test was successfu.l we gained only the
dge that some particular statement is false; while if it was uns.uc?essful
ned only that the statement was not yet proved falsé. As a principle of
d, the projection of bold, very general hypotheses is not even a good
ure of the way scientists work. And, as an historic joke of .the sort
ntly associated with Einstein, the astronomical observ?txons h'e
d would not have been admitted by himself as a refutation of his
even if they had gone against it.*
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The contemporary student derives from Popper’s work a sense of ¢
and commitment, unlike in the case of the technical writings of t}1g=_s‘~:t
Circle philosophers. It is not made clear what the urgency is precise]
since the scheme of ‘science’ portrayed there is obviously unlike the p
of either the ordinary or the great scientists. But with the he| .
autobiographical essay and the political writings, we can apprég
kinship of Popper to the Vienna Circle, both participating in the trad;
central European rationalism, in which ‘science’ was not so much a paf
social activity as a Cause. However, we should recall the strong dif
between them. Whereas the Vienna Circle proclaimed the goodﬁ
Science in a thoroughly traditional Enlightenment way, Popper jettis
True of science in order to rescue the Good. Post-Popperian philoso
science may be seen as a test of whether even this desperate measure
suffice for the ideological defence of Science in the later, troubled yea
twentieth century. k

In the history of ideas, time does not run at all smoothly. The m
programme of the Vienna Circle was developed after the revolution in ;a
physics was well under way, and also after the insolubility of the “foun
crisis’ of mathematics had been proved by the most rigorous of mathen
arguments. Hence its confidence in the security and intelligibility of m
exact natural science was betrayed by events even before it became the
a programme., With Popper, time played other tricks: his insights‘d
waited some fifteen years before appearing fully in print; and by the
1930s the German-language market for politically liberal philosdp

science was drying up rapidly. So he spent long years in New Z
preparing his political philosophy, on whose basis he came to London. Or
the later 1950s, nearly forty years after the initial enlightening experiénc‘
his philosophy of science begin to affect English-language academic opin
It is a true mark of its quality that it was still fresh and stimulating; the
reign of the Vienna Circle philosophers and their associates and student
at last being challenged. Popper also had the pleasure of seeing a s
develop around himself. But, inevitably, there soon appeared a threat
and in some respects sinister rival philosophy: that of Thomas S, Kuhn.
response to this engaged him, and even more his brilliant protégé
Lakatos, through the 1960s.

s work is due not merely to the depth of 'his insigl.lts. More, he seems to be
ing science the way it really is, and doing so W}th a mastery that comes
from matured historical knowledge and reflective personal experience.
cientists are neither the impeccable truth-gatherers of the positivist
ﬁon, nor the heroic conjecturalists of Popperl, nor yet the paradox-
cators of Lakatos. They are, normally, just. ordinary people, concerned
to solve research puzzles within an unquestioned ffamework of conce_pts
_ethods. Kuhn's own experience of science was In post-war America,
ideological struggles were very muted aI‘ld sc.ience was well on the way to
sing a big business. His account, reachm.g its audience when a rapu?ly
ded world of science and science education had lnost most (.)f its earlier
of adventure and commitment, reads like the plain unvarnished .truth.
<e of this close relation to a new, disenchanted co'mmon sense of science,
cological significance is more difficult to discern and also more
scientific progress alternates between ‘normal’ and
olutionary’ phases, in which (respectively) scient?sts make Piecemeal
k ces, or choose between rival grand systems. By this account, it :cxppears
ormal science is boring, and revolutionary science incomprehensible. He
" no methods or criteria for helping scientists decide in a revolutionary
idn. Hernice the genuine ‘progress’ of science (so vital for its traditional
logical message) becomes impossible to account for, and hence to
antee, in both ‘revolutionary’ and ‘normal’ science alike. .Ix?df:ed, K.uhn
ually reflected on the way that ultimate purposes are im.phcu in our 1.d¢.3a
entific ‘progress’, and wondered whether we couldn’t dispense with it in
volution of human knowledge just as we have done in the evolution of
(:IES.‘"’ With disarming candour, he describes normal scientific work as ‘the
wous and devoted effort to force Nature into the conceptual boxes
ided by professional education’.™ ‘

ving casually dropped the True, he equally lightheartedly dismissed the
d of science. In his general account of the argument of his book he
ribes the response of established scientists to the crisis that precedes 2
Tution is such unflattering terms as the following:

Normal science, for example, often suppresses fundamental novelties
ecause they are necessarily subversive of its basic commitments . . .
hen . . . the profession can no longer evade anomalies that subvert
the existing tradition of scientific practice—then begin at last the extra-
rdinary investigations that lead the profession at last to a new set of
ommitments, a new basis for the practice of science.!®

Kuhn: Kicking Open Pandora’s Box

Kuhn appeared on the philosophical scene in 1962; he was already recogh
as a brilliant historian of the mathematical and physical sciences, His
The Structure of Scientific Revolutions'? was an instant success. Aleh
some philosophers of science felt that his ideas were incomplete in
novelty, originality and clarity of expression, there was no denying
popularity of the book or its lasting influence. The enormous. influen:

per did well to entitle his own criticism of Kuhn as ‘Normal science and its

Je most striking evidence as to what was not worrying Kuhn comes from an
ange of the mid-1960s, when the mischievous Paul Feyerabend observed
uhr's idea of ‘normal science’ as ‘puzzle-solving within paradigms
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provided no means of distinguishing between scientifi '
. ntific rese . . . o
" activities, even including organized crime.!” The point of this rZrCh o interrupt my current physics project for a time in order to prepare a
[ . A : . mar, , . . ) )
the_ association of science with any sort of ethical consideration (eithe ectures on the origins of se\./enteenth century r'nechamcs o K\%hn s
or in methods) was completely obliterated on Kuhn's model, Kuhn's ading of Aristotle agreed with the consensus view; but perhaps with a

was simply to remark that he never claimed his model to app] ‘ r historian’s insight than he then realized, he asked, ‘but was it
e A (e PPly excl ._able that his errors had been so blatant?’ Thus we have the problem;
Ku}.m’s wor.k is an illuminating example of the way ifn°which a do§ en the epiphany:
.il::: mli(izi)éz%slcoa;l tﬁ:r;ss&:;ermﬁsc (1)11111 gitra:l(;lependencg of the' Coné (and very hf)t) summer day those p'erplexities suddenly
commitments ofthe 2 SCier;tiﬁc uld be anc \;Ias used for a denial of e percexvec.l the c.onnected rudiments o.f an alter-
hand, it seemed to offer a behaviouristiﬁ ér_Or S?everal purposes. O he texts with which I had been struggling . . .
nd, ; iterion for the genui
scientific field: one where debate on fundamentals is suppressed, ang
pr_oceeds as puzzle-solving within a dogmatic framework ,FOXIIQ
§c1entists in fields of human behaviour, this offered a justificati(.)n of ;;
imposed Departmental conformity. But rebellious researchers and re
ary students could utilize the relativity of ‘paradigms’ to struggle for a
tion of their favoured dogma against the officially sanctioned one ‘:B
of move are destructive of the open dialogue which is the essence ;f
liberal democracy, of which ‘science’ had for generations been tak
advocates as the great exemplar. Hence for those with any sensitivit
logy, Kuhn'’s doctrines were a menace. All his colleagues distinguishe
doctrine from Kuhn himself; personally he is rather liberal in hi$
rather conservative in his philosophy of science, and not at all inte
ideology. Amidst all that central European intensity, he stands o
American who just described it all the way it seemed to him, and
:exmazed at the fuss made about it. Or is he? It is hard to imaginé 5
impact being made on the inherited image of science by some sort of éc
Is there more to Kuhn's message than meets the casual reader’s eye?k
Of course there is, and it shows in the repeated irony, sometim
savage, that appears in odd words and phrases in the text. When he
that a scientific training is more narrow and rigid than any except
theology, or that the official disciplinary histories of science are like ¢
1984" we need not assume that the analogies are unintentional, %
coherent set of clues is provided at the very beginning of the book,
compares existing histories to tourist brochures or language texts, by w
h'ave been ‘misled in fundamental ways'.20 These are, briefly, in the a
tl(?n that scientific progress is linear and cumulative; and that
sc1'entific theories are patently absurd. Kuhn seems to have believe
th.mgs right through his education, until he helped teach a course
scientists which involved reviewing old theories like Aristotelian m
phlogistic chemistry and caloric theory of heat. To his ‘complete surpri
exposure to out-of-date scientific theory and practice radically under
his basic conceptions.
In a later autobiographical commentary?* Kuhn actually described
happened: ‘My moment of enlightenment [sic] began in 1947, whe_

« memorable
nished. I all at onc
te way of reading t
¢ a record of Kuhn's moment of enlightenment, analogous to ‘
of 1919 if not so dramatically retailed. But why should this produce
; reflected in the irony? It seems most likely to me that at some stage
alized that he had been the victim of a deception; and we can identity
rce of the deception in a root contradiction in the old, received ideology
ce. This had two elements: that science is always true, and also always
ive. To explain those cases where progress seemed to have occurred at
¢ of exposing error, the old-time historian’s technique was simple: to
hat no real scientist could have believed that stuff. Kuhn discovered, by
he reasonableness of the discarded and discredited scientific theories,
¢ history he had trustingly imbibed was to some significant extent a pack
Hence his anger, and also hence his extreme reaction, leading to the
flourishes about the ‘arbitrariness’ of what is believed in science at
& The True of science had been betrayed in its falsified history; and so
d is also compromised. All this is a speculative reconstruction on my
but it at least explains the stylistic features of Kuhn's text and also the
y that made it so readable and so significant for the ideology of science.

s we hav

os: The Dialectical Defence of Reason and Freedom

s ideology that Imre Lakatos read Kuhn's philosophy; and from its first
nce he devoted his main efforts to combating both its philosophical -
nd its political implications. This challenge provided a renewed
1 focus for Lakatos’ work; otherwise he might have been too exclusively
ned with the technical debates between the Popper school and its old
w opponents. Because of his tragically early death Lakatos achieved
modest bulk of publications; and his various papers are either difficult
roversial or both. But by his intensity, brilliance and wit, he kept alive
t of Popperian committed philosophy. Through it all, he was quite
out his own ideological engagements. Indeed, much of the stimulus
pport for this present essay of mine was derived from him.

his student days onwards, Lakatos had been, successively: a member
ti-Nazi underground; a Communist Party activist; a bureaucrat in the
an State cultural appératus; a minor victim of the Stalinist purges of
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the early 1950s; a candidate for a treason trial, whose name happe
be reached; a non-rehabilitated (therefore document-less) €X-prisone
liberalized Hungary; a rehabilitated person, student and member of
circle during the Hungarian ‘spring’ of 1955 and 1956; a refugee
Russian intervention of 1956; a research student at Cambridge, |
completing a thesis on the philosophy of mathematics; eventually a m
the Popper group at the London School of Economics (LSE); and §
embattled opponent of the ‘new left’ student revolutionaries who conce
on the LSE in 1968. ;
As Lakatos made clear in his published writing® the issue was pl
defence of reason against its enemies, who (as Popper saw before him
come equally well from the Left as from the old Right. But, workihg 50
later than Popper and endowed with greater political and philg
subtlety, he could appreciate those defects in Popper’s system which
remedying. This apologetic work, undertaken directly as a respons
challenge of Kuhn, occupied the last years of his life and was of
success. His earliest work, undertaken before he came under th
influence of Popper, is more original and probably more signifi
ideological commitments are not so open, but are thereby all the
worthwhile to explore.
Proofs and Refutations® is an essay in the philosophy of mathemati
opinion the first really new move in that field in the twentieth
Previously philosophers and mathematicians had attempted to reso
‘foundations crisis’ in terms of mathematics being a fixed and rigid int
structure, consisting of clear concepts linked by unambiguous
inference. The various foundational programmes were devoted to
that structure in such a way as to eliminate the paradoxes and anomali
had been discovered there. Lakatos saw a very different problem
preliminary to any genuine philosophy of mathematics, we must exp
dialectic of development both of mathematical concepts and a crit
rigorous proof. For these are both historically conditioned, and any phils
that ignores this fact perpetuates the bad tradition of dogmati
mathematical thinking. His method was as radical an innovatio
doctrine: he expounded his philosophy through a classroom: discuss
terrifyingly clever schoolboys, dissecting their hapless teacher’s proo
classic result in topology, the Euler Polyhedron Theorem.
The roots of Lakatos’ philosophy of mathematics are clear: the
Hungarian tradition of problem-solving mathematics, raised to an a
philosophy by G. Polya*; and a playful Hegelian style of dialectic, d
from a Marxism purified of its political content, His commitment was
clear at the time of first publication of Proofs and Refutations; but it |
inferred from his life’s work. One may imagine that the demonstration
falsity of rigid and dogmatic thinking in mathematics, the most abstrac
sciences, could be applied a fortiori to the ‘science of society’ under
Marxist socialism was supposed to be constructed.

_11d be that Lakatos’s philosophy of mathematics was among the more
e tellectual achievements of the Petdfi Circle of the Hungarian
mant’l;;B/ 6. There is even a conjecture that his criticism of ‘proof’ .w'as
. surviv'al strategy under conditions of interrogation in Stalinist
. 25 We recall the game played in Koestler's Darkness at Noon, where
- had to admit guilt on any crime which he might logically have
SFOV ? that game it mattered not that the accusations were, in the non-
e 1 sengse false. We may imagine that for a more experienced
o fa’cm}fe rim(; task was to prevent the interrogator convincing him
mgafte, ifm’ st)ias a personal duty that could be rigorously derived from the
. exisaeds of Party and Revolution. Denying the cogency o.f even a
) L:::atical proof could then provide an escape hatch from the rigours of
€1
itical logic. .
Sta?f(i)xl':it:;ailn s%)irit and commitment between PoPper alnd dLaka:it(z; elS
They came together not long after 'Lakato.s settled in England, farIl{ ! ,);
ointly met the challenge of the lc?eolog{cal ‘consequences of Kuhn'
Iy non-ideological analysis of science In his Struct?mz of Scientific
?‘n't . (1962). The great monument of their endeavour is the report® on
u;::;?:m hela in 1965, in which Kuhn and all ?he other lnead%ng
aﬁhers of science participated. Lakatos's own pub.hshed conmbuftul)ln
ader revision for some years afterwards, 'and so it stands as a fu };
ed expression of his views. He reco’gmz(.ec.l that the versions ?
; ology that can be read out of Poppe'r s w.rlt}r'xgs are a.ll. tm})1 I"laIVCH‘O
scrutiny; there could be no ‘instant rationality’ in scientific ¢ ollce_. 1:
‘as to construct a ‘heuristic’ that would a¥low both for t}}e cor?p exx(;y o
mitive problems (where testing of theorles.cou'ld be .nelther lmfﬁ? iate
ecisive) and for the human qualities of scientists (rightly unwi hlrllg t(z
 away years of work at the sight of th.e first unresolved pro.blerr?i whi ;yel
rving the ethical and political commitments of Popper. His philosop ;;a
ss led him into further problems (conveniently overlook.ed by most 0 hls
mporaries) including the relations . between the. history and tf e
sophy of science, and also the 1ocat%on of the ult.lm‘ate warrant foi
ctness of philosophical accounts of science (he P.Ut 1.t in the successfu
¢, as distinct from the theorizing, of the élite sc1entlsts?. The resulting
of ideas, further enriched by Lakatos's delightin polerr'n'c .and .paradox,
pressive but unwieldy. It was also very vulnerable to criticism in respect
fits historical reconstructions and its philosophical generalizations. An.d
tos, like Popper, failed to face up to the politi'cal consequences of his
sophical critique: if the dominant self-cqnscmusness of science, as
ed by its élites, has indeed been false, reactionary and dog-matu? (this is
+om his account of mathematics), what do we conclude about sqence as
al institution? Can it really be the embodiment of that rationality ar‘1d
ctual integrity which we know to be at the core of a liberal, democ.ratlc,
society? Thus the Good of Science is no easier to defend, once 1t has
problematic, than the True.
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: ill operates within
Lakatos did not engage in his philosophical exercises for their own t jester, Zen master, or Fasm;t. 'I.‘hec’iirSte»nbgz‘;‘:ge ?scsc:essﬁr:lly in highly
While he was elaborating on his synthesis of Popperian idealism and Ky , ommunity of philosophy o .SCK;:] d’ominant style. In this respect, he is
pragmatics, he was also engaged in a political struggle with antago ical debates on problems w1th1r11( tteS s, (o say nothing (o Kuhn,
considered as vicious and as dangerous as the Stalinist thought-p one of the club tha.n even Laka otive histor;’ rather than exemplified
Hungary. The rebellious students of the London School of Economies e real Commim}ent is to mterﬁ)retaf science cannot dismiss him, for he is
were, in retrospect, a small and ineffective minority. But during Josophy. Gonventional philosop ersd(;numinating-_or wounding —study of
flourishing, they disrupted a distinguished educational institution Jble of publishing a fully expert an hat seems to be another incarnation,
announced their intention to capture it and much else beside. Even the Jems or persons at any time. Y_C o V'It‘cisms of the whole programme of
English academic staff at the LSE were caught up in violent sir as written wild and d(?Stl‘llcth.C _Crl ;nd ustifying the methods whereby
ideological, institutional and personal. For Lakatos, it was the Red Fasc sophy of science, t.hat s exPlaml“;g e SoJme might hope to contain his
the march again, and he reacted as if back in Budapest. This st lized) scientists gain new .kno:;l.e 'gb(;s too seriously, and treating him as
convinced him that his version of Popperian liberal philosophy of scieng ence by not taking t}‘le crltl.cal1 lfl.tﬂ s as useful remi’nders of the human
central to the defence of civilization, and so gave his work a comp urt jester, who says 1mp9531b e thing
intensity. But it took a heavy toll of his energies, and left him exhausted a

ti1s COIlCClVab]e to me that I akatOS event 1] t1es {o Whlcll even phllosophers are Sublect. ]

. Y | a ul hl I f : f‘] Cons]de]a“()ll (8] 1S algu ents ShOWS that t ey are not so €ast y

118}(][)1’]{ he h d b gn' tha‘ 'the -~ 1 f h m h h l
lt into S Illode O la‘iona] SC].entif]‘C b E] L] ‘ alrc

fsctl'ely uxld&l]llllle(l h ] N (&l fo + p P Y i y us
T] 1S po ]tlcal c d ]OkeS If llll( )SO h ()f sclence haS an pretenSIODS to help
le fan t y i our o grea
. . - . 3 1ence hell hlS Studles Of t A
N t ' v: e‘lS a d he aCthlt Of SC1I€ 3 t he behavl I t
* i pOillt 18 Of time scale; as he Said, ¢ (0] g]‘ ve a stern ref

. . are troubling indeed. For he shows by example that for any eXP:ICIE
. nsts a . i f science, there is an importan
interpretation” to a fledgling version of a programme is.a dan of method enunciated by philosophers o it In his Against
methodological cruelty . . . [it] may take decades of theoretical work to
at the first novel facts and still more time to arrive at interestingly test,

ich 1 broken by some great sciem
(-4 on which 1t was : ! "
k wdnﬂ** he goes far towards demonstrating that Galileo was a precursor
0
versions . . ¥, Decades of protection from critical judgement, even fo
abstract scientific theory? How long then, for a new social system? B

. . . .
bend, treating all the rules, including that of simple accuracy (o
a ¥
criterion, the Soviet intervention of 1956 was quite possibly ‘histo

in recording observations, with fine anarchistic Playfulness. Th;
}s:}g)aking description of the surface of the moon that Galileo saw throug
necessary’ to protect the fledgling socialism of Hungary, scarcely a si ‘
decade away from war and Fascism. Thus Lakatos’s lifelong exile was pe:

5 i and
telescope reported in the Starry Messenger, BIVeS .prom.meth nd
tant ref’erence to a feature (a large round crater on the line bisecting
a
the result of a methodological error in the overly stern assessment of a fledg
version of a social development programme.

disc)®® which can be made at all plausible only by the most skilful ‘
. of modern lunar photographs™. And Galileo's struigle for dthe |
. tion . terientific because he happened to
Only an intimate biography could tell whéther Lakatos was aware of ernican system can be considered ‘scientific’ only beca
latent contradiction. But since his methodological reflections were al
guided by his political commitments, the practical implications of his st

i le of the game.
ight; otherwise he broke every ru he | o
I’fx t;is is the sort of thing that can easily ‘blow the mind’ of a student for
denial of ‘instant rationality’ could not be hidden forever. What we do knc :
that one of the few comradely friends he retained from his earlier da

(like so many) the authority of science is as absolute as thecfl?gy ever w;s

he Middle Ages. After such an experience of shock and disillusion, the
England exposed other crucial contradictions in his intellectual system
effectively made himself rather than Lakatos the authority to be follo

he truth that there is no truth to awaken
This was Paul Feyerabend, in whose book Against Method, dedicate

nsidered as a Zen master.
n master operated in an
Lakatos, the ideological aspects of the modern philosophy of science are ¢z
to the ultimate in paradox and confusion.

ent may be ready to awaken to t ‘
1 his role of awakener, Feyerabend m.a‘y be co
he analogy is very imperfect: a traditional Ze

hou relation, so that the searcher would be genuinely enlightened and not

oyed. Providing an anonymous reading public with an exhibition of a

h of sacred images being sprayed by a philosophical machine-gun is a very
rent activity indeed. - -
this reason, and another as well, Feyeraben.d may com.e u?lder sus}}:;ctl;r;
ng in effect (though certainly not in intention) a Fascist. Fordw  he
s to replace the old ideal of philosophy of scxence‘ls co?fused a}r; Lfr;reed
ive. It is along the lines of allowing everyone to ‘do his own thing

i i i se who
the constraints of convention or of social or logical propriety. Tho

Paul Feyerabend and the End of Classical Viennese
Philosophy of Science

Feyerabend is certainly the most confusing and paradoxical figure in
philosophy of science of that period. It is not at all easy to decide whether he
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bend’s polemics, the ideological motivation for the philos?phy of
finally became fully explicit. This was because he was accusing the
e fin

iti icity i 1 of the ideals for

Vi dition of complicity in the betraya : '

prohet. Feyrabends prescripions sy be all vy el o e o a'mha(lie xﬁ::rif:ll; glaimed to stand. Their idea of rationality had
h It

prophets. Feyerabend’s prescriptions may be all very well after the an. Itural imperialists; he would then demon-
Utopia has been achieved; but in the short run it may mean destroyi d iself a tool of class and cu P

; . ; : i instrument of learning about
intellectual barriers to the victory of arbitrary will and brute fg the incapacity .Of such a ratlon:thgea;zfll)end argued from within the
intellectual and hence social matters, ‘ orld. Thouglf 2 the laS}‘;-Zlisothe \}/'Iiermese adhered, his work was

Feyerabend could reply to such an accusation with the rejoinder ¢ OPhical tradition d-tg : ;\fter him came a variety of social science
most of the world’s peoples, aside from the mainly white, mainly male, m tating €0 thz}t n:?- ' k(;o'wledge all of which argued that scientific
middle-class beneficiaries of high culture, that is precisely the unsPeg aches to sc{entl € ct. of a iesser or greater degree of arbitrariness.
state of affairs already; and that this is both concealed and sanctioned b ledge 1s 2 social c.onztru f’ apologists trying to rescue something of
dominant ideas of Science and Method. In his defence, in Science ugh ther.e G 3 erV:xe tI})xe end of classical Viennese philosophy of
Soctety he describes the experiences in California which led to his conv ivity, with Feyerabend c2
Adopting a playful Feyerabendian style for the rational reconstructi
Feyerabend, we may take two episodes from the book, and combine thy
imagine an ‘epiphany of the yellow pencils’ for his illumination. 2 These ]
were the topic (along with black ravens) of the paradox which fo
principal concern of philosophers of science during the otherwise turk
decade of the 1960s. So we may imagine Feyerabend at Berkeley during
campaigns, teaching classical philosophy of science, including the p
named above, when he became aware of his surroundings. These were fi
class of Californian 1960s types, including ethnic minority people who
was expected to prepare for ‘the wonderful chance to participate in th

recall the connections of Nazi German-Folk ideology and religion with

Feyerd
currents of Romantic and anti-mechanical philosophies “are fus

- en truly ‘positive’ like the science it proclaimed, and

L.at tradition had be : : laim
hath and resilient roots in a real understanding of its practice, 1t would
oug

1i have been so vulnerable to the assault of ‘its critics. But, as I have
L age of ‘science’ that was invoked in that programme was
- tc}ile ltlin ofgan ideology, however unself-consciously applied: thfit
L bearer of the True and hence also of the Good, _m
forms of knowing. When that image lost 1ts
bility, through changes in the ideological z.md inst.ituuo;:al c(:)fn::i};tn :i
é, the technical articulations made by previous philosophers

ittle. Two profound but simplistic
man’s manias’. Exemplifying these was (I imagine) the tear-gas that dr discovered to be hollowtailgti] i::::el:e e:-radiial and the other, Kuhn,
into the classroom as the police broke up yet another student demonstra kers, one, Pop'per, - eccentlr e, achieved the insights that demolished the
Furthermore, having been abandoned by the best of the orthodox m :ul‘)tle American cor.lseryiilvféith. and then in spite of Lakatos’s heroic
science that the University of California could provide, he was in the proc oot Oldds'm]enttl's al defer,xce of reason and freedom, the whole
being saved by several unorthodox practitioners. This quintessentially ! to construct a (12 e;: 1; rabend’s ‘Dada’ critique.
combination completed the process of his disillusion with the off e was brought down by Xeye
representatives of rationality and freedom, that had been growing for k
years; and so he rejected the yellow pencils in favour of a radical democra
all culture, including science. Thus enlightened, he turned on all scie
orthodoxies with the fierce delight displayed in Against Method. ‘
Feyerabend is best understood in the context of the counter-culture w
flourished most abundantly in California. His criticisms make sense
related to those of Ivan Illich and the other prophets of a new age. His pol
case against scientific medicine is supported by the chronicle of oppression
mutilation of subject peoples (including the whole female sex) at the han
the certified experts.3 Indeed, the only conclusive answer to his critique i
classic of a departing reactionary: ‘Aprés moi, le deluge’—so that all bu
most fanatical revolutionaries realize in retrospect the benefits of a rule o
that had at least been consistent, however harsh and unjust. There is a
tical answer, of course, and that is to let time elapse and see what
happened to the message of the 1960s, and to the world which then
moment seemed nearly in an apocalyptic state.

e is uniquely the
sition to religion and other

clusion: Where Do We Go From Here?

y a tissue of rationaliza-
plausibility. Although
‘positive’ sciences that

ot wish to say that any philosophical system is onl
of an ideology, that enjoys some ten;lporary
sophy i different in degree from the more .
SZI:I}:Zr:d‘;iZt foundation in f;ntrolled experience, it too leav.es behlr}? 3
é. of achievement, in understanding rather more than In detélil e :
edge, as each great movement OT school passes thrc?ugh 1ti cycatrti ::
h and decay. But when all the signs point to a phlllosophx.cal cycle neem 1gS
d, it is time to see whether the world which was its passionate co.n(;1 ”
at which presents us with the problems that chal_lenge an(i1 er%rlcd fm.m
ideology of the previous phase of philosophy of science was 1el:rlve from
ries-long battle with ‘religion’. This lay not o much in t z r;a1 0.
dual faith, as in that of pretensions to exclusive knowledge, and of cla
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ir vacuity, merely because their

ic follows Descartes and Hobbes? Even the field of
ost obscure corner of metaphysics, takes

to political power partl i i
ol P y on that basis. Now, in the later tWCntieth . v e admit them as scientific in spite of the

tha i : isti

Sta; otl}(iatt)agieylsi r?;:;;it}}i: r(;liglstlan Churc?les are in an excited and ing metaphys

promise either the renewed ob:di:clz Zibtl}rlthi: Put ek e : o e ien bo o

Do powers. Tnstend some at leact of th : 1alt.hful or the deferenc th visible prodigious phenomena and inward

ey of Enlightenment have now bee rf ienr}llcal' evils that motiy of enhanced consciousness are, c'ontinuously .since the 1960s, on the

?nti.religious state powen. And from scionce itselilftelcll by the aPPi 4 of debate, the concepts of reality decreefi in the early seventeenth

ani-eligious staie pover. And from scence i Sh ave énas . may no longer be taken as unpl‘oblemfiflcal. The.se are only a few

inconcelvadle once magic was discredited ¢ 5 advent of ¢h ems shaped in terms with which I am familiar; as philosophers enlarge
Y y science with the humane ‘ of science from an idealized physics, to medicine, technology, and

values now find themselves i ; mage
sin a confused night battle, where friend an .|ds of ‘Tegulatory science’, the problems are profuse in their challenge.
s to call for an end to ideology in the philosophy of

ew relevance. When bo

ever more difficult to distinguish.
My own retrospecti ~ .1d not be so naive a
ve assessmen " uld no ) . . .
distinction of three modes of disccmr:e.o}fl th(-3, .tradlt.lon would hing . The new problems will have their own ideological motivations too;
The logical positivists ignored heuristi. euéxstlc, cpistemology and i is necessary and healthy. But we can look forward to the closing of a
¢ and so were vulnerable whe ter in the philosophy of science in which the persistent rule of a particular
‘ 1l the more damaging because it was

, in its later stages, 2
ts of an

gnized. That is why I have
hed understanding of our past,

Lntroc}:eed. Popper invoked it but in a very caricatured version. Kuh
e . . . : -
P dsa1 never to have grasped the distinction between an insightful h
n .
: a Or}golrous epistemology. Feyerabend uses heuristic to destroy e
oav. .
Wgy1 ! a l'these pl‘ul.osophers, Lakatos best appreciated the diferep
a; ;c ing in a sufficiently sensitive touch to keep their relations harn
o fe] old epistemological problems of science are, therefore nm
t;ult }111 for our un(?erstandmg of that great creation of the human ’int:
ey .dave become isolated from their roots in committed experience, ¢
gzovn Z nc()1 ,effectlve defence against the suicidal application of ;e
Cri)tr;eral end’s arguments. I suggest that they be given a rest, and tk
K E)
demca{ Emlg_hts bbe applied to the analysis of science, not in a spirit of
ystification, but as a complement t ) : “
' , o progress already bei ‘
o . : y being mad
Costotry fmd the sociology of science. There, studies of the actual cgonditio
nstraints on scientific work are idi i
‘ providing a picture that is rapi
« : rapidly
ViCrelche(.i,hof hol:v science can have both successes and failures andI\)rirty
s, without being the subject of one simplisti i ’ :
simplistic verdict
adherence to the Good and the True e
T i i .
Coulgefspgcula}tlve a;d analytical styles of enquiry appropriate to phil
ind an irnmediate rich harvest in th
find 2 ¢ many areas of ethics that in
on scientific and science-based i &
- work. For epistemolo :
n . gy, there ar
pu(;utlllarly challenging and urgent problems of ‘trans-scie’nce’ whe:
. v . : ‘
Zns :, ;ons 1r.nayblook l(llke ordinary experimental topics, but where the tec
rs lie beyond the limits of feasibili
asibility. The philosophy ¢
mathematical sciences could b j . r analisl of
: e rejuvenated by deeper analysis of
inexactness in practice, as distin i 4 el
, ct from their perfection i i
nexactness | ) as perfection in an ideolo
y. The criteria of demarcation i '
: of science from do-
- pseudo-s
ster:.ttlally untouched from Descartes until Popper, could do. with
ru i :
seru h1:y. F or lexample, there are the policy-relevant disciplines depend
mathe matical models where the uncertainties in the inputs must be supp.
st ! e 01(1)tputs become indeterminate, Such GIGO-sciences (for Garba
age Out) have a role in statecraft analogous to that of classical astrols

done this survey in the interes
so that we may better shape our future.

ven as a lecture to the Department of
Sociology at Leeds University in 1977, then, as revised, published (in German trans-
lation) in Versuchungen (essays on the work of Paul Feyerabend) (ed. H.-P. Duerr),
Frankfurt, Suhrkamp Verlag, 1980, and further revised and republished, in Radical

Philosophy 25, 1984.
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erism, be they ecological, socialist or religious, may wa‘\tch with h ot
’ i i i 11 life’s meaning conveye
1n 1d over increasingly find a '
g jzi hing of more genuine
: ents for realizing something
olour TV screen. Movem . : . g o e at
‘ te either into fashion or 1 ,
eem regularly to degenerate € : ' or 2t
to remail\l isolated on a political or cultural frmgel. Tgehtnum{)itical
. , i i then po
i i le on the philosophical an
rialism, after centuries of strugg d el
now seems to be accomplished through the commuodities of mo
ivi i imiles.
ent living or its reasonable facsi . . the
tin thisg century of its success, the heartland of mf"itenfil pX)%ra rie,ty e
d joyi i i tories.
: ing the fruits of its vic :
ent, does not seem to be enjoy . A
ict it; i imni nfidence have given way
ses afflict it; its optimism and co. ‘ . L wa o
rift. Some reasons for this condition are quite obvmus., thuan c e
in the struggle for the affection of the global consumer 1s.]ap ea,ce e of
ent barbarians, now even more menacing to Arr'xerlca 11; pe ¢ than
But there is more; on top of economic stagnation, €co ogut:a;he oes
. . i
errifying financial instability, there is a sense of loss (.)f pow;rerel he e
e. Military might and high-technology leadership (closely e
romised,
1gh electronics, space and nuclear energy) are now both comp
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partly by external competition and also by internal decay. At this _ yast social endeavours, and artistic craftsmans‘hi;') of the h.ighest pitch of
history, if you want to put a payload into space, you do best to go to ¢ were poured into e(%ific.es and fl.xrmsh.lng's .de51gned for the
perhaps to Russia. American rockets are, it seems, no better than A fication or perhaps even deiflcatl?n of a s%ngle individual. Such ex;tehr-
cars. And Star Wars approaches the ultimate in ruinous abstirdity often accomplished through the 1mpro'verlshmen.t'or e.nslave'ment“c; t .e
Does all this mean that the ‘unbound Prometheus’ of hitherto es, nearly defy explanation to' the Occ1.denta1 utlhtanan. mm(;i.h (2115 3t
Occidental technology is now revealed as a giant with feet of clay, a ill, or caprice, or a desire to frighten or impress, that rr.lotlvate . the ecll.
the culture of its origin? Has the triumph of the soft values of con  for their construction? If so, that would represent a social practice, sta.b e
been achieved by the loss of the hard values of national strength? If so, any centuries, in which, regularly, very Tnuch was taken from society
most important for the phenomenon to be understood. This might ng othing was given in return. Then the s<.)c1a1'structure.s apparently. sur-
any difference in the short run; but an historical perspective might be and were perpetuated and reproduFed in spite o'f h?vmg no functions,
for understanding and effective action, should the present unstable b ysfunction& To be sure, the oppression and_ e.xploltatlon could ?ppro.ach
influence and power between different national cultures eventually sblute point; but then there could be uprisings, and at leas‘t n Chmaf,
disrupted or deranged. would be a signal that the Heavenly mandate had been forfeited, and it
me for a change. The Ibn Khaldun cycle had completed one rm}nd..
us consider the possibility that that sort of Productlf)n, with its
cteristic excellence of technology, did have ;'1 social function, through
it provided a general benefit. This was ‘obvmusly not on the material
_unless all this extravagance was perennially accepted as necessary for
filital‘y and civil benefits of strong, stgble gc.)ve.rnmenf. It wo.u,ld be;
ading to describe the monuments and their furnishings as. symbohc': , fls i
nary of individual meanings wou}d be necessal'ry for their apprt.ecu.mon.
.r, perhaps that industry of rulership was organized around.maglc, in the
f religious beliefs and experiences, adapted to the exercise of worldly

ence,

Old Cycles of Empire, and their Social Cement

We all know the cycle articulated by Ibn Khaldun, starting with ba
(perhaps ‘hybrid’?) vigour, through stable prosperity, and finally co
and decay from luxury. The story is at least as old as Saul, David and S
Some empires repeated the cycle almost like clockwork, notably the
Others went through the process only a few times locally, and then suc
to a global onslaught; such was the story of the Islamic communities

About a half-millennium ago, a fateful shift occurred. The new ba:\
did not come on horseback, ready to be tamed by the good things o
life. Rather, they came in strange boats, bringing successively guns,
various poisons and diseases, and eventually things to sell and money tc
World-wide they encountered no traditional culture in a vigorous
capable of resisting or of adapting creatively. It took a few centuries f;
first easy conquests; but eventually all were penetrated and posse
became attached to the Occidental civilized world.

So the rise of the Occident was correlated with the enfeeblement o
others. Was there a simple confluence of Ibn Khaldun cycles all over
there some larger, long-term shift affecting them all? On this I can, of
only speculate. But we recall that what finally shattered the Inca civili
was not the Spanish invaders themselves, but the Great Inca’s confessi
people that El Dorado, the Sun King, was nothing but a staged specta
magic had already died; the land was a spiritual corpse waitin
vultures. Similarly, the Aztecs, waiting for fair-skinned gods on winged
China survived longer, with another cycle to go through; Japan shutt
and decayed quietly behind it until 1854. What of Islam? Ther
barbarians, with all their religious fervour, had already effectively des
that stable community that is the essence of Islam as a social posse
mankind.

