THIS IS AN EXTRACT FROM THE `ENVOI’ – THE LAST SUBSTANTIVE CHAPTER – OF GRAVITY’S GHOST which should be published in autumn 2010.   
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Science as a reflection of society

Science no longer has the unquestioned authority it had when it was winning wars and promising power too cheap to meter.  Nowadays it is beset by raids on its epistemological grounding from academe, a backlash from religion, an attack on its professionalism from free-market ideology, and scorn from those who think a simple life without technology is the only salvation for the human race.  The attack on experts and expertise that has come with the academic movement known as post-modernism actually does the same work as the attack on the professions begun by Margaret Thatcher and Ronald Reagan and takes the same view on experts as religious fundamentalists.  The academic movement holds that expertise has no epistemological warrant, the political movement holds that the judgement of professionals has to be replaced by quasi-markets in which every aspect of performance is measured and compared so that it can be properly priced, and the fundamentalists hold that expertise is worthless in the face of revelation.  The arms of this grotesque pincer are squeezing science from three sides. 

But is science worth preserving?  What is science?  Nowadays it sometimes appears that science has no unique cultural identity left.   Like a teenager, today’s science is continually borrowing from others’ cultural repertoires to gain attention.  We have science as `Hollywood’ with its superstars, their vanity bolstered by the media industry and a new style of popular science publishing.  We have science as a religion, with Stephen Hawking and Charles Darwin as its figureheads.  Hawking sells millions of copies of a completely incomprehensible text which ordinary people revere as they might once have revered the Latin bible.  Meantime the media treat Hawking and his mystic utterances as revelation while other physicists see, or are said to see, the `Face of God’ in the skies.  Richard Dawkins and his colleagues attack organized religions with the gospel of Darwin, borrowing religion’s rhetoric, beatification, and iconography.  There is also science as the slick player in the market, from Silicon Valley to the muscular-capitalism start-ups of the new biology and its instant millionaires.  If this is science in the 21st Century then there is nothing to learn and nothing to preserve, at least, not in the way of values.  As far as cultural values are concerned, this kind of science is all reflection and no substance.  Such science cannot claim to be a source of transcendent value since there is nothing transcendent about it.  This way, even without the pincer, science will garrotte itself as a cultural movement.
 

The pressures to act this way are, of course, enormous.  Economic pressures lead governments to demand visible short-term economic pay-offs from the public funders of science.  Big science has to compete for funds in the political arena where publicity is a dominant force.  The massively costly astronomy and particle physics need the front pages linking them to the story of our beginnings and our ultimate fate – previously the agenda of religion.  Individual scientists find a ready justification for pushing their noses into the trough because to glamorise is to survive.
  

Maybe this is the fate of science – to be a secular religion servicing the economy and the entertainment industry.  But science … has the potential to lead not just follow.  It has the potential to provide an object lesson in how to make good judgements in a society beset by technological dilemmas.  For more than 300 years the old-fashioned values of science have seeped into Western societies like the air we breath.  Imagine a society without any place at all for the cultural authority of science.  It would have surrendered all responsibility to politics, market forces or competing modes of revelation and it would be a dystopia – at least as anyone who prefers reason to force would see it.  This is not to say that science is the only cultural institution the removal of which would lead to a dystopia, but it is central to the kind of society most of us prefer to live in.

The central values of science as a cultural institution

It is hard to list the special values of science because it is an activity only vaguely defined by the `family resemblance’ of its different parts.
  One can make progress, however, by imaginatively taking away different elements seeing if what is left can still be called science.  Thus, one can take away the ability to see the face of god and still have something recognisable as science; one can take away the best-selling books that no-one understands and still have science; one can take away the religious war against religion and still have science; one can take away the venture capitalists and still have science; and one can take away the front page stories and the superstars and still have science.  These features of science as a cultural institution are merely `derivative.’ 

One the other hand, one cannot take away integrity in the search for evidence and honesty in declaring one’s results and still have science; one cannot take away a willingness to listen to anyone’s scientific theories and findings irrespective of race, creed or social eccentricity and still have science; one cannot take away the readiness to expose one’s findings to criticism and debate and still have science; one cannot take away the idea that the best theories will be able to specify the means by which they could be shown to be wrong and still have science; one cannot take away the idea that a lone voice might be right while all the rest are wrong and still have science; one cannot take away the idea that good experimentation or theorisation usually demand high levels of craft skills and still have science; and one cannot take away the idea that, in virtue of their experience, some are more capable than others at both producing scientific knowledge and at criticising it and still have science.  These features of science are `essential’ not derivative.
  

