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of seawater. This is caused by the ad- 
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rise through the water. When they burst 
at the surface the bubble skin strips the 
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surface and ejects it into the air as small 
droplets. This mechanism of virus en- 
richment in the aerosol is, no doubt, the 
same as that which has been found for 
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ment of Science held its first meeting in 
York, and thus started these annual cele- 
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Summary. The phrase "humanity in science" encompasses several problems of 
various dimensions, which have been present for a long period. Their particular force 
can be most clearly appreciated by seeing the historical circumstances in which they 
arose and by examining the changing nature of the social contract between the scien- 
tific profession and society. The new ethical imperatives presently operating within 
society call for new responses. In addition, new ways must be found of mirroring 
scientific activity so as to more faithfully reflect its real nature to and incorporate it into 
our culture. 
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Denver, representatives of the scientific 
profession, the media, and the enlight- 
ened citizenry of the town meet in an at- 
mosphere if not of complacency, at least 
one that shows a tendency toward mu- 
tual admiration. We are the heirs of a 
very worthy tradition, which in England 
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present gathering and retrospectively at 
history, we are tempted to deduce that 
all is indeed well with the relationship of 
science and society, and that 146 years 
earlier all, indeed, was well; that from 
the beginning the public and the scientif- 
ic profession together have enjoyed a 
persistently happy partnership. Both de- 
ductions are quite wrong. All is not well 
with the present relationship between 
science and society, and in the early 
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years too, when the scientific profession 
was born in Europe, all was not well. 
The golden days for the mutual in- 
volvement of science and society came 
much later. At the beginning there were, 
in fact, great tensions as the profession 
emerged, and equally there are some 
now. And I want to argue that at least 
one problem which lies at the root of 
some of our present troubles was a spec- 
ter at these feasts from the very start and 
has haunted the profession ever since. If 
I may change my metaphor; it has been 
like the Cheshire cat, taking on firm out- 
lines at one period, fading at another, 
and then returning to sneer at us once 
more. This problem is the theme of my 
article and it is the problem of humanity 
in science. 

Now this phrase can have several 
meanings. Marie Curie once said, "Sci- 
ence deals with things not people." The 
problem arises if, and when, scientists 
and technologists are tempted to deal 
with people as things. One of the prob- 
lems in and around science arises 
through the inevitable stance of detached 
objectivity whereby a scientist must ap- 
proach the natural world. It can be no 
problem-but as recent work in the bio- 
medical sciences or genetic engineering 
demonstrates, it can be a serious prob- 
lem. And at a time when the social con- 
tract between this profession and society 
is in the process of being renegotiated, as 
it is now, humanity in science considered 
in these terms becomes deeply signifi- 
cant. 

The second interpretation of this 
phrase means a consideration of the hu- 
man beings who do science; those re- 
markable people who come to us in an 
assemblage infinitely varied. It is diffi- 
cult to reach out and touch the humanity, 
or the humaneness, in the people who do 

SCIENCE, VOL. 198 

years too, when the scientific profession 
was born in Europe, all was not well. 
The golden days for the mutual in- 
volvement of science and society came 
much later. At the beginning there were, 
in fact, great tensions as the profession 
emerged, and equally there are some 
now. And I want to argue that at least 
one problem which lies at the root of 
some of our present troubles was a spec- 
ter at these feasts from the very start and 
has haunted the profession ever since. If 
I may change my metaphor; it has been 
like the Cheshire cat, taking on firm out- 
lines at one period, fading at another, 
and then returning to sneer at us once 
more. This problem is the theme of my 
article and it is the problem of humanity 
in science. 

Now this phrase can have several 
meanings. Marie Curie once said, "Sci- 
ence deals with things not people." The 
problem arises if, and when, scientists 
and technologists are tempted to deal 
with people as things. One of the prob- 
lems in and around science arises 
through the inevitable stance of detached 
objectivity whereby a scientist must ap- 
proach the natural world. It can be no 
problem-but as recent work in the bio- 
medical sciences or genetic engineering 
demonstrates, it can be a serious prob- 
lem. And at a time when the social con- 
tract between this profession and society 
is in the process of being renegotiated, as 
it is now, humanity in science considered 
in these terms becomes deeply signifi- 
cant. 