The personal, visual experience of the monuments of  those
civilizations is a great education in the relativity of cultures and also of te

eriences? Here the secular humanist (regardless cff 'his or her pr.of.'ession
ith) starts nervously. Am I now invoking mystlmsm, superstition or
s psychedelia as the social cement for that hlghly deve?loped technol-
form that dominated great civilizations for millennia? Let us not
about words; we can think of the affect that is now produced weakly
termittently by the modern paraphernalia of patriotism: flags, songs,
ments, even some monarchs. As an intermediate case, we may recall the
eligious character of great or absolute rulers in recent times: the QZar,
or Mao; or even (to some extent) F.D. Roosevelt and (for a t1rr3e)
tow Wilson. In another age, with another consciousness, the systema:tlc—
riched subjective experience of participants, achieved 'tl‘lrc,)ugh various
logies, some imaginable to us and some not, was the "u'tl‘hty. of that cha-
industry, If we accept this thesis, then those other. c1v1hzaFlon.s become
t comprehensible; otherwise they can only fill us with cosmic dismay, by
upendous waste and abuse of human labour and talent. .
an speculate further: suppose that, however deformed or corrupted it
¢ become or been, this sort of charisma-industry did more than merely
he passive obedience of the exploited masses. Perhaps, when it worked
ombined the sacred and the secular, the sensory and the trans-sensory,
(at least for those who were not totally excluded from its benefits) it
d an occasion and a motive for people to do and give of their very best,
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their labour and even their lives. In this way we can explain the o
incredible level of artistry routinely achieved in these productions
culture, it is hard to imagine such work being forced out of suffering\
Perhaps the religious/political matrix of belief, however much it violat
principles of equity and human realization, functioned to just that epe

This would have been the stable background to all the local cyi
dynasties, The successful barbarian conquerors (who came in anyway
the previous rulers had lost their charisma) could easily be recruited
apparatus of social control accomplished through shared experience, 3
classically in China), the perturbations of life would soon diminish.

niversal easy life-style, best symbolized perhaps by colour TV an(.i Cll‘oll:e.
\ ‘ously thought that the suburban house and car were esse'ntla : but
i ynds rather more than a fifth of the world's people will soon be
e erism without them.) Who would dare to denigrate the mild

- Co?lsunl;sence of pressures to dehumanize one's fellows, and the many
'Sures" t e? r real benevolence and solidarity which such a culture enables
Qrtun{tles 1(1) fosters? Let anyone imagine and design a feasible alternative
occaSl.OIla ; [nises the masses, now including women as well as men, a
s rism, however thin and precarious it still is for

as I observed at the beginning of this essay, there is now a darker side to
f’ While its values suffuse through the whole world, the heartlanc‘l of
?Ctur?'m suffers this peculiar loss of strength. Perhaps, while consumerism

m?r;fest oint of social evolution now attainable, it is also merely.the

L haﬁow and artificial substitute experience of reality and meaning.
Ilf:m ashe revolt of the first-generation affluent youth of the 1960s was
o I sust that issue. Also, being based on the presumption that
a d should be pursued successfully, consumerism has no
ding the complementary aspect of human existence,
i d death. In this respect, however pleasant afxd
ating it may be, it may also be incapable of Qerforming the vital so?lal
tions of belief based on a shared deep experience. Thus consume{mrr;
ght mark (and contribute to) the onset of a downward' phase of a cycle o

e, reminiscent of Ibn Khaldun but of course of a different sort.

The Last Half-Millennium: The New Game

As I have indicated, whatever degree of effectiveness and stabil
charisma-industry may have achieved at different times and places,
universally been in decline for some centuries. The empire of the Occide
broken the old matrix; it denies and then ignores the shared subjective rea
on which the old system depended. Marx well expresses the new conscio
when he assumes the non-existence of such realities, and then tries to e
the whole history of production and of technology on straight Benth
lines. In the political sphere, we learn from the American Declarat
Independence that people have the inalienable rights of ‘life, liberty, a
pursuit of happiness’, and that governments are no more than prz
instruments for the securing of those rights. ;

We should recall that this democratic manifesto was articulated rathi
in the full cycle of expansion of the Occident. Previously there-had be
important period of ‘absolutism’, as in Spain and France. But a glan
history shows that in comparison to the real thing, European absolutism
temporary and feeble. The Sun King, Louis XIV, named after the In
Campanella, enjoyed scarcely a pretence of truly divine sanction,.and st
of authentic participatory experience with his nation.

At first this destruction of the old realities, already enfeebled, was a
liberation in a multitude of ways. Material production could now b
for widespread personal enrichment through the production and sal
materially useful goods for an open market. Innovation quickened, so tha
the nineteenth century the productivity of the textile mills would have see
quite magical in any other culture. With higher productivity, and wit
fetters of economic and political constraints completely shattered, the b
masses could, over a few generations, come to participate in increased wealt
in decent conditions of work and living, so eventually in citizenship as wi

So, finally, with most paid labour mild in exertion and duration; with1
people possessing leisure to enjoy and also some means with which to ma
enjoyable, we have arrived at the matured consumerist culture. First Ame
in the 1950s, then other countries, in their own times and fashions, achiev

iness can’an

ci‘ity of Workmanship and the Morale of a Culiure

, analogy between the classic cycle of Ibn Khaldun and (Iinodern
far-fetched. There are no longer any despots,

sumerist society must appear : er : :
democracy in the social, economic and political spheres still spreads, in
ose lives are still full of want

ice as well as in principle. Those masses wh :
orrow may be said to be suffering nearly as much fr.om neglect as from
itation. And whichever external nations or leaders rglght cla.ur.l .the .status
pufifiers of the cultures, they too must establish their plausibility in the
m of international television; and so far none has passed Fhe te§t. So if we
o establish a fruitful analogy with Ibn Khaldun, we must investigate more
-ply than the superficial phenomena of politics. . e

t us also leave aside, for the moment, the more obvious wqrrles of the
zation, however much they may seem to contribute to iFs malaise. I choo§e
nsider quality control, particularly in relation to Amerl.can te:chnolog}./, in
nuclear, space and military sectors. Here the' sFory is quite am;zm}%,
ered credible only by long familiarity. Perhaps it is best expre.ssed yt 1e
dition of American space technology. The Shuttl'e programme 1s Now (on y
the Challenger disaster) revealed to have been incompetent and corrupt;
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where each sub-system was deemed safe until proved otherwise: g,
finally management simply didn’t want to know of any probleny
shortly after the Challenger disaster, misfortunes overtook each of
models of American rockets; so that at the time of writing (late 19,
United States is incapable of launching a space rocket with any ¢
assurance that it will survive, .

Here we may speak of a Catastrophic collapse of

é ly that of his culture. And modern orthodox economics reduces to the
L ‘F:or realalovex’rlszzigise}::;ming counter-intuitive. For everywhere we

B evidence of high quality —in innovation, design and manufac-

und us evi marketing and advertising. Indeed, the great seductive

e ;:1 t economy is that by its ‘hidden hand’ it shapes its products

;f ihixlfsiin:rs want. By contrast, bureaucratic control invariably yields
atc

implications for the USA as a leading world power, though not discysg, er goods of low quality in every respect. But we;ls consul:teilt‘isv:n‘:,};ifg
in the English language media, are inescapable. And of course Suc what has been produced for .u.s, on a reas9na y.comp s b
cannot be isolated. American manufacturing industry in steadily losip . Everyone knows that the provision of essential 1:ervl‘(l;es:isuCCMionally
Japan; and American military hardware includes many multibilljg d;léation, cannot be entrus?ed to such a mar e'tf J I‘lﬂ g ; Coaslo thosé
boondoggles, with more coming all the time. Star Wars, ostensibly aﬁ ' reports in the media or a .hve demonstration on d.,tions e e
ment to test the feasibility of a system already proved impossible, noy and disasters involving devices produced und'tlzr I(:(;n cllan d Challenger.
own financial and political momentum; it could well have been 5 plot lity control is impossible. Such were Three Mi e1 slan: Lon o enger.
by the Russians or (more likely) the Japanese. Business and financ ‘ the consumer markets relate to the _popullar va uet:; o 2 nation’
better than manufacturing; we now learn that the Western (usually involving the State) re.fle?t its rea s;reng : ar 2 ossiblle The
community spent the 1970s in converting other people’s mong hermore, a refinement even within the marbet se(ci osmofc)1 recis.e Iyin
petrodollars) into bad debts in the poor countries. Was this neo-imperis ese manufacturing miracle, or conquest, can be under p

mega-folly? And if America is in the lead in this doleful respec, jts p
(notably Britain) cannot be far behind. .
The decline, or collapse, of quality control in these crucial sector
significance beyond that of its implications for the strength: of the af;
nation. Quality control is particularly useful in exhibiting the inadeqt
the individualistic—utilitarian ethic for keeping a society together, 1
operation, care for quality involves a sacrifice, perhaps small; an expen:
of time and effort which usually will have no perceptible effect, If things
go wrong due to inadequate quality now, it will only be sometimes
anyway it will usually be far from the context of the operation, So it
argued that the Benthamite ‘total net happiness’ function may actuz

£ that particular culture not being. totally indiv‘iduahsu:}: :gxlc;
jerist, Very traditional patterns of loyalt.les 'agd comrmt;nentst x::xcel
o focus their energies, collectively and mdlvl'dually, anb' sz' o exeel
wherever they choose. By contrast, when ther? is no such binding k(l e
syroductive life of society aside from consumerism, then nlc.) one mai\tabl

ibution beyond that which pays off directly, and quality inev y

other way of seeing the phenomenon is in the parado}:i, otr) Jok:,r Sazc;;lé
:ng and rockets. For a long time Western expefrt§ and o s}eirv1 e
at the Soviet Union could never master the SOPhlStlFated technology k

or nuclear weapons. The evidence of low-quality consumer goods,

decreased by care for quality of workmanship; to make the point plau; ding even the plumbing in .their _bESt mtemailonal tuotfel;,diiir;:;yi
one may imagine cases where quality standards are imposed th ive. What such observers missed is the cultural aspec oh i
inappropriately severe for the product in question, Certainly, m- . have expounded here. It is a commf)nplace to ol?serve t ces Y
happiness, in utilitarian terms, is usually quite definitely the better } al and cultural) between such centralized, totalitarian regim

corners and skimp on quality.

sms of old. The core technologies of defence, together with the
What I have just sketched, with manufacture in mind, holds equally

onal grand display (such as the legendary Moscow .Metfﬁ)'ha":{:jinau
sphere of activity: design, administration, research, whatever, And if ailable excellence quite deliberately c.oncent‘rated 1ntolt erzl-the mass§;
doing the work systematically don't care, then no superior can enfore v ng, clothing for the masses could wait, for in .such c;x tutr;e o
quality work on them. In any event, the old Latin motto, ‘who guar. patiently, at least for some decades, provided that they g
guardians?’ reminds us that normally slackness goes up and down th ‘ and national pride than hitherto. . 1d not survive
uniformly. ) h successors to the charisma-industries of the o ¢ cIanthese i

Now, what is the relation between low-quality work and a consum nitely, especially once the Great I'Jeader' h.as departe t.s zver curtainj
culture? Quite simply, consumerism s by its nature hedonistic, Bentha ample of the successful consumerist societies penetra eé to tzrms with
however benevolently so in its easygoing way. The legendary America en, regimes of whatever formal character must C?H‘l)ie alternative in
asked, ‘What's posterity done for me}’ may have been at variance wit erism, or try with increasing urgency to fabncatr;; vu'ituation may well
prevailing fashion of sympathy for the natural environment ; but his posit , of their traditional culture or official ideology. The si
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become desperate for some governments, for no viable altern
consumerism has yet been found; and (as some are already ay
shallowness of the consumerist ethic will eventually become manifes

absence of anything to supplement it, a nation, or culture, may well d
die. ‘

without being able to admit as much to their own individualistic
o t population. Usually the dirty work could be done by small
ofxsumefls‘ Eut when that failed, the choice naturally seemed between
'1SF form'séhdrawal or a larger-scale exercise. When that could not be
e atriotic crusade, the leadership was caught in a cruel
ote:d ’as '% I})1ad to ask, or try to force, men to go to their deaths in the
e ,xperiences that could produce the commitment

- symbols or € rof
C:o(flc; rrgak)?;uch sacrifices meaningful. All this is well known from the

£ the traumas suffered by the Vietnam veterans, during and after the
- ways the moral horrors of Vietnam were worse than those of
. sf;meof t}yxe Great War; in the earlier struggle, it was after all men
~nc es- while here they had to kill, or be killed by, anything that moved.
- m‘;ﬂ» orale had been corrupted beyond repair; the attempt to run a
gy ningful symbols showed itself a disaster.

ithout effective mea bol |
. men would not lay down their lives for General Westmoreland; and
us

that commitment of soldiers to their group, a war cannot be vYon. The
0}}“} he American empire is thus seriously called into question; if a
:jai)cotnﬂict is not popularly seen as vital to tlixe nation, but only a; Tatter
ng corporations or governments, there will not be a successtu war,
_ver much Presidents may scheme, sabotage or engage mercenaries.
liberals may also applaud such develop-
cince we all agree that empires based ('m force are a bac.I Fhing. But, V\Te
V;Jppose, suppose it is not armed c.onfhct b}.lt some political/ economic
valent of war; such as the sort that in some time of future world crims to
h the Americans may be subjected by the ]apanese‘. Shc?u1.d a,peop e ncl)t
le to see beyond their consumerist desi;es., should ‘patriotism’ then trl; y
me what Dr Johnson called it two centuries ago, then the prospects tor
jca's survival as a great nation would be du‘n..
analysis of America may be justly crit1c1%ed on the grounds th.at
ican individualism pre-dates the consumer society; a}m.i so the contradic-
which are now becoming manifest may be characteristic of democracy as
rather than its modern form in consumerism. Tl'liS may wel} be; .but m}.r
sis is strengthened by consideration of a very different society indeed:

tn China: For the first three decades after Liberation, there Vyas certainly
1d a great nation from the

—

Consumerism cand the Survival of Nations

A long time ago the American philosopher William James spok
need for a ‘moral equivalent of war’, and for decades afterwardsX
condemned him as a militarist. But they missed the point; it is not ¢4
necessarily good in itself; but that it brings persons and (sometime
sections of a population to a place where the utilitarian ethic canne
Comradeship and sacrifice, whatever their ethical foundation (in re
patriotism or simple human solidarity) are difficult to justify on util;
hedonistic grounds; witness the contortions of evolutionary biolog
explaining the selective advantage of ‘altruism’.
The matter is not merely of theoretical interest; for in this age of dem
or consumerism, it becomes increasingly difficult for governments to p
peoples to make the sacrifices involved in war or in some other heroic a
Of course, this is a development that all good liberals applaud; nev ;
could we have a phenomenon like the First World War, men march
obediently to slaughter and be slaughtered. ‘
But, for better or worse, it does create practical difficulties for stat
who occasionally need to display a credible threat of force to establis
policies in a hostile world. This requires that the young men of the nati
generally willing to lay down their lives, in the cause of religion, obedi
patriotism. Americans, in spite of their rhetoric, are traditionally not e
such challenges. To gain popular support there, a war must be embrac
patriotic crusade. In this, Wilson and Roosevelt succeeded, Trumar
Korea) didn’t do badly, but poor Lyndon Johnson failed. Then he
promote and conduct a large military operation as if it were not a pa
war, but rather a campaign to win ‘hearts and minds’. For this the rhet
consumerism was the only resource, and so the operation was describe
perhaps eventually conceived, as if it were General Motors marketin
The surrogate for sales statistics became body-counts of corpses deeme
Viet Cong. Computers ruled all, even the selection of targets for r
control bombing. The results of this vast, bloody pretence were a catastr
for the USA; it lost geopolitical strength, international credibility, its eff
ness as a military power (outside the fantasy context of nuclear war), an
the willingness of its people to support such adventures again.
It is very easy, and quite justified, to criticize the American governmen
the Vietnam War. But they were caught in the historic contradiction of ¢
to run a great world empire, with all its inevitable material, person

agua is a case In point. Good

uestion of consumerism. But Mao wanted to bui . !
tered, impoverished hulk he inherited from centuries of decz‘iy. A‘nd' or
¢ had to be a socialist nation; otherwise it could too ea.lsﬂyl shp.m-to
jal dependence on either America or Russia. But holw to mstll. soc1ahs;
ousness, getting people to throw off the fendal habits and attltu-des o

ies? Mere exhortation, propaganda, laws and Party contro'l d1‘d not
_ So there must be Campaigns, moral equivalents of revolution if you
most notoriously, the Great Leap Forward and then the Cultural
lution. The earlier one was merely a disaster, the later one a catastrophe.
'hether some better design of these campaigns might have been successful
t the issue here. What we know is that the invocation of the symbols of
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socialism and of the common good failed disastrously.: For all
similarities to the great unifying emperors of China, Mao did net eq
the personal charisma necessary for the motivation and control ¢
revolution in consciousness. .
Now (late 1986) in China there is a near-vacuum in official ide
rhetoric involving socialism or the common good. The message is for
enrich himself now, so that China will become modern, strong and gri
government will ensure that when that success makes it possible, those
behind will be enabled to catch up. But such altruism is most d
relegated to the future; it lives only in this vague promise, as well a {sm were, €2 . dopted: in the American case with
social welfare programmes whereby the most disadvantaged are pro tlence a form of consumerism .was a op.e pint o lome. term
And so in this tenth anniversary year of the end of the Cultural Reve jate catastrophic effec'ts, and in the Chinese ‘ﬁltb p O o gwhere
socialist slogans are nowhere, and militantly socialist themes in the » \erces as yet unpredictable. There may W‘; f;lo ;:leave t;) others
bitterly denounced as dangerous relics of the ten-year catastrophe. By has been invoked, with comparable results; but those
consumerism is the word in China. Peasants can get very rich: su ore knowledge.
workers can buy their bits of electronic happiness; young people drink
smoke, and take taxis on dates. Just now it seems to be exhilarating, a
those who are making it. ‘
Of course, there will be a price to pay, there is no doubt that thi
government, nearly unique in its public recognition of proble
shortcomings, past, present and future, will do its best to anticip
alleviate them. Whether it will be able to control the effects of a
reversal of the rhetoric of equality, sharing and sacrifice on whic
generation was raised is not at all certain. But it can be argue
analogously to the Americans trying to conduct a war in Vietnam
invoking the morality of patriotism, the Chinese Communist Party
alternative but to reconstruct and modernize a society while avoidir
rhetoric of socialism. Those slogans had been completely discredite
wreckage of the Cultural Revolution and the rule of the Gang of Fou
they are raising a generation whose consciousness is being formed by ¢
commercials, and whose urban working class (blue- and white-collar) wi
experience the vast wage differentials made inevitable by the influx of
capital and personnel.
At the moment, such problems are still on the horizon. Although the
still many of the inefficiencies and incompetences that are characteristic
state of ‘underdevelopment’, still there is a sense of purpose (in makin
great again), as well as a striving for more openness and criticism as v
more efficiency and expertise. There is still much inefficiency and confus
the running of the Chinese economy, but it perceptibly improves and
One sees the really ugly face of consumerism in those societies
‘developing’ is a euphemism; where the traditional values are effectively
and ‘modern’ values sink to their most cheap and meretricious expre
There ‘consumerism’ can hardly be blamed as a cause; it is but one sympt
a social and spiritual pathology, otherwise manifested in universal corru
and brutality. In such context, it is a bad joke to speak of ‘quality’ at all, e

.. (he techniques of oppression and vice. The.re we see what happ.ens
Lo bols have totally lost their effectiveness, and the society
- . :}I:tn of the new ones, be they democracy or even consumer-
E 'a t:s arz rather like cruel, large-scale living laboratories, exhibit-
h ;Zi;;ens when values collagse. They serve as a ‘remind'er th.z:;1 w:,'tes
(ake for granted that civilization as we know it will survive wi
‘ ies intact.
v - dgcte}?::;z:rr;ples of America and China, because on.thfem I can
= al experience. In those cases, appeals to patriotism or to
-~ PCYSO‘Zh in their ov}n way, futile for the achievement of national

ospect

 make it clear how this analysis relates to that of Ibn Khaldun. He
- epeated cycle of vigour and decay among rulers and consequently
cii::ieIs). I suppose that this process was superimposed on adstalble
;'mmd of shared religious experience. This enabled the effective e'p.obir-
Jf a charisma-industry, which used splend?ur fmd beauty as thelesl e
f the techniques for maintaining social solu%anty. Thereby, obe d{ex}m,
; and satisfaction of the masses could be achieved even under con morlls
ncluded evils that we can simply not corrfprehem%. .We have‘pz} e
ers of this in modern times, when even1 quite s;)plzllstlcated societies
patrioti ur or veneration for a truly great leader.
Ea::;);fs:etrl::t for the past half-millex.miurn at‘least, tl'latyforrTleﬂy
yackground has been universally in declme.' The developu.lg. soc.:le;les
fom more than the pathologies of the inheritance of col_omah.srn, they
ght between the death of an old world, the‘ o.n.ly one in wh1<.:h thelz
cultures had any meaning, and the inaccessibility (by a multitude tc);
of the new one. China may escape from this trap, and there may well z
thers. The ‘developed’ societies of the Occident are those \.'Vhlch starte
areers with an effective denial of that background experience; anc% s
ave flourished as it has dwindled and decayed. But now t.hey exhibit
ogies of their own, and some of them may well t’)e dl'le to the 1nadeq11(1ac3;
umerism, a major source of their social sohdarltx, chr the tasks o
I or even of national well-being. Making good plumbing involves differ-
tts of commitments and endeavours from making goqd rockets;. and
al Motors (or its symbolic surrogate) is not a cause for which men will lay
their lives. . o
en I considered the pathologies of consumerism at the level o
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corrllmitrnent and morale, I was drawing on the analysis of Joh .
This Last. There he defines a profession as an’ occupati n
should be prepared to die for its integrity. If someone vrs)loulodn e
not 1.1a‘:'e zt. calling, and his work is utterly without significa T
was in individualistic, moral terms; I have used his insight nce. Ruski
analyse a social phenomenon. This is how I could arguge t}?Ot to exho
are part (')f the same phenomenon, China after Mao exh;iili,all nye
consumerism, unavoidable in spite of all its obvious hazards 1;S 8
.Of s9c1ahsm as an inspirational ideology. America’s failure ,.a te_l‘ the
its inadequacy as a substitute for patriotism in a war lljxvletna
dramatically illustrates the fate even of industrial qualit «‘And .Ch'
where c.onsumerism is fully matured and dominant y control in
Consxc.lered in the light of social theory, this pre.sent essay i
chapt.er in the long discussion of Gemeinschaft and Gesells };'l‘s but
ques.t(;onhwhether Gesellschaft can long survive with no n:ojﬁ.f(l);
outside those 1 e ..
e SCaleoafS rca;txllc;zzllleyr ;?::l;ltatfd 1nd1v1duahst1c.values, now reali v is adapted from the transcript of
writings, particularly his disc'ussizio Oe g, Zizs Zz?orlej of .I—.Iabermas’ : :enZe on James Lovelock’s Gaia Hypothe
governments; these must produce the goods of Conssuti{lereigztzmacy - . Look at Life on Earth; Oxford University Press, 1979). In editing it, 1
consent of their governed. In the absence of th sm, or risk los ish style from the spoken to the written. But I felt that to
of that consent, then corrup of dialogue in the text would deprive the essay of much of
aders will find themselves spoken to occasionally; this is

r, but a reminder of the origins of the essay in a very

'ia and the Philosophy
Science

a lecture given in October 1987 ata
sis (first propounded in Gaia: A

the elements
iness. Hence re
nuncbrrected erro
g and important encounter.

anarchy are the most likely consequences. In those terms,’ ben
.consurnerist, democratic societies of the Occident are in a r,e 0“1: en‘;
%nde.:e.d ; they depend on a maldistribution of the world’s wfalt;ar}ious :
justified, on an assault on the natural environment that cann : bat o
and recently on the acquiescence of other nations with nOOt i
permanent loyalty to them. B
. If t'hIS conclusion seems gloomy, the cause lies not in myself b
situation. I can analyse our predicament with my own experie};lce a I:l
To resolve it seems to me to require something more; and that I leaw;1 tér

complish most usefully here, 1 decided that
n various philosophical issues, 1 would try to
e can debate. 1 will therefore try to raise,
¢ sorts of philosophical issues that have
aia hypothesis. The only positive
Gaia but about philosophy.

nking of what I could ac
of giving you my opinions o
he issues on which other peopl
ther condensed form, the differen
n play in the discussions of the G

I am indebted ili i i i i !
'e debted to Isa'bel Phxlh.ps‘ for the discussions in which many of these po ns that I'shall offer will be not about
re raised and clarified. This is a previously unpublished essay ' ‘

sophy and Gaia

hrough the ages it is
t inferior to science
mans we do face
nd an analysis
urse, this is

mportant thing about philosophy is that down t
studying the same problems. Some people consider i
ver seems to get anywhere. But as hu
d dilemmas through the centuries; a
s can still be illuminating today. Of co
e in a traditional Eskimo culture, or even 2
cmulation of the problems will be different
ean culture, since the times of classical
ontinuity of the great themes around
ble to speak of the Good, the True,
e Human, while knowing that for

tground, for it ne
me sorts of issues an
by a Plato or a Descarte
r of degree; if you ar
onal Chinese culture, the fo
ignificant degree. In our Europ
, there has been a remarkable c
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Gaia and the Philosophy of Sclence

each generation these root ideas must be seen somewhat differeﬁ
brought to life again. ;

It is against this background that I find the Gaia hypothesis so excitj
hypothesis is that the earth is a gigantic homoeostat, and one whg
changing equilibrium states are created by life itself; so that our total e
ment, including the very rocks under our feet, is the product of the ey

gsthat s bigger than ourselv;sz and yet thatisa philosophical position that
eve.l” De ;on:;u:“:zp:;:ex}t into this picture of ourselves in nature.
a th dynamic homoeostat of the planetary system, we are a very
) ,theiir;hYSiCal terms, comparable to a culture 1n a Petri dish. We may
o long-lived as a species, and so in another billion years there may be
by life to maintain its environment. It seems to me that Gaia may be . ve:‘ly ;'a%e of our temporary presence. But while we are here, we can
very important event in our modern intellectual history. I am generall Y aitz significaﬂt effects on Gaia in her present phase. We may quite
sceptical of new titles or new labels about scientific ideas, because mest o %u be driving Gaia rapidly towards an unstable boundary, to where she
come and go very quickly, more like fashions than like truths. There 5 ith very destructive consequences for ourselves and

: & 1

s . i ip to a new phase, w - . .

grand organizing ideas that sound very exciting, but then they cannot be iills)e besides. It is even possible that the new phase of Gaia will be one that
into hypotheses for research science, and so they remain external to s¢ ‘

ch an extreme of temperature that life as it has built up over the
operating at the level of popularization or propaganda. By contrast, ;sxf will be extinguiShed or severely reduced. .
seems possible that the Gaia hypothesis will begin to give real cohere ’ma we are now forced to look at humankind as not merely inter-
what has hitherto been a rather complex and confused set of ideas abg e biotic with the rest of Gaia. Rather, in these
natural environment. It will thereby become a very powerful orga

ent with nature, or sym . .
nive may be a pathogenic parasite on the whole planetary organism. It
principle, analogous to continental drift in geology. It will suggest pr
and regulate solutions, over a very wide range of natural phenomena,

done quite well without us for a long time, going througlll 1ts‘ cycles
| ;:1 or roughly. Then Homo ‘sapiens’ arrives, and within a twinkling, on
. . . .
had hitherto been considered too vast, and too complex, to be amenable Y
approach other than crude and speculative simulations. With that stre

ale of planetary time, he (should I use the masculine here?) does such
c
will affect our perceptions of nature and therefore of ourselves, in a soli

a5 to foul the whole system and destroy his nest and much e}se, To
%sasize the point, let me try another analogy: ourselves (and particularly
determinate way. Thereby it will change the way in which we approa \
perennial questions of philosophy.

can man) as a weed. When a previously stable system is disturhb.;ad, }tlhe
invade and choke out everything else. Of course, after a while they

In the discussions of Gaia that I have participated in and witnessed,
sensed a variety of contrasting positions, and also the potential for co

2 new stability and are themselves squeezed out.by a new flora. Is;h;s
best that can be hoped for ourselves? If so, our pride in our accompish-

among those committed to the Gaia hypothesis. In themselves, these : - we seriously wonder whether we are some

bad thing, for they reflect the healthy diversity among our b:ickgrOun5

outlooks. But our debates will be more effective and constructive if we ar

about the issues that may divide us, and also understand that in these d
we are doing philosophy and not science.

becomes rather muted,

f mistake. o ' .
ow, this pessimistic way of looking at humanity did not start with Gaia;
B 3

ince the Bomb and pollution, people, helpe(.1 by 'science ﬁct.ion writ.erli
me scientists, have been aware of such posmblhtu.es.‘ What is new wit

is that the issue now has a basis in science. The p9351b111ty Fhat we are, oln
a bad thing for our planet can now be stated in a precise, even partiy

he Nature ofHumanity ble form. This can cause a change in our image of ourselves ?omparable
ose wrought by, say, Copernicus, Darwin and Freud. The fl‘I‘St ofl these
ted a change in our picture of heaven and earth so that there is no oxgﬁ;r
cation for the angels up above, and for the damned souls dc?wn below:v.. (;
ond showed that no special creation was required to explain the origin o

many non-human species of living things, and so by analogy none was
ired for mankind. Finally, with Freud we discoverefl the unconscious, so
ur reason, what really distinguishes us from the animals, turns ou't to ze
s0 supreme and independent, but is partly govefned' ?)y causes 1‘1ke the
tions of a goldfish to stimuli. Each of these sc1ent1.f1c discoveries w}alls
osed on the grounds that its philosophical interpretation would delrlly t ;
ity and uniqueness of mankind; yet humanity has survived them all, an
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This is the first big issue to be raised by Gaia. In its old form, it involve
placing of mankind between the apes and the angels. Now it concerns
relation to non-human nature. Clearly, in some ways we are part of naf
and in some ways not; just as in some ways we depend on nature and in ot
we change it from outside. The debates can be on the ways in which ¢
relations work out; or there can be a question of whether there is a deci
essential answer on one side or the other, and if so which. We are interest
ourselves, wanting to know whether there is something very special about
a species, different in some very important way from amoebas and dragon
and cats. We feel as if we are different, and more important in some schem
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ved the solution of the curse of poverty at the material l'evel. It only
ins to reorganize our social arrangements, and then there will be enough
and fibre for all, together with an abu.ndance of m.anufactured goods.
wherever there has been such progress in the material re.al.m, th(?re has
4 corresponding improvement in th.e. cultural and splr.ltual hves. of
e, with the driving out of the superstition and obscurantism on which

(we think) with greater understanding and perhaps wisdom each ti
The contribution that Gaia makes to this sequence of discoverjeg
the process a step further. We are not merely an integral part of
depending on myriads of yet undiscovered natural processes for
existence. But we are perhaps an unnatural part of nature, uniquq
present knowledge) among all species, in that we threaten to de
homoeostatic balance on which our existence depends. Hence the
our existence on this planet is called into question. We can né longe
that in some way we as a species are ‘good’ in the sense that each of s
be good to those around us. Perhaps collectively we are ‘bad’; and if
is it all about, if anything? If by our own criteria of richness, dive
complexity of organization and life, we as a species now threaten ¢
and degrade all of it on this planet, then our own value to—mady I cal
creation is seriously put into doubt, ) ;
Suppose that Gaia was doing just fine until we came along and int
our increasingly unstable perturbations into the system, now poss
minating in something quite planetismic within our lifetimes. What
ourselves? Of course I am not predicting this; but since the possibility
man-made planetary catastrophe cannot be denied, then the philos;
or existential, question is a real one. Thus, Gaia raises further di
questions about our place in a bigger scheme of things, if there js o
-given the scientific strength of Gaia, the philosophical question; a new £
an old issue, becomes all the more real and urgent.

a reactionary clergy and their masters. .
re then, are the two contradictory v1.ews on the 'hum'an mefmm.g of
trial society. What contribution can Gaia rna'ke to this philosophical issue
rning the good society? In a general way, Gaia tells us that what hzfs been
on over the last few hundred years canno‘t be extended to al'l mankind, or
sustained for very long. Regardless of its debata.ble merits for hum'an
cement, it is only a temporary phenomenon. 1 hl.<e' to make the point
y with a question. Can the biosphere support' a billion cars and also a
k air conditioners? This would be the load, if a Western standard of
With instant transport and domestic climate Fontrol, were to be shared
iy throughout the world. With the help of Gaia one could calculate the
t of the wastes in materials and energy that would be .create'd by such a
plication, fivefold or twentyfold, of these proce.sses. Gaia reminds us th.at
josphere is governed by interlocking f:ycles J‘ust' as much as the bio-
try of a living body; and it can be poisoned in just the. same way. But
h burdens on the downstream cycles of Gaia are not sustainable, then the
of a just society for all mankind being achieved throxfgh our present
ology is a delusion. We can keep our comfor.ts for some time, and let the
’s poor continue to rot; but that would be evil, and would sooner or later
¢ destructive in physical as well as moral terms to us all. ' .
s Gaia, as a sharpening of an ecological perspective, provides us.w1th
hilosophical issues arising out of the destructiveness of the Qrdlnary
tions of our modern industrial technology. In the long run (W}Tlch may
e very long by planetary standards or even by human ones) t}%e disruptive
of our material culture will be producing vast and destructive changes;
kt our own status as beings endowed with some superior qualities is‘ called
uestion. Then, even in the short run, the impossibility of extending the
nt material benefits of our industrial system to all of humanity means
we are the Rich and they are the Poor; and the evil of. %njustice on a
tary scale is enforced not merely by consciously selfish politics, but by the
neies of our productive machine.

The Problem of Evil

This more general problem follows on naturally from those discusse
above. It is something that has been with us as a philosophical issue,
Biblical times; we have the book of Job and also the myth of Adam an
Certainly in this century we have seen enough evil, either malevolent
the Holocaust, or benevolent as with the Bomb. No philosopher or theo
has yet had a permanent success in showing that the apparent evi
pervades, even dominates, so much of human activity and human hist
really good in a clever disguise. We have even had people who blame i
civilization, who imagine what used to be called ‘noble savages as
eighteenth century, or perhaps ‘natural people’ now, from Rouss
Laurens van der Post, contrasting their purity and genuine realization
values we proféss, to our corrupted and sinful state. Others try to find
civilization which seems now, from its records, to have been in an harmo
and stable relation with its environment before some unfortunate ac
terminated its life.

Such reflections are the negative reaction to the general optimism tha
characterized European civilization for some centuries. We have ap:
science for the transformation of the means of production, and th

vledge and Ignorance

st problem involved wastes, and that leads me natural_ly into my next
This is the theory of knowledge, frequently entitled by its Greek name,
mology. For me the problem needs a new look; for we can no longer
ain the traditional view of science as rolling back the boundary with
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since the whole social structure of science is organized away from ef

ignorance, perhaps even approaching truth asymptotically, The Jes

: ; : ts for a planned removal of the world’s major coastal cities, in
industrial technology, as sharpened by awareness of Gaia, is that i e l

. .o heating?
. ) . . . : ¢ rise in mean sea-level consequent on greenhouse
will always be with us (so long as things persist in their present form); Patlor.l of tg etray our ignorance, which now increasingly swamps our
indeed a man-made ignorance constitutes a great and ever-increasingl uestions e rZust make long-term decisions.
our survival. This is, I believe, a new move in epistemology. edge wheI.l has always had to cope with ignorance; and its progress

I can illustrate this philosophical point by continuing my discy course, science h seem};d so triumphant and inevitable because of the
wastes; this is a paradoxical topic, perhaps even not in the best of ¢ écent_ Cenmn;s ;:r with ignorance was rolled back in one field after
I believe it to be relevant to the sort of philosophy that we need * ch e \(:;3 have a new phenomenon, which I call ‘man-made
an increasingly urgent problem in industrialized societies; and yet - . ?1};}::1‘: an absence of necessary knowledge concerning systems and
very little about it. A few years ago I gave a lecture course on w = i i i lyb e of

a ~ : ral world, but which exist only because o
in my preliminary reading I scoured the catalogues of the University - (?X'xs't ou;\?:rtcreeiltnr::: K;t‘:)ur interv;:ntion those thingsyand events
oo . : . : ~ S ’
fornia libraries, to find materials on the problem of wadste. Th, 7 activities. i f them i
. Th : mentable and dangerous ignorance ot them 1s
plenty on particular sorts of waste, but on Waste —nothing. This is p naot eXISt":{}dassotﬁ:l;}lf:tems themselves. Mgost of O;glrr1 wastes are of this
because the industrial system does not yet recognize that there is 3 ; ade’as md may say that the category ‘waste’ is itself a sign of a bad
of Waste, only of particular wastes. The fact that it is being iner - mcteet ;vzeemyto have things too neatly sewn up, 1 may raise the
. . L . €5 .
threatened with widespread poisoning by toxic wastes, and (in Am ‘IOgyil(ther there is indeed waste in Gaia, such as the vast quantity of
least) is becoming choked with nuclear wastes, is not yet seen as a sy; 0 :he atmosphere.)
' nin . . .

problem, ; : end quite dramatically to insoluble yet

It can be argued that any culture needs to maintain ignorance; of som max}-mac}e 1gn01$2i C;?C}e;x;s thequSign of a repoZitory for nuclear
about the things that threaten its integrity; we speak of taboos, in b ~engm"lfl(f;1: §a?er (;Or son;e tens of thousands of years. This is a very good
strict anthropological sense and also in the popular, social sense. Perh ? aft w;llustrating the problem; I use it whenever lecture on such issues.