Three qualifications are in order.  First, not every one of these values belongs to science alone.  For example, most religious institutions, every professional institution except those to do with magic, illusion and crime, and indeed every society as whole, must value honesty if they are to last.  But honesty seems more logically integral to science than to the others.  Everywhere else honesty must be the default or average position; in science it seems to be always vital or science simply is not being done.  Therefore science provides a kind of `sea-anchor’ for the value of honesty and integrity.  

Second, not every value listed in the `essential’ category is equally central.  There is still an argument going on about whether the theory of the historical evolution of species satisfied the falsifiability tenet.  But even if it does not we know that the overall theory has been strengthened by small scale demonstrations of the mechanisms in the laboratory and these do satisfy the tenet.  Thus, overall science needs the falsifiability value even if there are violations here and there.

Third, generalising the second qualification, honesty and integrity aside, one can still have passages of scientific research which produce valuable findings where one or more of the values is violated.
  The list of values, contrary to the way they have sometimes been thought of, do not comprise a set of necessary conditions for the production of good scientific work.
  Rather, the overall `institution’ of science is formed by these values and it follows that the day-to-day `form-of-life’ of science is built up through actions driven by the `formative intentions’ of scientists who are guided by these values.  The idea of family resemblance shows how such a set of values can hang together to form a cultural institution without always needing to be manifest in every one of its corresponding activities all the time.
  

Given these qualifications it could be said that the essential values of science are far more important than science’s substantive products and findings.  The essential values of science are worth preserving so that they can continue to seep out into society as a whole and help to shape the way we live our lives.  That is why the pincer needs to be resisted even if, in the short term, the maintenance of the conditions for continued production of scientific substance and findings seem to rest with the derivative values.  Either one sees that this is the case and chooses the central values or one does not; if one cannot see these values as good in themselves and prefers not to choose them, argument ceases and force prevails.
  … 

Another thing that cannot be taken away and still leave science – another essential value – is the idea of the replicability of findings; the idea of replicability is a corollary of the idea that there is anything stable out there to investigate in the first place.  Replication often cannot be carried through in practice as when unique events are observed or apparatuses are so costly that only one can be built but the idea of replicability still informs what is going on.  Thus, should there have been only a unique observation, the idea is that anyone who was in a position to see it would have seen the same thing.  If there is only one apparatus the idea is that another similar apparatus would make the same discoveries or that anyone else who knew how to run the machine would find the same things.
  Adherence to a value does not always mean that the value has to be instantiated there and then, it means that it remains an aspiration even when circumstances cannot allow it to be realised.

Including replicability, another consequence of the essential values of science is that secure claims cannot be based on the authority of individuals or other unique sources.  Holy men or women cannot `reveal’ the truth in virtue of their unique relationship with a deity.  If the relationship is unique then it cannot be replicated (not even in principle) nor criticised, so it cannot belong to science.  The same goes for books of obscure origins or with obscure authorship.  What is written in such a book cannot command scientific respect in virtue of the fact that there is something special about it as an object: its contents have to be open to criticism and investigation.  Inter alia, these principles rule out creationism as a part of science because the story of the creation depends too heavily on a particular book of obscure origin and its interpreters.  The principles also rule out the more technical version of creationism, `intelligent design,’ because it too is heavily dependent on a book of obscure origin for its ideas and because it seems impossible in principle to think of any observation or experiment that would show that it is false that any still unexplained state of affairs is to be counted as the work of an intelligent creator.  

Another thing that follows from these principles is that works of science should be as clear as it is possible to make them, failing destructive simplification.  The simpler and better the explanation, the easier to criticise; to make a work obscure beyond necessity is to make it, effectively, more private, and privacy is incompatible with freedom to criticise.  Note that at the other end of the spectrum of valuable cultural institutions, making works which are open to competing interpretations and debate by those that consume them is an essential feature of creative the arts.