The second interpretation of this 
phrase means a consideration of the hu- 
man beings who do science; those re- 
markable people who come to us in an 
assemblage infinitely varied. It is diffi- 
cult to reach out and touch the humanity, 
or the humaneness, in the people who do 

SCIENCE, VOL. 198 



science, because science is essentially a 
communal activity whose results must 
be expressed in the passive voice, to be 
understood by anyone throughout geo- 
graphical space and historical time. The 
expressions of science come in forms 
from which all the human content has 
necessarily been drained. So the ques- 
tions, Who are the people who do sci- 
ence as individual human beings? What 
is the relationship between them and the 
scientific ideas they create? How and in 
what form are individuality and creativ- 
ity brought to bear and expressed in sci- 
ence?-these are pressing questions 
which have not received the attention 
they deserve. I want to ask one other 
question as well: Why, with very few ex- 
ceptions, have these themes or these 
people never stimulated great works of 
literature or art? 

Lastly, the problem of humanity in sci- 
ence can mean the relationship between 
scientific and humanistic modes of 
thought and their impact on one another. 
This touches on the central core of crea- 
tivity which lies at the heart of both hu- 
manistic and scientific work. I shall raise 
all these questions and answer some of 
them. I shall also suggest that our at- 
tempts to mirror the human life in and 
around science have been somewhat de- 
fective, to put it mildly. Our failure to do 
this has both deprived our artists of the 
possibility of portraying this great area of 
human activity, and contributed to the 
myths about the scientist and scientific 
activities which are highly dangerous, 
especially in the present time. I shall also 
argue that the schisms and the problems 
we now see on the contemporary scene 
arose in an historical setting and had sig- 
nificant historical ramifications. The fail- 
ure to come to grips with the problem of 
humanity in science in the 19th century 
has had important consequences for the 
relationship between science and society 
in the 20th century. This problem origi- 
nated deep in the social matrix of this 
profession, and its solution lies equally 
deep in our social matrix. 

The British Association for the 

Advancement of Science 

By now the origin of the British Asso- 
ciation for the Advancement of Science 
is well known. Its founding was stimulat- 
ed by a book by Babbage, Reflections on 
the Decline of Science in England (1), 
written in 1830, at a time when the word 
scientist was not even coined. After trav- 
eling extensively on the Continent, Bab- 
bage came to the conclusion that mea- 
sured by almost any criteria you could 
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mention-status, honorary distinction, 
or government post-science did not en- 
joy a status comparable to that of any 
other profession in England. Not only 
was it in a very inferior position, it was 
not a profession at all. As a result, the 
British Association for the Advancement 
of Science was formed. Their motives 
were "To give a stronger impulse and a 
more systematic direction to scientific 
enquiry and to obtain a greater degree of 
national interest in the objects and prose- 
cution of science" (2). Their aims were 
not entirely altruistic, of course. The 
members of the Association did, indeed, 
want to remedy the situation that Bab- 
bage had portrayed, but they also felt 
that by showing society the practical jus- 
tification for the existence of science, by 
demonstrating science's capacity to re- 
spond to social problems, they would 
strengthen the ties between the practi- 
tioners of science and the public. In oth- 
er words, they had Rousseau's original 
social contract in mind, defined as a situ- 
ation of mutual support, where each par- 
ty relinquishes a measure of freedom for 
the wider social good. 

They described themselves as the 
"cultivators of science." This was true, 
for that is exactly what they were. But 
they were also realistic and practical 
and, with their new pragmatic attitude, 
appealed not to the disinterested search 
for truth but to the benefits that could 
come by a close association between the 
profession and society. What happened? 
While all their initial efforts were not 
quite disastrous, it is absolutely true to 
say, as with Wellington after Waterloo, 
that "it was a damned close run thing" 
(3). For 10 years that profession and the 
British Association were subject to a de- 
gree of indifference or derision and paro- 
dy, and at times were treated with such 
humiliation by the newspapers that I 
sometimes wonder that the profession 
got off the ground at all. The fact that af- 
ter 20 years they were inclined to hole up 
and become more and more introverted 
surprises me not a little bit when one re- 
members what was written. For ex- 
ample, The John Bull Examiner, report- 
ing on the Association's meeting of 1835, 
described it as "a whole lot of glaring 
humbug." The distinguished divine J. 
Keble, who founded Keble College at 
Oxford University, described the British 
Association as "a heap of quack philoso- 
phers." Even after 10 years, the London 
Times was being mightily rude in the glo- 
rious way that the London Times can be 
from time to time. A convention of Non- 
conformist ministers set themselves up 
as a clerical organization modeled on the 
British Association, and the paper re- 

porting this described the latest British 
Association meeting in Devonport, 1841, 
as a "sort of philosophical race-week" 
and commented that the "new synod of 
tabernacle Savans" might "even surpass 
the freaks and fooleries of their model" 
(4). 