. . . | or i .

waste, being so nasty, threatening and in the last resort unmanageabl e ossibly long time-horizon in design is coupled with an urgently brief
present approaches, is a taboo of late industrial society. Were we to HE n in decision. The American federal authorities are increasingly

. . . . orizo . o
seriously, systematically and publicly what is known of the enviro ) at least in principle, lest
consequyences of its activities, with w:ste primary among them but i s to ‘solve’ the pro'tzllentl :tf ;hf errxxluc(l)tre::yvv;(s;re:ée place whfn theI;e is no
other assaults as well, then so much that we now take for granted as b be. S(.)rf;;tn a}:lyt a:SC 1Bzei?ry Commoier said long ago, everything has to go

. . . , y in sight. ) ! .
would be revealed as incurring incalculable costs as well, Y - g iti i in the
maintains its plausibility b enfircin a sort of ‘ignorance c:f is0 e here, and statistically negligible peopl.e can he?ve poll:ucal blti' S;)ture of
the concentraption is u;ony our knogvledge of vgllllat we undgnrsct)r; osal of nuclear wastes (perhaps appropriately, given the general n
» a i

~ echnology), we have at Yucca Mountain, Nevada, an exquisite interaction
nature, and how we can control her, The areas of ignorance, most ea ‘
in wastes and pollution, are left to the ‘garbage sciences’, starved of res

owledge, ignorance, Gaia and dirty politics: the classic case. Please
. . . . , - my aesthetic appreciation of what is a very nasty problem; I cannot help
prestige and influence. Mostly this can be accomplished by automatic :

en we consider the complexity and interrelatedness of the cycles .by
Gaia maintains her balances, the massiveness of the disruPtions whfch
w impose on her, the primitive quality of the scientific materials by which
tempt to decipher her clues; then truly we can spe.ak o'f a rnan-m.ade
rance, criminal or pitiful depending on your point of view, in our relatloITs
Gaia. Let me make it clear that I do not think that this ignorance 1

te or static; there is much that is being done by science, both inside and
de the Establishment, on all these problems. One of the enjoyable and
ng things about being at this conference is seeing scieane of. such
ince, originality and excellence being reported and even being In the
ng. And certainly, more will be done, as the urgency .of these pro'blems
es plain to us all, except perhaps for the most myopic or tyrannical of

217

work on such problems; in that sense we have ‘socially constructed igno
But in case that is not enough, many governments now ensure that the
be no trouble, by destroying the meagre research resources still availal
the principle that ‘if business won't pay for research it’s not worth doing’
we may speak of ‘politically constructed ignorance.’

One result of such tendencies is that we find an increasing number of
and intractable problems being thrust upon those with a competence to
them, ranging from acid to CFCs, ozone and the greenhouse effect. I
case our knowledge, at least at the beginning of their study, is weak and
compared with our ignorance. And the policy implications of their un
conclusions are even more open-ended, When should we start maki
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politicians. But the questions remain, will enough be done to sor
existing damage to Gaia; and also will the scientists have the aﬁ
conception of their task? '

for me to labour this point here, since so much. of what The Ecologist has
shed and fostered is in just this category of science. .

ach science matures, there will be problems aplenty, practl‘cal and
etical. One of the thorniest will be quality control, I wrotle on this a long
my old book; and some of my gloomiest predictions seem to l?e

g true. We might ask, if the scientists themselves now have difficulty in
taining good quality in their research, hc‘)w can there be any chan?e of
hen all problems are confused and conflicted? Wellz I think there is an
er to that, not perfect by any means, but at least providing a mechanism.
s, public debate in all forums including those befor'e a mass TV
¢. Our system of trial by jury rests on the ability of or@mary people to
ough the skills of advocacy, frequently employ?d on quite abstrfict a.nd
cal arguments. Without proposing any instltutlo.nal forms at tl?ls point
hat would be wandering too far afield), I can imagine how an enrichment
¢ mechanisms for criticism (which as Karl Popper saw i.s the. life-blood of
i:e) could provide a means of ensuring quality control in this new sort of

ce, appropriate to the problems of Gaia.

ag(), in

Methodology

When we reflect on the interaction of knowledge with ignoranc
scientific problems of Gaia, it becomes clear that a very new cone
what scientific work is about will become relevant and indeed neces
does not mean abandoning rigorous research using any appropriate
be it quantitative, field research, simulation or what have you,
relations of the scientists to the materials they explore, and to each o
have to change. In his classic work on the philosophy of science, Thom
described ‘normal science’ as the ‘strenuous and devoted attempt
nature into the conceptual boxes provided by [one’s] professional edy
With such a normality, it is not surprising that attempts to achieve
interdisciplinary research always founder. Nor is there any philosophi en it is appreciated all around that a Gaia problem, eitheron a large ora
for resisting the inevitable trends for research to become atomis scale, is simply of a different type from that of atomized tradltionfll
fragmented, consequently and socially. How can there possibly ce, then appropriate techniques will develop naturally. With. them will
integration of the various sorts of expertise relevant to any real Gaia DI appropriate chceptions of the objects of enquiry of the sciences; the
except when the research is done by those courageous individuals ou assumption that ‘anything larger than E. coli only serves to co.nfu.se the
margin, they and their work surviving precariously on the goa in studying life will join other vulgar prejudices conceived in irmt.atlon of
supporters in funding agencies? ; eption of physics that died in 1905. Concepts such as integration and
I believe that the recognition of ignorance can provide some b plex functionality will emerge from the backroom where biologists have
escaping from the atomism of the scientific life as we have experi tained them somewhat shamefacedly, and be recognized as appropriate
hitherto. I might here paraphrase Winston Churchill’s famous remark iajust as much as consciousness is for humans. Thus, we may have a very
greatness, and say that some research problems are invented (as i ng time ahead, in our thinking about what science is for, and is.
science), some are presented (as in mission-orientated science), and sor
thrust upon us (as in problems of an assaulted environment). In this Ia
scientists do not have the luxury of satisfying professional standards of rig
Such problems may be described as having uncertain facts, disputed v
high decision stakes and urgent decisions. When we evaluate solutions t
problems, we broaden our perspective from ‘correctness’ (relative to t
of the art in experiment and theory), to ‘quality’ in a functional context |
partly technical and partly societal. k
This is not the place to enter into a long discussion of the methodol
policy-related research. Let it suffice for now that I can see this as becon
crucially important area of science, and one in which the assumptions
who is competent to do science and why, become drastically altered. I
‘housewives’ epidemiology’ and TV investigative journalism will have
legitimate place, alongside the more conventional research. I could also
that without the critical presence of such complementary sciences, it will
the more difficult for the aware minority within the community of estab
scientists to make any impression on their colleagues and leaders. Ther

ot resist raising this last philosophical issue, even though it might make
people quite uncomfortable. ‘Ontology’ is the Greek term for the study of
y; and with this I might seem to be introducing metaphysics or even
ninto a scientific gathering. I should say at the outset that no particular
ption of reality is entailed by adherence to the Gaia concept. Clearly, an
shioned atomist might have a lot of translating to do, back and forth
n his concepts and those of Gaia; but for the human mind few such feats
possible, At the other end, support of Gaia need not take a person
_than acceptance of ‘systems’ and suchlike as real for the purposes of
he science. And we all know that when Jim Lovelock chose the name
e was most definitely not implying that the earth is a goddess, or alive,
hing of the sort.

yet, when we look at the earlier history, perhaps the prehistory, of the
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scientific conception of the earth as a great homoeostat governé ¢ different, and the challenge of Gaia will have

processes, we see what must be called metaphysics. There were sq
amazing people around in Paris in the 1920s, and in their dialog
could not have been any tight, defensive boundaries around their
realities. Vernadsky may have seen the whole thing as a vast ha
hierarchy of systems; but then Bergson had his élan vital; and Te
Chardin told explicitly of his experiences of something bigger a
meaningful than any merely perceptual events. ‘  Manor,
| That was all long ago, and now we are all scientists rather than sp:
But, perhaps partly because of the playful name, partly because of

[ deep human problems it raises, and also partly because of the appr
science that it fosters, Gaia is likely to make its contribution to the en

of realities that we are already experiencing. This is happening mainl
medical side. When we know that ageing is a disease, and car acciden
epidemic, heroic bacteriology is no longer the most effective parad
health problems. Also, when so many people are helped by acupun
allied techniques, it is hard to continue to say that chi energy is an
superstition. What is to be done with the mind—body interaction, reve
many manifestations from placebo effect through psychogenic disease
practical success of healing therapies, is an exciting topic.
When I think of these enriched, perhaps nesting realities from the
atomism out to that of the visionary, I cannot help recalling that m
scientific satire of Victorian England, Flatland. There the realities
dimensions; and the protagonist, a Square, was taken on a journey
busy Linelander and also the self-satisfied Pointlander. His education
third dimension, which (to his cost) he found impossible to communica
countrymen; and I must not tell you of the dénouement where aware
shown to have its limits however high you go. We with Gaia can lool
upon the old-fashioned atomist; but who is looking down on us?
I cannot make any prediction as to how Gaia will affect our pe:
accepted and (in a sense) socially constructed scientific realities. But
works in many ways; we know how it was the moon race, -that ess
pointless extravaganza, that gave humanity its first effective vision o
blue, delicate and alone. It also impressed on Jim Lovelock that the
atmosphere is an unstable system; in this we have the distinction betwe
living earth and its dead neighbours, and hence the problem whose sol
Gaia. What sorts of perceptions and experiences will come now; is bey
powers or interest to foresee. But once we have Gaia, it is difficult to k
lines tightly drawn. I have in mind a metaphor that even Jim Lovel
used, namely that Gaia can be ‘sick’. Now I am sure that s
anthropomorphism can be translated back down into terms of sta
responses to shocks, and suchlike. But the term ‘sick’ is now in play, alo
‘Gaia’ herself. If we, so long accustomed to thinking of ourselves as th
of creation, the only reality that really counts, come to see ourselves as gu
Gaia, and moreover bad guests who have been making our hostess sick

ur reality will be that bi
k on another step.

i ay is the text, slightly modified, of ‘Gaia and the Phik‘)sop.hy of science’,
Thxs'ess g Gaia, the Thests, the Mechanisms and the Implications, (eds
publlShe Zln nd F: Goldsmith) (Proceedings of the First Annual Camelford
. B;l nZ:::‘e):dpubli'shed in 1988 by the Wadebridge Ecological Centre, ‘Worthyvale
. Carr;elford, Cornwall PL32 9TT, UK.

220 224




Science; Ignorance and Fantasles

active wastes, and the conversion of the former colonial world into a
<lum and sweatshop for the ‘advanced’ nations are reminders of the
quacy of a simplistic approach to ‘power over Nature’. Here I shall

C I e n C-e ? Ig n O rq n Ce Q n d ]@p some heuristic concepts whereby we may better comprehend such
Fd anSIGS ems. I hope thereby to show how alternative styles of thought are as

ant to the control of material culture as to abstract physics or medicine.
ue-Loading in Science, or the Social Construction of

optimistic philosophy of science of previous generations rested on a

le, linear scheme of the application of science to human benefit. Science

uced facts, either in its own pursuits or in response to perceived social

lems. In themselves these facts were value-free; the interests or prejudices

individual investigator did not affect his conclusions, which were tested

t the objective world of Nature. But in their totality, they embodied the

est human values. The miseries of mankind were easily seen to result from

y, ignorance and superstition. The first two of these would be removed
tly by the result of scientific enquiry; and the last would be defeated by
osure of the real causes of human suffering, in material and intellectual
re. Those who espoused this philosophy were well aware that Science
d not easily succeed on its own; there had to be a struggle against the
itions that profited from exploitation and oppression; previously, estab-
d religion and, more recently, an unjust social system,

e successes of this ideology, at least for the great mass of people in its
lands, must never be overlooked. Even now, when material poverty
sts in the most advanced nations, there will be sharp practical contradic-
between ‘progress’ (realized in the relief of drudgery and the production
bs), and an ‘ecological’ awareness of the limits of ‘growth’.

owever; even within those highly developed economies, some systema-
omplications have been recognized, The theme of ‘choice’ has been
eciated as vital to the direction of science and technology. The image of
solated, autonomous ‘pure scientist’, following his or her own curiosity
accidentally producing results of social benefit, is totally obsolete. Science
w a big business requiring choices for the allocation of limited resources.
technology cannot depend on an automatic mechanism of a market to
inventions into successful innovations. In each case there must be ‘policy’,

Our r.nodern scientific technological culture is based on two articles

Tht? first, deriving from Bacon, is that knowledge is power oartldesp
environment. The second, from Descartes and hjs philoso ’hl: e1r o
that material reality is ‘atomic’ in structure, consisting 1::)f s;n;cl)gzl

wh ' i .
ether we are only ‘sorcerer’s apprentices’, capable of startingihg

enl .
ngine but incompetent to control or stop it. Viewed from ousss

.In recent years there has been an increasing tide of ecriticis
‘thls d.onunant world-view on all fronts, Following on the ex IIC
<Eo.n‘sc10'usness’ among the affluent youth in the 1960s the metaph p' .
civilization has been subjected to critical scrutiny ’and manp yflq
proposed. Some of these call for a return to world-v,iews and reslligai(:‘zn

positively barbarous, gives th; ‘ . L . . . . :
) 8 this other world-view a firm basis in succe bling direction to be given, and choices to be made, in accordance with

ral strategic objectives.
at is the source of such a strategy? It does not come from an immediate

act with Nature that is instantly and rigorously tested by results. Rather, it
nd in institutions, which, since they embody power, must necessarily be
ly aligned with the general political/economic structures of the society of
h they are a part. The ultimate motive of such strategic planning may well
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be the improvement of the condition of mankind. But this aspiragj
inevitably be filtered through the realities of power in any given‘k
Hence the science that is done (and perhaps more importantly, the scien
is not done) reflects the values of a society as they are realized in its dg;
institutions. In terms of this analysis, such slogans as ‘science is not neu¢r
‘science for the people’ are not merely partisan rhetoric, They re
protests against the particular institutional arrangements for the prod
of scientific knowledge, and also against the ideology of ‘objectivity’ byw
is still reinforced. ‘
It might be thought that in spite of these forces shaping and (b
criteria) distorting the collection of scientific materials available o g
there must still be a hard core of ‘facts’ independent of these forces.
very delicate and sensitive question; for if we abandon all beljef
commitment to ‘objectivity’ in science, then there is no defence
charlatans or power-politicians deciding public policy on matters s¢
and technological. Hence I only argue that ‘objectivity’ is by no
guaranteed by the materials or the techniques of science, but rather
partly from the integrity of individuals and partly from operi deb
scientific results. V

utions for its public debate. Until then, anc.l generally. elsewhere, the
. s tonorant of environmental hazards. The 1gn0fance 1_s TlOt due to a}n
}C"l; o enetrability of the phenomena, but to social decisions (taken in
- iz:ti':tutions of state and of science) to neglect certain.;_)roblems.m
Such problems will usually not be those promising pr.estlge
a scientific élite, but rather those involving diffuse,

tible, chronic or delayed effects of the unintended by-produc.ts of the
grcfip t’em In that sense, our scientific—technological establishment
usmal Sgfic a;vareness, by negative means, as surely as the theological
';iiihi‘;lent of earlier times did by indoctrination and prohibition.s. The
| construction of ignorance’ is a phenom'enon of our moderr.l p.erlod, all
ore important because it happens unnoticed and in contradiction to the
ved ideology of science as the bearer of Truth.

chnologicol Blunders

cresponding to the new uncertainties in. science, we have 1the r.ecer;t
very of the possibility of massive blunders in technology. I:‘or a :l)ng time
been recognized that the costs and benefits of tecbnologlca.l a vancle age
ual in their incidence. The conquest and destructl.on 9f native peoples .ly
e with superior means of production or destruction is no longeli easily
fied by 'the progress of civilization'. But we mu?t 1‘10w r?ckon wit 1a x'xevx;
ies of ‘bad’ arising from the supposed automatic ‘good of tec.hno OglCEll
cess. This will occur most obviously where a tech.nf)logy is strongly
vative and lacking the automatic controls of a competltlf/e market. The:n
n happen that ignorance in the design process and 1r.1com1?etenc; }11n
ication and operation can combine to produce a res'oundmg .fallure. e
notorious present case is the civil nuclear power industry in the USA.
re, cost and time overruns have produced crippling burdens of debt on
es, even when plants are completed. And when they a_re.aband(.)x.le.d afte;
éxpenditure of hundreds of millions of dollars, the victims (utll’lt}e.s an .
r customers) are left with massive del.)ts and th.e real possibility o
kruptcy. And incompetence in operation, re.sultmg from thle povs./te;
ustry's being quite unprepared for the sophistication of‘ the .techno ogy wi
ch it was presented by science, produce even more crippling burdens.

ss obvious on the ground, but equally dramatic, are those cases where
ical manufacturers proceed for years to produce substan.ces .that'are
ardous in all sorts of ways, choosing frequently to remain in wilful
orance of the dangers to their workforces, consumers and the genera.\l
slic. When this socially constructed ignorance is evel.itually.f:).(plode.d, .1t
ears that the guilty men were only ordinary people flOlng thelr. JO.b.S within
constraints of compartmentalized bureaucratic responsibility and

I can establish this point by an example from a common element of s¢
technique: statistical inference. When statisticians test an hypothesi;
cannot possibly decide its truth or falsity; at best they work to wi
‘confidence limit’, which (roughly speaking) gives the odds (in ter
mathematical model of the universe to which the given data are assur
belong) that their conclusion is correct. Different problems corventiona
investigated to different confidence limits, say 95% or 99%. A more ri
confidence limit requires a more expensive investigation. But a conclus
evidence that . . .’ is always relative to the pre-assigned confidence i
more searching test might have proved a positive result. Hence the
defining the investigation, the costs of ‘false negatives’ and of ‘false pos
as well as the cost of the study itself, can determine the answer. A lo
investigation can result in an effect remaining concealed. Knowledge is
but the price of economy is continued ignorance. ,

This general point of methodology can become an issue of political st
in the case of suspected pollutants. When one considers all the methodo
problems of field investigations, ranging from the inherent imperfect
data, through the weight to be assigned to indirect evidence (as from.an
studies), the assumptions of ‘normal’ practice, and the implicit burd
proof in any regulatory decision, it is easy to see why at the presen
methodology has become overtly political, at least in those countries (su
the USA) where procedures are required to be published and availabl
criticism. There, the typical situation is for ‘the facts’ provided by science
the focus of debate in public forums, regulatory agencies, and. the cou
well.

eralized cost-cutting.
All this occurs only when a scientific issue has become salient, and ther

he question, how could all this happen? is a real one. Engineers and plant
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: . s ini ive
managers of all sorts, presumably well trained and competent ~ - ,rch process, nor can they be instilled by simple political or administrati
have as a group allowed major industries to cause great incon V ?C - .. intenance of quality.
damage, and now to face destructive popular antagonism, A . I ific progress is uniquely sensitive o the main end succeed can all
answer may lie in the traditional education and outlook of such 1en§1 e work is hard and risky; the minority wllxo d:are a\}rll t wishes to stay
been overwhelmingly restrictive, and reductionist, Preparing for com. vatillv be smothered by an entrenched medlochtY t ?Thus the main-
in routine operation, but providing no tools, technical or ¢q - y;ﬂe in old routines of problems and Fechmques. bac{( e
coping with the new problems of modern high technology s P oret%:)f a generally good quality ‘?f .rese'arch 5 nece::?gy even %;dustrieS,
include extreme sensitivity of plant to deviations from ‘normal’, 5o tha = ergence of excellence and originality. Governm . i’nefﬁciency ever
unavoidable errors can have costly or Catastrophic conse zglrvive for a long time in a state of complacency an )

ituati ists i i he
ption. When such a situation exists in a field of sc1efnce, t
. . - ' i : i research, conferences,
longer the gross, obvious pollutants of nineteenth century factories, | . fr « mot visible to the inexpert eye: teaching,

lications continue smoothly; the one thing lacking is anything worth-
applica

| i . e i ' her essential element: the
engineers are far from being in control of the hYPer-sophlstlcated techne en(;epthe value component of sc1en<(:1e has fmcit b o e he
k ientists, and particular
. t by enough scient ar ] ons of
mltmen eryin their scientific communities, to the p’roductlonho .g >4
- I;;)Wf r its own sake. Otherwise all of the world’s researc SCI.CP
. . i i nities:
. Ybecome like that recognizable in various backwaterdcornrm}l1 es:
: . . . u
dsoon’ us activity, but no contribution to either knowledge or
1 spurio ,

ilar phenomena can be observed in fields of technology where
ilar

| ' | nfor ticularly military)
some industries where Progress has been a bit too rapid for comfor hasers ¢can be captured by producers, r.lotabl}f giat; (;;a;l illti:tary ;;uthorities
couple of decades. That may well be; only time will tell, By these phe ement, It may seem outrageous and incredi e tha il suorii
do raise the problem of the maintenance of quality control in these fie & endanger the lives of soldiers, and compromise the

. : is
recent spate of publicized cases of fraud, plagiarism and the claim tual wars, for the sake of bureaucratic convemencil :r :(ri::ir:;gséitts ;tof
s work show that the problem is also present inr he examples are best known for the USA, but perhap

. . - . . greater openness of government the‘}rl& d’ and ‘objective’ fields of human
The maintenance of quality control in industrial production has "hus, even in the cases of the most a‘r 1 ixonment'; if not enough
relatively straightforward, Once the quality of products is appreciz avour, we can discuss the efflects. of‘ a ‘mora elr)1v11 e cli’cal ‘heorics of
consumers, quality control is understood by management to be essen pie care about quality, then it will mev1.tszlylr e (;) n'lilizary affairs, and
sales and survival; and techniques for employee participati : ixiationS, usually cast in terms of politica 1an science and techrology
transplanted between such different cultural milieux as Japan and the : ards of private morality, may be seen to apply to
States. But in science it s otherwise; there is no external set of discrimi 1
consumers, no hierarchical management, and no simple tests of quality
operations. Hence research science must be self-policing; and the

science,

variation in quality of work between different fields and different ¢ hfosy Hardware, the Ultimate Aberration

shows that the problem hasno automatic solution. If we ask what motiva ' . f
: - ized category o

individual scientist to invest the extra time and trouble to ensure the b ' ore the advent of modern science, there was a well rrecziluany o e will

possible quality of his or her research, there can be several answers ts too powerful to be revealed’. \'N}}et.her Fhey tyv(; :seventeenth century

simplest is prudence; poor workmanship will be detected and rejectec - know. But in any event, the optimistic faith of t oid. Although great

colleagues. But this Presupposes a collective commitment to high quality phets of modern science rendered that category void.

» In effeCt, begs tlle (I]]est]on ( )th er ]. . ]
Ee‘! lal pO WErSs were pI OIIllSed thl Ough tlle new scClence, tlley were lllldel StOOd

s . . . . EE
Sttlct].y hmlted. In the materiallst World ViEw, € €cts were cominensurate
.« . : ]
C‘ a‘ uS‘ €S, eIlhanCCmentS by Splrltual or maglcal means were Seelqu‘g y
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clence, ighorance adnd

Air Force in the nuclear arms business. The Pershing IT missile is a
The Cruise missile can fly sometimes under optimal condi-
difficulties that its production run has been

B'y the later nineteenth century, the technology of war was er
Pasm metaphysical assumption. Inventors were once again .
weapons so terrible that they would make war impossible forevk
nucl‘ear weapons were not a totally new phenomenon;: they
continuous development ideologically as well as technically. Fi};st

the
disaster.
but it is so plagued by

sly curtailed. . ' . _ N
cheap but very dramatic extension of means of quickly destroyi these facts are in the public prints, .and yet all sides in the nuclear debate
inhabitants, they were indeed used, partly for their imm )Zflgaq e to ignore them. of course, existing weapons are in plhace, the sprea%d
partly as an extension of diplomacy. ediate efl nues, the threat to humamt.y is as menacing as ever, But it seems to be in

ne's interest to make political use of this essential feature of nuclear
ons: as well as being absolutely evil, they are also absolutely insane, even

However, the second generation of nuclear weapons, involving en
e point of becoming increasingly a matter of sheer fantasy.

- enhanced destructive power, effective means of delivery, and a shar
technique between the two major antagonists, did introduce a ul‘k
new element into warfare. It was universally admitted that itq
undesirable to use such weapons, even though only a critical minoris
that a nuclear war could not be ‘war’ in any meaningful sense

The function of such weapons then shifted drasticall;r: i
‘deterrence’. This concept was twofold: it referred to nuclear war inve
exchange of long-range missiles, but it also extended to the discoura :
a ‘.conventional’ war in Europe. In the ‘pure’ case of intercontinem:ag ‘
missiles, ‘deterrence’ introduced a very new sort of problem intb
theory. Strategic thinking was concentrated on games of bluff and
bluff, with models from ‘the theory of games and economic behavi
with payoffs in mega-deaths. This was very quickly exposed as a
pseudo-science by an eminent military scientist, Sir Solly Zuckerman.
was ignored, by politicians, strategists and philosophers of science alik
the gigantic machine of nuclear armament, distorting the economies
politics of all the world’s nations, and presenting an ever-increasing
the survival of mankind, had as its rationale a strictly nonsensical
What a fate for a civilization that so proudly bases itself on sciencel

Practical contradictions also afflicted nuclear strategy, though the
couple of decades to mature, The ‘defence’ of Europe by the threa
obliteration through American-controlled weapons led to increasing d
there. ‘Civil defence’ finally revealed its idiocy in American pla
evacuations, requiring (for example) the inhabitants of each of the ‘tw V
Minneapolis—St Paul to seek refuge in the other! '

‘Independent’ deterrents by second-rank powers as Britain and
could be only an expensive means of maintaining fantasies of nation
And the spread of nuclear weapons to less-responsible ruling élites
sinister threat that cannot now be removed.

Such a situation might seem as bizarre as possible, until a new eleme
revealed in the early 1980s: the weapons themselves are unreliable. A ;
missiles have been tested only on constant-latitude paths, Hence, an
‘first-strike’, ‘counter-force’ attack (by missiles travelling over the po
targeting with great accuracy and precision) is pure fantasy. Furth
coming generation of American missiles seem likely to impose a de
‘freeze’. The MX system is totally devoid of any plausible function, ex

ization is based on an absolute distinction between
gs, taken from mathematics, and the ‘secondary’
“Tertiary’ qualities, involving values, are allowed
phySical reality only on Sundays. This world-view has been dominant for
. three centuries. Now its contradictions have matured. They are most
ifest in plans to base a nuclear strategy on a future missile system that will
inly never operate. This complete interpenetration of fantasy and
ware could be seen as a sort of Zen koan; and perhaps some day it will.

metaphysics of our civil
primary’ quality of thin,
involving perceptions.

as first published as ‘Knowledge, ignorance and fantasies in the

scientific world view, in Japanese, in Crises of Today's World and Perspectives for
the Future, Iwanami Shoten, Tokyo, 1984, It was republished under the present title
in The Revenge of Athena: Science, Exploitation and the Third World (ed. Z.
Sardar) Mansell, London and New York, 1988.

This essay W

eneral problem of quality control, and tne importance of morale and of moral
atives, is discussed at length in my book Scientific Knowledge and Its Social
ms (London: Oxford University Press, 1971) (also published in Japanese

henomenon of the misdirection of sclence, to the neglect of problems of human
environmental concerns, is discussed in Quality in Science (ed. M. Chotkowsky La
tte. Cambridge, Mass.: MIT Press, 1982), particularly in the essay by Harvey

ks, ‘Needs, leads and indicators’.

ost recent study of the provision of low-quality or inappropriate weapons to the
ican military is National Defense, by James Fallows (New York: Random House,
. His most striking example is the modification of the M-15 rifle into an ineffective
n for use in Vietnam, in the interest of the preservation of a bureaucratic

poly on design and testing.

e development of nuclear weapons

¢ history and institutional/political theory of th
see his Nuclear

wclear strategy, an eyewitness account is by Lord Zuckerman;
n and Réality (London: Viking, 1982).
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section begins with a sample of my recent research, conducted

1 S.0. Funtowicz, on quality control of scientific information

ough the management of uncertainties. This is at its core a technical
ution, through a notational system; it may not be immediately

arent what relation it has to the vast problems that I have been
¢ﬁssing hitherto. Perhaps the link can be established through the

ept of 'ignorance of ignorance’ which I have used on occasion in
ritings. If we lack means to express the severe uncertainties that

t our information on the major problems, then they will not be
essed; and being unexpressed they will be ignored; and then we

| persist in the illusion that we know (because the scientists have

ided us with numbers precise to two or three digits) when in fact
ave educated guesses at best, I used the term ‘we’ for the sake of i
ity in a general analysis; but when we recall how many debates over
onmental threats resolve into disagreements over the quality of

ial data, then an instrument for quality assessment that is simple
gh for use by concerned citizens can make a significant

ribution to the quality, and fairness, of such debates.

he interaction of knowledge, ignorance and policy has become an
"cit concern among those grappling with the problems on a

etary scale; some years ago I participated in a conference intended
fine an international, trans-disciplinary research programme on
iosphere. For this I was encouraged to explore ignorance as it

es to policy; and since I suspected that this would be a new concept
ost of the scientists involved, I introduced the topic by easy stages,
leling the experience of a scientist through his education and

r. [ was emphatic that this is not a question to be resolved by
eptual analyses; but rather that working scientists would need to

€ their management of subject-speciality self-protection. Otherwise
efforts would amount to little more than a pooling of separate
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Constructive Approaches

uncertainties rather than an integration of common knowledge
seems .to be a general experience that the perils associated w'gz
interdisciplinary research are as yet more real to most sciem;'lt
the threats to survival that require such work for their cont lslt§
If the scientific communities are generally incapable of bro .
of the ‘normal science’ as defined by Kuhn (puzzle-solvin i
unquestioned, unquestionable paradigms), what can be C%o::e; 1
next two essays I review the various alternative approaches fhat
spawned in the confusion of the 1960s, and which have moved
stability and maturity ever since. Working first in the political :
soF:ial dimensions, I review the old ‘social contract of sciénce’a
science enjoyed the immunity of scholars in return for promis;vV
benefits of inventors. That can no longer be sustained, as the nl
Peneficent, omniscient image of science falls apart, A ,widerk -~
}nvolvement of non-experts in ‘science’, in some sense of the ter
inevitable and appropriate. Here I indicate three sorts, labelle
‘alternative’, ‘activist’ and ‘practical’, very different in their fu
and in their supporters; but all of them serving valid purposes,
such enriched conceptions of science make their way into teacf'i
then there is a chance that the dusty decline of science educati
yet be arrested.
.\{iewing the same phenomenon historically, in terms of ‘ort
cr{thues and alternatives’, I go back to the prophetic faith of ¢
§c1entific Revolution about the Way of Science, and show how
inherent contradictions, latent or manageable then and for cen
afterwards, have matured and become manifest. Most 6f the tw
century has been needed for this process to achieve fulfilment;
flr.st in philosophy, only gradually extended to the social critici
science, and then most recently to a cosmological perspective.
of ‘alternative sciences’ now flourishing have a variety of purp
the more political to the more private. I find ‘alternative medi
simply ‘healing’ among the most significant, since it poses the
challenge to professional and metaphysical structures, in the m
unobtrusive and non-violent way. As such tendencies gain in pl
and acceptance, the common sense of science, set several Cenfut
must inevitably be modified, in ways that may have surprises for
Finally I reprint (slightly modified) my first attempt at a unifie
conception of it all, in the discussion of ‘critical science’ in my p
book. There are many gaps in the vision I had then, which are
seen by comparison with the recent essays. But in general I feel
has worn well, and it is useful for showing both the development
the continuity of my thought over the last two decades.

alified Quantities:
ards an Arithmetic of Real

erience

dy has been motivated by two problems at widely separated places in
hodology of the natural sciences. One is the crisis in the philosophy of
_caused by the continuing failure of all programmes to identify a
structure which could explain the previously successful practice of
science (Shapere 1986). The other is the failure of the traditional
s of laboratory science to encompass problems of risks and the environ-
the policy process. Few people are aware of both problems and their
_connections. Here we will indicate their common root and, while not
ting a ‘solution’ cast as some formalism, we will exhibit a practical
whereby quantitative statements can be made in a clear and effective

two problems actually come together, implicitly at least, on those issues

n one way or another the traditional methods of science have revealed

adequacy. In the debates on environmental and occupational hazards,

re bound to increase greatly before they ever abate, popular concep-

science tend to change drastically from naive trust to embittered
. Having been told in school, in the media, and by all the accredited
that science (in legitimate hands) can and will solve all our tech-
oblems, citizens may then have a very different sort of experience,

ntly involving procrastination, prevarication or even concealment and
on at the hands of the very experts employed to protect them against
s. All scientific expertise then tends to become used as a debating tool,
vel of courtroom psychiatry. In debates on large-scale problems, such
Ineering projects constituting ‘major hazards’ or major environmental
ons, or'in the speculative technologies of nuclear armaments, the
g line between science, nonsense and fantasy becomes very difficult to
1. The traditional methodologies of scientific research offer insufficient
tion against the corruption of reason that modern conditions encour-
n in our dealings with the world of Nature.

ontribution is a new notational system (Funtowicz and Ravetz 1986)
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Qualifled Quantities

Qualified Quantities

for the expression of quantitative information, one which provides g , broblem: Uncertain QUQI’\ﬁ?Gﬂ\{e Information
each of the judgements describing the different sorts of uncertainty w sented by a ‘Magic Number Form
quantitative statement is qualified. We callit NUSAP, an abbreviatig :
categories Numeral, Unit, Spread, Assessment and Pedigree. The |
convey inexactness, unreliability and ‘border with ignorance’, reg
Familiar analogues exist for the first two of these, spread and asse
variance or experimental error for the first, and confidence 1
systematic error for the second. The last one, pedigree, does ng
precedent in ordinary scientific practice or statistical technique; we g
an evaluative history of the process whereby the quantity was prod
means of that history, we characterize the state of the art of the prod
the quantity. This exhibits the inherent limitations of the knowledge
be achieved thereby, and in that sense demarcates the border with i
in that case. The first two places, numeral and unit, are close enoug
traditional analogues to need no explanation as yet. Within each
box, appropriate notations, depending on the applications, may be er
The usefulness of a tool like NUSAP for application to what we
‘policy-related research’ or ‘public-use statistics’ is not too difficult to
If highly uncertain quantitative information were required to be wri
all its qualifying places explicit, we could more quickly identify pseud
or scientifically meaningless quantitative statements. In this resp
NUSAP notational scheme could function as an instrument of quality
in an area where it is both urgently necessary and extremely difficul
On the side of epistemology, the contribution cannot be so direct
hope that it will provide a basis for transcending the seventeenth
metaphysics in which geometrical reasoning was to supplant human
ment as the route to real knowledge. Instead of erecting some gene‘
encompassing, polar-opposite alternative to our dominant ‘red
science, be it in the form of a ‘holistic’, ‘romantic’, ‘idealist’ or ‘volu
philosophy, we can in a practical way exhibit the essential complement
the more quantifying with the more qualifying aspects of any quan
statement. Human judgements are then seen, not as inhabiting some s
realm from exact mathematical statements, bearing a relation which i
hostile, mysterious, or non-existent; but rather as a natural and ess
complement to the more impersonal and abstract assertions embodit
numerical expression. When this insight, made familiar in everyday
ence, is available for philosophical reflection, then we may be in a pos
go beyond Galileo’s (1632) classic pronouncement that the conclusions o
ral science are true and necessary and that ‘’arbztrio humano’ has noth
do with them. Thus, NUSAP may make a practical contribution ¢t
recently developed tendency in the philosophy of science, which give
recognition to’ the informal aspects of scientific argument and ratio
(Putnam 1981, Jiang 1985).