The principles also indicate why the imitation of major features of non-scientific cultures can be antithetical to science – the means destroying the ends.  If millions of people are being encouraged to treasure, for their scientific content, books that are so far beyond their ability to criticise as to be completely incomprehensible, then they are being encouraged to think of scientific worth as like religious worth – based on the authority of the author or the text.  The same goes for all `glamorisation’ of science and scientists: as soon as the person, rather than the ideas and findings, becomes important then the very idea of science is being subverted.  It is the same when the virtues of science are advertised for their commercial potential.  The balance of scientific worth is not the same as the balance of commercial worth.  That science generates more economic value than it costs is probably true but that science is worth keeping primarily because of its value to the economy is certainly not true.

Science as an object lesson in judgment

Contrary to what a lot of commentators claim, quantitative exactness is another thing that can be taken away from science without destroying it.  It is a shame that the idea that exact quantitative analysis is crucial to science is so widespread because it does great harm.  For example, a social scientific finding has little chance of influencing government policies unless it is expressed in quantitative terms whereas many quantitative social science results, when they are not simply wrong, are of no social significance.  In social science qualitative findings are often far more robust and repeatable than quantitative findings and often more socially significant, yet they make small headway with policy-makers.  … even in the physical sciences the expression of a result in statistical terms is often the tip of an unstable iceberg of hidden judgements, assumptions and choices yet, to those who consume rather than produce them, the numbers still have a force quite out of proportion to their true meaning.  

Certainty, along with the binary model of discovery and the Nobel Prize, is another thing that can be taken away leaving science intact.  Indeed, one might say that certainty is the province of revelation rather than science and I have heard even potential Nobel laureates claiming that lust for prizes distorts and damages science.  Even a philosopher of science such as Popper can point out that all scientific claims are essentially provisional.   

A shallower but more important point about the false allure of certainty was made in the Introduction: most science is applied to such messy domains that good judgement rather than certain calculation is quite obviously the best that can be done.  If certainty and quantitative exactness were the keys to science then science would be restricted to that small corner described at the outset as comprising the products of Newton, Einstein, quantum theory, and so on – the so-called `exact sciences.’  But there is a much larger domain of `inexact sciences,’ which impact much more immediately on our lives.  This is the domain where society needs its object lesson on how to make decisions as well as how to live its life.
� For what appears to be an alternative perspective on contemporary capitalism-linked science see Shapin 2008.  Shapin makes no distinction between derivative and essential values and appears to treat with equanimity a science-capitalism nexus which, while blind to matters of race, gives differentially favourable treatment to young, physically fit and competitive persons of local origin.  


� The political manouverings of scientists have been wonderfully documented over the years by Dan Greenberg (eg 2001)


� The term `family resemblance’ is due to the philosopher Ludwig Wittgenstein who argued that the idea of `game’ has no set of clear defining principles but that games were linked by family resemblance – which can be thought of as a set of overlapping sets, each containing a subset of game-like qualities but whose extremes need have little or nothing in common; games, after all, run all the way from professional football to not stepping on the cracks in the sidewalk.  (Whether it is `little’ or `nothing’ in common is not so clear; here I am trying to identify some things that all, or nearly all, science has in common.)  


� The essential/derivative distinction is radically at variance with the popular `Machiavellian’ approaches to science found in the field of Science and Technology Studies, which, laying all the stress on detailed observation of science as it is encountered, see the achievement of scientific success as essentially a political process. 


� As the Second Wave of science studies has clearly demonstrated.


� Arguably, Merton’s (1942) `norms of science,’ which overlap with the values listed here, were initially justified as a set of conditions for the efficient functioning of science. 


� One of the malaises of some critical approaches to science is to take it that discovering lapses from the central values of science – something that is easily done – shows that there are no central values. 


� The choice to make the essential scientific values (not findings) central to the life of a society can be called `elective modernism’ (see the essay in Nature: Collins 2009). 


� Replicability is, as one might say, a `philosophical’ idea.  To see how it works in practice see Collins 1985/1992.


� The argument is worked out in detail in Chapter 5 of Collins and Evans, 2007 under the heading of `Locus of Legitimate Interpretation’ (LLI).  If the LLI is forced pathologically close to the producer in the arts and humanities it is `scientism.’  If forced pathologically close to the consumer in the sciences and technologies it is `artism.’  