Now why English society took this at- 
titude is something that I have dealt with 
at length elsewhere (5). But it has to be 
admitted that, to a certain extent, the 
members of the British Association were 
sitting ducks for parody, for as member- 
ship increased so did the publicity both 
before and after the meetings. As the 
publicity got more flowery and full of 
puff, the hospitality became more lavish 
and the dinner menus became more 
lengthy. These were published along 
with the scientific papers. After the 
Newcastle meeting in 1838, The London 
Literary Gazette printed a report from 
The Newcastle Journal which listed the 
amount of game donated to the feast by 
the aristocratic lords of Newcastle, "to 
prove that gastronomy beats astrono- 
my." The Times, reporting on the same 
meeting, spoke of the grand promenade 
in the ballroom of Newcastle's finest ho- 
tel, where some 4000 people were enter- 
tained, at which the amusements and re- 
freshments were of the most recherch6 
description. One longs for more details. 

Yet, sadly, the British Association did 
have a record of offending British Victo- 
rian susceptibilities. They held one meet- 
ing at Castle Howard, the home of Lady 
Mary Howard, who was a kind of Victo- 
rian Carrie Nation. She was so offended 
by the junketings of the scientists and the 
hangers-on that she caused the family's 
wine cellar to be drowned in the lake, 
and supervised the massacre herself by 
knocking off the top of every bottle be- 
fore it went under. Now, as Chaudhry 
shows in his interesting article on 
Charles Dickens (6), in spite of the Asso- 
ciation's very genuine attempts to im- 
prove public understanding of science, 
what in fact came out was an indiscrimi- 
nate mixture of science, technology, 
pomposity, and vanity. "Far from popu- 
larising science," he wrote, "the British 
Association had only succeeded in vul- 
garising it." It appears that its very rea- 
sonable aims had been given up in favor 
of activities which were far from scientif- 
ic (7). 

Charles Dickens 

My purpose here is to concentrate on 
one gadfly, Charles Dickens. He became 
editor of Bentley's Miscellany, and in the 
autumn of 1837 had intended to publish 

581 



Oliver Twist in the magazine. But he was 
diverted from this, for on 9 September 
the British Association held its annual 
meeting in Liverpool. In October of that 
year, Dickens wrote in the magazine 
"The full report of the first meeting of 
The Mudfrog Association for the Ad- 
vancement of Everything" (8). He had 
already taken one laugh at the expense of 
the British Association in Pickwick Pa- 
pers, and he now proceeded to take sev- 
eral more, basing his parodies on the an- 
nual reports. To build up an exaggerated 
mock excitement of the tension and dra- 
ma of science, Dickens employs the sim- 
ple satire of the bustle of the newspa- 
pers, which are putting out communi- 
ques at hourly intervals, then half-hourly 
intervals, and then quarter-hourly inter- 
vals. The climax comes when Augustus, 
somebody's pet pug-dog, is stolen on the 
eve of the meeting and is dissected by 
two professors in their disinterested 
search for truth. The scientists who per- 
petrate this dastardly crime are thereby 
correspondingly assaulted by the owner 
of the aforesaid Augustus, an unmarried 
lady of otherwise impeccable virtue. 

Dickens selected his items for parody 
from the agendas of all the sections, and 
few of them escaped his scalpel. For in- 
stance, he describes one section whose 
members were to take a cauliflower and 
redesign it as a parachute, to be guaran- 
teed to come down from a height of no 
less than 1/2 miles. In this he merges two 
episodes that had recently occurred: 
somebody had described a giant water 
lily at Kew, and also a parachutist had 
fallen to his death the week before. Hav- 
ing constructed a parachute on what he 
described as impeccable scientific prin- 
ciples-that is, in the shape of an in- 
verted umbrella-the aviator had gone 
up to one of London's highest points and 
had come down to an untimely death. 
The Times reported this as "an unfortu- 
nate aeronautical catastrophe." 