_sblems associated with the provision and communication (?f guantita-
e n for policy-making in economic and social affairs are well
n‘formart;;) ht be thought that the difficulties of producing ‘usable
. It’ (Lifrgxdblom and Cohen 1979) in these fields are caused mainly by
o £ definition and measurément of their relevant
ators. But it is increasingly recognized that in
making - for technology and for the. natural en\‘/ironment., simil_ali
Jties arise. Planning for investment ln.tech}'xologlcal and 'mdustrl{:\
opments is characterized by frequent uncertainty and occasionally by
~diable ignorance (Collingridge 1989). . ' o
matter now takes on some urgency, in view of tllle growing prop?rtl;)n 1(:
(ific effort that is devoted to the understanding an.d control of the
amental and health consequences of tech‘nology anfi mdust‘ry. Increas-
both in the media and in research journals, is .occupled by such
ctive pollution, acid rain, agri.cultural chemicals and pham.l;-
al products. A variety of research.flfrlds are ca}led on to prov1he
itative technical information which, it is hoped‘, will contribute to the
tion, or at least to the definition, of these pr.actlcal problf:ms.

h issues are the subject matter for the policy-related sciences, whose
on is to provide this new sort of usable knowle(.ige. Because of th}e1
"exity and frequent urgency of some of these 1ssu<?s, the r'esearfc
tunities do not always possess the knowledge' and sk111§ re(l]ulr.ed. or
diate effective solutions. Even experienced advisers may fmd. it .dlffxcult
vey to policy-makers an accurate reﬂection.of the scope and limits of the
that can be achieved under these constraints. Solving the problems of
"énting and evaluating technical 'mformati(?n in these contexts, and also
ntifying meaningless quantitative expressions, thu's chomes of great
ance for the proper accomplishment of public policy in these arezs).?
licy-analysts have long been aware of this pr(?blem, and have searched for
5 of expressing strongly uncertain information. Thus:

herent limitations o
ated statistical indic

e of the thorniest problems facing the policy analyst is pos.ed by the
ituation where, for a significant segment of his study, there is
nsatisfactory information. The deficiency can bfe with respect to
lata— incomplete or faulty—or more seriously w1th' r.espect to.tpe
odel of theory—again either incomplete or insufficiently verified.

his situation is probably the norm rather than a rare occurrence,

alkey 1969.)

pite of these manifest inadequacies in the av;‘ii'lable.informatlon, the
maker must frequently make some sort of dec1s1or} w1th(?ut delay. The
ation for her/his advisers is to provide her/him Wlth. a single nurnbe.r,
ps even embellished with precise confidence limits of the classic
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statistical form. When such numbers are brought into:the pub es believe in the magical powers of names. The classic state
debates may combine the ferocity of sectarian politics with ¢
sophistication of scholastic disputations. The scientific inputs then
paradoxical property of promising objectivity and certainty by their
producing only greater contention by their substance (Nelkin 1979)

Indeed, there is now an increasing tendency for public debate t¢ £,
on the various uncertainties surrounding the numbers than on ¢
relevant quantities themselves, This has happened most notably in ¢l
‘the greenhouse effect’ and acid rain. Such debates on the uncerta

always be inherently more difficult to control and comprehend tha;

ther cultur
s by Lord Kelvin:

ten say that when you can measure what you are sp.ez'iking anut,

d express it in numbers, you know somethllng' about it; but when you
not measure it, when you Cannot. eXpress lt' in numbers, ym;;
wledge is of a meagre and unsatisfactory kind, (Mackay 19 )

antitative form of assertion is not mffrely considere(% xllecessary for a
to be scientific; it is also generally believed to be sufficient. T%lus', the
ms discussed here are not only .related to tbe inherent un(:ertamt}e‘;1 of
the policy level. They unavoidably involve all aspects of the issue, fr ject matter (as for exz.\mple in rlsksl and environmental p(:iluttx;:i)l,lt e(:)};
to methodology and even to state-of-the-art expert practice in ¢h te in an inappropriate conception of the power and m %)
scientific fields. k ers in relation to the natural and.soc1a1 worlds. By their form, num ers
precision; an ‘uncertain quantity’ seems as much a contradu?uon lp
s an 'incorrect fact’. But this imag.e must be correct.ed and enriched if
to grow out of the reliance on magic .numbe.r§; onl}f in tha't wairl can ;ve
5 provide usable knowledge for policy-decisions, including those for
. technology and the environment.

In all the fields of formalized decision analysis (e.g. Risk Analysis
Attribute Utility Theory, Operational Research, Decision Researe
Systems Theory), practitioners are now searching for means of e
subjective factors. This endeavour frequently confuses very different a;
technical information, such as social value-commitments, group inter
personal judgements, as well as qualifying attributes of quantities. In
in statistics have not proved adequate to resolve such confusions. Un
circumstances, there is a real possibility that risk-analysis practition
those they advise will despair of objectivity, and in the resolution o
issues will oscillate between emotional interpersonal contacts and
power politics. Some even argue as if ‘pollution is in the nose of the be
and reduce all environmental debates to a conflict between sensi]
sectarian life-styles (Douglas and Wildavsky 1982). We believe that the
objectivity in policy decisions must be analysed and exhibited afresh,
consistent and fair procedures in decision-making can be defend
further articulated.

Thus, the traditional assumption of the robustness and certaint
quantitative information has become unrealistic and counter-producti
various sorts of uncertainty, including inexactness, unreliability and
rance, must be capable of representation. The task was well deserib
W.D. Ruckelshaus (1984), when Administrator at the US Environ
Protection Agency: ‘

erical Language: Pathologies and Pitfalls

éw requirements on quantitative informa\.tion for policy-making h?ve
ed inadequacies in the traditional numerical means of reprt.fsentatlon
, the implicit beliefs underlying them. But we should not think that a
al and faultless inherited numerical system is suddenly belflg. stretched
d its limits of applicability. Reflection on the history anc'l existing uses of
rical systems shows that they contain many pathologies and' pitfalls,
derive from the traditional basic conception of numbers as desxgt}ed for
ing collections of discrete objects. For rfleasur‘ement of) continuous
jtudes, the traditional tool was geometry, with an analog'.ue r.ather th.an
al approach. The combination of counting and measuring In p.ractl'ce
s estimation, for which no notational systems were deYeloped unt1.1 quite
tly. But the uncritical use of numbers, with their connotation of
teness and hence of absolute precision, still causes blunders and confu-
t all levels of practice. . ‘

h imperfections are not advertised by teachers z'ldhe.rmig to a purg
ematics’ pedagogical tradition. The subject of ‘estimation ‘had indee
shed in nineteenth century ‘practical arithmetic’. But the. lnﬂuenc‘e of
rn academic research in mathematics, culminating in t'he new
matics’, encouraged the teaching of the élite skills of mamp\?ljatmg
ct structures to schoolchildren. These did not complement tradlt?onal
but effectively alienated even arithmetic from practical experlencg
€ 1974). (Such abstraction, perhaps based on disapproval of rote-learne

First, we must insist on risk calculations being expressed as distri
of estimates and not as magic numbers that can be manipulated
without regard to what they really mean. We must try to display
realistic estimates of risk to show a range of probabilities. To help
this we need tools for quantifying and ordering sources of uncerta
and for putting them in perspective,

The above reference to ‘magic numbers’ is not merely rhetorical
culture invests a quality of real truth in numbers, analogous to the
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Qualified Quantities

to describe exactly what that is, turns out to.be far from triYial. Indeed,
ule for preservation of s.d.s in 4 calculation is not at .all straxghtform{arc?.
xample, if we wish to know the circumfere.nce‘ of a circle whose radius is
m, then we round off 7 to 8.1; but if the radius is 9.2 cm, the.n w should be
since the ‘proportional error’ in the second radius measure is of the (.)rder
while that in 3.1 is some 3%, inappropriately large. Thus the choice of
u’mber of s.d.s to include in a numerical expression lel'l depend on the
ulation at hand, and the rules for choice will not be trl'Vlé.ll. .
he above examples may seem to relate only to unso.phlﬁtlcated practice.
the following subtle blunder has been opserved evenin hlgh-lev?l table's of
tistics. Suppose (for simplicity and clarity) we have a p?pulatlon of just
1 elements divided into three groups of 2, 2 and 3 respectively. A common

lar display would be:

practical craft-skills, had its analogue in the ‘global method’ for
reading while ignoring the alphabet. For several decades children &
from the best schools unable either to count or to spelll) Such fas}
abstraction enable us to extend the insight of Gédel's famous theorem
to the present context. As Kline (1972) expressed it: ‘

3y

Gaodel showed that the consistency of a system embracing the usy
logic and number theory cannot be established if one limits himg
such concepts and methods as can formally be represented in the
system of number theory.

Here we are dealing with understanding rather than proof. In the ‘new

achieved at the expense of the loss of comprehension of the ri
contradictory world of the practical experience of quantity.

The confusions of arithmetic could be safely ignored so long as taci
skills were adequate for coping with the ordinary problems of applicati

|

N %

2

task of programming computers for calculations, where nothing can 9 29
tacit, has forced some awareness of the practical problems of managi 9 29
uncertainties in all quantitative information. There is already a flou 3 42
literature on ‘numerical analysis’ at all levels; but as yet no coherent an -

tive exposition of the management of the different sorts of uncertai 7 100
available. Hence the ordinary practice of calculation is still afflicted e ‘ o .
paradoxes and blunders, the sort that ‘every schoolboy’ should know re seerns nothing wrong here, untl.l we observe that 8/7 is strictly 42.8%;
doesn’. ch should be rounded-up to 43%, just as 2/7 or 28.6% was rounded-up to
For our first example, we may consider the representations of frac . But then the sum would be 101%; and h9w often do we see percentages
parts of unity. We may say: ~ med to a figure other than 100%? Parad?x1cally, we may say that a 100%
i i is most likely to be the result of fiddling the separate percentages! It
V=0 bu /4 inch # 0.2 nch ects an incomprehension of the arithmetic of rounding-off, and is a more
using example of educated confusion about quantities.‘ .
particular unfortunate consequence of such blunders is t.hat they impart
air of incompetence (however vaguely this may be articulated) to 'the
orts in which they are manifested. Although explicit rules ff)r .the criticism
ﬁseudo-precision are not widely diffused, many w‘hf) use statistics are aware
he principle enunciated by the great mathematician Gauss:

In the first case we are dealing with ‘pure arithmetic’, and the equality r
from a simple calculation. But in the second case we are dealing with me
ments, in this case inches; our objects are not ‘points on the: real lin
‘intervals of estimation’, characterized by a ‘tolerance’. Each represent
has its own implied tolerance (or, as we shall call it, spread), and so 1/4
and 0.25 inch mean quite different things. In the former case, the next lo
unit of magnitude (implying the interval of inexactness) is likely to be 1
inch, while in the latter it is 0.01 inch, smaller by a factor of 6. Drawi
specifications in the different units have different implied tolerances, an
mean very different things in practice. Managing such anomalies may be g
trivial to those involved in such work, but this is achieved by the adopti
implict conventions for interpretation, whose understanding may be restri
to a particular specialist group. (The traditional tables of decimal equival
of common fractions, with entries such as 1/16 inch = 0.0625 inch
examples of the deep confusion in this practical matter.)

A mention of tolerance (inexactness, error or spread) will usually pr
the response that all that is handled by the ‘significant digits’ (s.d.) conyent

ack of mathematical culture is revealed nowhere so conspicuously as in
_meaningless precision in numerical calculation. (Ravetz 1971.)

’ ne simple way to avoid such blunders is to recognize u.nits of aggregation in
tings, and the possibility of ‘swamping’ one quantity by another. Par.a~
xically this phenomenon is more difficult to recognize because of ? fertile
biguity in the quasi-digit 0. This can function either as a ‘coxlmter orasa
er’. Thus when we write ‘10’, we understand ‘zero in the unit place’ as a
distinct from the neighbouring digits 9, and 1 in 11, but when we write
00, this usually refers to a count of 1 on a unit of a ‘thousand’, analogous to
zen or ‘score’
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By these examples we can see that imperfect quantitative informat;
be managed with greater or lesser skill. Its inherent uncertainties
hidden, leading to confusion and blunders, and to doubts of the comp
of the authors. Or the uncertainties may be clearly exhibited, improvi
credit of the authors and providing more useful inputs to decision-m
One can never decrease the inherent uncertainties, or enhance the iy
quality, of any given information by such means; but as we have se
possible to transform the information into a more effective tool for de
making, '

idence. Numerical expressions, representing quantities fierived by
odited scientists, cannot be guaranteed.to protect us against vague,
guous, misleading or even vacuous assertions ofa sc1er.1t1f1'c appearance.
ere then do we find the rock of certainty on which our scientific knowledge
Pposed to be based? ’ _ dor
ince that world is our paradigm, by its nature not to be questioned or eveg
ced in ordinary practice, its flaws will be revealed only occasionally; an
y can then be dismissed as anomalies, or as mere a.necdotes. T.hose who
1d enhance awareness of the problems of Fhe dominant paradigm rrfust
. show how a previously unqgestioned practice h:als c‘le.fects (as we have just
e). Or we may show how it reveals other .slgmflcant features when
mined critically. For example, we may consider the Iz'mguage used to
. ' ‘ ibe the results of measurements in the world of experience. The§e are
The examples of the previous section show how numbers may som. = jonallysaid to be afflicted by ‘error’, implying that a perfect experiment
convey confusion rather than clarity; and a diligent search by any reade 11:11 ield a scientifically true value with absolute mathematical precision
reveal many instances where blunders in the manipulation or interpreta ’Y reminiscent of the naming as ‘irrational’ by the Pythagoreans of
quantities occur in all fields, and at all levels of expert practice, If we a - . itudes that broke their rules, such as +/2.) Even in sophisticated
this phenomenon as real, we should reflect both on how it has come to be . lfl Hllatg}?‘:oi the crucial terms have a subjective cast, such as in
also why it has not been noted and analysed before now. We believe that 1;'t:ilcellrlce’ or ‘f);’ducial’ (in our work we describe the analogous properties of
incompetence cannot be ascribed merely to ‘bad teaching’, when it per: . Ztion as ‘reliability’, relating to human practice to be sure, but to
practice long after the end of formal schooling. Rather, we would say the - nce rather than to opinion). And among scientists of many sorts, the
defects in practice, particularly because they are unnoticed, are indicat ‘difil:al of objective, quantitative certainty has been dominant. Thus, from
unresolved contradictions quite deep within the ‘paradigm’ (Kuhn 1962) h dissimilar figures as Einstein and Rutherford, we have the dicta, ‘God
defines that practice. . oes not play dice’, and ‘If your experiment needs statistics you ought to have
The paradigm in question is the metaphysical commitment to a certai e a better experiment’ (Mackay 1977).
of world of Nature (and by extension, humanity), and to the central role Oﬁein a genuine crisis, this one does not manifest itself merely at these two
certain sort of mathematics in the structure of that world and in our know i milgar areas of experience: abstract philosophical reflection and craft
it. This is the world of the seventeenth century scientific revolution, w ithmetical practice. The present century has seen the dissolution of many
reality consists of the quantitative ‘primary qualities’, and where by app tainties in the mathematical conception of science. The revolutions in
priate methods we are to gain knowledge of those qualities, with no limi hysics, particularly quantum mechanics, were explicitly philosophical in
principle to its extent and comprehensiveness. ' art; z:nd similarly was the ‘foundations crisis’ in mathematics, leading
We should be clear that this world-view, although one that (like any otl : oiigh Gddel's theorems to a radical loss of certainty (Kline 1980).
imposes a structure on reality as experienced, is far from being ‘arbitrar This erosion of the previously unchallenged epistemological foundations of
the sense that an isolated individual can simply choose whether to adhere t« scientific world-view has thus proceeded on many fronts. It has been
or perhaps to switch to some other brand. It permeates not merely our co ccompanied by an erosion of the moral certainties of science, ever since the
ception of the role of mathematics in knowledge, but also what sort of s¢ dustrialization and militarization of scientific research became recognized.
tific knowledge can and should be obtained. It was explicitly claimed As yet there has been no effective presentation of an alternative paradigm, in
such seventeenth century prophets as Galileo and Descartes, and implic he Kuhnian sense of a deep scientific revolution. The critical analyses raised
accep ted ever since, that this approach to knowledge is not merely quantit n the 1960s (and echoed in Feyerabend’s (1975) works) could not have a
tively exact, but also uniquely assured of truth in its results. Other app Toac Jractical outcome in the absence of a wholesale transformation of society and
to knowing, ranging from the humanistic, through the imaginative, to t nsciousness. One modest philosophical alternative was suggested in the
inner-orientated, have all been rejected with varying degrees of seve 9905 by Niels Bohr (Holton 1973), in his famous attempt to resolve the
at different critical points in the development of the scientific philosoph duélities‘ of early quantum physics by means of the essentially Chinese notion
Now, some three and a half centuries later, the crisis in the philosophy of complementarity. This remained a personal, almost idiosyncratic attempt
science, paralleled by the crisis in the policy sciences, becomes one ¢ coherence, for the physicists were able to do quite nicely in making

Notation, Language and the Concepts of Science
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notations. By its means, nuances of meaning in quantitative statements can be
conveyed clearly and economically; and various aspects of the quality of the
quantitative information may also be expressed. Users need master only the
very simplest skills, and the underlying ideas are familiar to all those with
experience of successful practice in any quantitative discipline or craft.
Should it come into standard use, there will develop a more competent
~ general level of criticism of quantitative assertions, among both experts and
the interested public. Just as quality control is now recognized as an essential
component of industrial production, meriting emphasis and appropriate
_organizational structures, so we can expect that with the adoption of the
NUSAP system, quality control of quantitative staterents will eventually
become standard practice.
NUSAP was designed with several criteria in mind. In addition to the
ordinary properties of a good notation (simplicity, naturalness, flexibility,
etc.) it enables the distinction between meaningless and meaningful quantita-
tive statements. Further, it protects against the misleading use of quantitative
information by preventing the isolation of the ‘quantifying’ part of an expres-
sion from its ‘qualifying’ part. All this is accomplished because the notational
system can distinguish among three sorts of uncertainty which characterize
every quantitative expression. These are: inexactness of measurement and of
representation; unreliability of methods, models and theories; and the border
between knowledge and ignorance revealed in the history of the quantity.
The NUSAP notational scheme is a ‘system’ because it is not simply a collec-
tion of fixed notations. Rather, it is a set of determinate categories, each of
which can be filled by particular notations appropriate to the occasion. The
names of the five categories (or boxes, or places in a string) make up the
acronym NUSAP. Considering the expression as proceeding from left to right,
we start with those which are more familiar, the quantifying part of the expres-
sion; and conclude with those less familiar, forming the qualifying part of the
expression. With such complementary aspects of the expression conveyed in a
convenient and standard form, some of the classic dilemmas of subjectivity
and objectivity in science can be resolved in ordinary practice.
Considered as a formal structure, NUSAP is more than a convenient array
of symbols conveying uncertainties in technical information. It is a ‘notational
scheme’ which provides a general framework so that an unlimited variety of
particular notations may be employed unambiguously. It is a string of five
positions corresponding to the categories of numeral, unit, spread, assessment
and pedigree. By means of this place-value representation, each category can
be expressed simply, without need for its explicit identification (this is a
‘scheme’ of notations at the most abstract level). For each category, there are
many possible sets available for conveying particular desired meanings (thus in
unit we may have Imperial, CGS, MKS or SI units). Any particular array of
such sets, we call a ‘notation’. Given such a notation, any particular case of
representation will be an ‘instance’ of the notation.

Such distinctions enable great flexibility and power in the expression of
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t:liscoveries and inventions of unprecedented power, in spite of total]
incoherent basic conceptual structures. Recent attempts to interpret physics iY
broadly ‘oriental’ ways have so far remained curiosities of popularized scie -
(Capra 1975, Zukav 1979), -
.In the NUSAP system we put complementarity to work., Becoming familia;
with the notational scheme, through use, entails acceptance of the ideg tha\;lr
ba.lre statement of quantity, in the absence of its qualifying judgements ‘ia‘
sc1e'ntif1cally meaningless. To paraphrase the classic formula of the logi’c i
positivists of the Vienna Circle (Ayer 1936), the meaning of a quantitati:e
statement is contained in its mode of qualification as much as in its quantifyin
part. In this respect the NUSAP system makes a contribution towards ag‘
alternative approach to the philosophy of Nature. .
We may ask, can notations really be so influential as we claim? The histor
of mathematics shows how they can encapsulate new ideas in such a way as tg
transform practice. This happened twice in the seventeenth century, first with
Descartes’ unified conception of algebra, geometry and their relationship
expressed through the symbolsa, b, c. . ., x, ¥, z. Then Leibniz, with dx ané
§, tamed the infinite in this new ‘analysis’. At a less exalted level, the ‘arabic k
numerals’ democratized arithmetic in early modern Europe; previous]
calculation had been the preserve of those who had mastered the abacus az
supplemented by a variety of special tricks. Even when symbols are ;lot
designed for calculation, but only for effective representation, they can have ak
deep influence on a practice and how it is understood; the history of chemical
nomenclature and symbolism provides many examples of this (Crosland 1962)
We conceived and developed the NUSAP notational scheme in full aware:
ness of the complex’ interaction between tools (of which notations are an
exafnple), explicit concepts, world-views, and social practice. It is designed as
an instrument of analysis and criticism, in an area of practice where such
act‘1v1ties have been generally considered to be either unproblematic or even
quite unnecessary. To the extent that there has been a mystique of quantities
and that this has been supportive of a mystique of exclusive scientific expertise,
the NUSAP system also has functions in the societal aspects of scientifié
practice. There too, it can enrich the inevitable debates on quantities that
enter into policy issues, avoiding the extremes of naivety and cynicism from
which participants now have little protection. In that connection too, it can
rn.ake its contribution to the development of appropriate new conceptions of
science.

Principles of the NUSAP Notational Scheme

The NUSAP notational scheme is a system whereby the various sorts of
unce‘rtainty contained in all quantitative information may be expressed
concisely and also consistently with existing partial notations. It is designed to
be applied to any expression given in the form of numbers or more generalized
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quantitative information. In this respect it is analogous to the.
system of ‘arabic’ numerals, where the meaning of a digit depends on
thereby enabling a small set of digits to be used for the representae
possible integer. By means of this flexibility we can escape from ¢
circle’ of digital representations, whereby even those notations used ¢
an expression are themselves afflicted by pseudo-precision (as'959 ¢
limit’). _

The first category, in the left-to-right order, is numeral. We use ¢
rather than ‘number’ as a reminder of the flexibility of the system. T
can be filled by a whole number, a decimal expansion, a fraction
representation of an interval, or a qualitative index. Next is unst, Wl';lc
a compound entry, consisting of standard and multiplier. Th
important for the representation of aggregated quantities, such a
perhaps $10'2, The middle category is spread, generalizing the trs
concept of error. Although this is normally expressed in arithme
(perhaps by =, % or fn, for ‘to within a factor of n’) there is a strong
tive element about it. Spread cannot (except perhaps: when give
calculated statistical measure) be given precisely; it is always an e
whose own spread is not a meaningful or useful concept. There is k
qualifying the spread entry; it can be done by assessment, the fourth
in the NUSAP system. This may be seen most familiarly as a generaliz
the confidence limits used in statistical practice. Assessment can be rel
contexts where the problem does not admit of the calculation of ¢ k
limits; and a great variety of notations can be deployed here, ran
standard percentages, to a simple ordinal scale, such as ‘high, mediu
The means of arriving at an assessment rating are equally various: it
calculated ‘statistically; it may be obtained by arithmetical operation:
conventional coding of the last category, pedigree; or it may. be the re
personal judgement.

Hitherto the categories have analogues in existing practice, ordi
statistical; and it is natural to consider the NUSAP notational scher
extension and ordering of existing notations. But with the pedigree cat
novelty is introduced. By pedigree we understand an evaluative histor
production of the quantity being conveyed by the notation. Historie
normally appear as part of notations; and for this category we have de
abbreviated schemes of analysis and representation. So far there are ¢
for ‘research information’ and the other for ‘public-use statistics’. In th
we shall only introduce the pedigree for research information. \

We said before that the contents of the numeral box need not be
numbers, Thus, if a quantity is known only to within an ‘order of ma
then an appropriate instance of numeral would be E6:. We remark ¢
instance 1:E6 denotes a determinate quantity, a million, very differe
the ‘order of a million’ conveyed by E6:. (Representations in NUSAP
boxes in the string separated by a colon; in reading them, we express (i

.
?gi;g quantity is known only as an interval which lacks any Preferred point
elihood or of symmetry, then this should be the entry in the numeral
Thus we could have (a, b): for an ordinary interval, (= a): for an open-
é one. In the numeral place we may also find expressions of yet more
ral mathematical structures as numbers of a finite set repre§ent}ng‘ an
al scale (as in much of social research), or numbers representm.g mdlces'
ha purely artefactual arithmetic. An e).(trefne ex:arnple of a.n Qrdlna.I scale
a qualitative notation of numeral, TNthh is of dl‘l‘CCt f)‘ract1f:al use, is that
eiger counter readings, such as ‘click’, .‘chatter and buzz'. '
unit we understand the base of the physical anfl mathematical operations
csented in the numeral position. We distinguish two components of the
There is the standard, the common or generally used unit of t}'le relevar}t
ations; and the multiplier, relating to the standard to the partlcularl unit
Jved in the expression. Thus we frequently see £342M, where the unzt.£M
h £ as standard and M as multiplier) is the actual basis o.f the calculatu?m
rted, as distinct from the £.p of strict accountancy practice. The meaning
pair standard—multiplier may of course vary with cont-ext; thus kg is
a fundamental unit in the SI system, in whi(;h stricd}.r speaking, 1 g shc.)uld
written as- 1 mkg. These two quantifying categories enable a refined
ription of topologies and scales of mgasureleent. .
ood practice in notation includes the indication of t}.xe sprefzd of a quantity
ch may also be called error or imprecision). For this the significant dlg.1ts
ention is common, as well as such statistical measures as standard devia-
In the case of highly inexact quantities, the spread may be conveyed by
ithin a factor of 7.
e can illustrate the application of NUSAP on some simple examples,
existing representations are inadequate. Suppose that we start with ‘five
ion’, and we add some smaller quantity. If it is very small, such as, say,
hen the sum is normally understood still to be five million, since the latter
ntity is not significant in the context. Writing the sum formally, we have
000 + 180 = 5 000 000. In this sum, the last three zeros are interpreted-
ﬂlers rather than true digits; and so we use an artefactual arithmetic,
ing implicit conventions for the neglect of certain digits, just as in
ed-off calculations. But if the second addendum is 180 000 it is not clear
m the uninterpreted sum 5 000 000 + 180 000 just where the counter digits
and the filler digits begin. Only from the context can we know whether to
a1 natural or artefactual arithmetic. A notation like 5 X 10° may help,
ven that is not conclusive.
other useful example from ordinary practice is counting in dozens; this
ws more clearly the influence of the process of production of the datum,
in this base there is no ambiguity between counter and filler digits. Thxfs
will have, as a typical instance, 41:doz-eggs: rather than b4:eggs. This
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39.E6:E6 + 155:E6:E6 + 5:E6:E6 + 0.183E.16:E6 = 192:E6:E6 where
18 is suppressed, as being meaningless in this conte?(t. If, on the other
oﬁr summands are, say, 3:E6, 7:E6 and 5:E6, then since ?hese are small
.+ itis likely (unless indicated otherwise) that the spread is less than E6,
s, 0.1E6. In this case we may write 3:E6:0.1E6 + 7:E6:0.1E6 +
P1E6 4+ 0.18:E6:0.1E6 = 15.2:E6:0.1E6, where we have rounded up
to 0'2' . . [N} .
¢ notation enables us to identify pse?do-precm.on in measuremer}ts, ,even
_this is forced by an accepted scaling. Thus in the SI, Vyht?re cm are
ally suppressed, measurements which were fmfm?rly (jlone in inches, with
d of £ 3inch, are now frequently expressed in ‘mm’ to the near.est ten.
five feet’ will be rendered as 1 520 mm. In. the NUSAP system, this w:i)ulj
pmperly represented as 152:10 mm. In this way we retain the stan a;r1
- by the SI system, but modify by the 'multzp‘lzer,lo, to express the
jcal scale of operation, equivalent to the illegal ‘cm’. A somewhat less
ous representation makes use of the spread category; we can kf:ep the
ous last digit required by the SI, but show. th?t in practice it is not a
er. Thus we would write 1520:mm:10, reminding the user that there is
fective ‘spread’ in the number as recorded. ‘ o ’
ongly inexact quantities are sometimes expressed. to .w1t'hm a factm: of' n,
; gk‘s %108 to within a factor of 10’, The convention mc.hcates mul.tlphca-
ntervals above and below the given quantity; thus t_he given quantlty here
ie petween 0.5 X 10 and 50 X 10° In the notation we.wrxt.e ‘5:E6:f‘10,
ing 0.5:E6 < 5:E6:10 < 50;E6. By means of suc_h notations it is poss_lbl,e
vey quantities of the sort characterized. by ‘tl.le first 1aw.of astrophysics”:
0. We can also express inexactness given in propo'monal terms; for
mple ‘5 X 10° with a proportional error of 156%’ is represented as
6‘:15% or as 5:E6:[15 in E2]. .
the policy context, fractions less than unity, expressed as pe.rcentages, are
uéntly used to indicate the division of some aggregate. The mex_actness of
estimates is extremely difficult to represent in a compact notaflon, z’md a
ading impression of precision is all too often conveyed. Thus '40%’ may
Jess than half but more than one-third’ or perhaps ‘less than half but
¢ than one-quarter’, These inexact estimates may l.)e represen.ted as
< 1and }:1:< respectively. Another way of expressing such eSltlmilitCS
ly éusing the variable x. If there is some unit U, we may .ha.ve x Ui g< yor
+< 1. By this means, one can express quite fine .d'lstmctxons among
ct estimates of fractions, avoiding the pseudo-precision of a two-digit
ntage. The use of the variable x in the numeral place ena_bles us to
ress clearly that the means for the production of the quantity do not
ide us with information for distinguishing among numerical values. The
to which all the relevant values belong is represented in sp'read.. We can
to this as an ‘indifference class’, in the sense that no one numerical value
gitimately be taken as a representative of the class in preference to any
In symbols, we write the general case as x:U:S.

example exhibits the phenomenon of pseudo-precision of a nymer,
when the process has consisted of counts by dozens and half~doien

In the NUSAP notational scheme, we can express five million jn ¢,
tive forms, 5:10%, 5:M or 5:E6. Here it is explicit that the yng ;
Although some ambiguity remains, it can be resolved by the ep
spread position. But it is quite clear that 5:M + 180 = 5:M is the co
unless there is an explicit note to the contrary in the spread positig;
no need for an artefactual arithmetic, with all its ambiguities,

NUSAP can also convey some shades of meaning that may be im
particular contexts. Thus five million may be better represented a

—21—: E7, denoting different sorts of operations in the different aggreg
We note that the use of fractions in the numeral position enables Us ¢
the meaning of a rough cutting of an aggregated unit; thus a ‘thi
million’ is represented better as 2;—:M rather than 0.33 x 106
considered an advantage of a notation that a user can represent,
calculate with, an instance which expresses a perfectly clear state
quantity that previously needed a verbal form. .

When representing measurements, we must distinguish betw,
multiplier and the standard which make up the wunst. For an
5 X 10% g represents a count of 5000 grams; and this expression imp
the measuring operations were performed in the old CGS system, Tu;
5:10% g, we are still in CGS, now operating in ‘kilo’ grams, of which thy
If we now write 5:kg, this is the expression of a count of 5 in the MKS s ;
ST units, where kg is fundamental, Another example of the same sort
new feature; 5:g is clearly in CGS, while 5:10-3 kg tells us that we have
scaling in thousandths of a kg, We note that here the multiplier repres
scaling of the measuring instrument. ‘

For an example of the spread category we return to aggregated co
with the above-mentioned ambiguous case of 180 000 added to five mi
may be that the larger quantity here has such inexactness thatevena te
is insignificant. This could happen if it is part of a sum with much
quantities, such as 32:E6: and 155:E6:. Then the spread would be un
to be as large as E6, the unst, and therefore the 180 000 or 0.18:E6 wi
meaningless. In this way, the notation represents the practical situatior
swamping of a much smaller quantity in a sum; to be completely expl
may express this as 5:E6:E6. The spread E6 indicates that no interp
within the scaling has been done; equivalently, every quantity in this s
an inexactness interval which is E6 in length.

Ly the use of this notation, the meaninglessness of a quantitative ex
can be clearly exhibited. For example, where both wnst and spread ar
quantity 180 000 would be expressed as 0.18:E6:E6. The 0.18 wol
insignificant and the expression is vacuous. By contrast, if the 180
being added to ‘five million’, and the spread is understood to be
then 0.18:E6:0.1E6 would be naturally rounded up to 0,2:E6:0.1E6; ar
is a proper quantitative expression. The sums might read as foll
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The assessment category expresses the reliability of the i
generalizing not only the confidence limits of classic statistics, byt
Bayesian statistics, interpreted as ‘degree of belief’ (Keynes 1921)
odds’ (Savage 1954). Such formally defined measures are properly :
only in special cases, and are not free of conceptual problems of their
assessment category is not to be formalized in the logical sense, but j

¢ flexibility of the system is further enha.nced by the‘ use of cqmbinations
n boxes to convey nuances of meaning. A particularly direct case of
in a trade-off between ‘strengths’ of entries in the spread and assessment

“This also generalizes statistical practice; so that we may describe a
ﬁ;utioﬂ more tightly by its range over the 25% —75% percentiles or more

: ; i i lower
j iability i i 109 —90% percentiles. This translates directly into a .
to convey judgements of reliability in @ convenient form, Whetd dallyv?i‘élirlgjer a‘?s)essme;t, or higher in both categories, In NUSAP, this
a

potations are familiar and app;opriate, they may be frecly used. O¢ _expressed by p (the mean in the N place), Sq and Sy, (the interquartile
more qualitative notation, such as, for example, a i ~ ee . ; U So: :
adoptec:ld. Thus, we may l’lave the ’set (Total? Hz'g;:, 0;;;222:“}; erdecile ranges I;HS)l'e Tv?eeirr:loatgaitrllzr: (;T:t‘rlllguifjr(ll Vt’itl'({: ?ni(;?ofa;ﬁ
perhaps codified as (4, 3, 2, 1, 0) to convey this kind of judgemen - Foia;()e};\kegn;tive representations would be 46::12:560% and
cases of numeral, unit and spread, a great variety of notations are av ;erce.ntages in the assessment box relate to the amount of the
assessment.

A familiar case from scientific research is that of a numb
historically belongs to a sequence of experimentally derived resules
the ‘same’ physical quantity, It is well known that elements of such a s
may well jump about by amounts far exceeding the spread of any of ¢
is described as systematic error as distinct from random error, A r
technical literature may estimate a numerical entry for the assessmes
by an examination of the published versions of such a variable ¢
constant’. With spread representing average, a sample case mi
4.32:pU: = 0.17: £ 0.3:,

In traditional statistical practice, the assessment (or confidence |
closely associated with the spread (or variance). Unfortunately, this a
tends to conceal the radical difference between the two categories,
inhibit the understanding of either. When we generalize assessment £
simplest notion of reliability, the independence of the two categories |
apparent. For example, consider a statistical distribution where
interested in estimating the 95th upper percentile, or the top 5%. The
the numeral place is then qualified by the expression ‘%95’ in the as:
place, the order being inverted deliberately to distinguish this from t
traditional ‘95%’ confidence limit. In such a case, the spread will de ,
the nun.lber of trials or of 51mula'tlons of the same process. ?o, if ligree for Research information
comparing the results of two different experiments involving
numbers of trials or simulations (as for instance obtaining the top !
distribution of experimental coin-toss results), we can have spreads
with the size of the sample while the assessment entry is always ‘%95

Another illustrative example is of a case where the spread box is em)
where a definite (though qualitative) assessment is appropriate. T
happen in a ‘back-of-envelope’ calculation, where the basic undt is €
through a numeral entry of a small integer number. In such cases, s
meaningless; but the calculation can be qualified by, say, ‘Upper Lim
in the assessment box. This is not an ordinary sort of reliability as calcu
traditional statistical practice; but it provides the user of the informatio
an appropriate interpretation for reliable use in practice,

tries i

:80%; the :
distribution represented in the .spread .place. ' . .
_en uncertain quantities are dlrectly.r involved in a p.ohc.y process, t &
ility of the system can be very useful indeed. An 1llummat_mg example is
by Mosteller (1977): estimation of the number of American men who

Zed during the Vietnam War. These ranged from 2.5k through 30k to
gr“a ven 100k though the higher figures were less reliable. If the absolute
‘?ei is not cr{tical for policy purposes, then a cc')nvenienr; NUSAP expres-
would be = 3.E4::Good:. With a one-sided interval in m_uneml., it is
Liate to leave spread empty. If the lower bound on the estimate 1s very
ive for policy, the numeral entry could be .reduced; a.nd tllclle Expr;:lss;c})lr;
> 2 -F4+ 209%,:High:. In this way, a policy-maker is told that she

i i i L
ikely to go wrong in acting on the basis of an estimate In the range 2 4 to 3

nit E4. . .
ese examples show how the system can be used to provide alternative
munications, each valid in its own right, for a single statistical result. Each
on focuses attention on a different aspect of the distribution, corre-

ing to different needs of users.

NUSAP notational scheme, the most qualifying category, located in the
sht position, is pedigree. This expresses the most extreme of the various
of uncertainty conveyed by the notation: its border .w1th ignorance. c’ll"he
viously discussed categories can be seen as a preparation for th'e‘mtro uc(i
f this one. Thus, spread, expressing the inexactness of qu?r{tltxés, serve

eminder that a quantitative expression is not ‘clear and dlStl.I'lCt . E%ven if
is some realm of ideal mathematical entities (such as lines without
th), represented in necessarily true mathematical statements (such as

™ i) + 1 = 0), the world of empirical objects and their measurements

or ‘tolerances’, about qqantiti?s possessing a
fication of an object in respect of its
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5 involves ‘more or less’,
of vagueness. In that sense, the speci
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initself. When considered in the context of its usefulness, further qual

|
f
ﬁi

Qualifled Quantities SOOHTEO SaunTes

quantitative attributes implicates the rest of the world, things othe, ' mplies that there was no ‘theoretically based model’ available, and still
particular object of attention, as it shades into them, . tested theories’, involved in the work. Thus, in each phase we are
This can be seen clearly by reflection on the normal practice of ip, paring existing results with conceivable alternatives of greater strength. As
spread or the misnamed ‘error’. When we write 4.32 £ 0.05, that ey arch fields develop through practice, early pioneering efforts may be
must surely be other than perfectly precise. How is its imprecisi6 iseded by stronger work in such a fashion as this. Hence we may imagine
conveyed? Is 0.05 drastically different from 0.04 or from 0,067 I hoice of modes in a pedigree matrix as indicating the border between
practice, we simply record an assessment of confidence, which t is currently feasible and accepted as known, and that which is unfeasible
different kind of judgement. We do not ordinarily attempt a ‘spreé nknown.
spread’, for many practical reasons; and also because if we were ¢ 1\ this respect a pedigree code is analogous to the statement of a proved
once, then why not twice or more? Hence we satisfy ourselves with an in , ém {n mathematics. Such a statement includes more than the result;

tacit convention on the formal, misleadingly precise representatio Jly important are the conditions under which it holds. As to other possible
aware of this we see how the simplest and most common of conven itions, there is ignorance; and the statement of a theorem constitutes an
expression of the lack of perfect exactness in quantities leads us into p'g cit challenge to explore that ignorance. Although quantitative informa-
of infinite-regress. The border between the measured thing and its is not ‘true’ in the same sense as a mathematical result, there is this
ment, or between our knowledge and our ignorance, can never be s gous border between knowledge and ignorance in the specification of its
precisely. ' uction. '

e may describe the three qualifying categories of NUSAP in terms of the
us contexts to which they apply. In practice, they operate in interaction,
at no one is truly prior, By abstracting somewhat we may speak of contexts
oduction of information, of its communication and of its use. These
spond to the categories of pedigree, spread and assessment respectively.
.oduction, the border with ignorance is shown by the limitations of each
n mode in the pedigree matrix. In communication, the ‘aunknown’ is that
which the stated quantity blends by means of the (non-iterated) spread
_ In use, the implied testing by future experience, revealing possible
ance, is conveyed by the reliability rating of assessment. The order in
h we have discussed these categories is not the same as that in NUSAP; in
cheme we adhere more closely to existing usages, where a notation starts
the quantifying part and proceeds towards the more qualifying.
r the evaluative history of the quantity as recorded in the pedigree matrix,
nalyse the process into four phases. These indicate, by their various
es, the strength of the diffefent constituents of quantitative information
ting from a research process. We have theoretical, empirical and social
es, the last being split into two in order to encompass all the sorts of
tion that we may want to provide. In order, the phases are: Theoretical
ctures, Data Input, Peer Acceptance and Colleague Consensus. The
gree matrix is displayed as follows (with corresponding numerical codes
abbreviations):
scussing the separate phases in order, we have first Theorétical Struc-
. Following the traditional scientific methodology, we accept that the
gest mode here is Established Theory. The general term ‘established’
des such modalities as: tested and corroborated; or theoretically
lated and coherent with other accepted theories. Thus Einstein’s
eral Theory of Relativity was in this sense already ‘established’ when it was
d by the famous astronomical experiment of 1919. When the theoretical
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Thus, our quantitative knowledge can never be fully exact or perfe

is necessary. Even a simple assertion carries an implicit claim to be t
therefore also to be completely reliable in use under appropriate cor
But every statement of fact needs some sort of assessment, since it is im
to achieve perfect reliability any more than perfect truth. As we h \
technical statements involving probability and statistics include nota
the expression of their confidence limits, which can be interpreted as
against a ‘failure in use’ of the information. (This interpretation is ¢
practice, and also less paradoxical, than that of ‘confidence in its tru

Of the three sorts of uncertainty expressed in NUSAP, ignorance is ¢
novel and complex, and also the most difficult to convey explicitly. In o
scientific practice, ignorance of a special sort is vital to the enterp
interesting problems which can be stated, but whose solubility is not a
In this sense, science deals with controllable ignorance; successful
involves, in the classic formula, ‘the art of the soluble’. Not all ignoran
in such convenient packages; in contemporary science/technology po
most important problems are frequently those of ‘trans-science’ (W
1972): problems which can be stated, whose solution can be concei
which are unfeasible in practice because of scale or costs. Such trans
problems may involve ignorance that is quite important in the policy
such as when decisions must be taken before there is any prospec
relevant information being produced.

In the pedigree category, we do not characterize information (or ign
in technical detail. Rather we exhibit the mode of production of the g
tive information being represented, through an evaluative histor
defines the border with ignorance, through a display of what more p
means were not deployed in the production of the information. Thu
report a ‘computation model’ as the theoretical structure for the inform
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i le), that
I elati weak results (as gauged by the modes of this scale),
Theoretical Structures  Data Input Peer Acceptance Colleagy duce only relatively (asg

Experir Tota ] i i or fo 1 .
heo | TH D IE Allby ¢ u[d be an occasion neither for shame nor r. Con. C' ealment .
t ]l perime tai t | ][ t ra\ 1l i '() 1 lentlflc methodology 18 call d
o A : VI rom {raditional sc e
o af ) {Tot) (A ’j‘ he other phase deri ng f tradit

3 Theoretically Historic/ High ta Input. We use this nfmle rather than empglcal ,e Ittii;rlllctlz(:znct:tlxg
based Model Field Data {Hi) ts (quite common in policy-related resear.ch), whose rela o
{Th.bM} (H/F) rience may be tenuous or even non-e)flstent. Starting agai '

2 Computation Calculated Medium '1‘1 d est mode, we have Experimental Data. Not so strong, our
Model (Mod) Data (Calo) (Med) 1681 anis IS-;;(;:;DT{C/Fz'eld bata; data of this sort are ‘accidental’ in the sense

I $ . N . : 3

1 If:zgzgscizlg éﬂiﬁ:;d :_ch/;/ bi;:g Zaken as they occur, and lacking tight controls in produslt;i):da;;diﬁz
(st) {Ed.G) ct reproducibility. Historic Data are thosc? that were accu;n P

0 Definitions Uneducated None out of the control of the present study; Field Data are produced by larg
{Def) Guesses (Gues)  (Non) L

lection and analysis.
“e' Pr:;‘;‘;‘;:;; ;)fa(t:ccl)lhave at least the sytrength of a relatively s.traigbtforward
: zsto e, so that its possible errors and deficiencies can be 1d.e.nt1fied. But
C;"l‘r ’ Data Inputs are derived from a great variety of empirical sources,
' tlmef*ocessed and synthetized by different means, not all standardi.zed or
- p’ble The numbers are then themselves ‘hypothetical’, depending on
. (i]:lmassx'lmptions and procedures. Even to estimate t}}e spread and
CS? ¢ in such cases may be quite difficult. Hence we assign Calculated
ess?::e: weaker point in the scale even than the Historic/Field Data mode,

component lacks such strength, and is perhaps rudimentar
then its constructs must be considered as in a ‘model’,
theoretically based; we have then the mode Theoretically Baseq
Although still involved in explanation, such a model makes no effect
to verisimilitude with respect to reality. In this latter Tespect it is ¢
a Computation Model which is some sort of representation of the eleme
mathematical system by which outputs are calculated from inputs,

case, there is no serious theoretical articulation of its constructs; the fy ditionially, the last mode d.iscussed would have b.een co}x)llmdereduit:e
purely that of prediction. Such a mode is particularly commor Kest in a scientific study. Butwfmh thf: emergence of }}ohcy Il)'mdi::;sh : uei
mathematical behavioural sciences; a well-known example is IQ. Th data inputs regardless of their empirical s'tre-ng.th,dorma 1z<z ehn (;16 .
Computation Model, characterizes the use of high-speed compﬁ _created whereby opinion could be dl.sclp'lme Sl()) lr)a\sl 0 pB e
simulations where real experiments are difficult or expensive; ; onable facsimile of facts. Sucl} were sut.)Jec.tlve probabi 1;1es, ay e

Important research can exist where neither articulated const istics, and other ways of eliciting quantitative estimates gon? CX}I: nt:
elaborated calculations are present; this is the case in classic inductive e we call Educated Guesses. Sometimes even suchda mohe 1sthae S: 0;
Then, with techniques varying from simple comparisons (for ~ es can be simply uneducated, and yet accepted as data, hypo

n facts, whichever seems plausible. In this respect, D‘att.z Inputs in r;lod‘err;
es have come a long way from the relative certainties of the classica

: ical framework for science.

hc;d:;:iill aspects of the pedigree are here . given in two pha:%es:‘ Peeg
ptance relates to the particular informatl'on }mder .evaluat}ion, agl :
known ill-effects, is a good example of this mode. Finally, we have thos league Consensus describes that aspect of th_e field in relzu(})ln to;heopa;:irvge
tions where data which are gathered and analysed are structured problem area. These are the phases to wh1. ch use rs,(ar}blt Ofsfzctiveness e
working Definstions that are operationalized through standard routin m) could turn first, for preliminary evafluat ions of possible e s of
will be the case with field data, frequently destined for public-use stati echnical information. Thus, if there is we ak' Colleague Conse n; us and

. pedigree for public-use statistics has been developed by the authors bu G rch field is seriously divided (with .Competz.ng Sopoo or p'ere iil;orma}_’
red in this paper. ryonic) then there will be no security in any piece of quantitativ i orma-
(Funtowicz and Ravetz 1984). Even the sampling of expert opinions,

transformations, we have Statistical Processing. Such forms of The
Structure can provide no explanation and only limited prediction; but
exploratory phases of research, they can yield interesting hypotheses fc
Epidemiological work of all sorts, leading to identification of likely ¢

includes the lower as part of their contents. But this does not imply judg iin Educated Guesses, can lead to a bimodal d1str11?ut1c.)r.x or wors:c jr;:ﬁ

on craftsmanship, effectiveness, or on the quality of the investigator:  the policy-maker learns the important lesson that s<:1ent1f1<l:l li?fgi o ols ‘
a field. We do not share in the traditional judgement that all science nates the problem. Stronger Colleague QOmemw, as wit 1 A

be like physics, However, if (in its present state of development) a fie UL but cranks, may well be time-bound. Since, as T.H. Huxley said: .
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Qualiiea Quaniities

the customary fate of new theories to begin as heresies and to end a:
nd as

i ' . +
;ons (Mackay _1977)’ who is a ‘rebel’ or even a ‘crank’ depend .  two sorIts of specific heat. The setting for the production of this number
ances. There is a real distinction between the two cases: reb i 0}? uite dramatic:

y els al

s q the Laplacian Theory of Gases could explain the
standing among their colleagues, whereas cranks have n erimentally known velocity of sound in air, if (and only if) the constant in
At the other extreme from scientific orthodoxy weo}r: - ~ estion had 2 certain predicted value. The Academie des Sciences devoted its
- o ) ave ~ : s g ici i
Oﬁi‘m}ion, where then‘e is simply no cognitive framework or socithle = aual essay award competition to this topic in 181%; and the desired value was
which the proffered information can make any sense when it al nep
It appea

obtained by Delaroche and Berard, whose work won the prize. All was
may be from its apparent lack of substance or of interest, or both ect; and here we have a pedigree (Th, Exp, Tot, All-) or (4, 4, 4, 3), the

1 being among the nascent scientific/political opposition to the

Once iati ) :

we h.ave an _alpprecmtlon of the context in which peers ¢ Iy reservatio : ;

evaluate a piece of information, it is useful to characteri o= lace school. Unfortunately, the result was simply incorrect; and its
crerize that pra d theory became discredited for many reasons. A retrospective

modes of Peer Acceptance range in li m T gr h u decade on uld b

' d P A ge in linear order fr e

important to realize that the significance of an; giveontaclle%;rkNa : e the C. Joague Gonsenisus piracst oot i X
€e o

Acceptance depends critically on the state of Collea z 3); here the Colleague Consensus embraces the victorious anti-Laplacian

there is a strong general consensus and weak accept(mgue Co?zs e t, éOmpris'mg nearly all save the lonely disciple Poisson (Fox 1974).

be judged as of low quality of craftmanship ( 'VZe’ the lni:omati Tgx;re two examples of the rise and fall of pedigree ratings for quantitative

competence of the field). But if consensus is as wez;gll( a: o the? ormation provide a warning that the evaluation of scientific results is a

an adverse judgement is not proper; and ignorance rul aCCej.Jtance, : tter of judgement, which can change drastically. What is effectively

which consensus can be weak, even in ‘matured’ scieni:f?cg ?11:1(1?1:: ‘ e time is very much liable to subsequent revision
¥

. entific knowledge at any o visio
Enc‘lerestlmated. quite seriously by outsiders. Hence low acceptance i he wisdom of hindsight. The reliability of quantitative information in
e interpreted in a misleading fashion, as a well-founded adverse jlﬁi(;1
u

actice does not require it to be continuously confirmed and corroborated. In

On.the technical information and by extension on its auth : respect it can be like theories which, in spite of being superseded or

split the ‘social’ phase into these two parts, partly to avoidosr a;wen - haps refuted are still reliable in particular contexts of use (‘caloric’ being
We now discuss various instances of quantitative infor;;cat;:o;}i

; “good example; Newtonian mechanics is another). The pedigree coding, by
important in the development of science, and which i . sing the different phases of the history of the production of the relevant
features of our pedigree category. » and which illustrate si g

wantity, can assist in the description of such changes, and perhaps thereby
N?t all quantitative information is appreciated on its first publicatio o contribute to the resolution of the philosophical problems of such ‘fallible
cl'assm example is Mendel’s simple arithmetic ratios betweerll)l;'r o
dlffetrent sorts of hybrid peas. For the first thirty years after its ubelflue" ‘
pedigree was, as seen retrospectively by historians: (Th. bM HI/)F l\llcau
or (3, 3, 0, 0). Of course, any contemporary who might' hav,e scan’n (;m’
paper would not have been so complimentary on the co 't'e ‘
(reconstructed) pedigree code for that period would be (St Cagl‘m I:;,e
or .(1, 2, 0, 0). The Calculated mode conveys the suspic{on tlcl, t (zl
ratios were the result of a coincidence or of ‘massaged’ data Ia zh‘
twentieth century, the rediscovery of Mendel changed the pe'dz'nre '
bM, H( F, Tot, All) or (8, 3, 4, 4). With the further developmentgof :
the ratios themselves are strengthened to have a pedigree (Th; Ex '%'e
or (4,. 4, 4, 4). But greater sophistication in statistics and its, a Pl,ié (:
e}.(penmental design led to a scrutiny of the aggregated numé)ci‘ 1?
.Flsher, who found them ‘too good to be true’; and so the modern :n ty
judgement of Mendel's own work in his own time now has pedigree ;'
Calc, Non, No-O) or (3, 2, 0, 0) (Olby 1966). v
A sort of inverse example was provided by T.S. Kuhn (1961) in his
nal essay on measurement in science. This was an experimental vai
a constant of crucial importance in the caloric theory of gases: the rat

¢e code will also help to clarify relations between providers
formation. Frequently there is a clash of interests and
_ Users want unambiguous and certain facts (of the sort science
ditionally promises) as inputs to their decisions. This would relieve them of
e burdens of evaluations of inputs and of responsibility for decisions that

n out to be ‘wrong’. Typically, the world still expects science to define a ‘safe

mi¢’ for toxicants of all sorts. The scientists, however, are keenly aware of the
y are partisan

perfections of their offerings in such contexts (unless the
eir interest is to hedge their statements with

perts in a dispute). Th
sclaimers and alternatives. With the pedigree evaluation, there is a means

eby the most radical uncertainties can be clearly expressed, and then
rm part of a reasoned discussion of the reliability of the available quantita-

¢ information.

Use of the pedigr
d users of technical in

have indicated how NUSAP can contribute to the resolution of the two
gent problems in the methodology of patural science. In epistemology the
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Qualified Quantities

Problem is effectively transformed away from the need f i '
independent of human judgement, whereby uncert:i(:lty(:;l?i 1.081‘331 s - oo 8
iir;gvlll:(rleg(i.a\r/zi}; }:ILe n;)tf"monal scheme, these complementalfyn ::;:;e M. 1980,
o e 1u1te lina col?erent form. Thus, the experiencey of : o
ful practice in quantitative sciences is codified; and the mana B
es becomes a definable task. -
NLIJrsl :;’ose areas of pohcy-re%ated research where severe uncertainty
.pro.v1des a standardized means for communications, D L
necessarily imperfect and contentious quantities that a g o
hlav? a structure and a discipline. The acceptance of NUSXEPH:VVi;)]keld -
Z nagltc}; sfr\il;liltzrsttan}clim.g among those who provide quantitativeaixjf?gé
and con famﬂiaric: t (.a ufxprovem.ent of quality control. In such wa
y with ‘uncertain quantities’ among all who =
that way enable a shift in ‘scientific common sense’, so thatu;er;hem;
) ore

161-93.

ay, A.L. 19
1 ondon.
5

_ I ondon.

Written jointly with §.0 Funtowi i ’
O R CzZ, this essay was first bli i M’
; ith 5. y published in ASUTE
fe'aitsm and Obj.ect.zwty, ed. J. Forge (Reidel, 1987), pp. 59—88 Olur beook U
ainty and Quality in Science for Polz'cy, is to be published by Kl’uwer i 19& ’
n

W
Press, 1568.
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ement of control? If not, the outlook is grim. Ther.e are always sufficier.lt
res that favour short-term expedi?nts to solve this or that problem in
ology or welfare, so that the eval}latlve concerns anfl long-range perspec-
s necessary for control will, on thel.r own, lc.>s<.3 every tlme..Tha.t is what has
: hapPening' almost uniformly, in our civilization until quite recently.
yin the last few decades have scientists become aware that control does not
as an automatic by-product of knowledge and power. Qur awareness has
eased rapidly, but so have the problems. A'nd we are still in the e:drly stages
efining the sort of science that is appropriate FO.thlS new .functllor'l.. .
'e might for a moment step back an'd Ioolf at this industrialized c1v11.1zat10n
urs. It is now about half a millennium since the start of the Rena{ssance
the expansion of Europe. That. is roughly the stan(‘ia}rd pernxod of
rishing for previous civilizations; will ours prove more resilient to its own
acteristic environmental problems? It seems likely tbat some of the ancxelllt
ile crescent’ cultures declined because of excessive irrigation, and in
ous ways.the Romans consumed great quantities of lead. What would our

Yot

Usable Knowledge, Usq .
lgnorance:

Inco_mplete Science with Policy
Implications .

For centuries the dominant theme of our science has been taken from
Bacon’s aphorism ‘Knowledge and power meet in one’. I need Ot rel
the transformation of humanity’s material culture that science hag
about, nor the enhancement of human life, social, moral, and spiritﬁa
this has enabled through the conquest of the traditional curse of povei"
least the more fortunate parts of the world). But now we fac
unprecedented problem, Along with its great promises, science
through high technology) now presents grave threats. We all know
nuclear (and also chemical and biological) weapons, and about the me
acid rain, toxic wastes, the greenhouse effect, and perhaps also ¢
famergenc e of hostile species, artificially selected for virulen, e b recedented revolutions: one in common-sense understanding of Nature in
imprudent use of drugs and pesticides. It would be comforting to belje seventeenth century, another in the material basis of production in the
each problem could be solved by a combination of more scientific rese teenth and nineteenth centuries, and yet another in the organization of
the appropriate sort, together with more goodwill and determination f gver much of the world in the fwentieth century. Perhaps it could be
political and technological spheres, Doubtless, these are necessary, b he latest challenge to this civilization, resulting from the environmental
question remains: Are they sufficient? The record of the first round quences of our science-based technology, will be met by the creation of a
engagement with these biospheric threats is not encouraging. For examg . 2il’Pmpriate sort of actence. We can only hope so, and do onr hest to matke
.do not yet know when, how, or even whether global temperatures wi ppen.
influenced by the new substances being added to the atmosphere, This is hat could such a new, e S e e o Sence Jus
we believe, a novel approach is called for if our science-based civilizatio /[ someways, yes, but in others i is alxeady differentiated, We are all
solve these problems that are so largely of our own making. ' miliar with the differences between pure or basic research on the one hand,
~ Indeed, we may see the issue not merely in terms of science, but d applicd or R & D on the other. In spite of the many pofnts of contact and
industrialized civilization as a whole, since it has science as the basis 12p, they do have distinct functions, exiteria of quality, social institutions,
definition, the science defined by the motto of Francis Bacon. An etiquette and ethics. To try to run an industrial laboratory as if it were

ur auto-intoxicant of choice? .
 some ways our material culture is really rather brittle; our high technol-

and sophisticated economies depend quiFe crucially on ex.tra(')rdi'nary
s of quality control in technology and on hlglllly stable social m?tltutlons.
her these could absorb a really massive environmental shock is op_en ‘to
tion. The real resilience of our civilization may lie not scf much in its .
loped hardware and institutions, as in its capacity fo.r rapid adaptation
éhange. It has, after all, continued to grow and flourish through several

problem that faces us is that the sum of knowledge and power is now r hin the teaching and scholarship context of a university would be to invite a
to be insufficient for the preservation of civilization, We need somethmg o; and equally so in reverse. Now we face the task of creating a style of
well, perhaps best called ‘control’. This is more than a mere union of ¢ Ice appropriate to this novel and urgent task of coping with biospheric

ems. Of course, there are many different institutions doing research with
this end in view. Sometimes they are successful, but success is more
Can our civilization enrich its traditional knowledge and power wi mon when they have a problem where the conditions for success can be
k ed and met, and where the input from research is straightforward. To the
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weross effecs oo becomes diffuse in it boundaries (geograph » _their genuine but limited insights of science, so that a common

across effects and causes), entrained in cross-currents of politics an F tanding; enriched and enhanced by dialogue, can emerge. My present

Interests, and/or scientifically refractory, then traditional styles of 1: J St call a,ttention to the problem, and to indicate my personal, rough,
1s Lo

 Toveal their ing isional guidelines toward a method.

' roblems
the solutions. When asked by policy-makers, ‘Wha will happen, e luble P

the scientists must, in all honesty, reply in most cases, ‘We don’t knoy 11 seem to be speaking in paradoxes, so I will suggest a question that

i e 1 sopme fr Jou et declsions’ YWC o te the problem. For background, let us start with the historical

. If this is the best that science can do, and it seems likely to Be‘ 50 mu}? 1tn ?n the year 1984 we cannot predict when, or even whether, the

increasing number of important issues, then the outlooks for effectiy, \ n’x : aan temperature will rise by 2°C due to an increasing CO, content in

making and for the credibility of science as a cornerstone of our civiliz ths e here. Yet this prediction can be cast as a scientific problem, for

not good. Yet, I believe, so long as scientists try to respond as if they fa C}intl}:fe are' both empirical data and theoretical models. Why these are
ic

dequate is a question I must defer; but we can (I hope) all agree that here is
ienti ‘ ecrlltific problem that cannot be solved, either now or in any planned
But what else can scientists do €xcept provide facts for policy? I hop, e. And this is only an example of a class that is growing rapidly in number

can define the task in new terms, more appropriate to our situation, ap; urgency
2 dl !

an important component of the goal of this project, elieve that such problems are still very unfamiliar things, for our personal
My work on this project has already involved me jin an inge - in science progressed from certainties to uncertainties without any
adventure; recasting my earlier ideas about science had led me into | ;m"g officially recognized markers along the path. Almost all the facts
and apparent contradiction, Rather than leading colleagues into 1C1;’ s students were uncontested and incontestable; only during research
gentle and easy stages, I have chosen to exhibit them boldly in the title ~ - ;’ scover that scientific results can vary in quality; later we may have
know what is ‘usable knowledge although it turns out to be far from. - rlozs scientific problems that could not be solved; and only through
forward in practice (Lindblom and Cohen 1979). But ‘usable ignora; . tion in the governing of science do we learn of choices and their
this some sort of Zen riddle? 1 hope not. But if we are to cope successh .
the enormous problems that now confront us, some of our ideas abo I‘:: .I can put the question, for each of us to answer for himself or herself:

n, at what stage of my career, did I become aware of the existence of
ntific problems that could not be solved? My Personal answer is not too
ult. As a philosophically minded mathematician, early in my postgradu-
tudies, I learned of classic mathematical problems and conjectures that

tion that science can indeed be useful for policy, but if and only ifit §
and effective, and can provide ‘the facts’ unequivocally, So long as it &
that those facts would be always forthcoming on demand, this assump

har.mless' entainey, i oth the imperfections of sclen ¢ defied solution for decades or even centuries. I have reason to believe that
radical uncertainty, and even with ignorance, in forming policy deci V erience was exceptional for a scientist, Certainly, I have never seen an
tl'1e biosphete. Do we merely turn away from such problems a e: nfiiation in a science subject that assumed other than that every problem
e i e o do e T somehiow to make even o g  one and only one correct solution. Some such problems may well exist, b_ut
usable in these new conditions? In this exploratory essay, I hope to sh i will be a tir}iy minority. Similarly, research students may learn of the ten-
even this paradox might be resolved, and in a way that is fruitful for : eness of solutions, the plasticity of concepts, and the unreliability of facts

he literature, But this is a form of insiders’ knowledge, not purveyed to a lay

lic, nor even much discussed in scholarly analyses of science.
deed, ‘it is scarcely a decade since insoluble scientific problems 1iave
ome ‘news that’s fit to print’, Alvin Weinberg (1972) brought them into

If I am correct in believing that our inherited conception of science is in ognition with the term ‘trans-science’, Were these a new phenomenon of
priate for the new tasks of control of these apparently intractable bios roubled 1960s? —that period when environmentalists began to raise the
problems, then we shall all have to go through a learning experience vossible demand that science prove the impossibility of harm from any and
euded. Sciendis seholars and policy-makers will need to open 99 industrial processes and effluents. No, ever since the onset of the scientific

243




Z

Usable Knowledge, Usable Igrorance Usable Knowledge, Usable Ignorance

composed of isolated bits of reality, possessing only mathematical

es, and devoid of sensuous qualities, to say nothing of higher faculties

ition or feeling. Such a basis for experimental natural science was quite

in the history of human civilizations, and on that metaphysical founda-

s been built our practice and our understanding of science.

¢ practice is best described as analytical or reductionist. It is really

ible to imagine laboratory work being done on any other basis. But we

w begin to see its inadequacy for some fields of practice that are largely

on science, such as medicine. To the extent that illness is caused by

r psychological factors, or indeed by mere ageing, the atomic style of

y through microbe hunting is bécoming recognized as inadequate or

jsdirected.

the atomism of the physical reality goes an atomism of our knowledge

hus, it has been highly effective to teach science as a collection of simple

acts. Any given fact will be related to prior ones whose mastery is

ry for the understanding of it; but to relate forwards and outwards, to
aning and functioning of a fact in its context, be it technical, environ-

al or philosophical, is normally considered a luxury, regularly crowded
he syllabus by the demands of more important material. This is not just
ther deficiency to be blamed on teachers. In his important analysis of
] science’, T.S. Kuhn (1962) imagines an essentially myopic and anti-

Activity, ‘a strenuous and devoted attempt to force nature into the
tual boxes provided by professional education’.

conception of the power based on scientific knowledge is similarly
ic. Engineers are trained to solve problems within what we can now see to
edingly narrow constraints: operational feasibility within commercially
costings. The environment hit engineering practice with a sudden
ct in the 1970s because of protective legislation, generally first in the
d States and then elsewhere. It is understandable that engineers should
k nappropriate for the fate of important dams to depend on the breeding
5 of alocal fish; but it does reflect on their training and outlook when they
tedly plan for nuclear power stations in the state of California without
‘hecking for local earthquake faults. To be sure, the calculation of all
nmental variables, including the cultural and psychological health of
ed local residents, does seem to take engineering far from its original and
ary concerns; but the demand for such extreme measures arises from a
¢ reaction to a perceived gross insensitivity by engineers and their
oying organizations to anything other than the simplest aspects of the
t over Nature that they wield.

w we have learned that power, even based on knowledge, is not a simple
. It is relatively easy to build a dam to hold back river water; there is
r. But to predict and eventually manage the manifold environmental
es inztzated by that intrusion is another matter. The flows and cycles of
and materials that are disrupted by the dam will, all unknown to us,
new patterns and then eventually present us with new, unexpected

265

revolution, science had been promising far more than it could
Galileo’s case for the Copernican Theory rested on his theory of ¢}
where he contemptuously rejected the moon’s influence and inst};ad d
a mechanical model that was far beyond his powers  to arti
demonstrate, Descartes’ laws of impact, fundamental for his syste‘mcu
wrong except in the trivial cases. The transformation of the tech"
manufa.cture, promised by every propagandist of the century tor{!
genel'*atlons to materialize. In the applications of science, progre;s £
solution of outstanding, pressing problems was leisurely; for eXaO
break-even point for medicine, when there came to be less risk in ¢ -
of a physician than in avoidance, seems to have occurred early in :}I:
century.

. None of this is to denigrate science; however slow it was to fulfil th
1t's early prophets, it has now done so magnificently, nearly miraculo
aim here is to focus our attention on a certain image of science domh:
s<? very recently, where the implicit rule was ‘all scientific p’roblem’
discussed with students and the public, provided that they're either
solved or now being solved’. Each of us (including myself) has thisoJ
experience of science as ‘the facts’ embedded deeply in our imageﬁ
That is why I think it is a useful exercise for each of us to recall whe
discovered the existence of insoluble scientific problems.

‘Atomic’ Science

provide immediate insights that will neatly solve my problems. All V
to offer some preliminary ideas, to share with colleagues from various
practice, and to hope that out of the resulting dialogue we mayél
be.tter understanding of the practice and accomplishments of sci
.rmxture of success and failure, and of our achieved knowledge and ¢

ignorance. '

It appears to me that we must now begin to transcend an image o
that may be called ‘atomic’, for ‘atoms’ are central to it in'several “
c‘onception of matter itself, the style of framing problems, and the o
t101.1 of knowledge as a social possession—all may be considered a
believe that such an image inhibits our grasping the new aspects of
such as quality control, unsolvable problems and policy choices,
essential for an effective science of the biosphere.

The idea of atomic was at the heart of the new metaphysics o
conceived in the seventeenth century, the basis of the achievements o
Descartes and Newton. The particular properties of the atoms we
contested, and are not crucial, What counts is the commitment to
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epresentative cases of outright fraud. The enormous quantity of patient,
ewarded work of peer review and refereeing, where (in my opinion) the
fal commitment of scientists is more crucial, and more openly tested, than
esearch itself, has received scant attention from the scholars who analyse
nce; Yet quality control is not merely essential to the vitality and health of
’ ing the intellectail. armal Sc:ICDCC. It bec.omes a task r.equiring a clear and principled under-
ization of sejen b ading, 1f the new sciences of the biosphere are tq have any hope of success.
, each striving for irldependé e inherited, unreﬂefcted folkways and craft skills of compartmentalized
cademic research are inadequate here; and here we lack the ultimate quality
» point up the disa dv dgé pgx;alc) tice, realized mainly through the marketplace of industrial research
. envisage a major effort in our preject being devoted to the creation of
ppropriate methods and styles of quality control. I hope that this will emerge
urally from reflection on their own experience by scientists who have
ready been engaged in such work; but it cannot be expected to form itself
utomatically, without explicit attention and investment of the resources of all
us. I return to this theme in the final section.

academic context, hitherto wellnigh insuperable
mmission-orientated research or R & D, and not in a positi

su i .
1:Ptzlde.d In the pursuit of knowledge 48 POWEr; our present ¢ k

w . ) .

: det erit can l?e transcended in the attempt to apply knowledge as d;s

ndependent scientists and scholars, to the new tasks of contrgl =

hoice in Science

Quality Control in Science
y next theme is that of ‘choice’: here too it was Alvin Weinberg (1963, 1964)

We ' ' : , . . , e
may now begin to move outward from this previous atomi ho first raised the issue, early in the 1960s. Previous to that, the ruling
e o ssumption, one might almost say ideology, had been that real science

quired an autonomy that included choice of problems and the setting of
iteria for that choice. But with the advent of ‘big science’, the public that

of T S . .
degrees of quality in scientific materials presented ostensibly as cop pported the effort through a significant burden on state expenditure was
evitably going to demand some voice in the disposition of its largesse. This is

uncontestable facts? I know that for some, either except] ; .

prionally indepg ot the place to discuss the detailed arrangements, or the deeper problems, of
at new ‘social contract of science’. Anyone involved with this biosphere
oject is fully aware that biosphere problems are not to be solved without
assive investment of funds, in which public and private corporate agencies
inevitably, and quite legitimately, involved.
All this may seem so natural that we must remind ourselves how new it is,
nd also how little impact it has made on the philosophical accounts of science
_which we all go for enlightenment and guidance. There is a real gap
tween conceptions here: if science consists of true atomic facts, whose value
s in themselves, then what possible genuine criterion of choice can there be
r research? Of course, the experience of research science is that not all facts
e of equal value; they vary in their interest and fruitfulness, as well as in their
ternal strength and robustness. Hence policy decisions on research are
ossible, however difficult it is to quantify or even to justify them with conclu-
ve arguments.
When we consider the criteria for choice governing mission-orientated
ojects, we find some components that are more or less internal to the process
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;*zriZe latznlstants for atmospheric chemical reactions), today’s educated gu
achielv iz gy to 1zfppear tomorrow as ignorant speculations. The problé
quality control in this field is too com :
. plex to be resolved b
and re.doubled efforts. Later T build on Bill Clark’s ideas klygq?
analysis of the task, L
T ' i ‘

aChii}e (Ii)roblen} of quality cc.)ntrol In traditional science has quite rec
vVed prominence, but still mainly in connection with the extreme
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and others that are not. In the former category are feasibilfty and ¢
latter being measured against the demands of competing projects wi
pre-assigned limited budget). For this we must take into account thé
objectives of the project, which are necessarily exterior to it and differe
the research itself, for they employ values.

In considering these external values, I make a distinction between fun
and purposes: The former refers to the sort of job done by a particul
and the latter to the interests or purposes served, or the values realized
job being done. Functions are still in the technical realm, while P
belong to people and to politics. It is at the intersection of these two
effects that policy-making for sciences and technology is done,

The question of feasibility, while mainly technical, is not entirely s
forward. The assessment of feasibility depends on a prediction of the
iour of a device or system when it is eventually created and in operation
extent that the proposal involves significant novelty or complexity, that
tion of the future will inevitably be less than certain. Indeed, it is now
retrospect that the great technological developments of recent decad
made under conditions of severe ignorance concerning not merely the
and environmental effects, but even their costs of construction, main
and operation. There is an old and well-justified joke that if a cost-
analysis had been made at the crucial time, then sail would never have
way to steam. But many American utility companies might now reply
proper analysis, made on their behalf, of nuclear power might have pr.
them from the financial disasters that now threaten to engulf them

This point is not made by way of apportioning blame for the trouble
once supremely optimistic industry. It can be argued that, say; 15 year
was impossible to predict which of the possible mishaps would af
industry, and how serious they would be. But in that event, we
recognize the ineradicable component of ignorance, not merely uncert
in forecasting the prospects for any radically new technology: V

ple ignorance’. Its paradoxical quality points up the distance we must
¢l from our inherited image of science as atomic facts, if we are to grapple
cessfully with these new problems. How we might begin to do so is the

me of my discussion here,

ements of a New Understanding

lsome extent, the preceding concep'tual analysis follows the'path .of the
curing understanding of many scientists of thfe present generation, First, as
dents, we mastered our standar‘d facts; then, in researc_h, we became aw'/are
quality; as we became involved in Fhe go'vernment of science, we recognized
hecessity for choice; involvement in environmental problems brought us up
ainst functions of devices and of systems, a_nd thf: frequently <fonfu'sed and
nflicting purposes expressed through P(’lfucs‘ Still, we COl.lld imagine that
‘e was a hard core to the whole affair, in 'the so.rt of b'asxc, 1ncon.testable
s that every schoolboy knows. Hence the intrusion of ignorance into our
blem-situation did not immediately raise the spectre of the severe
.ompetence of science in the face of the c}}allenges—or threats—prodm?ed
he environmental consequences of the science-based technology on which

vilization rests.

ence in the Policy Process

his rather comfortable picture is analogous to the tradifional mOd(.El of
ence in the policy process. We may imagine this as a meeting of two sides.

public, through some political machinery, expresses a concern that some
irticular purposes are being frustrated or endangered, say .through‘the lack
lean water. Administrators then devise or promote devices and sys.tems,
sical technology, or administrative agencies to perform part'lcular
ctions whereby those purposes may once again be protected. For this tl}ey
d information about the natural process involved in the problem, for w.hlch
y turn to the scientists. The scientists provide the necessary facts (elt}.xer
m the literature, or produced by research to order) tbat elfher determine
. appropriate solution, or at least set boundaries within which the norma}l
cesses of political bargaining can take place. In that way, the problem is
ved or, at least, effectively resolved in political terms.

owever well such a model has fitted practice in the past, it no longer
itures the complexity and inconclusiveness of the process of policy-related
ence in the case of biospheric problems (Otway and Ravetz 19§4). Indeed,
may define this new sort of policy-related science as one in which fact's are
certain, values in dispute, stakes high, decisions urgent, and where no smg.le
e of these dimensions can be managed in isolation from the rest. Acid rain
serve as the present paradigm example of such science. This model may
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Ignorance

The pervasiveness of ignorance concerning the interactions of our techr
with its environment, natural and social, is a very new theme, ‘Sci
ignorance’ is paradoxical in itself and directly contradictory to the imag
sensibility of our inherited style of science and its associated techn
Coping with ignorance in the formation of policy for science; technolog
environment is an art that we have barely begun to recognize, let alone m
Yet ignorance dominates the sciences of the biosphere; the focus o
project.