Among other things, Dickens also de- 
scribes Mr. Tickle's spectacles, which 
are designed to enable the wearer to dis- 
cern, in very bright colors, objects at a 
very great distance, but which render 
him wholly blind to those immediately 
before him. He parodies recent govern- 
ment reports; he talks about whether we 
could, in fact, utilize the industrial fleas 
in the zoos. He thinks we ought to li- 
cense the fleas to do work for us, for they 
could labor under the direction and con- 
trol of the state, and their widows and 
orphans could be put in insect alms- 
houses. From the study of these insects 
at work we would derive valuable hints 
for "the improvement of our metropoli- 
tan universities, our national galleries 
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and other public edifices." The core of 
Dicken's parody is not difficult to fath- 
om. The first thing he hated was hum- 
bug; the second thing he hated was the 
denial of humanity, and all his parody 
has a striking social intent. Humbug is 
easily disposed of-all you have to do is 
prick it with a pin. But denial of humani- 
ty is not, and it is this humanity which 
was encapsulated in Marie Curie's aph- 
orism which I mentioned before. 

I said that the problem really begins 
when we are tempted to regard people as 
things; this especially was the root of 
Dickens' hearty dislike of statistics. For 
he saw a situation when science would 
cease to regard its objects of study as hu- 
man beings and regard them solely as 
numbers in a statistical equation, and he 
would have none of it. 

In passing, we may note that Dickens 
himself was greatly influenced by early 
Carlisle, who attacked the whole of the 
utilitarian movement and numerical 
quantification. Like Carlisle, too, he had 
a great distrust of institutions designed 
apparently only for talk. He did not like 
politics; he did not like Parliament, and 
he certainly did not like people who, like 
Mrs. Jellibee, organized charity for the 
Africans with a general whip-round in or- 
der to provide underwear for the people 
of Senegal. He was very suspicious of 
such attempts, for he believed that orga- 
nized charity was merely an institutional 
device for channeling our sympathies, 
making them impersonal and unavailable 
in human terms. It is sad that Dickens, 
with his comic irony and his vivid sym- 
pathy, has no real solution to all this ex- 
cept that of a good heart. In Oliver Twist, 
along comes that nice man and gets Oli- 
ver out of the problem. But by the time 
we get to the later novels, Our Mutual 
Friend and Great Expectations, Dickens 
is sadly pessimistic. He implies that hu- 
man relationships are so riddled with ma- 
terial ambition, selfishness, and snob- 
bery that the possibilities of humanizing 
our society recede more and more. 

Allegiance of the Scientist 

Now as I have indicated, the de- 
tached, objective stance which has 
served, and will continue to serve, sci- 
ence so admirably as a methodology 
finds no cause for concern when we are 
investigating the passage of gases 
through the pores of a leaf. But it really 
begins to be a source of concern when 
we look at the implications of recent bio- 
medical research or many of the implica- 
tions of recombinant DNA research, as 
they relate to human genetic engineer- 

ing. Whenever science begins to impinge 
on the autonomy of human beings such 
problems always arise, and these force 
us to reexamine, in our new setting, a 
very old question-namely, that of the 
allegiance of the scientist. This was first 
raised in the middle of the 19th century 
by a number of people, including Lyon 
Playfair, who was to be president of the 
British Association in 1885. But the mid- 
century was a time when science and so- 
ciety were moving to delineate the forms 
of their social contract. The question is 
this: Where is the allegiance of a scien- 
tist properly due? Is it to an abstract eth- 
ic? Is it to a methodology? Is it to them- 
selves as a profession, or is it to so- 
ciety? 

In the 19th century it came to be taken 
for granted-and almost by default-that 
the profession's allegiance was solely to 
the first (5). But in the last quarter of this 
century it is surely patently clear that it 
must become very much wider. So my 
first plea is for some practical recogni- 
tion of the new ethical imperatives oper- 
ating both on science and on society. At 
this stage let me give only one example. 
The United States has the most sophisti- 
cated and remarkable biomedical re- 
search establishment in the world. It also 
has a remarkable scientific profession, 
which is highly privileged. I agree with 
the distinguished immunologist, Barry 
Bloom; it is both morally right and scien- 
tifically possible to concentrate some of 
our intellectual and technological effort 
on the pressing medical problems of the 
Third World-leprosy, malaria, and 
schistosomiasis for a start. 