The problems of applying science to policy purposes in general have
given a handy title, ‘usable knowledge’. For those problems of the imn
future, we would do well to remind ourselves of their nature by using a tit
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seem to transform the image of science from that of a stately edifi ‘
can of worms. Whether this be so, the unaesthetic quality is thlc'
world we confront and with which we must learn to copeyso ;?e
It. may .help if we employ another model: how problems c:: -
for Investigation. In the world of pure or academic science : tQ
selected by the research community. If a particular area ig .
stu'dy, a.wailable techniques being insufficiently powerful; it .ﬂOt; .
wait, with no particular loss. (The adventurous or foolha;d .
try their luck there.) In the case of mission-orientated work tiem _
_by managerial superiors, though these are expected to hav; SO . ?11'
in asses§ing feasibility and costs of the research in relation to ?}lle‘
enterprise. But in policy-related science, the problems are ¢ c
relevant researchers by political forces that take scant heed of thlmfs
the solutions they demand. Indeed, it will be common for such C
b‘e feasible in the ordinary sense. Drawing on low-presti epmb
fields, requiring databases that simply do not exist, being reg uiansll
answers in a hurry, they are not the sort of inquiry where succcéssref
be reasonably expected. -
. It may be that our traditional lack of awareness of the in
1gnorance with scientific knowledge has been maintained becau
c.ould proclaim its genuine successes and remain at a safe dist .
.hke]y failures. Through all the centuries when progress becam:nc
ingly strong theme of educated common sense, science could be see :
advancing the boundaries of knowledge. There seemed no limit in
t.he extent of this conquest, and so the areas of ignorance remain
time were not held against science—they too would fall under th
human knowledge at the appropriate time. .
Now we face the paradox that while our knowledge continues ¢
faxponentially, our relevant ignorance does so even more rapidl
1g?10ra'nce generated by sciencel An example will explain this g:«;ra
Vlc'tonafxs were totally ignorant of the problem of disposal of
rafhoactlve wastes. They had no such things, nor could they imag
existence. But now we have made them, by science, and thek \
guaranteeing a secure storage for some quarter of a million years is
ignorance, rather than mere uncertainty, is the state of affajrs, Thus
conquered a former ignorance, in our knowledge of radioactivity,
process cr(?ated a new ignorance, of how to manage it in all its
-manifestations. -

ts of judgements and choice into a sphere of practice traditionally
ed by its objectivity, we may wonder whether there can be any endeavour
bable as science in such circumstances. To this problem I can only begin
tch a solution, by giving two analyses, one static and the other dynamic.
ormer elucidates the paradoxical, or contradictory, nature of our situa-
and the latter indicates paths to resolution of the paradox.
pegin with it is necessary for us to transcend the simplistic picture of
¢ that has been dominant for so very long. For generations we have been
ht of a difference in kind between facts and values. The latter were seen to
‘ubjective’ uncertain, perhaps even basically irrational in origin.
nately, science supplied facts, objective and independent of value judge-
ts, whereby we could attain genuine knowledge and also order our affairs
roper manner. Those who protested that such a sharp dichotomy was
ictive of human concerns were usually on the romantic or mystical
ge, and could be ignored in the framing of curricula and in the
ganda for science.
ilarly, the opposition between knowledge and ignorance was absolute. A
atific fact could be known, simply and finally. It could, of course, be
ved upon by the further growth of science; but error in science was
a contradiction in terms. The boundary between knowledge and
ance was not permeable; it simply advanced with each increment of
e, bringing light to where darkness had hitherto reigned. Of course,
have been many disclaimers and qualifications tacked on to this simple
{el: we all know that science is tentative, corrigible, open-ended, and all
est. But the idea that a fact could be understood imperfectly or
fusedly, or that a great scientific discovery could be mixed with error, has
brought into play only very recently by historians of science.
ence we are really unprepared by our culture to cope with the new
nomenon of the interpenetration of these contradictory opposites. The
ossibility of separating facts from values in such a critical area as the
city of environmental pollutants is a discovery of recent years (Whittemore
). And the creation of relevant ignorance by the inadequately controlled
sress of technology is still in the process of being articulated by
osophers (Collingridge 1982).
n immediate reaction to these disturbing phenomena can be despair or
cism. Some scholars have elaborated on the theme that pollution is in the
- of the beholder, and reduce all environmental concern to the social—
hological drives of extremist sects (Douglas and Wildavsky 1982).
ticians and administrators can take the easy way out and treat scientists as
1any hired guns, engaging those who are certain to employ technical
oric on behalf of their particular faction. Such solutions as these, if
idered as cures, are really far worse than the disease. If dialogue on these
nt scientific issues of the biosphere is degraded to thinly veiled power
litics, then only a congenital optimist can continue to hope for their genuine
olution.

Interpenetrating Opposites in Science

Science m.the policy process is thus a very different thing from t
accumulation of positive and ultimately useful factual know
portrayed in our inherited image. Indeed, given the intrusion of :
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5 Vlelrlwec.l socially, these oppositions or contradictions show no way ¢h
ut the situation is not desperate once we appreciate that decisiony -
-m

not at all a uni iri i if it i
: unique event requiring perfect inputs if it is to be rational. R4
is a complex process, interactive and iterative; the logical :'Ra o N
, e environmenta
assessment

perhap§ less demonstration than dialogue. Seeing decision-maki

formatlo'n; I use the two terms interchangeably) as a sort of di:l - o
we may imagine those central contradictions of usable knowle:;Ctlcal -
1g'norar.1ce being transcended, or syrithesized through th ge and
dialectical process. , ¢ T

Technical
consultancy

n stakes

ecisio

D

Varieties of Policy-Related Research
science

F{rst, I .show how these problems of policy-related research m:
differentiated, and in such a way that the natural tendency of tharcd -
toward a resolution. Drawing on recent work by myself and m cellli o
Funtowicz (Funtowicz and Ravetz 1985), I distinguish two diZneo ?ag“'?
problems: systems uncertainties and decision stakes. The form e -
co.mpl.e.x system under consideration, including aspects that e': - t
sc1er.1t1f1c, administrative and managerial; the uncertainties are :}i teCh'n
possible c'>u_tcornes, corresponding to each set of plausible inputsa ; c;an‘
The d.ec151on stakes are the costs and benefits to all c%ncerxrlx d .
1nc.lud1ng regulators (both field employees and administrators) (f':l -
tatives of various interests, that correspond to each decision, In 2“ IfeP:
have complex sets of ill-defined variables for aggregation ir;to a szi1C lca'
hence each of the dimensions is only very loosely quantitative. W, I(lig .
only the values low, medium and high (Figure 1). When both .dinf Iétm
tems' unce'rtainties and decision stakes) are low, we have what ::Slon
applied science; straightforward research will produce a practi lrll)ml
values of critical variables within which the ordinar ol'tP 1 e
operate to produce a consensus. TRORRE

When either dimension alone becomes large, a new situation emerge
call it t_echnical consultancy. This is easiest to see in the case (f; .
uncertainty; the consultant is employed precisely because his or her uns

Low L High
Systems uncertainties

ure 1 Interaction of deciston stakes and systems uncertainties

immoral, or perhaps even culpable (industrial asbestosis is a
in point). The outrage in such cases is fully justified, of
ourse; but it is an error to believe either that those particular firms are

hat all firms casually and habitually behave insuch a

niquely malevolent, ort
ay. No, it is just when caught in such a trap, however much of their own

1aking, that institutions, like people, will fight for survival.
Such cases are fortunately the exception. It is more common for both
and decision stakes to be moderate. Funtowicz and I

ticulate a model of consultancy practice, wherein the
raditional scientist’s ideal of consensual knowledge is sacrificed on behalf of a
Jore robust sort of knowledge appropriate to the problem. We call it clinical,
-om the field of practice in which such a style has been developed successfully.
it we eliminate safety as an attribute (the term now has a largely rhetorical
neaning anyway) and substitute good performance (which may include the

able ski i : . . = ! . . .
skills, and his or her professional integrity and judgement, are reqi ibility of failures and accidents). In the same vein, Wwe generalize
obability (with its mathematical connotations) to propensity, and measure

for the pro'vision of \.Jsa.ble knowledge for the policy process. It is less ob
;}Ei;ee:::hi g?:}el::t:;ittli‘:earg low, large d.CCiSiOn. st.akes take the problems gauge; and for predic.tion we substit'u.te prognosis. In this way, we hope to
practice, Tf some institutio. ut on rfeﬂectlon, th.xs is the way things happ press the degree to which non-quantifiable and even non-specifiable e?(peltt
then mo matton hom e n seei 1t.s mterest§ serlolfsly .threatened by an is e of the process (whxcb is
means at its disposal umﬂy cm}llc usive the science, it will fight back with heory to be tested agalrilst
lass of credibilic in’itself such time as furt.her. resistance would cause 4 ser! of fhe health of a partic-
power asa resulty b ub?.s a competent institution, and a damaging lot ; : . ‘ . e.nvlronment. 1 hope that
of pollution whén a bSIea lcesee(sis'uch' Strflggles most .clearly in notorious ¢ his rn(?del will be usefx.ﬂ in the biosphere project as it .devel(?ps. '
as poisoninf;r s work—forcgu red institution Persxsts in harmful policies;(s Passmg to the more mtractablt.z case, where either dimension is very 1.arg<?,
or the local environment) to the point of have what we call a total environmental assessment. For here, nothing 1s
ertain, there are no boundaries or accepted methods for solving problems;
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ystems uncertainties
ave been able to ar

dgements enter into an assessment., The outcom
onceived as continuously iterating) is not a general t
articular facts, but rather a provisional assessment
lar system together with the relevant aspects of its
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the i i i i
the problem is total in extent, involving facts, interests valuestand o
. . . ’
y'es, and ‘total In 1ts mixture of dimensions and component -
review of history shows that in such cases a resolution can o

‘yself with a few observations. The first is that no decision is atomic. Even if
issue is novel, even if its sponsoring agency is freshly created, there will

| ways exist a background, in explicit law, codes of practice, folkways and
polarized and adversarial in style, it may evolve faj . ectations, in which it necessarily operates even while reacting on the
y ve fairly quickly, Bog ackground. And once an issue exists, it is rare indeed for it to fade away. It

y become less salient for policy and be relegated to a routine monitoring
tivity; but it can erupt at any time should something extraordinary occur.
necessarily invoke the symbols of universalit d ; L Indeed, when we look at the duration and complexity of those dialectical
v an rationality yp, pfocesses whereby a total environmental assessment problem (its common

initial form) is gradually tamed, we see'the necessity for a differentiation
mong the functions performed by the facts —or better, the inputs of technical

relevant knowledge is created by the i ;
that the issue is brought in theydirez(tef})‘rlllrcft{r::}tls o t{xe various disputar r aformation. Here I can do no better than to use materials recently developed
science, For example, issue-generated research cZ;C ZVCC Onsull tancy, if Bill Clark (personal communication). He starts with authoritative
terms of a debate, such as in the case of lead in automobl'}ltu;i ly ‘trans.fq jowledge —the traditional ideal of science, still applicable in the case of
Europe during the early 1980s. Events that previously h: zie ue B]:lt? plied science issues. This is supplemented by reporting —not in newspapers,
news suddenly became so: thus the various nuclear a}:: '2:1 not been Sign. 1t in the accumulation of relatively reliable, uncontroversial information on
1960s were of no great moment for policy purposes :;Li;nf;()f the 195 ~ variety of phenomena of no immediate salience, but crucial when a crisis
was a mortal blow to the American nuclear pow;r Corfst hre? Ml,l merges. This is the descendant of natural history, popular in past epochs
He.nce a problem does evolve; a dominant consensus can rcton ind hen clergymen and other gentlemen of leisure could gain satisfaction and
losing side is forced into a retreat, saying what it can wil'?erg}f’ andth estige through their mastery of some great mass of material, perhaps of a
emerge tip the balance ever more decisively against it e fa(;ts : ocality, perbaps of a special branch of nature. The decline of this style of
There is, of course, no guarantee that any particufar total i cience, under the pressure of changing institutions and the dominant criteria
assessment will move down scale in this way, or will do so (?til Sharon f quality, is a clear example of what I have called the social construction of
: duickly enoug gnorance. Harvey Brooks (1982) has recently shown what a price we now pay

or our ignorance, in the impotence of what I call the clean-up or garbage
rces in the face of our various pollution problems.

- When science is involved in the policy process, particularly in the technical
onsultancy mode, then impersonal demonstrations give way to committed

pr(l).c'ess 1wherdeby a solution can happen, analogously to the way in whic
political and social issues can be (but of
peacefully and transformed. (bt of coure meed na be) -

Debates on such issue
s are usually very different f; ith
scientific community, They cannot presupp}:)se 2 shared On; t?‘{ﬁﬁ wit dialogue, and no facts are hard, massy and impenetrable. They are used as
ment to the advance of knowledge nor presuppose b e der ¥ibg co vidence in arguments, necessarily inconclusive and debatable. In this case we
o : . . . )
employed by the antagonists. In form they are lacel un 18' 'to the ¢ nvoke metaphors to describe their nature and functions; Steven Toulmin
substance ostensibly technical or scientific. Co fusi gely political, w 1972) has suggested the term ‘maps’ (not pictures, or we might say dogmas,
abound. Yet, argue, such apparently ur;edigxil:lzofr:: :t?l(: rancour of‘a‘i ut rather guides to action). I have developed the idea of a tool, something
with effective policies for science and technology as the areefs are ;S,Con hat derives its objectivity not so much through its correspondence with
In general. And they must be, for the . y or po Itical external reality as through its effectiveness in operating on reality in a variety
) great 1ssues of the biosphere of functions and contexts (Ravetz 1984)

necessarily be aired in just su
ch f :
J orums; there are no other forums to r Passing to the more contested issues, we mention enlightenment, which

_might involve enhancing awareness or changing common sense. Perhaps the
most notable example of this sort of product in recent times is Silent Spring by
Rachel Carson (1962). Through it, the environment and its problems suddenly
ame into existence for the public in the United States and elsewhere. We note
NOW I discuss the policy process itself, in relation to these oh - that this function is performed partly through the mass media; the role of
Interpenetration of facts and values and of knowledge and E)glf e investigative journalism in the press, and especially television, in enhancing
not the pl ) orance, Thi e . .

place to develop schematic models of that process, so I will ¢ :;e zlizllvzreness of the non ;cwntlflc public (and perhaps of scientists, too)
' : Should be more appreciated.
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Oxgce an issue has been made salient for the political process, th
;l::e ffe:tgsénxi;mgzt t:)olrI::Zia:tlc;n—that is, not t?eing decisive {n itse] ' lect the essen'tial’ incompleteness  of the' evidence and the argument
nrelectiv » dei)ate correcdn egd ?rmm(i(n-sense views, and providing upporting any scientific result. Ina mal'tured field, the assessmer'lt of quality is
e bt o fi rencé ?tltla ;ar_l example from another f raft skill that may be so .well estabhslﬁxed as to be nearly tacit and uns?lf-
regulation of planned incerference Vg t e llfe.-cycle of embryo and fe onscious: we knoz.v that a piece of work is really gc?od (or not?, w1thou't being
e B ot s o) etermination of the onset of life sily able to specify fully why. By contrast, one sign of the .1r.nmatur1ty of a
R SCi,entiﬁC Lechnical progress crfaates new problems of 4 seld 18 the lack of consensus on qual{ty, 'so that every amblt.lous researcher
and regulation, scienific inform on can prov1d.e channels and critica ust become an amateur methodologist in order to defend his or her results
: gical debates on such issues.
Fmallly, Bill Clark mentions ritual and process: since scierce i '
symbolic structure of modern industrialized society, the invociiilcfr:}:)ef
:Llslcs)i\crleoerl e;‘)/re(:lbi;m 1'1as a political power of 1ts own. But such an acti cientific Quality—A Mcny-SpIendoured Thing
2busec ortive, may .lead to a wider disillusionment with the see
I:::lztle( e}:ﬁ:io(l; ;gi)rn:zzi,l rsrflv;ti ;or?ﬂfquent harm to th'e social fabric, hen we come (0 policy-relat.ed.science,. that simple dichotomy .of the
Ruckebhan idemiﬁ,ed metime. ermllmsirat.or ({f the Er}Vlronment al Prot presence or the abs'ence o.f matu'rlty is to.tally madequa.te to convey the rxf:hness
Agency, hasdentified s dar gA c lear ¥, in his warning of chaos if his of criteria of quality, with their associated complf.:xuy.an.d opporu.lmty for
hanpon to the Amerig(; anJ nu.cl na ogously,. we may say that the best ¢ confusion. Here I can on%y refer to.the deep and frul.tful 1n51'g.hts of Bill Clzixrk,
happen to the American nuc ear power industry was .the outstan ‘his taxonomy of cr}terla .of quality a.mong the varllc'ms 1egftm§ate act?rs ina
Independent and evlonl e effey tr.ep(l)rt d(1979) on Three M{le Island I olicy process mvolv.mg‘saence. In his table of critical criteria, he lists the
ey of e ncdlve y enounce:d as a whitewash oper ollowing actors: scientist, peer group, programme manager or sponsor,
the s of creibily of Catastroulslt_ry and of its governmental regy olicy-maker, a.nd public interest group. For each of these, there are three
enciescould have been differep ic. ritical modes: input, output a.nd process. Mastery of ch?.t table, I:eproduced
oo e it nt so(rits olf .usable kn?wledge, and ere (Tablt’: 1), would, I thm‘k, make an excellent introduction to the
resolution of the abstract dicho(ins - pfu lics, we begin to see a pra ethodological problems o'f pohf:y—related science.
e e Of coutae. the system aomle‘;)1 (i .fact am.i value, knowledg It may Yvell be that, as this project develst., we will need to go through t.ha’t
ignorance, Of c But’ the r); em i: alw ol is cqmgllcated, underdeterr xercise, if only to the extent of appreciating that the research scientist's
. s like social life itself, where we have

. iteria of quality are not the only legitimate ones in the process.

failures but also m ; titenia o 4 ot e :

e any successes. The only thing lost, through this analy. However different or conflicting may be the other criteria of quality, they
illusion that the scientist is a sort of privileged being who ' can dis

must be taken into account, not only in the reporting of research but even in its
Z:Ygtiiltjy()fo;n:hs;:ciaalnzzcrlz, [li?l})l:}l?ce. Seeiilg the scientist as i? p'artici planning fmd execution. Noxiv, a.ny one of the .actors in such a process must, if
knowledge provides us wit,h somés 'CO.m}I: ex process of achieving us he or he is to b.e.really effecgve in a'co-operatlve endeavqur, undertake a tas}<
contribution most effective insights on how to make his o that is not tradltlo.nally associated with science: to apprec1'at.e anpther person’s
) point of view. This need not extend to abandoning conflicting interpretation
of facts (for a fruitful debate is a genuine one), nor to empathy for another’s
life-style or world-view. But for strictly practical purposes each participant
must appreciate what it is that another is invoking, explicity or impticitly,
when making points about the quality of contested materials.
This new and important skill has been called (by Bill Clark) ‘a critical
connoisseurship of quality in science’. One does not merely apply one’s own
pecialist criteria blindly or unselfconsciously, however excellent or valid they
‘may be for one’s own scientific expertise or role. One must be able to assess
productions from several points of view in succession, by means of an
[imaginative sympathy that involves seeing one’s own role, one’s own self, from
slight distance. It may be that I am here calling for the cultivation of
ttitudes proper to literary criticism, a prospect that to some may be even more
lien than Zen riddles. But given the complexity of policy-related science, in
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ainst critics.

Towards a Practical Approach

Here.I hope to be constructive, and I can start my argument with a t
mentloned early in my analysis of the enriched understanding of science
every researcher develops: the assessment of quality. This is frequently the:
exposure of a scientist to the essential incompleteness of any scien
knowledge —not merely that there are things left to be discovered, but that t
border between our knowledge and our ignorance is not perfe’ctly defis
Even when scientific statements turn out to mean not quite what they say,
are not necessarily the product of incompetence or malevolence; rather:

276



Table 1 Critical Criteria

Critical Role

Scientist

Peer
group

Programme
manager
or sponsor

Policy-maker

Public-interest
groups

response to the complexit
alternative,

Input

Resource and time
constraints; available theory;
institutional support;
assumptions; quality of
available data; state of the art

Quality of data; model and/or
theory used; adequacy of
tools; problem formulation;
input variables well chosen?
Measure of success specified
in advance?

Cost; institutional support
within user organization;
quality of analytic team; type
of financing {e.g. grant versus
contract)

Quality of analysts; cost of
study; technical tools used
{hardware and software); does
problem formulation make
sense?

Competence and intellectua
integrity of analysts; are value
systems compatible? Problem
formulation acceptable?
Normative implications of
technical choices (e.g. choices
of data)

Usable Ignorance

The preceding analysis has, I hope, made us familiar with the richness
concept of usable knowledge in the context of incomplete science with
implications. Now I can attempt to make sense of that paradoxical cat
usable ignorance; for in many respects this defines our present task as o
is qualitatively different from the sorts of

"been familiar.
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Critical Modg

QOutput

Validation; sensitivity analyses;
technical sophistication; degres
of acceptance of conclusiops;
Jimpact on policy debate;
imitation; professional
recognition

Purpose of the study;
conclusions supported by
evidence? Does model offend
common sense? robustness of
conclusions; adequate coverage
of issues

Rate of use; type of use
{general education, programme
evaluation, decision-making,
ete.); contribution to
methodology and state of the
art; prestige; can results be
generalized, applied elsewhers?

Is output familiar and
intelligible? Did study generate
new ideas? Are policy
indications conclusjve? Are they
consistent with accepted ethical
standards?

Nature of conclusions; equity;
analysis used as rationalization
or to postphone decisions? All
viewpoints taken into
consideration? Value issues

y of biospheric problems, I can envisage n

science with which we have hit

Usable Knowledge:; grioranve

austrial é)lant or environmental disruption., consists in having aizordﬁr “S”S;
orance that is permeable to signals coming fror'n the. c‘)ther s(; e, s1g1111 X

ipient harmful processes or events that should be 1de.nt1f1ed and controlled.
'T;LI; the technical consultancy problem is one where ignorance is managed,
' ’ i1l, in just this way.

i eix pecfrtasnkég’isu:ejalil; severe, 3zlis in total environmental assessment, then
~ ~"‘N'he::1v§2 in the problem in ways that are both more intimate and more
= For if ignorance is recognized to be severe, than no amount of
m?le'x' teg calculation with uncertainties in a decision algorithm can .be
Phlsucafor a decision. Non-quantifiable, perhaps non-specifiable, consid-
de‘('pl:st eof prudence must be included in any arg.urnent. Further, t%le nature
L ibution of a wider range of possible benefits and costs, even 1nch_1dmg
Qoi;fgcal items, must be made explicit. Since there can be.n.o c'onclusxve oli
. rsally acceptable weighting of these, the val.ues implicit in any suc

nf\’;. must be made explicit. In terms of a dialogue between opposed
€T‘legre;::gthis effectively takes the form of a burden of proof: in the absence <?f
Itxlk'torklg e;idence on either side do we deem a system safe or do we deem it

Process

Sommunication;
implementation:
degres of formalj

organization

Standards of sclen
professional prac
documentation,
validation technique
interdlsciplinarity“

Dlsseminatian; colla]
with users: has sty
reviewed?

Ease of tse; déc ‘
are analysts helpin
implementation? pi

ngerous? . .
‘Bg such means we do not conquer ignorance directly, for that can be done

ly by replacing it with knowledge. But we cope with i_t and we ensure t'hat by
. );ware of our ignorance we do not encounter disastrous pitfalls in our
;;I;%)sedly secure knowledge or supp.ose.dly effective technlthe, ther than
 The preceding account is prescriptive for future p.raztlce por than
escriptive of the past. Had ignorance been recogn-lzfc:1 as a aid or b
echnology policy, then, for example, the nucllear power in ustry wlou blemysr
e in a far healthier state. The easy assumptlol? that all technica pr(:f -
could be solved when the time came has. left that mdust‘ry, and Fhe rest o ustes
his planet, with such problems as the dlsposa} of long-lived radloactlv;e X‘:;; ar.l
n this case we must somehow manage our ignorance of the state of man
ciety some tens of thousands of years into the futt%re. How many ;;ro ess (;1 !
ngineers have been prepared by their professional training for suc ‘

procedure

- Coping with ignorance demands a more articulated policy pr;cess ax&diz
greater awareness of how that process oper'fltes. Great' leaps forwa;1 i
“chnology require continuous monitoring to pick up the’51'gna_1s of tro:hoi =
hey begin to arrive, and both physical symptoms and their mstltutlonsnd e
e designed with the ignorance factor in mind, so that they c;n g:sgio and
apt in good time. (This point has been amply developed by Collingridg

. §;lszc)c';)gnition of the need for monitoring 'entails that the decisior'l proces;tt();
terative, responding in a feedback loop to 51gf1als from t}'le tota_l 'env1ron1:1r¢: !
he operating system. Also, the inclusion of. ignorance in dec1519n-ma " agt via
e explicit assignment of burden of proof l.nvolves a self-c?nsm.ous 1ope tio

f dialogue at several levels, the methodological and regulative simu tango hy
ith the substantive. All this is very complicated, of course, and the

279



- T T e MMV IgniOTdnce
Usable Knowledge, Usable ignorance

I ? p y [ - p .

t ansaction COsts Of Iunxlllng SuCh. a system Illlght ap ear to be ve ‘ h Vel() ment IllEIE
T ‘ 1 t

P“ ()f lnduStI .al 5 yle de

make such a new venture a success. One is motivation. Enough of us on the
osphere project must see it as a professional job, developing a new sort of
entific expertise in which we can continue to do satisfying work after the
mpletion of the project. I have no doubt that if this project succeeds, it will
come a model for many others, enough to keep all of us busy for a long time,
« other element is technique: devising means whereby the genuine mutual
hancement of ideas and perspectives can be accomplished. I indicated some
f these at the very beginning of this chapter, in describing some ways in which
biosphere project will be novel.

We may well find ourselves experimenting with techniques of personal inter-
ion that have been developed for policy formation, but that have hitherto
en considered as irrelevant to the austere task of producing new knowledge.
i since we, even in our science, are trying to make ignorance usable, we
uld not be too proud to learn about learning, even in the research process.
The crucial element here may lie in quality assessment and the mutual
ticism that makes it possible. Can we learn, sufficiently well for the task, to
ve imaginative sympathy with the roles and associated criteria of quality of
ers in different corners of this complex edifice? We will need to compre-
nd variety in scientific expertise, in methodological reflection, in organi-
jonal tasks, and in policy formation. If so, then we can hope to have what
1 Clark has called a ‘fair dialogue’, in which we are each an amateur, in the
t sense of the term, with regard to most of the problems on which we are

sooner or later,
Comi i i k
y usamng now tovar} idea about the biosphere project itself Iind ¢y
€ 1gnorance influencing it in several ways, First, it slzxould 0
) conc

studi N .
: }tlu(‘iles of how institutions cope with the threats posed by their i
(;Ir mogf)poly of practice, or their legitimacy, is threatened
ore directly relevant to the immediate concerns of col.leagues

g‘norarice

that are at 1ts baSlS W i p " h TOCE! 1
. € have various [CCC(ie t i h oy nd that 1t 1S ce y
nts to remlnd us whiat 1S no g g rta
. ' ‘beheve that such a p 0 SS .S POSSiblC a i

he environmental problems that confront us, as residents of this planet, are
w global and total. We in this group cannot hope to legislate for all of
manity over all the salient issues. But we can at least indicate a way forward,
owing that our civilization is genuinely resilient in meeting this supreme

onclusion and Perspective

which does bring results in technology, for that depends critically o

simplicity of the definin T
p g problem, and on authoritarizs stap s an historian, I like to find support and understanding in the pattern of the

ast as it may be extended into the future. In this connection, I can do no
etter than to quote from an early prophetic writing of Karl Marx. In the
face to his Critique of Political Economy (1869), he gave an intensely
centrated summary of past human history as he understood it, in terms of
dss structures and class struggles. His concluding motto was, ‘Mankind only
ts those problems that it can solve’. We must try to justify his optimism in the
se of this present challenge. We may understand it as our civilization’s
laracteristic contradiction: the intensified exploitation of nature through the
plication of knowledge to power, which threatens to become self-destructive

Conditions for Success

It appears V
dictli)é)n be,t then, that we need some sort of dialectical resolution of the co
ween the auto-archy of academic-style research and the dict
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nless brought under control.
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Usable Knowledge, Usable Ignorance Usable Knowledge, Usable Ignorance

For my historical perspective on this, I would like to review the ey, thods of achieving knowledge and wielding power over Nature under

science as a social practice, as it has developed to create new po
respond to new challenges. In the seventeenth century, the scientific
had two related elements: the disenchantment of nature, and the ar¢
of the ideal of a cumulative, co-operative public endeavour for the
ment of knowledge. With the decay of the ancient belief in secrets too
to be revealed came a commitment to a new style of social relatig
production of knowledge. This was promoted as both practically nece
morally superior. From this came the first scientific societies, a
journals provided a new means of achieving novelty while p
intellectual property.

As this system matured in the nineteenth century, with the ér
complex social structures for the organization and support of rese
researchers, the early dream of power through secular, dise
knowledge took on reality. For this there were developed the i
laboratories and applied research institutes, first in Germany, but eve
elsewhere. From these came the high technology of the present ce
which the prosperity and even survival of our civilization now depend

The idea of using such applicable science as a significant contributio
planned development of the means of production was first articulate
socialist nations, and popularized everywhere by the prophetic wri
J.D. Bernal. It lost its ideological overtones during the Second Wé‘tl
and now that planning is an essential tool even in the market-economy
science as ‘the second derivative of production’ (in Bernal's phras
commonplace (Ravetz 1974). Even academic research is now strongly
by priorities, set in the political process, and related to the requiremen;
development of the means of production and of destruction. Boris
classic thesis on The Social and Economic Roots of Newton’s ‘Princip
have been crude and over-simple for the seventeenth century, but
twentieth it is a truism. There still remains a difference in stogan
socialist countries it is ‘the scientific—technological revolution’, in the
is ‘don’t come last in the microelectronics race’—and only time will tel
these will work out in practice. -

Our present concerns are centred on the new problems of the bio
involving an ecological vision that runs counter to that of Bernal, ¢
tradition to which he was heir. The ‘domination of nature’, the drivin,
of our science-based civilization, may turn out in retrospect to have been
disenchanted variety of magic (Leiss 1972). The recently discovered fac
we cannot dominate, though we can destroy, may be the decisive challe
our civilization. The solution of the problem of world-wide poverty th
the development of material production in imitation of the West, e
possible in the social sphere, could become ecologically devastating, Ca
biosphere provide the sources and sinks for a world-wide population
billion private automobiles? Hence, 1 believe the new task for science is ¢
one, requiring new concepts of its goals in human welfare as well a

propriate control.

This essay was first published in Sustainable Development of the Biosphere (eds
W. Clark and R. Munn), Cambridge University Press, 1986. It was republished in
Knowledge 9 (1987), 87—1186.
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ANOW - SOCIAN COTHITU \J o d B A

wentieth century, complications set in. Philosophers of science know of the
psettlement caused by Einstein’s work. The image of science as the cumula-
on of Truths never recovered from those intellectual revolutions. The Great
ar, its aftermath, then the Second World War culminating in the Bomb,
rought evil into the life of science. Since then, problems and complications
ave increased, so that ‘science’ is blamed for our afflictions, as indiscrimi-
ately as it was formerly praised for our blessings.
All that is quite familiar, yet there is a new and very troubling element that
s recently become noticeable. It is not merely that science must now endure
zﬁanY critics. Worse, science now seems to have no effective champions, who
an speak from inner conviction, to bring a doubting public back to their
caditional confidence in science. Asa result, science is increasingly vulnerable
o any and all criticism and attack, whether from anti-Establishment intel-
ectuals, or from an anti-intellectual Establishment. This is just now worse and
more ‘obvious in Britain than elsewhere; but it is not at all unique to that
country. Certainly there is plenty of money for science in the USA. But this is
increasingly in the form of contracts for specified research, from the federal

sovernment or from private industry, so that it is more in the nature of long-

term R & D than the scholarly pursuit of knowledge.

This is the symptom which I shall use to introduce my study of science in its
cial setting: the old social contract of science seems to be weakened, indeed
iscredited; and there is as yet nothing to take its place. I will not here offer a
lean and tidy solution to this problem; for I do not know of any. Rather, I will
ffer some examples and ideas, as an {nvitation to a discussion; only that, and
10 more. It may be that such a style, rather than theories and blueprints,
ight even be appropriate for an eventual ‘New Social Contract for Science’.

A New Social Contract fo
Science | |

a.

In t}%is essay I am viewing science in the perspective of several hundr d:
‘contml:lous internal growth and external support. During this -
material’ side of science had been doubling every fifteen years wiilz)}fr‘
ablf: constancy; and science enjoyed general prestige and the c’onfid‘ .
variety of publics. For some, science (in its discoveries and methods) e‘
a Truth that was genuine and reliable, unlike opinions derix? .
arguments about words or from obedience to authority. For others,
promised the means to the conquest of Nature for the achievement E'
welt:are as well as private profit. For many, there was the sheer de(;i“g:
fascination in sharing the discovery of the structure and workin, .
natural world. Whatever its function, science gave satisfaction f\slt
there were always some who opposed it, in part or in whole, they wel:e 'cijstv:
fiecrfeasmg band. All the different aspects and images of science, appe:
its different publics, were in harmony. o
Thls. picture, holding roughly for all the eighteenth and nine
cc.antufles and a bit beyond, now seems a bit too good to be true c
hlStOl‘lC'al record shows that science was nearly universally accept;*d ,
embodiment of progress, itself the symbol of our secular civilization
the steady growth of ‘pure science’ in size and effectiveness is evidence o
of ‘social contract’ mentioned in the title, Science enjoyed. ever-incr
support, c.omplete freedom in choosing its problems, and consi
autonomy in setting its criteria of quality. In return, it was not constrai
prov1c_1e direct benefits for any particular client. It was sufficient for scie
promise indirect benefits in ideology (its particular form of truth), in in
and in education. In the later part of that period, a particular aspe,ct of s
becar‘r.le acc?pted as representing its essence, that of ‘discovery’ rather
‘say, 1nv?ntlon’ or learning. In our times, that has become modifi
research’; so that for these closely associated with a university, and henc
the centre of the endeavour of science, research is what it is all about.
In retrospect all that seems a golden age. From the very opening of

Why Science Has No Champion

There is no need for me to run through the doleful tale of attacks on scientific
esearch, both within and outside the universities, that are the hallmark of the

present (Thatcher) UK government. Nor need I remind you of the silence of
he other major parties on this issue. In the next government, there might well
be more money for science and education, but at a political price, in
reorganization or redirection to someone else’s priorities. The old British social
contract, so well epitomized in the hallowed principle of the old Medical
Research Council to ‘back chaps’ (selecting for self-defined excellence), is no
. more.

Flsewhere the hostility and contempt are not so obvious, but the end of an
era is unmistakable. In America, biology has for some years been increasingly
under the sway of the commercial interests that are developing nascent
technologies. And the physical sciences there have needed to sup at the table of
the promoters of Star Wars, in spite of the obvious mendacity and corruption

of that programme.
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. i eans available, and escaped
In these English-speaking countries, the struggle to maintain the h ¢ for making the m

ffairs is with us no
the scientific enterprise is especially sharp, at times nearly desperate. {ame when something ‘went wrong. ;I'ha:i‘z?tlplz rsltoaltcfnogfej iisulated from the
made any easier by those critics, generally from within the educated gec nger. Science, as a soaall}l organlzeT}?:C " y;;osed ‘neutrality’ of scientific
society, who attack science for its alleged lapses from morality or inte osequences of its apphca\.tloﬂs' ixce spare the responsibility of the user,
This goes beyond the common practice of blaming an undifferep, Lowledge, whose good or ev1‘1. consequf.ze &’ scientist usually gets some agency
‘science’ for all the threats to humanity, from nuclear WEeapons to ens s lost plauSibility. Now the mdustrl?_l that its applications will help their
mental pollution. The scientific experts employed by state agencie invest in his research only by promising the disinterested scientific seeker
private corporations are routinely treated as hirelings, paid to reassy commercial or mlhtary" Hencet | in relation to the morality of the
public that their organizations can and would do no wrong. Worg er truth, ignorant— am'i hence mnocendible
conduct of research, even within universities, is condemned on ethical gro plications of his work, is no longer cre . ndirectly through science, in
as lacking in any humane sensitivity to the interests of its sentient subji
mainly but not exclusively non-human.

i ower achieved i
k Ha:ice't:"}ifl tar\i(;ltr;oilllii:?ftisefés? reflect their moral ambiv.al(f;nC:b1 11;21;031:;
indus 1ndee

Now, I am sure that every one of these criticisms can be countered as L jence. Worse, some nez S;’:Z i?:rﬁiw;r};irations of science,

misguided, inaccurate or unfair. But at this point in history we seem to I romise to realize some of the greateStb_ 1;1ent Here 1 refer to ‘biomedical

conviction that they are all beside the point. We cannot simply dismiss ¢h to be even more MY ent.ion in human reproduction,

impertinent, resting on our assurance that science does not need to justi ‘achieving ever d‘eeper m;‘e rl:]i < characterized by the paradox

details of its conduct or of its consequences to unsympathetic sectarian ife and death, This whole . 1Sf me client group, and so can

Under the old social contract, such would have been the defence, all the tion increa.seS the .happmess X s}(iole these developments raise

effective for being implicit. Now such a point cannot even be stated publ erms of medical ethics. .Yet' asaw of these, we now witness an

What has happened? - ing problems. In the pubh(? dlscuss(lf?lonal del;ate. For, from the

Clearly, the image of science, before its various publics; has ch f roles from those In a tract ‘science’ has been
drastically over the last generation. This change can be ascribed to the gr.
of science, and the problems raised by the applications of its results
myself, I have been able to understand it through the idea of q

trialization’. This has several aspects. Most obvious is the union of scienc

v . ion O
amazing inversio . d be ond
: . that of Darwin an yond,
time of Galileo through nuine human knowledge. But now
s of the private and the sacred,
technology, and the great increase in the aggregate size of the scientific
prise. With these developments, science has become more like industry

displacing ‘theology and ‘thlosophy as ge
k sentific power has jnvaded the area ' . A
e ribe bounds to what is proper; and mo
s at the conference table on ethical
has necessarily and inevitably lost some of its independence and innoc
But the process of industrialization also penetrates into the life of science

science alone cannot Prescrib®
hilosophy and even theology win place
Formerly scientists were independent craftsmen, whose equipment costs
of an order of magnitude commensurate with their means, or at least

ssues in biomedicine.
those of a patron. In this respect, their situation approximated to the ide

i in th
hus, the powers achieved by science have become compror;nisedoir;ncee
mrl;a{lz’phere And still worse, they have produced a new Sort o gn ,
Lo} .
‘intermediate technology’ as first defined by E.F. Schumacher. Their stan
as members of a community then depended on what they did with that equi

something we might even call science-based ignorance, wiud; t}rl:y?its:ilsu(s“:f
‘ :val as well as our faith in science. For exefmples, m Y.u here be a
L S‘ilr:;:;ons and problems concerning the environment. Will there
some
ment, as seen by the quality of their accomplished work. Now, the assessme:
by ‘output’ has been seriously modified, for research cannot begin until so
funding agency has decided to invest in it. Scientific research is now a cap

gI s hat ill
eenhouse effect ’i can foreSt death fl‘om aCId rain be re Versed? W W

b Whell the tIOplCiﬂ IallnforeStS are destr()ye(i; y and n t}le exlgllleellllg
) p | ’ lunit% iIl thls lmpo |

respect. ‘l“

thets; science derived credi

nissions,

s fleld hOW can weé deslgrl are 0S1toT for I)ucleal wastes that Wlll be Safe or
¥

10 000 years?’ .
Such grand insoluble questions 2
that can be classed under industria

re paralleled by quite mundane problems

1 reliability and quality control. Th\lls tw;vle

e

may ask how to prevent a repetition of Challenfer, Cher;:izlfr)l‘ili,ﬁféll?;;iures

i h case there were ¥ ‘

isoni f the Rhine, and so on. In eac . . e

?Olti(xmzllg:ager‘;ent of the system; but can all possible falltn"es(li),e pri/:n;; -

;Izlva;ce by scientific management skills? We do 1'<nc?w ‘goo . r;znagemem

tends to produce a reliable, safe operation; but achieving goo e or
is a problem more in the political and moral sphere than in the

technological.

Once that science, or even an individual scientist, needs to justify a claim
someone else’s resources, then that someone else’s values inevitably enter t
endeavour. With industrialization has thus come a decisive shift in the balar
between knowledge and power in the goals of scientific effort. Former
‘science’ was devoted to the pursuit of knowledge; it was thereby ‘pure”
several senses. The application of that knowledge to power was the task
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This state of scie i V. e stria
nce-based ignorance is re uestions. But t 8
ealed to ¢ i : . !
h general puhj ndu ial q 1 ' i ; o ; 1

activity of the leaders of the research community, is still at the centre of things.
; Trust them to continue managing, pressure the government to provide them
€-planning ) once again with the prestige and perquisites they so sadly miss, and all will be
well. To accomplish the enlightenment of the public to appreciate so obvious a
message, it only needs more and better-trained schoolteachers, and more and
, the unfortunate techng . , petter-disposed Jou'rnal.lsts (and fewer of th?se nas.ty TV investigators). VV'lt.h a
: complacency befitting just such a cause, this case is advanced by our surviving
scientific élite.
___ The other approach is that of tough realism. There was a famous advertise-
ment in the 1960s, by one of the leading aerospace contractors for the Vietnam
War. This displayed the proud motto, ‘North American Rockwell, where
academic scholars who analyse science, philosophj ; science gets down to business’—an exquisitely designed ambiguity, so
whatever. Their consensus filters out to sc,hcf)oltea 0111) eally expressive of the current social contract of science. We could say that since the
couple of decades; and their images then come t(: ders z-lnd t ! seduction of industrialized science by its external clients, in business and the
What do we find there? It is just one generation st o b LC disc ate, is historically inevitable, why not lie back and enjoy it? Already, the
generation since Kuhn Pubhsh ‘pure’ research sector has been renamed ‘basic’, and anyway occupies a
shrinking portion of the total effort. How much funding of research is now
devoted to sheer scientific curiosity? And certainly, the rate of innovation in
key sectors of technology and medicine is evidence that enthusiasm and crea-
tivity still flourish.
In this proposed social contract, science becomes the servant of society. Its
work can be planned, at least in outline; by negotiation there could be derived
research, or the promise of science for human welf i _the proportions of total societal support to be spent on, say, civil technology,
ra.mblings of old men about their bygone ha o tharz, Cafl seem hk‘ _defence, medicine, environment, ‘basic’, and odds and ends. As such a
science as a scholar is to criticize, indéeé) ptf)yaltltac'k ;t;ns c;lme, C situation stabilized, new foci of power and prestige would emerge. The old
pretensions to merit. Should such developments contin n d eny,‘ It ‘pure science’ image, corresponding to the old social contract, could be
of their abating, it will become increasingly difficul tuef: and these sno _allowed to wither away. Indeed, in the heavily bureaucratized societies, with a
make an effective case Jor science to an i ot o ind anyone WH‘? scientific tradition deriving from the Académie des Sciences of Paris rather
i he I:vciileztneiy ‘ilsefiflilanted pubh: than from the Royal Society of London, such a social contract has been a
T less likely to appear strong, sometimes dominant pattern. So what would be wrong with it here?
One thing wrong is that it is not in our traditions; it presupposes a strong,
centralized state which confidently intervenes and directs in many other
sectors of civil society. To try to accomplish a complete, self-conscious
“incorporation’ of science (I owe this felicitous term to Hilary Rose) in the
» reflects the obsolescence of the old social cont £ out context of a weaker, self-limiting central state apparatus as in the Anglo-
ntract of science. An American tradition could produce the sorts of problems of interfering yet
ineffective control that plagued the nationalized industries in Britain. Also, it
is important in our political and social traditions to have universities, not
technical training schools, as the foci of excellence in education and learning;
for these to be kept healthy under modern conditions requires that they do

general,

R . .
eturning now to science as we understand it, I must also m

mor i ivi
re sceptlc'al, more relativist, and more disenchanted with the ref
verities of science. These are people who -
K )
Particular external or social criticism of sci
corrode its heart, from within,

In general, do not Suppor
ence; they are content m

rovi . .
Ef t}\ilder, dlrectl'y, of t}lxe True and, indirectly, of the Good. The improvem
° e s.tate of science, in its self-confidence, morale and integrity, will re
cr i i :
€ative response to its new Circumstances. What options are available

The easiest cour i
se to follow is to tr ;

; Yy more of the old mix ‘ ~ : s i
modernized by some market research into what the publi 'ture, - their teaching in the atmosphere of research. Furthermore, the experience of
Of course there will be an admission that scienc depu ¢ particularly wan the centralized administrations of science, even in the market-economy
and that values necessaril enter ° ¢oes not have all the answe countries such as France, does not suggest that this ‘incorporated’ social

Y into policy decisions on technological a contract .des all th
~ act provides all the answers.
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A New Soclal Contract for Sclence

More to my present point, which is about the social probl
science, even such an abs ion : . ‘ . . .
orption of science into the state would net. and of absolutism resembling those of the type of Church and of State to which

any of the problems of critici : : :
p ticisms and morale. Science could become it has always been considered antithetical.
Let me first remind you why this thesis is paradoxical. A democracy of

culture was an integral part of the programmes of the prophets who created
our modern European science. Indeed, nearly the only positive feature
common to Descartes, Galileo and Bacon was an appreciation of the practical
knowledge of craftsmen, and a commitment to the unity of that practice with
philosophical theory. They were quite explicit on this in their writings. For
their lay audience, already using the vernacular for their intellectual work,
this may not have been shocking. But for our institutional ancestry, the
cholars and learned professionals of the universities, it must have seemed to be
a degradation of learning, a dilution of culture, with dangerous consequences

. . ) . . . me :
g(l)(:yleorl.lthlc In its support, active or passive, of policies of the govern:i

.L_eF us look forward. Suppose that schoolchildren get &
criticisms of science —where it is blamed for all our ills— for dconj;ant
The.n a steadily decreasing number will experience that : Ca‘ o
fascma.ttlon which is essential if they are to make the choices Xczitéme
commitments, to enter creative careers as scientists. I have kr,ioav:z]n 5;3 -

experience and also an e i 1T . ~ : \
lement in the social life of science that is necess: or knowledge and society.
' Then as science began to fulfil its promise of material power over nature,

another important connection appeared. It was the applications of science
hat transformed material culture, and then social and political life, so that
democracy’, in our sense, became possible. Norbert Wiener’s phrase, “The
human use of human beings’, reminds us that, so long as the productive
process, on farms or in factories, is such as to make the life of ordinary people
nasty, brutish and short’, there could be no real democracy in society. There
may be some forms of democracy, and perhaps too some protections of
personal liberty; but genuine democracy, where ordinary people have a real
share in the power of shaping their lives, is absent or illusory, Hence, as one
ees in any developing country, there is a great respect for science as applied,
or the improvement of the material conditions of life and thereby the eventual
achievement of democracy.

There is also a great tradition of popularization of science, frequently led by
eading scientists who wanted to share their exciting discoveries, or to enlist a
broader public on their side in struggles against the enemies of science.
Those were broadly labelled as the promoters of ‘dogma, metaphysics and
uperstition’, or theologians, philosophers and priests respectively. They were
een as fostering ignorance and illusion, in the service of outworn institutions.
Thus, science had a real relation, however complex, partial and ambivalent,
with movements towards greater democracy in society. Popularization enabled
people of quite humble origins to feel that they were participating in a great
‘adventure, and indeed sometimes to do so actively as amateurs. Furthermore,
cience found a large proportion of its most distinguished recruits outside the
privileged classes, and so too close an identification with the élite would have
_been damaging to its own activity. So well diffused was the positive image of
science that movements of reform or even of revolution would make their
ocial analyses in the name of ‘science’ and derive assurance thereby. '
Democracy is also inherent in the processes of research science. Research
results are (in principle) evaluated without any regard for the personal
characteristics or social location of the author. Entry into science, and
_tewards for excellence, are based on merit, not on personal connections.
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Hence, I shall argue that neither a cheap nostalgia, nor an
cence of present pressures and tendencies, will sufficej What v:' ;‘;?Y .
tl.lat,y in detail, I do not know; I cannot provide you with a ‘blije : i :
vlv:fll for science. But I can offer an analysis of the problem i - fﬂ
social and institutional history of science. On that basis, I can f;l .
by way of an invitation to a discussion of possible solu’tions. -

The Social Constitution of Science




A New Soclal Contract for Science A New Social Contract for Sclence

Power in the scientific community is diffused among members (thl'ough:'p" expl‘CSSion; for many years we have heard complaints that ‘applied science’
review of proposals and refereeing for journals); and positions of profess; ~d ‘engineering’ enjoy significantly less prestige than ‘pure science’ in our

leadership ate awarded for excellence and wisdom, rather than for pol ountry. The effects of such differences in status operate in many ways; the less
connections. All this is of course more strongly characteristic of

- voured activities tend to accept their inferiority and try to ape their betters.
industrialized science; and it has provided inspiration for scientists as wi k

1 America, ‘physics-envy’isa well-known neurotic disorder of the behavioural
different in their political outlook as Michael Polanyi and J. Desmond Be
In view of all this, it may well seem paradoxical, as well as unsettling, if
that in some important respects modern science bears strong traces of t};e t
of its origins, when hierarchy in society and absolutism in religion
knowledge were still dominant.

ciences. . . .
The perspective here, particularly as seen from the educationalist’s

jewpoint, is of a pyramid of prestige, with the Royal Society .and its sy')eciél
gyle at the top, and ‘technology’ somewhere near but not aF it. Tea'chmg is
orientated towards getting the pupils as high up that pyramid as tht.exr effort
Absolutism and hierarchy —these may seem very inappropriate as des and talent will take them. The skills of comprehending and controlling one’s
tions of science. But the points are not new with me. As to absolutism, we own personal environment are generally (though with an increasing number of
in Kuhn's classic work Structure of Scientific Revolutions a vivid descriptio: kmportan,t exceptions) relegated to sub-academic courses in schools, and to
an absolutist regime in scientific knowledge. The ‘paradigm’ is the unqu, ndependent self-help organizations for adults (tending to reach those whose
tioned, indeed unquestionable, framework of current research. To secure need is in some ways least severe). Some of us know of the uniformly negative
permanence, students are indoctrinated, history is distorted, and difficy résponse to requests for funding for development of ‘adult science litel"acy.’.
in research practice are, as he says, ‘suppressed or evaded’. The world of op This does not mean that there is a conspiracy to keep most adults scienti-
criticism and free debate, so prized by Popper in his account of science. fically illiterate. For none is needed; by the hierarchical assumptions on ‘r(?al’
emphatically conspicuous by its absence in Kuhn’s picture of ‘normal scien science and its social location, there is simply no interesting problem to which
Small wonder that Popper described it as a ‘danger to science, and to our civ adult scientific literacy’ provides a solution. Science, in the sense of the
zation’, though tending reluctantly to agree with it as a description of scie institution enjoying official prestige and support, is the property of our power
education. . k ial élite, no less effectively so because the status is implicit and
Kuhn's account of the research process has been widely criticized; but.
one, to my knowledge, has argued that science education is Popperian, criti
and democratic, rather than Kuhnian, dogmatic and absolutist, Thete

and soc
unofficial. S '
I am far from being the first to recognize this situation. Whenever, in

modern times, there has been conflict and instability in relations between the
some final Honours examinations that include questions with the instruct different orders of society, science has been brought into the arena. The rather
‘critically evaluate’ a theory; but they are only a minority. In our scien abstract intellectual democracy proclaimed by the founders of modern science
teaching, we have a formal curriculum that generally purveys hard inconte was quite quickly given its limits in the world of real politics. The most famous
able facts; and a hidden curriculum that moulds students’ thinking into th instance of open conflict occurred here in England in the 1650s, when some of
ruling assumptions on what sorts of problems, solutions and even wayé\ the radical ‘Puritans’ demanded a democratic education in practical,
analysing problems are ‘truly scientific’. This seems to be as absolutist as Paracelsian, Christian natural philosophy for students at Oxford University.
doctrines imposed by ecclesiastical or political authorities in the past, In their reply, the future founders of the Royal Society made it very plain that
Well, you may say, there are some problems in realizing the critical spirit their job was to provide a finishing-school for the sons of the €élite; and thus the
science teaching. But this teaching, as well as research practice, is uniform an social location of the new science was explicitly and firmly settled. There
open to all; how could one possibly conceive it as hierarchical? Of course, were similar exchanges during the French Revolution; and the Lysenko
form and content of natural science is abstracted from all social consider episode in the Soviet Union can be understood, partly at least, in the same
tions. But the practice of science as a social institution cannot be so abstracte: light. | |
There are enough well-documented accounts of the history of sexism and All these earlier attempts at ‘science for the people’ were bound to fail,
racism in research communities that I need not labour the point here. Su because there were simply so very few people with sufficient literacy to
unfair practices are indeed regrettable, but is this ‘hierarchy’? No; these exa comprehend, let alone apply, science. These early failures were analogous to
ples were introduced merely to establish the point that even ‘pure’ science doe those of the campaigns in the political and social spheres, like free elections.,
not necessarily have a ‘pure’ social practice. abolition of slavery, trades unions, generalized civil liberties and equal civil
Hierarchy comes in more subtly, in the dominant assumptions of what i rights, which were quite Utopian when first proposed, but are now
‘real’ science, in what institutions and by what people it is done, and also how i _commonplace. Perhaps now, with the widespread diffusion of education' and
relates to the ‘less real’. This point does not require political radicals for i't; of political activity, the extension of science outside élite culture could in its
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turn cease to be Utopian. I'shall now discuss some examples that indicate ‘ reconceptions of what is really science. Modern ‘mainstream’ medicine
this may be starting to happen. . ;)u:nfs’ with considerable justification, to be based on science; and tradition-

I must make it clear that any significant change in the socia] charace kcﬁu it }’1ad adopted just the absolutist, hierarchical style that I have identified
science will depend on prior changes in many aspects of our social and cy . cience in general. While not always claiming infallibility for itself in its
lives, It is quite beyond my topic here to discuss how such changes coul - :s it has certainly demanded the exclusive power to decide what is real and
. . lcur'tir,nate in the healing arts, and what is not. In all this, its professed basis is
what might take root in the event of some general change in the socia] re] = ce: scientific knowledge as the foundation, and scientific method as the
of knowledge. But it is worthy of reflection that our society is one of those e

considered as ‘developed’, a static condition of perfection to which the res
humanity aspires, even though roughly a mere quarter of our adole
population finds it rewarding to remain studying beyond the date of fo
release. This is not to propose an even longer incarceration on the Ame
model; but to remind us how the skills of literacy and numeracy are
effectively the possession of a privileged minority, \

warrant for its claims, ‘
Hence, when a steadily increasing number of people defy the bans and

proscriptions on ‘alternative’ medicine, they are implicitly rejecting the
exclusive claims of mainstream medicine in some respect or oth_er: for them
either it is not truly scientific, or its idea of science is 1tsel'f det."ectlve. To some
extent the latter must be the case, especially when the patient 1nvest her or h}s
practical trust and tentative belief in a treatme‘nt whose theoretical basis is
utterly at variance with science as we know it, such as acupuncture or
thy. _
‘hozrfli:fr?atize medicine is a useful example for us ix} forming a perspective on
the evolution of science, for it forces us to think again about hoat we mean .by
;science’, in relation to the lives of people and also to its own essent%al
character. For brevity I want to consider another example at the opposite

Science as Experienced from Outside

many qulics' is in harmony with science as proclaimed by its official lea treme: campaigning by local groups en environmental issues that involves
and propagandists. Science is still portrayed as essentially ‘pure’ know] = intim.ate mixture of science and politics, This is what I mean by ‘activist’
when it is now predominantly ‘applied’ power; and science is still portraye - nce. In this case, the character of science is not challenged; but its public
thoroughly democratic when it has such str ong traces of absolutism Smenif«‘:;station as off’icial expertise is held up to sharp, critical scrutiny.

hierarchy. So long as such anomalies persist, science will not again enj m;uch groups, sometimes called NIMBY (Not In My Back Yard), are found
public prestige, and the necessary protection that it brings ' world-wide; as yet they have no formal unifying organization or ideology. But
vulnerable to sectarian attacks and to criticism and contempt, from e their campaigns, assisted by special-interest pressure groups, have already

quarter in society that has grounds for hostility to some aspect of it,
How can this change? Only by education; but this is to be understood i
widest sense. Obviously those now outside science will need help in develop
the skills and the clear understanding necessary for self-confidence, if scie
is to develop as an integral part of a democratic society. And we on the ins
can also benefit from education, perhaps getting some help in seeing oursel
as others see us, ;
Perhaps the beginning of such a re-education will have to be conducte
mainly outside the classrooms. At the start there must be groups of peop
acting on their own initiative, independent of, or perhaps even in opposit
to, established authorities; forging their own conceptions of scienc
knowledge and power, Then these can eventually be synthesized,
expressed in a form suitable for teaching. As a contribution towards
enhancement of our perspective on science, I would like to offer t
examples. These might be labelled ‘alternative’, ‘activist’ and ‘pract
science, respectively. : '
For the first, let me remind you about the state and significance
‘alternative medicine’, If you say, ‘but that's not science’, you are revea

caused important changes in the thinking of industry and government about
‘the environment’ and its proper care. In this country the movement s‘tarted
with the anti-motorway action groups of the 1960s and 1970s; and it is now
most visible with those opposing the storage of dangerous wastes in their
neighbourhoods, Up to now, the leadership has come from the USA, where
_traditions of strong local politics, of citizens’ initiatives, and of a helpful
judicial system have combined to enable the growth of movements of
_considerable strength and sophistication. .

Through their struggles they have come to their own awareness of what
~ science is, in the context of its employment in the control of technology. The
_ picture is not flattering, but it is important for us to comprehend it, as a
_symptom of the present difficulties of science, and of the way to their
_resolution, I shall summarize an article in the journal Everyone’s ‘Back .Yard,
published by the Citizens’ Clearinghouse for Hazardous Waste Inc., in the
issue of Winter 1986, It’s called ‘Lessons we’ve learned’; and there are four.
The ‘first is that ‘science and technical information alone will not solve
problems’, mainly because government agencies would rather.not know about
problems lest they be required to find the money to do something about them.
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Then that “There are only a few answers to the many scientific questi
by dump sites’, because science out in the raw, confronting dismob
degraded natural systems, is a totally different thing from scienr' k'
teaching or research laboratory. Third that ‘often scientists don’t af::le‘
they don’t know', lest they lose credibility; instead they ar l’?
‘acceptability’ of supposedly ‘small’ risks, Finally, it was a partiguf |
lesson for the author to learn that ‘scientists are not objective’ bu::'x}il r"
biases like anyone else. Perhaps in the old-fashioned lab, where’ scient'av
con.trol over their experiments and are insulated from the econ -
political consequences of their work, ‘objectivity’ is possible. But .
world of policy, where scientists encounter great uncertainties in the§u§
results and experience direct pressures from their employers, the -
exceptional strength to withstand the interests that are conce}n’(ed w:lthr
rather than either truth or welfare.
We should notice that this account, unlike some from the extrem
fringe, appreciates that scientists may mean well and do their best B
new problems of science in the environment, or policy-related resea;"c
scientists and science of those protections which had previously enabl
endeavour to seem ‘pure’ in so many ways. Now the innocence is lost, as
a vanished childhood; the question is whether, or rather how séienc
atta‘in a mature understanding of itself in its complex and contra,dictork
setting. It seems to me that to approach the members of the C
Clearinghouse for Hazardous Waste, or even the clients of alte:
fnedicine, with the standard proposals for more and better schoolteache
journalists would be somehow missing the point.
Perhaps the most important lesson of the preceding examples was one

perhaps in this discovery of the varieties of scientific experience, we can
find some clues to the eventual recasting of the social contract of science. The
first is that such ‘practical science’ (as distinct from the ‘popular science’
PurVCYEd from on high) is neither hierarchical nor absolute, It is mainly a
handbook literature, commercially successful where it is felt to be useful, and
embodying much disagreement between sources. This ‘science’ generally lacks
institutions for direction, quality control and adjudication of debates. Yet it
rvives and flourishes, as the background to the more self-conscious,

su
flectually demanding activities like alternative medicine or environmental

inte
ampaigning.
Second, there is an increasing continuity of content between such ‘practical’

materials and syllabuses everywhere outside universities. This is the result of
many pressures, not least the need to make science more attractive somehow,
50 as to keep up the numbers of students. At the same time, the media provide
_many discussions, at a good intellectual level, of the open-ended problems
raised by science, ranging from medical ethics to environmental protection.
These are used to good effect, again outside universities, to enliven science
¢teaching and ameliorate its Kuhnian dogmatism. Hence the separatioh
between science as taught more generally, and science as experienced by the
public, is far less extreme than the traditional university syllabuses would lead
us to believe.

. Third, in all this endeavour we witness creativity, and personal growth, in
spite of the absence of ‘discovery’ as defined in establishment science. It is all
oo easy for scientific discovery itself to become routine, and devoid of, or even
inimical to, creativity; such is a very common situation in ‘industrialized’
implicit aspect of them both. This is, that ‘science’ in each case m sc?eﬂtific res'earCh o avor "praCti.cal’ it o ere .Or'thOdOX
vomething eoite different from the activiey contred on original s€ n ‘ scu.ance stud1e(.1 as hobby or 'avocatlon’, lies a resqurce of creat1v1t.y and
- L ginal research, y hich could provide that élan, enthusiasm and commitment

we in the universities generally take for granted as defining real s,ci ,CI’IJOYment ieh sci ’ ’ i i i
Alternative medicine is, nearly by definition, not science; some would eve WlthO"lt “”h“':h T ° an'y e etant fun l('mg Surv“.,e' erecty e .Of th‘ls
it anti-science. Similarly, debates between hired or p:;rtisan experts 0 ipra.CUC‘al ized duen fom, o of ¢ fun'cnon’ o oo real}zed n
hazards of  rabbish cump may scem best kept guite distinet frofn . msntutlonah.zed education, that of "enabhr?g people. to con.tr.ol their own
on in the university lab. Yet such are examples of people’s e _personal environments and hence their own lives. In this sense it is profoundly
. B . . per
?xperlence of science. Other direct experiences might be in their jobs, w
science’ can make their tasks better, or worse, or perhaps even non-exis
alternatively, in their homes, where it appears as nutrition, gardening k
yourself, hobbies, first aid, advice on illness, counselling on medical pro,b‘
child psychology, marriage guidance, and so on. Of course hardly any o
‘practical science’ is ‘science’ as understood in the context of British unive:
Honours degree courses. However, some courses at polytechnics include
practical matters; and at American universities all sorts of ‘science’ ¢
found. Perhaps we in the universities have in some ways been living in an
tower,. not being reminded of the differences between our rather preci
esoteric conception of science, and that of the broad public on whose god
our survival ultimately depends.

democratic.

This large body of literature and practical skills, generally ignored in polite
discussions of ‘science’, offers some important lessons for us. It is not
hierarchical, nor absolute, and it is genuinely ‘enabling’, to use that term in its
new sense. Perhaps it is all the more interesting in that it was not designed that
_way, but just happened. These three sorts of science, the ‘alternative’, ‘activist’
and ‘practical’, are only roughly sketched examples. In one obvious sense they
are not ‘science’. But why not? They all involve investigations of Nature, for
human understanding and control; and that is as good a definition as any. Of
course, they are not disciplined research, and so they do not yield the sort of
knowledge as a social possession, that we ordinarily consider to be science. I
would only say this: perhaps our definitions are in need of revision, so that we
could overcome the barriers, social, cultural and intellectual, between our
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mainstream science, with its tendencies to hierarchy and absolutism, ap
other sorts of endeavour.

hierarchy and absolutism in science, and the diversity of perspectives and
activities in science, can provide materials for a discussion of the shape of a
new social contract for science.

Finally, let me briefly defend my style of argument, of offering examples
cather than advancing a theory and a plan. For some, this may well be
disappointing, as if I am shirking my duty to argue in a systematic, scientific
way about this important problem. As I have already indicated, this approach
seems to me to be coherent with my conception of any new social contract for
science, and of its means of achievement. For this I have an example from
recent personal experience, in the way that in the People’s Republic of China
the government and Party organize their discussions and activities towards the
creation of a new society. For them it is an accepted and public fact that they
are as yet ignorant of the character of their desired state, and of the means for
achieving it. They expect to make mistakes, and to need to retrace their steps
along the path. Such honesty, and the philosophical perspective underlying it,
can provide us with the occasion for useful reflection on the knowledge
achieved by science, now and in its possible new social contracts,

The Chinese also have a valuable perspective on themselves: they know that
their nation is poor, and that their culture has many deficiencies. I almost said
‘underdeveloped’, in contrast to our supposedly ‘developed’ state. Certainly
the rest of the world sees us as ‘developed’, essentially as having arrived and
with nowhere to go. Perhaps that illusion of perfection is at the root of some of
our present ills.

Suppose that we accept that our society is still very ‘underdeveloped’
culturally; and that the continued absolutist and hierarchical character of
science is one manifestation of our backward state. It is difficult to imagine
‘science of the people’ as things are now; any detailed scheme is necessarily
Utopian, and any practical initiative must be small scale and tentative. But
with such a realistic humility about ourselves, analogous to that of the Chinese,
we at least have a hope of proceeding forward with facts rather than fantasies.
This Chinese attitude is not a perennial, unchanging Oriental wisdom. Only
a few decades ago the leaders of China were sure that they had a science of
society which provided all the correct answers to their problems; and then they
lurched from crises to catastrophes. Their version of Marxism was, like so
many others of its time, both absolute and hierarchical, just like the image of
natural science on which it was modelled. Now, through all their very real,
passionate debates on extremely difficult problems, they know that free
discussion and diversified experimentation are their only security against
another disaster.

In the same spirit, I could remind us that the absolute, hierarchical
character of science under its old social contract has given us a very one-sided
sort of progress; and that the myopic, hubristic attitudes it has fostered among
scientists and experts have brought us to the very brink of ecological disaster. If
we are to think about a new conception of science appropriate to the future,

Conclusion and Perspective

Through all this I have preferred to cite examples rather than to ar
theories. This has had a double use; it has (I hope) made the matte
comprehensible and interesting; and it has also enabled the argurﬂ
proceed in spite of the rudimentary state of development of my theo
ideas. As I have said, this is only an invitation to explore a problem,

Hence, here I can be quite modest in my claims for these other fo
experience of science, including ‘alternative’, ‘activist’ and ‘practical’ s¢
I need not claim that these are a panacea for our problems of education
science. I doubt that they are. But they can serve as suggestive exam
resources, and of activities, whose mgmflcance has hitherto been insuffi
appreciated.

The main function of my examples is to remind us of the possible usefu
of diversity in any new social contract for science. Rather than a pyra
prestige, explicitly defining what is real and valid, and implicitly defi
what is not, we could enjoy a diversity of activities and experiences.
would have its appropriate institutions and images of science; and its
priate publics. Some would be very similar to those we have now, serving
or ‘industrial’ research; others (as we have seen) could relate to educa
leisure, health or politics. In society at large, both religion and p
survived the transition from hierarchy and absolutism to diversified,
democratic forms. Perhaps, some centuries later, science will'soon mana:
too. Such could be the basic idea of a ‘new social contract for science’,

Let me now recapitulate briefly. Over the previous centuries, s
enjoyed a ‘social contract’ whereby it obtained societal support and proteci
Until recently, its patrons were largely within the élite section of soc
though the image of science always and necessarily had a broader appe
these modern times, with its industrialization, science has been transfor
both as a social activity and in its social contract. This new state is not s
nor is it one in which science can easily flourish. The next change in the
contract may involve only some shuffling among the various state and
rate patrons and paymasters, accompanied by some putting out of more :
for science. Or we could engage on a really new look at science in society
sort of self-scrutiny that becomes possible when, and only when; complac
is shaken and the scientific community's leaders do not know who are
friends, if any,

In this unsettled and therefore potentially creative situation, we can It
again at science, and think again about its future. I hope that the perspec
I have offered, on the industrialized state of science, the present remnan
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anyone else’s. Otherwise, the sins of scientific pri
both as members of a scientific communityin a s
of a total civilization, which will live or die wit

h its science.

Science:

Orthodoxies, Critigues and
Alternatives

B s . Uni . -
ased on an invited pubhc lecture at the mvelsxty of Leeds March 1987' an e .

. f dltﬁ

ersion of that text was P ub hshed in the B ulletm afSczence, T eC‘WOIOgv and Socze;

Note Added in Proof

tragedies of June 1989 occurred. I have d
partly as a reminder of my own fallibility,
?he Chinese people, hoping that even no

ecided to leave the text unchangéd‘
and partly as a gesture of goodwill |

‘ . . b 1 1
W Drogress mis cont o1 The concept of ‘alternative science’ has been current for a very brief period,

about two decades at most; hence an historical survey of the movement lacks
the normal preconditions in prior scholarly productions and separation in
time. But, however recent, it is of great importance for any projection of the
shape of science in the future; and the period in which the idea was born, the
1960s, is definitely in the past. Also, a genuine history, rather than a mere
chronicle, is made possible by the essential feature of this movement: its roots
lie in the establishment of our sort of science in the seventeenth century. Its
ideology was then given a very clear expression, partly in programmatic terms
and partly in contrast to other conceptions of natural knowledge then
prevalent. The contradictions within that ideology, some latent and others
then capable of resolution, could subsequently, with the advance of science,
be suppressed or ignored. With the recent full maturing of science in its
organization, effectiveness and power, these contradictions have become
manifest. This explains the apparent paradox that in a period of the greatest
triumphs of science, its opponents became most strident and effective. Out of
the movement of criticism on all issues, new foci of practice and reflection have
come to exist and to find stable niches in society. These are what we call
‘alternatives’.

Early Contradictions and Their Resolution

The early vision of modern science was explicitly millenarian in Bacon; and
implicitly so (within the limits of their respective styles) in Galileo and
Descartes. From their writings, we may distil the prophetic message: that
through the study of an abstract aspect of nature, with a style of enquiry that
was alienated from its object but open to all persons, error would be banished,
ignorance abolished, and truths easily achieved that would be powerful,
beneficial and safe. Thus a straight and narrow path of enquiry into Nature
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was to be the gateway to the material and moral redemption of mankind
For analysing the contradictions in that programme, we may re Zn mq.
ter'm‘s of certain themes. That is, this style of science p;omisedythep rase‘lt '
gaining truth (and avoiding error) through discovery within SeCu""ity -
reality; its social practice was one of openness (to all participants aa dp alr tleula
resulte) ; to its external patrons it promised ideological z'nnon : . m'
teaehmgs and the practical beneficence of its powers in applicatiocenze &
an ideology; and it was an essential part of the endeavour, in t}?‘ S 1'1 thI'S:I
Revo.lution and for some three centuries afterwards. The aspect of tfl 'c(;enn
of science ‘that was later to become its greatest strength, securit e
weakest p01x}t in the early programme. Galileo’s attempt at ;1 scientige b
the ‘Copermcan system failed disastrously; Descartes’ general ph QTOOfO
ohvmusl.y speculative; and Bacon successfully induced very little ilzxdym:ls c
dl.d the initial protestations of innocence carry sufficient weight e -
with those Roman Catholic authorities who had cause for concerr,x P;Ltmlikfl‘l'
of oPenness were more successful, although (perhaps because of(; Cbal'm‘
restricted to the more polite orders of society. -
The problems of reality also solved themselves; although some of th ‘
earlier discoveries of modern science (such as those of Kepler, Gilb i gre?
Harvey) were made within the framework of ‘animated’ wor’ld-vieve; o
‘accelerat.lng secular change in common-sense consciousness soon mades’ thh:
alternatl.ve’. world-pictures implausible and obsolete. The progress ofsg?:
covery within the new paradigm, in the seventeenth century and be :
seemed to guarantee beyond doubt that this is the one and only secure e
the True. Although the practical beneficence of the new science took :?Y .
time to materialize, it seems that its public were generally prepared to tmlig:
that on trust.. Jonathan Swift’s portrait of addled natural philosophers ; :l:
corrupt ‘projectors’ of Laputa (in Gulliver’s Travels) was only part ofahl"
general denunciation of secularized eighteenth century high societ Thls
powers ef the new science also had a quality of innocence: with the deZiine ;
the magical arts, there were no longer secrets too powerful to be revealed Aoll
effects Yvere proportionable to their natural causes, and so the idea of scien e
producing real evil was nearly a logical impossibility, until our own times C

Early Challenges, Resolved and Unresolved

Thus did the ideology of modern science gain its form, and increase steadily in
strength through the eighteenth and nineteenth centuries. One of the ea)t’est
stre.ngths of that ideology was that it saw science as simple and absohgxie the
ahtlthesm to mere belief or to ‘ideology’ itself. The earliest conflicts invol,ving
science were easy victories. The perennial struggle about openness surfaced in
the French Revolution, with vain complaints that Lavoisier’s chemical nomen-
clature made a barrier against all those artisans who lacked the erudition to
master his classicisms. The issue of reality erupted with Naturphilosophie; and
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¢riumph of Darwinism was
separately inconclusive arguments;
audience that no other sort of explanation could be ‘scientific’.

w
Marx called his the ‘scientific’ socialism,

Utopian’ varieties.

along with Euclid’s geometry,
the world.

uncover obscurities and contradictions
destructive; they wished only to strengthen science against certain weaknesses
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wiﬂl its downfall, the hardest of world-views generally ruled supreme. The

due only in part to the overwhelming weight of his
equally it was the conviction of 'his

By the sort of double-think that is possible only within a well-established

ideology, science’s propagandists could continue to proclaim its innocence (as
the vehicle of simple truth)

majority of people
revealed through sacred texts. The beneficence of science was equally secure;
while the propagandists of industrialization lauded science as their own, those

while vigorously attacking what for the unlettered
was the foundation of their personal morality: religion

ho spoke for the suffering masses were equally determined to enlist it; thus
which would replace the futile

The security of scientific knowledge grew to the point of becoming a new

dogma. Those who debated such questions as the nature of ‘force’ in the

eighteenth century,
chemistry in the nineteenith century never doubted that there was a unique
true solution. Outsiders who criticized the foundations of a science, such as

Bishop Berkeley on the calculus, were
serious. Even the great ‘critical’ philosopher Kant took Newton’s mechanics,

or of infinity in projective geometry, or atomism in

dismissed as not possibly being really
as the necessary framework for our experience of

By the later nineteenth century some independent spirits were beginning to
at its base. Their intent was not at all

that had developed through its years of easy triumphs. But directly and

indirectly they prepared the groundwork for the revolutions, philosophical
and scientific, of the next century. Ernst Mach’s critical history of mechanics
(1883) showed that Newton’s idea of ‘force’ was confused and anthropo-
morphic, his ‘mass’ was incomprehensible, and ‘absolute space’ non-scientific.
Thus, for nearly two hundred years scientists had been living in an illusion of
security; their paradigm science could then be seen to be resting on very shaky
conceptual foundations. Similar developments afflicted mathematics. Non-
Euclidean geometries created a schism between “intuition’ and mathematical
truth; while a series of interrelated developments in theories of sets, of infinite
numbers and aggregates, and of logic, led to a full-blown ‘foundations crisis’ at
the century’s end. v

Within the space of a very few years, Albert Einstein made
would soon revolutionize the foundations of the world-picture of physics, and
also of scientific truth; hence this greatest triumph of discovery would.fatally
weaken the traditional security of science. The combination of his theoretical
work with that of the revolutionary ‘atomic physics’ eventually led to the
atomic bomb, which shattered the beneficence of science as well,

The first philosopher to appreciate the full significance of Einstein was
Popper; with his ‘falsificationism’ he jettisoned the True of science to save the
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Good, as realized through the intellectual integrity of the

who in 1919 dared the world to rove him 1975) showed that for every principle of method or even of intellectual
p wrong (Poppe y

integrity, there was a violation committed by some great scientist, usually.
Galileo. Although his professed message was ‘playful anarchism’ he formed the
link between epistemology and radical activism. He had been in Berkeley in
the late 1960s, experienced cultural imperalism in the classrooms and also
benefited from ‘alternative medicine’. Thenceforth, for him science was a

the time Popper came i i
nto prominence, his messa ;

. ’ e fo . . .
obsolescent. The revolution within philosophy of phgsics rfscifnce w white, male, middle-class racket, protecting itself by a dogmatic orthodoxy as
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given way to a revolution of c . intolerant as any other in history.