There is something distasteful at the 
sight of a highly developed society being 
forced to divert great resources, both fi- 
nancial and intellectual, to the cure of its 
own self-inflicted diseases. We can char- 
acterize these as the diseases of choice- 
those which arise from excesses in its 
life-style, or the pollution of its environ- 
ment. In 1975 the United States spent 
$22 billion on alcohol and $12 billion on 
tobacco, and in the preceding year it 
spent $400 million on cancer research. 
Yet the World Health Organization esti- 
mates that to do an effective inter- 
disciplinary remedial job on the problem 
of the Third World diseases, those that 
arise not by choice but by causes exter- 
nal to the people themselves, would cost 
only $15 million per annum. I do not 
wish this point to be misunderstood. 
This is not a plea for less basic research. 
I continue to be greatly impressed with 
the importance of such work and how, 
for example, work supported for re- 
search in cancer can have an impact in 
other areas of medicine-how, for ex- 
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ample, basic immunological studies bear 
immediately on autoimmune disease. 
This plea is both for a change in life-style 
and a research program directed to the 
problems I mention. To support such 
work would, I believe, be one of the 
most farsighted acts this new Adminis- 
tration could undertake. There is an un- 
tapped source of idealism, energy, and 
intellectual skills in the young scientists 
of this nation, and I would like to see the 
development of a scientific Peace Corps 
devoted to tackling some of these prob- 
lems, to gaining much more knowledge 
and helping to implement the solutions in 
terms of the cultures, life-styles, and as- 
pirations of these other countries. Noth- 
ing would do more political good to this 
nation and few single acts, I think, would 
bring more decency into the world. 

Now I must emphasize that there is 
nothing God-given or immutable in the 
scientific profession's apolitical dis- 
interested search for truth. Even in the 
17th century, more than one-third of the 
papers of the Royal Society were about 
social problems and the relationship of 
science to them. In addition, in the early 
years of the 19th century the initial aims 
of the British Association were to bring 
the problems of society and the skills of 
science together. That the profession 
was driven into itself was not, I would 
argue, its fault. Moreover we have seen a 
similar emphasis in the late 20th century. 
When Sir John Kendrew was president 
of the British Association in 1972, he 
pleaded for a change in attitude and 
asked for the profession to look at some 
of the pressing social problems and di- 
rect their knowledge toward their solu- 
tion. More recently, in the press confer- 
ence that attended the publication of his 
book on 0. T. Avery, Dubos (9) remind- 
ed us that Avery's discovery arose not 
from his interest in the gene, but from his 
interest in pneumococcal pneumonia. 
Dubos consistently argues that many sci- 
entific problems which have their origins 
in a deep social context may turn out to 
be more fruitful, in all kinds of ways. 

So that was one critique: science is 
cold and inhuman and also does not con- 
cern itself with the needs of society. The 
second critique, which is my next theme, 
also has historical origins: somehow sci- 
ence manages to extract the warmth and 
beauty from the world, and this is also 
drained from the personalities of the 
prosecutors of science. Moreover, in- 
sofar as they are scientific solutions, our 
solutions to humanity's problems inevi- 
tably become humanely cold, too. Dick- 
ens took up this theme, so did Blake and 
Keats, and in our time so did F. R. Lea- 
vis. 
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Humanizing Society 

So, it is argued, the job of improving 
and humanizing our society can find nei- 
ther tools nor methods in science, for 
then the remedy becomes worse than the 
disease. We must take note of one coun- 
terclaim that was offered in the past and 
is often offered now. In the effort to hu- 
manize ourselves, to enhance our ethical 
and moral sensibilities, people have of- 
ten appealed to the humanities to do it 
for us, almost as to an ideology. The re- 
demptive power of the humanities to 
produce an enlarged consciousness, to 
make us aware of the reality of our hu- 
man predicament, to enlarge our sympa- 
thies has been an important theme, 
whether in Wordsworth, in Shelley, or in 
many 20th-century writers. I am slightly 
skeptical about this. I am not at all con- 
vinced that somehow, from a study of 
the great thinkers of the past alone, we 
automatically get access to moral virtue. 
It is disturbing but nevertheless true that 
people can be extraordinarily sensitive 
to music and poetry and not necessarily 
apply this to their daily lives. Steiner (10) 
has reminded us how people returned 
from a day's work in the concentration 
camps and then put Mozart on their 
gramophones. I remember, too, a de- 
lightful occasion at a conference on sci- 
ence and the humanities when the philos- 
opher Max Black reminded us of the ex- 
quisite capacity of philosophers to argue 
questions of ethics and morality in the 
most rigorous and convincing style, but 
he went on to say, "If I wanted to know 
whether an action I proposed to take was 
right or wrong, I wouldn't ask my profes- 
sional colleagues, I'd ask my wife." 
Stoppard (11) equally reminds us how 
Lenin, when he felt himself being moved 
by the Appassionata Sonata of Beetho- 
ven, rigidly turned away, saying, "We've 
just got to hit people." 