. . . ons ; . . .
€xperiences, in which the old ideology of science was a prin CZIO‘;S e ; Although Feyerabend was in a small minority among philosophers of
cipal object science, his message of denial of the beneficence of science had already been

rejection and contempt,
expounded on many fronts. Ecological consciousness among the reading

public was created suddenly with Rachel Carson’s Silent Spring (1963); and
within a remarkably few years, the American government had environmental
legislation drafted and enacted. More radical ecological messages came from
Paul Ehrlich, with his Population Bomb (1968), and Barry Commoner, with

The Radical Critique of the 1960s

Although the millenari irati
narian aspirations of i 1ot . " ~
experience, are now reduced t(f) an object ofthhiztolr?ffls,tlg politics and Science and Survival (1966), who blamed post-war high-technology
changes achieved then should not be underestiunatedS o the pErm‘ane consumerism rather than just people. Most radical of all was the
native’, including science, is a mark of these. The. condit . ‘  communalist—Christian Ivan Illich, in his broadside attacks on all the
ons for th ~ _ ipstitutions of Western science-based intellectual culture; these included
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experiences ranging over idealisti iti ;

aesthetic experience, and altered staief Stl"l(t:frj’scico(zlr:lrxlzumlﬂ hfle‘s't)’les, e ~ Beautiful (1973) but founded on his ‘Buddhist economics’ conception of the

this ‘counter-culture’ was full of contradictions. Its d :3 tn relation to science ~ meaning of work and ultimately on his own private religious experience,

utilize all its benefits, incly ding the stanc{ard eqzie:z:zumf cheerful] f ‘ With the beneficence of science falling into disrepute, its innocence could

consumerism, high-technology music and synthetic minIc)l expa (21. Rost » __ not be far behind. It was in the public record that with the A-bomb, science

Yet on the ideological plane science was a prime focus for theirp a:ltaulig dr\;gs: . ; had tasted sin, and that with the H-bomb it had found it sweet. The evil and
£ insanity of nuclear ‘deterrence’ were appreciated by only an eccentric few until

contradictions in the ideology of scie ' . - ‘
- e had been latent through th M the Cuba crisis of 1963; thenceforth this greatest production of the scholars
brought back visions of the sorcerer’s apprentice, and worse. The complicity of
American science in some of the most reprehensible dirty tricks of the dirty
the standard ‘accumulationist’ vision of science, T.S. Kuh d ~ ﬂ Vietnam War was signalled by dissident students and researchers, culminating
epochal Structure of Scientific Revolutions (196’2) Th " pro ucee I:XIS J in a one-day research strike at MIT itself. And even within the world of ‘pure
perhaps because of its confusions, ambiguities a.nd o was so lnﬂuent‘xal _science’, the image of the slightly eccentric other-worldly searcher of old-
rofttes. Its, effeclve ’4 fashioned academic science gave way, in the age of industrialized science, to

‘Professor Grant Swinger’ (immortalized by Dan Greenberg in Science
magazine) (1969), and the real-life swashbuckling opportunist Jim Watson.

digms, and anti-rati
) -rational combats between i in di
o paradigms, In vain did Pooper

pr?tfst that Kuhn's ‘normal [sic] science’ is a menace to civilization: pper Some fifteen years after the great event, Watson cheerfully revealed the

vainly did Lakatos try to blend P ian i i : v lid si f his Nobel pri inni hi 1968). Furth
opperian idealism with Kuhnian realism in ki , squalid side of his Nobel prize-winning achievement (1968). Further,

n hi ~ : L A
methodology of scientific research programmes’ (Lakatos and Musgrave problems of quality control, with the implication that many scientists will not
1970). The security of science was lost, irretrievably, for some generati(g):ls to A or cannot do work of adequate quality, have intruded into the governing of
' sclence in an age of restricted support; and there has been no shortage of cases

come,
of flagrant, even flamboyant, fraud and plagiarism in prestigious fields and

institutions.
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T hiS IOSS of il’anCC
nce also affected schol I i
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human .aCCIV‘lty. Up t'O the 19605, hlStOI’lanS of science, as led by such a S‘a‘ r
and SOClOlOg‘lStS of science, as led by such as Merton were at on Wi h . :
td e lt

public, which is practically impossible. Worse, the awareness of technologies
that are ‘unforgiving’ or ‘brittle’ spread more quickly among protestors and
critical scientists than among designers and expert-apologists. Finally, the
prevalence of very ordinary weaknesses of morale and discipline among
managers and operatives in extraordinarily sensitive and dangerous instal-
lations deprived such enterprises of all credibility among their critically
concerned publics.
Environmental politics also punctured another element of the old faith of
science, that of its openness. For in such struggles, only a part of the relevant
information is ‘public knowledge’, produced by academic scientists whose
rewards are derived through the conventions of citation by others. Crucial
information will be ‘corporate know-how': data on processes or pollutions
which are the property of institutions, private or state. In this sort of con-
tested science, the art is to provide non-information, dis-information, mis-
information, anything but the real thing, to those standing in the way of this
particular manifestation of progress. Even within the traditional university
research sector, the ‘open society’ of science is in retreat, as more funding for
research comes in contracts rather than in grants and (as in fields like
biotechnology) scientists become inventors and entrepreneurs as well as dis-
coverers. Other aspects of the traditional openness of science have also failed
the test of critical scrutiny. Entry or advancement has been no more immune
to the effects of prejudices based on class, race or sex than in other fields of
human endeavour. Even if such regrettable practices are now less tolerated
than in the past, their becoming known represents a change in the public
image, the self-image and the ideology of science. These are themselves as real,
and as important for the activity, as the social practices that they reflect.
» in previous generations the . Reality itself came up for effective questioning in the 1960s, for the first time
_in several centuries. This was not then in the form of a competing research
programme, or paradigm, for mainstream science itself. Rather, altered states
of consciousness, made possible on a mass scale by the achievements of modern
chemical science, were invoked in a challenge to the billiard-ball universe that
constitutes the metaphysical orthodoxy of science. This formed the basis for a
wide-ranging critique of the supposed inhumanity and corruption of the
modern scientific enterprise, in the name of Roszak’s ‘counter-culture’ (1969).
In such an intellectual environment, venerable pseudo-sciences moved in from
the margins of respectability, to capture the interest and commitment of even
the best-educated young people.

Thus, in that decade of the 1960s, many aspects of science that were
previously unquestionable were subjected to criticism, on a large scale, in
public, and to some extent from within the community that supplies science
with its recruits and with its principal audience and social support. One
decade of convulsions in the realm of ideas is far from sufficient to effect a
rapid radical change in the large-scale social enterprise to which they relate.
But in spite of the subsiding of the ferment of the 1960s, many of the ideas that
achieved plausibility and power then have survived, maintaining a stable
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existence on tlle Irlalgirls; some remote . but some qulte C]OSe, to
mainst p y
ns i i
Xea.m Of the contemporar SCIentlflC teCIllllcal enterprlse :

Some Effective ‘Alternative’ Approcaches

Even i i
fven iiurtl:grets}:;‘dl;)GOS, tk.lere was a variety of positive, practical initiatives
g particular problems revealed in the .
These took permanent shape during the following decad lgenera} -
movements Fhat appeared quite suddenly at the end of t}i; ?leocngiw“h e
gsuc'h as radl'cal feminism); and now there is a goodly spread 0? : (‘t))f fermem
‘mstltutlo.nahzed activities that in one way or anothe e
alternative’. Tk
The Ie:ast in:l;.)act on science has been made by the more traditional social
or Marxist, critique. To see how the ‘development of the means of . Sc(; °1a¥18t,,
can be systematically evil (as in warfare and pollution) requires i o
not t(? be found in the Marxist canon; and the continued f a'lp'erspecuve
established socialist societies to provide an example of success in e o
not .but weaken the force of the Marxist critique of capitalist ss(:'ence e
qu.amtly xnlamed ‘British Society for Social Responsibility in Sci len’ce. 'I?he V
quite rapidly transformed itself from a club of left-of-centre acegce i -
ginger-group of young radicals, settled down to providing a valuazll)l e
theffiel.d of occupational hazards, and also in providing a baseef:)irvme .
E;c;;:ﬁ;l;lz Il);:ttl(:f:tl::)i Sth; Lr;cto}inpetence and corruption of their estab}I’i(;rlzg .
. €re never ‘
effective organized constituency, in any aﬁpi;?‘;:o:;sst: a:re}’li:}rl e::::lhan
xs:lf;?sel;th ir;}elcVe;::rli{)}; ablgft)ﬁael:c)’:;(l;e contradiction of a movement for th:
‘ . rs was never resolved. The mo
alternative technology’ did not fare much better in t f Vem'ent -
successful designs. Windmills and methane digesters : rn;(si : rec'ru'lts a'nd
modern industrial systems; and industria ——
polluting, humane and profitable have blegflogﬁj:i‘tzt:lj:l‘;erfczsj .
By.contrast, the issue of ‘the environment’ has found a broe;d and stabl
constituency, though not as yet a single mass institutional base. The i . i«
well e).(pressed by American acronyms: NIMBY (Not In My Back 'Yarde) ISS: .
Zﬁgosmg 1fULUs (Locally I‘Jnv.wanted Land Uses). These have all the stregnrgthI;s
?vea nesses, of special-interest activist movements. For them h,
:er(;e.flcenc'e and openness of science are in discredit; as wel'l as the inno,certxc:
Tx; ' ;n(tlz%?;y Zf util; (;(}r;t)}(l)g\rte; t‘::::;rﬁs’% wher.:ei thTir local interests are affected.
. rom ideologically committed national
Ic)li:s;;;eg }%gz;lepsf,oiucl:?a::ri:end‘s/v of the f)arth, or (in the USA) the Citizens'
us Wastes, Inc, i i i
struggles is a new sort of ‘scientific discovery’: tﬁ:t sts:sienrfel:tligigze?urm lt'hmr
usually TV, that exposes the callous inhumanity of selecteci] cona s
offenders and the impotence or complicity of state regulatory a\genciersporate
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Local ‘environmental’ campaigns are symbiotic with a militant ‘ecological’
movement, which interprets high-technology catastrophes (recently, Bhopal,
Challenger, Chernobyl, the Rhine poisoning) as symptoms of a deep sickness
in the style and values of modern science-based civilization. Through
magazines (such as The Ecologist) and activist groups (such as Greenpeace)
they drive home the message of the corruption of established science, be it on
the whales, civil nuclear power, or the tropical rainforests. Their positive
programme calls for a transformation of life-styles and values, along the lines
of mystical—communitarian prophets such as Gandhi and Schumacher. Asyet
they have an effective political base only in West Germany; but unless the
problems they address are either resolved or are overwhelmed by much worse
ones, they will not go away.

In response to the ecologists’ political challenge, a cynical analysis is that
there are no votes in sewage. But there are votes in the home, where children,
growing or as yet unborn, are exposed to insidious hazards. Through such
jssues, women’s movements escape the contradictions inherent in their
standard complaints about science: is it bad because it discriminates against
women, or is it the sort of sexist, soulless grind that no sensitive person would
want to go into anyway? ‘Housewives’ epidemiology’ uses disciplined methods,
sometimes quite inventive, to supplement and expose official statistics that
show ‘no evidence of harm’ from suspected pollutants. Although on a relatively
small scale as yet (after the first flush of enthusiasm in the 1970s) women'’s ‘self-
health’ groups constitute 2 radical alternative to prevailing medical ideas
about what is significant, and what is ‘normal’, in the functions and problems
of women's- bodies. In that sense, they are unavoidably political; and to the

extent that they make the subjective feeling of being a woman into a self-aware
and shared experience, they plant the seeds for a demystification of male-
dominated knowledge and ways of knowing, of which modern science is the
paradigm case.

The success of ‘alternative’ approaches is perhaps best seen in medicine.

Largely through the triumphs of bacteriological medicine (perhaps owing:
more than is generally admitted to soap, SCWETS and window-screens), the
classic infectious diseases of temperative climates have been brought under
control. Now health hazards are known to relate as much to life-style as to
‘germs’. The legendary ancient Chinese principle of paying a doctor to keep
one healthy is reflected in the American Health Maintenance Organizations.
Psychogenic disease, forgotten for some centuries, has become respectable
again. Different approaches to healing, until very recently dismissed and
denounced as the province of charlatans and quacks, are now given grudging
respect for their accomplishments if not for their theories; such are
homeopathy, herbalism, chiropractic and acupuncture. This last, involving
the manipulation of chi energy, may be a meeting-point for orthodox and
alternatives, as for East’and West. Practitioners and researchers, in China and
elsewhere, apply a scientific approach to the study of ch, and let the two styles
complement each other in a single course of therapy.
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All such developments are still on the margins of regular medi .
and as marginal activities they are conducted in a very diffe edical practice;
They are more ‘ope.n’. not only in the sense of presentinyg few;eg; rso_clal‘style”.f
form of lengthy training, but also in exhibiting none of the excl rriers in the
the ‘medical sects’ of earlier times employed to maintain thuﬁlveness thate
prestige. The openness extends to varieties of the healing art thelr Shr?ds of
native’ in the extreme; indeed some which in England had b at are ‘alter-
witchcraft untq the 1950s. Healing by laying on of hands wiet(}iln clas§ed as
contact, and' with or without theories of orthodox religion ,or of or wlthm’xt“
spirituality, is now regularly administered by some thousands of unorthod.:)'X
of course p0551b1e that their achievements will follow on those of p;:‘fSOIxs. ,It.xs“
being explained within a slightly enriched scientific world-pictare. Bt il

meantime, such a practice constitutes a challenge to the realit .d lfl"t e
the prophets of the scientific revolution, and accepted unquestioi' = a
world of scic?nf:e ever since. It is all the more effective for b:;-lgl)’ in Fhe
npon-antagonistic, an.d outwardly consistent with any life-style omg Qu}e:
treatment. Its practitioners and clients need not think of the b nlledlcal
metaphysical revo}utionaries; individually, they believe themselvems.e ves as
be giving and receiving help. It is thereby less vulnerable to bein, OS SllmPly to
the one hand, or to being commercialized or co-opted on the otger-u;awe(.l on
its cultural cc?n.text it is likely that its adherents will need to learn all' E o
that even ‘spirituality’ can be as materialistic as any other attach over again
With this la.st activity we have come a long way from what Iinent_.
accepted as ‘science’ in any sense of the term, But the challenge rasiscgrl:ently

‘alternative’ approaches is that the prevalent idea of science is itself ] )Zithe

of history. In that history, coinciding with the course of modern ; product

civilization, the original contradictions, so long latent under all the e

have now matured and become manifest. What sorts of interactions :\1'1 CCCSS(;SV,’

develop between orthodox science, its critics, and its alternative a g

will be for future historians to study. But we can be sure th pproaches,

orthodoxy will never be the same as in its triumphalist hat any new
middle of our own. P centuries up to the

'éhlé ::s:;); fttoll;e I;;ublished in 4 Companion to the History of Science (eds
. al.), Routledge, London, in 1 ission
G i it bl n 1989. I am grateful to them for permission
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Towards a Critical Science

We can now permit ourselves some final speculations on possible trends in the
future of the natural sciénces. The process of industrialization is irreversible:
and the innocence of academic science cannot be regained. The resoliition oi‘
the social problems of science created by its industrialization will depend very
strongly on the particular circumstances and traditions of each field in each
nation. Where morale and effective leadership can be maintained under the
new conditions, we may see entire fields adjusting successfully to them; and
producing work which is both worthwhile as science and useful as a contri-
bution to technology. Recruits to this sort of science will see it as a career only
marginally different from any other open to them; and it is not impossible for
men of ability and integrity to rise to leadership in such an environment. This
thoroughly industrialized science will necessarily become the major part of the
scientific enterprise, sharing resources with a few high-prestige fields of
‘undirected’ research, and allowing some crumbs for the remnants of small-
scale individual research. A frank recognition of this situation will help in the
solution of the problems of decision and control, Since the criteria of assess-
ment of quality will be heavily biased towards possible technical functions of
results, they will thereby be more easily applied, and less subject to abuse, than
those which are based on the imponderable ‘internal’ components of value.
Thus, provided that the crises in recruitment and morale do not lead to the
degeneration and corruption of whole fields, we can expect the emergence of a
stable, thoroughly industrialized natural science, responsible to society at
large through its contribution to the solution of the technical problems set by
industry and the state. Scientists, and their leaders and institutions, will be
‘tame’: accepting their dependence and their responsibilities, they will be
unlikely to engage in, or encourage, public criticisms of the policies of those
institutions that support their research and employ their graduates. Such a
policy of prudence is not necessarily corruption; whether it becomes so will
depend on many subtle factors in the self-consciousness of this new sort of
science, and the claims made to its audiences. But not all the members of any
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group are easily tamed, and the emergence of a ‘critical science’, as a self-
conscious and coherent force, is one of the most significant and hopeful
developments of the present period.

There have always been natural scientists concerned with the sufferings of
humanity; but with very few exceptions they have faced the alternatives of
doing irrelevant academic research to gain the leisure and freedom for their
social campaigns, or doing applied research which could benefit humanity
only if it first produced profits for their industrial employer. The results of
pharmaceutical research must pass through the cash nexus of that industry
before being applied, and that process may on occasion be an unsavoury one.
Only in the fields related to ‘social medicine’ could genuine scientific research
make a direct contribution to the solution of practical problems, of protecting
the health and welfare of an otherwise defenceless public. Now, however, the
threats to human welfare and survival made by the runaway technology of the
present provide opportunities for such beneficial research in a wide range of
fields; and the problems there are at least as difficult and challenging as any in
academic science, These new problems do more than provide opportunities for
scientific research with humanitarian functions. The response to this peril is
rapidly creating a new sort of science: critical science. Instead of isolated indi-
viduals sacrificing their leisure and interrupting their regular research for
engagement in practical problems, we now see the emergence of scientific
schools of a new sort. In them, collaborative research of the highest quality is
done, as part of practical projects involving the discovery, analysis and criti-
cism of the different sorts of damage inflicted on man and nature by runaway
technology, followed by their public exposure and campaigns for their
abolition, The honour of creating the first school of ‘critical science’ belongs to
Professor Barry Commoner and his colleagues at Washington University, St
Louis, together with the Committee for Environmental Information, which
publishes Environment.

The problem-situations which critical science investigates are not neces-
sarily the result of deliberate attempts to poison the environment. But they
result from practices whose correction will involve inconvenience and money
cost; and the interests involved may be those of powerful groups of firms, or
agencies of the state itself. The work of scientific enquiry is largely futile unless
it is followed up by exposure and campaigning; and hence critical science is
inevitably and essentially political. Its style of politics is not that of the modern
mass movements or even that of ‘pressure groups’ representing a particular
constituency with a distinct set of interests; it is more like the politics of the
Enlightenment, where a small minority uses reason, argument, and a mixture
of political tactics to arouse a public concern on matters of human welfare.
The opponents of critical science will usually be bureaucratic institutions
which try to remain faceless, pushing their tame experts, and hired advocates
and image-projectors, into the line of battle; although occasionally a very
distinguished man is exposed as more irresponsible than he would care to
admit.
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In the struggles for the exposure and correction of practices damaging to
humanity and the environment, the role of the state is ambiguous. On the one
hand, every modern government is committed in principle to the protection of
the health of its people and the conservation of its natural resources. But many
of the agencies committing the worst outrages are state institutions, especially
the military; and in any event the powerful interests which derive profit or
convenience from polluting and degrading the environment have more
political and economic power than a scattering of ‘conservationists’, I¢
sometimes occurs that two state agencies will be on opposite sides of an envi.
ronmental struggle; but the natural tendency of regulatory agencies to come
under the control of those they are supposed to regulate can make such a
struggle a one-sided affair,

The presence of an effective critical science is naturally an embarrassment
to the leadership of the responsible, industrialized, tame scientific estab:
lishment. Their natural (and sincere) reaction is to accuse the critics of being
negative and irresponsible; and their defensive slogan is along the lines of
‘technology creates problems, which technology can solve’. This is not strictly
true in all cases, since nothing will solve the problems of the children already
killed or deformed by radioactive fall-out or by the drug thalidomide.
Moreover, this claim carries the implication that ‘technology’ is an auto-
nomous and self-correcting process. This is patent nonsense. We have already
seen that a new device is produced and diffused only if it performs certain
functions whereby human purposes can be served; and if the intended bene-
ficiaries do not appreciate its use, or if those injured by its working can stop it,
the device will be stillborn. The distortions of technological development arise
when the only effective ‘purposes’ in the situation are those of the people who
believe themselves to derive pure benefit from the innovation. On the self:
correcting tendency of technology, one might argue that no large and respon-
sible institution would continue harmful practices once they had been recog-
nized; but this generalization is analogous to the traditional denial of the
cruelty of slavery, along the lines that no sensible man would maltreat such
valuable pieces of property. And the history of the struggles for public health
and against pollution, from their inception to the present, shows that the
guilty institutions and groups of people will usually fight by every means avail-
able to prevent their immediate interests being sacrificed to some unproven
public benefit. If the campaigns waged by critical science come to touch on
some issue central to the convenience of the state or other very powerful institu:
tions, we may yet experience a polarization of the community of natural
science, along the same lines as occurred on the Vietnam issue in some of the
human sciences in America. In such a situation, it will not be possible for a
leader of science to be both honest and tame; and if an establishment within
science chooses to serve its paymasters rather than truth, it will be recognizably
corrupt.

Such extreme situations may be a long time in developing, if for nothing else
than that critical science is still in its infancy. As it develops, it will be at risk of

314

Towards a Critical Sclence

encountering many pitfalls, partly those characteristic of immature sciences
applied to practical problems, and partly those of radical and reforming poli-
tical movements. Perhaps the most obvious will be an accretion of cranks and
congenital rebels, whose reforming zeal is not matched by their scientific skill,
But there are others, arising from the contradictory relations between critical
science and the relevant established institutions of society. As true intellectuals
rather than a technical intelligentsia, individual members may find some
sinecures within the interstices of bureaucratized intellectual systems; but
there will need to be some institutions providing a home for the nucleus of each
school, and external sources of funds for research. Hence, especially as critical
science grows in size and influence and society becomes more sophisticated
about the problems of runaway technology, some accommodation between the
critics and the criticized will inevitably develop. We can even expect to see
critical research being supported, critical slogans being echoed, and leaders of
critical science being rewarded by institutions whose basic destructive policies
still are unchanged. Such phenomena have already occurred in the USA, in
the politics of race; and on this issue, where the interests concerned are mainly
major institutions which can hire talented and enlightened experts at will, it is
even more likely. The movement of critical science would then face the pitfalls
of corruption as soon as, or even before, it had skirted those of impotence. But
this is only a natural process, characteristic of all radical movements. It is easy
to maintain one’s integrity when one’s words and actions are ineffective; but a
long period of this can produce a sectarian or a crank. If one begins to achieve
power, and one’s policies affect the interests of many others, one must decide
where one’s responsibility lies. If it is to the ideal alone, then one is set on a
course towards tyranny, until overthrown by the host of enemies one has raised
up. And if one accepts responsibility for the maintenance of a general welfare,
including that of one’s opponents, one is on the path to corruption and
impotence. This may seem a gloomy prognosis: but a society which does not
present such hazards to radical movements of every sort is not likely to retain its
stability; and a radical movement which cannot resolve such contradictions
does not deserve to succeed. I see no reason why critical science should be less
exposed to them than to any other reforming movement.

A cautionary tale that should be read by all who are embarking on political
activism based on ‘critical science’ is the play by Ibsen, The Enemy of the
People. Superficially, it is about an honest doctor who is hated by the corrupt
forces of his town for his determination to expose the scandal of polluted
waters being used in the town’s profitable baths, as a result of economies in
their construction. But on closer reading, it can be seen that Dr Stockmann’s
misfortunes were also due to his own naivety and egoism. I found it significant
that in his own version of the play (Viking Press, New York, 1951) Arthur
Miller strengthened its ‘progressive’ message by transposing the passage where
the town meeting declares Dr Stockmann to be ‘an enemy of the people’. In
Miller's version it comes at the very beginning of the meeting, before he has
spoken; in the original it comes after the Doctor’s harangue, concluding with

315



Towards a Critical Science

‘Let the whole country perish, let all these people be exterminated’. It is true
that he had been goaded by implacable enemies and false friends until he
reached this extreme position; but the reaction of the town in the original
version is then not a simple case of McCarthyism. After studying the play with
a class at Harvard, where this modification was discovered, I was struck by the
idea that a worthwhile sequel could be written, entitled ‘The People’s Friend’,
in which the entrenched forces, if only a bit less stupid and venal than in the
original, could corrupt the good Doctor without difficulty. I recall being told
later that scientific tests of the sort that convinced Dr Stockmann of the
pollution of the baths are themselves far from conclusive.

We can expect, then, that the future political history of critical science will
be as complex and perhaps as tortured as that of any successful radical and
reforming movement. But if it does survive the pitfalls of maturation, and so
contributes to the survival of our species, it can also make a very important
contribution to the development of science itself. For if the style of critical
science, imposed by the very nature of its problems, becomes incorporated into
a coherent philosophy of science, it will provide the basis for a transformation
of scientific inquiry as deep as that which occurred in early modern Europe,
The problems, the methods and the objects of inquiry of a matured and
coherent critical science will be very different from those of academic science
or technology as they have developed up to now; and together they can provide
a practical foundation for a new conception of humanity in its relations with
itself and the rest of nature.

The work of inquiry in critical science involves an awareness of craft skills at
all levels, and the conscious effort of mastering new skills. The data are
obtained in a great variety of ways, from the laboratory, from the field, and
from searching through a varied literature, not all of it in the public domain.
Much of it lacks soundness, and all of it requires sophisticated and imaginative
treatment before it can function as information. Indeed, since the problem-
situations are presented in the environment, and much of the crucial data
must be produced under controlled conditions in the laboratory, work in
critical science may overcome the dichotomy between field-work and lab-work
which has developed in science, even in the biological fields, over the past
century. In the later phases of investigations of problems, the same challenges
of variety and novelty will always be present. The establishment of the strength
and fit of each particular piece of evidence is a problem in itself; and the
objects of inquiry (including the measures of various effects and processes; as
well as conventional standards of acceptability in practice) are so patently
artificial that there should be little danger of critical scientists’ being encased
in them as a world of common sense. The establishment of effective criteria of
adequacy for solved problems is possible, for the work will frequently be an
extension and combination of established fields to new problems, and so
critical science can hopefully escape the worst perils of immaturity. Also, any
critical publication is bound to be scrutinized severely by experts on the other
side, so high standards of quality are required because of the political context

316

Towards a Critical Sclence

of the work. Indeed, a completely solved problem in critical science is more
demanding than in either pure science or technology. In the former, it is
usually sufficient to obtain a conclusion about those properties of the artificial
objects of inquiry which can be derived from data obtained in the controlled
conditions of experiment; in the latter it is sufficient for an artificial device to
perform its functions without undue disturbance by its natural environment;
while here the complex webs of causation between and within the artificial and
natural systems must be understood sufficiently so that their harmony can be
maintained.

The social aspects of inquiry in critical science are also conducive to the
maintenance of its health and vitality, at least until such times as the response
to its challenge becomes over-sophisticated. The ultimate purpose which
governs the work is the protection of the welfare of humanity as a part of
nature; and this is neither remote, nor vulgar, Critical science cannot be a
permanent home for careerists and entrepreneurs of the ordinary sort;
although it may well use the services of bright young people intending even-
tually to serve as enlightened experts. Those who want safe, routine work for
the achievement of eminence by accumulation will not find its atmosphere
congenial; its inquiries are set by a succession of problem-situations, each
presenting new challenges and difficulties. Hence although critical science will
doubtless experience its periods of turbulence, both political and scientific, it
is well protected from stagnation and from the sort of creeping corruption that
can easily come to afflict industrialized science.

Finally, the objects of inquiry of critical science will inevitably become
different from those of traditional pure science or technology, for here the
relation of the scientist to the external world is so fundamentally different. In
traditional pure mathematical—experimental natural science, the external
world is a passive object to be analysed, and only the more simple and abstract
properties of the things and events are capable of study. In technology, the
reactions of the uncontrolled real world on a constructed device must be taken
into account, but only as perturbations of an ideal system; the task is to mani-
pulate it or to shield the device from its effects. But when the probler is to
achieve a harmonious interaction between man and nature, the real world
must be treated with respect: both as a complex and subtle system in its own
right, and as a heritage of which we are temporary stewards for future gener-
ations. Hence, even though studies of our interaction with the environment
will necessarily use all the intellectually constructed apparatus of disciplined
inquiry, their status and their content will inevitably be modified. They will be
more easily recognized as imperfect tools, with which we attempt to live in
harmony with the real world around us; and although this attitude may seem
conducive to scepticism, it will be the healthy one which recognizes that
genuine knowledge arises from lengthy social experience, and that such know-
ledge depends for its existence on the continued survival of our civilization.
The objects of enquiry themselves will include final causes among their

essential attributes, not mmerely the limited functions appropriate to
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tech{lology, but also the judgements of fitness and success already developed i

classical biology and ecology. All this is work for the future; b;.lt ilf)i .
successful, the opposition between scientific knowledge and hum’an conc i
challracteristic of the sciences derived from the dehumanized na:ms,
philosophy of the seventeenth century, will be overcome. -

Postscript, nearly two decades on: When I first wrote the above section; I knew
. L 3 . » » ?
and said that critical science was in its infancy; and the institutions where it

was fostered were, and would be, scattered and vulnerable. There is still no

settled institutional form, nor a large organization, created around thi
concept. Whether the eventual transformation of science, should it oce .
explicitly takes this form, is of little concern to me. In my more recent essa uri
hane concentrated on various aspects of what needs to be done, rather tgs
cz?l]mg for a particular form of campaign. This is because I belic’:ve that whan
will come cannot be hurried, and I would rather devote‘my energies to und .
standing what is to come, than spending them on a special-interest advoca:r&
If I were to revise the above text significantly, it would be in connection wity};
a remark about industrialized science, near the beginning of the section
Thefe I mentioned crises in recruitment and morale as a contingency that wa;
oquxde my analysis; and now I believe that these will need to be confronted
quite directly by anyone who is concerned for the health and indeed the
survival of industrialized science in our part of the world. I sense that over the
next two decades the triumphalist ideology of science, with which I grew u
and which in its philosophical and political expressions provided me with I:Z
great intellectual challenge, may pass into oblivion. What will happen to
technology, to education, to the conduct of research in other disciplines, and
other learned activities that have taken science for their model is far be’yond
thle scope of this comment. But we may expect that then the blanketin
scientific orthodoxy of the present will have become enfeebled and constedg'
and for a generation who have grown up with Greenpeace as we grew up wit};
the Bo.mb, the world-view of critical science may become a commonplace. Its
own divergent and contradictory tendencies will then have full play; and'the
challenges presented by critical science to the established order’ will be
pr.eseflted explicitly and reacted to as such; until eventually a new equilibrium
Wlt'h its new latent contradictions, may be achieved. All this is speculation,
.whlch may yet mock me when I read it later; but my account would bé
incomplete without this personal glimpse into an unknowable future.

Adapted from the Conclusion of Scientific Knowledge and Its Social Problems
Oxford University Press, 1971. ,
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Epilogue:

Science and Charity

In the study of the history of science, we are no longer embarrassed by the
presence of styles of work that are very different from the one defined by the
‘disenchantment and dehumanization’ of Nature, which has been dominant
since the Scientific Revolution of the seventeenth century. Among all the
varied currents in the endeavour to understand and control the natural world,
we can identify an alternative philosophy that has provided a vehicle for a
politically radical folk-science that challenges the dominant, bureaucratized
science of its time. In this tradition, the study of nature is explicitly seen as a
social and also spiritual act; one dialogues rather than analyses; and there is no
protective cover of beliefin the ‘neutrality’ or ‘objectivity’ of one’s work. Such a
philosophy of nature becomes articulated and advanced, as part of a general
reaction against the formal, dry style that pervades the official version of the
activity. There is an analogous tendency in religion, and indeed the two some-
times interact. Looking back into history, we can find an affinity of doctrine or
style, and sometimes a linking tradition, as far back as the Taoists of ancient
China, through St Francis of Assisi, to Paracelsus, William Blake and the
‘counter-culture’ prophets of the 1960s.

Not every one of these figures would claim to be a natural scientist of any
description; but as philosophers, poets or prophets they must be recognized as
participating in and shaping a tradition of a certain perception of nature and
its relation to man. Granted all the variety of their messages and styles, certain
themes recur. One is the ‘romantic’ striving for immediacy, of contact with the
living things themselves rather than with book-learned descriptions. Another
is ‘philanthropy’; the quest is not for a private realization, but for the benefit of
all men and nature. And related to these is a radical criticism of existing insti-
tutions, their rules and their personel. Looked at from the outside, each
upward thrust of the romantic philosophy of nature is doomed to failure.
Mankind will not be transfigured overnight; and the romantic style has its own
destructive contradictions. Whereas the ‘classic’ style degenerates gradually
into an ossified form and a sterile content, the ‘romantic’ style goes off much
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more quickly, through chaos of form and corruption of content. But even in
disciplined scientific inquiry, the categories of ‘success’ and ‘failure’ are neither
so absolutely opposed, nor so assuredly assignable in particular cases; as the
traditional ideology of science assumed. And the failure to achieve Utopian
dreams, in science as well as in social reform, is not at all the same thing as
futility.

The dreams of the romantic, philanthropic philosopher-prophets cannot
move towards realization by the accumulation of facts or of battalions.
Rather, they exist through a discontinuous, perhaps erratic, series of crises and.
responses. Sometimes they have the good fortune of producing a creative
tension in a man brave enough to attempt the synthesis of a prophet’s vision
with a world managed by priests. He too will fail, almost certainly; some
problems are insoluble. But this message, perhaps in a particular science or
walk of life, perhaps of a generalized wisdom, will speak to men in later ages,
coming alive whenever it has insights to offer. In this present period, we may
find Francis Bacon speaking to us more than Descartes the metaphysician-
geometer or Galileo the engineer-cosmologist. As deeply as any of his pietistic,
alchemical forerunners, he felt the love of God’s creation, the pity for the
sufferings of man, and the striving for innocence, humility, and charity; and
he recognized vanity as the deadliest of sins. To this last he ascribed the evil
state of the arts and sciences.

For we copy the sin of our first parents while we suffer for it. They
wished to be like God, but their posterity wish to be even greater, For
we create worlds, we direct and domineer over nature, we will have it
that all things are as in our folly we think they should be, not as seems
fittest to the Divine wisdom, or as they are found to be in fact.

The punishment for all this, as Bacon saw it, was ignorance and impotence. If
might seem that the problem is different now, for we have so much scientific
knowledge and merely face the task of applying it for good rather than evil,
But Bacon assumed his readers to believe themselves in possession of great
knowledge; and much of his writing was devoted to disabusing them of this
illusion. Perhaps the daily reports of ‘insufficient knowledge’ of the effects of
this or that aspect of the rape of the earth, and our sense of insufficient under-
standing of what our social and spiritual crises are all about, indicate that in
spite of the magnificent edifice of genuine scientific knowledge bequeathed to
us, we are only at the beginning of learning the things, and the ways, necessary
for the human life.

Bacon was a shrewd man, fully sensitive to the weaknesses of the human
intellect and spirit. He was aware of the superficiality of ordinary thought and
discourse, at whatever educational level; and he also distrusted the extraordi-
nary enthusiast, in religion or politics, for the damage he could cause. His life’s
endeavour was to overcome this contradiction somehow, and to bring abouta
true and effective reformation in the arts and sciences of nature. For him, this
was a holy work, a work of practical charity inseparable from spiritual
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redemption. His audience was inevitably among the literate; and s0 he tried,
by scattering hints and half-concealed invitations, to call together his brothers,
who would gently and silently show by their example that a good an.d pure way
into Nature is also the practically effective way. Of course he failed, in his
philosophical reform as in his political career. There was 1o English audience
for his particular message during his lifetime, and at his death he was alone
and neglected. o ,

Shortly after his death, however, there was a stirring; and ?acor'l s message
of ‘philanthropic’ science began a career of its own. For a while, his follower's
knew what he was about; but with the passage of decades and disillusion, this
was forgotten, and only the vulgar fact-finding Bacon survived. Yet when we
now come back to read Bacon, perplexed and worried as we are by the sudden
transformation that science has wrought upon itself as well as upon the world,
we can find relevance in passages like the following:

Lastly, I would address one general admonition to all; that they '
consider what are the true ends of knowledge, and that they s.eek it not
either for pleasure of mind, or for contention, or for sup.erior.lty to.
others, or for profit, or fame, or power, or any of these inferior thmgs;
but for the benefit and use of life; and that they perfect and govern it
in charity. For it was from lust of power that the angels fell, from lust
of knowledge that men fell; but of charity there ca.\n be no excess,
neither did angel or man ever come in danger by it.

Adapted from the concluding pages of Scientific Knowledge and Its Sociat
Problems, Oxford University Press, 1971; full references will be found there.
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