Did the Shakespearean plays, with 
their almost God-like insight into the 
way that people behave, make people 
understand more, make people act bet- 
ter, make people feel more humane? It 
was with considerable surprise that I 
learned from David Daiches that the 
same people who went to the Globe 
Theatre or to any Elizabethan or Jaco- 
bean play, and saw these marvelous dra- 
mas with their rich poetry and their hu- 
man understanding, would at the same 
place in the same afternoon watch a 
monkey tied to the back of a horse, 
chased by dogs who slowly bit it to 
death. This was their favorite occupation 
between the acts. For there is a large gap 
between appreciating the wonders of ar- 
tistic imagination and going out and 

doing likewise, as there is between 
knowing ethical norms and going out and 
doing likewise, which no amount of dis- 
cussion of "is" and "ought" will alter. 
This is my main quarrel with F. R. Lea- 
vis-the myth of the redemptive power 
of great works of art; the belief that by 
teaching a small group of elite to appreci- 
ate Lawrence and George Eliot you will 
change civilization. You won't at all- 
not by this alone. 

Why have I gone into this at such 
length? I have three reasons. First, I 
think it unfair and unwise to regard the 
humanities in this therapeutic light. They 
are good in themselves and should not be 
regarded as remedies for our own fail- 
ings. Second, we must not delude our- 
selves about how easy it is. We must not 
pretend that words and university 
courses are a substitute for human hearts 
and human action. Third, we must be 
very careful of hypocrisy. For if we in- 
sist that the scientific profession and the 
medical profession have a care and a hu- 
man concern which we ourselves as 
members of society are not prepared to 
have or to act on, we shall be raging hyp- 
ocrites. 

Absence of Science in Literature 

Now let me go to my second task and 
raise the question; Why is there the myth 
that humanity and warmth are drained 
from the world by science, and how is it 
that scientists have not been the objects 
of great works of art or literature? There 
are, of course, famous exceptions- 
George Eliot's Middlemarch, Sinclair 
Lewis's Arrowsmith, and to a certain ex- 
tent the novels of C. P. Snow, although 
he has mostly described scientists acting 
as politicians or administrators, as any- 
thing other than workers in a laboratory. 
If there is a shortfall here, we must see 
this in terms of the social streams in the 
early 19th century, around the time when 
the British Association was beginning. 
Here, I believe, we find another and per- 
haps more serious division between sci- 
ence and the arts. In the early years of 
the French Revolution, the romantics 
heralded the new age of freedom and rea- 
son-a time when poetry and science 
would lie down like the lion and the 
lamb, and inspire and celebrate together. 
Indeed, from the time of Copernicus to 
that of Newton, scientists could write 
and assume that what they wrote all in- 
telligent men would read. 

But Wordsworth, Coleridge, Shelley, 
and Tennyson not withstanding, by the 
middle of the 19th century this assump- 
tion began to fade. It was partly the real- 
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ity of the French Revolution followed by 
Bonapartism which smashed that vision; 
partly the effect of the Industrial Revolu- 
tion and the shape of the new world to 
come, when scientists were equated with 
the engineering devils who had black- 
ened the face of England. The new world 
that was now fashioned seemed totally 
alien to the world of poetry and art. So 
the romantic movement then revived 
again in a different form, to protest 
against the deadening effect of the ration- 
al style. 

There was, on the one hand, the vision 
of the detached onlooker, who stood 
aside from the world. But this seemed to 
be at variance with the desire of the poet 
to enter with his feelings into the world 
and to respond and resonate with it. As 
Keats wrote, natural philosophy appar- 
ently undermines this vision; it certainly 
makes the world much less accessible. 
Then William Blake came, to speak of a 
science that darkens the imagination and 
murders the soul. So the rift began. 
Among the poets and the artists there 
was the cultivation of that inner realm of 
feeling which poetry, but not science, 
would reflect. Moreover, it was a place 
where, as Charles Davy reminds us, the 
truths of poetry did not have to meet the 
challenges of the truths asserted by sci- 
ence. This difference was not an issue 
about the nature of the world and who 
made it, for that topic was left to the 
classical conflict between the theolo- 
gians and the scientists. It was the ques- 
tion of the place "where three dreams 
cross"-but it was a place which a scien- 
tist never inhabited and probably could 
not understand. 

Now one consequence of this rift came 
to be reflected in education; a second, in 
the ignoring of science and its ideas as 
themes for artists. Such issues as the 
relationship between a sensitive artist 
and bourgeois society, which has been a 
tremendous theme of literature, never 
found their counterparts in literature 
about science. This was partly because 
people could not decide on what side of 
the issue scientists lay, but equally be- 
cause, hating the Industrial Revolution 
and the philistinism of the whole 
bourgeois mentality, and equating the 
scientists with the technologists, people 
somehow pushed them onto the side of 
the enemy. Thus scientists became, and 
have remained, suspect in the eyes of 
artists. 

So we have had a long tradition of 
writing and investigating how artists and 
writers work (Joyce Cary's marvelous 
book The Horse's Mouth comes immedi- 
ately to mind), but where is its scientific 
equivalent? The psychology of artistic 
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creation has been with us for 200 years, 
and even though Poincare raised similar 
questions about scientists, no one has 
ever gone really deeply into the psychol- 
ogy of scientific discovery. There is so 
much that remains unexplored-the hu- 
man themes around science are vivid and 
fascinating. But writers do not know 
how scientists work. They see science as 
power, or as politics, but there are pre- 
cious few accounts of the way the scien- 
tific imagination is expressed. It may be 
that novelists are afraid of revealing their 
ignorance, but I think the reason goes 
much deeper. I think it is because, some- 
how, we have not made science acces- 
sible. Yet, I contend, if you want as your 
sympathetic hero a man of imagination, 
of intellectual interests, of deep moral di- 
lemmas, a scientist will fit your picture- 
especially, perhaps, a recombinant DNA 
scientist-not only as well as but, in 
many ways, perhaps even better than an 
artist. 

Yet one can say that, after all, we have 
had a long tradition of looking at science. 
We have indeed had the professional 
scrutineers of the enterprise, the philoso- 
phers and the historians of science. But 
if, as Neff (12) argued, the measure of 
our success here is the measure of the 
means by which we have chosen to woo 
humanity to recognize its own likeness 
and understand itself, how have we, in 
professional philosophy and history of 
science, measured up? Have we suc- 
ceeded in getting science to recognize its 
own likeness? No. Judged by scientists 
and others, much philosophy of science 
has been just irrelevant-at best a series 
of brilliant axiomatic games, but often 
pretentious nonsense, like the pre- 
tentious nonsense you can easily find in 
all academic disciplines. But worse, I 
think, is what it has omitted to do for us. 
H. Reichenbach said, philosophers of 
science are "not interested in the con- 
text of discovery so much as in the con- 
text of justification" (13). But this is only 
a very small part of the science enter- 
prise. 

History of Science 

What of history of science? It is a pro- 
fession I have practiced for a great part 
of my academic life, and I look around 
and ask, Where in history of science is 
our Macaulay, our Namier? Come to 
that, where is Tolstoy? Who has dealt 
adequately with the relationship of the 
individual in science to the march of sci- 
entific progress? History as we know it is 
a tapestry, the parts of which are made 
up of the mosaic of the small, everyday, 

individual events. And we derive the 
pieces of the mosaic from a whole vari- 
ety of sources over and above formal ac- 
ademic articles: from newspapers, jour- 
nals, diaries, cabinet documents, and so 
on. The real historian is the one who can 
piece the mosaic imaginatively to form 
the tapestry and so present the past to us 
in its full, vivid color. Now apart from 
the waspish memoirs of Watson (14), we 
have seen little of this kind attempted in 
the history of science, and in any case 
we would be much better advised to turn 
not to Watson but to Sayre (15), who 
genuinely attempted to match a person 
and a personality with the progress of 
thought. There are a few notable excep- 
tions: Holton (on Einstein) (16) and Ro- 
senberg (17), both of whom are con- 
vinced that the scientists' subjective 
state of mind has a marked influence on 
the progress of science; Koestler (18) 
whose vivid account of Kepler in The 
Sleepwalkers is another, superb, ex- 
ample; and Frank Manuel on Newton. 

To be fair to the members of my pro- 
fession, whom I by no means disavow, 
science makes it very difficult for us to 
comprehend its history. There are two 
reasons for this. First, the pieces of the 
mosaic are often just not there. Second, 
as Sir Peter Medawar reminded us (19), a 
scientific paper not only conceals but in 
fact actually misrepresents the reasoning 
and the imagination and the creation that 
has gone into it, for the stern eyes of 
John Stuart Mill are staring out at the ed- 
itor of every journal. As Medawar also 
emphasized, the past of science does not 
have a dignified independent existence of 
its own, for a scientist's present work is 
of necessity shaped by what others have 
done and thought before him. So science 
is a wave front of a continuous secular 
process which carries its own history 
with it. But even admitting the diffi- 
culties that are placed in our way as we 
try to relate the individual work to the 
march of scientific history, I still believe 
that we could, and should, be very much 
more imaginative and comprehensive in 
mirroring this activity. 

Now why am I so confident? It is be- 
cause during the last 2/2 years, I have 
been following Sir Peter Medawar's rec- 
ommendations, and Gerald Holton's too, 
and have been listening in at the keyhole 
of daily science. I have, in fact, been liv- 
ing with one group of scientists, day after 
day, as they do science, not as they af- 
terwards say they do science. I have 
been seeing the smudges, the thumb- 
prints and bloodstains, of a personal 
struggle with one's ideas. Now after 20 
years in orthodox history of science, I 
am appalled that I could have so ignored 
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the very human core of its history. 
Where are the people that, as an histo- 
rian of ideas, I wrote about? Did I paint 
them so that I could recognize them and 
their unique personalities, and how they 
bore on their science? No, I did not. So 
my last plea is that it is time to apply to 
the history of science the lessons of Vico 
and Herder which have been so beau- 
tifully expounded by Sir Isaiah Berlin 
(20). We must become more sophisti- 
cated and come to grips with this prob- 
lem, and reformulate our discipline. 

History is not a totally unknown coun- 
try. It is a study of the human past as a 
form of collective self-understanding of 
human beings and their world. It always 
has been that and it should be always like 
that. It is a story of human activities, 
what men did, what they thought, what 
they suffered, what they strove for, what 
they aimed at, what they accepted, what 
they rejected or conceived, or imagined. 
It tells us about their motives, their pur- 
poses, their ambitions, their ways of act- 
ing and their ways of creating. These, 
Vico insisted, are the activities we know, 
and we know because we are all involved 
in them as actors, not as spectators. His- 
torians and philosophers of science have 
been too much spectators and have not 
been sufficiently involved with science. 
The kind of knowledge we seek is not 
just the knowledge of facts or the knowl- 
edge of logical truths or the logic of 
method. The kind of knowledge we seek 
is more like the knowledge of a friend, 
his character, his ways of thought or ac- 
tion, an intuitive sense of the nuances of 
his creative personality. We must use 
imaginative power of a high degree to en- 
ter into the other's mind and world, and 
this means appreciating them as people 
as well as scientists. 

Without entering into history in this 
sense, the past remains dead, a collec- 
tion of objects. Similarly, without enter- 
ing into science in this sense, scientific 
history will remain a dead collection of 
objects or ideas which apparently has 
been created by stuffed figures in a muse- 
um. The only way of achieving any self- 
understanding is systematically to re- 
trace our steps, historically, psychologi- 
cally, and above all anthropologically in- 
to science. We can begin now to study 
science as it is done and try to under- 
stand those private moments of creativ- 
ity-to enter with the scientist into "the 
place where the three dreams cross." 
We have to enter with empathy into oth- 
er people's minds and into their modes of 
being. Then and only then can we go 
back and redo the history of science. 

I have argued that at this time the sci- 
entific life and the scientific imagination 
are not really accessible, for all that 
more is probably being written about sci- 
ence than at any time in its history. If it 
were accessible, we could demytholo- 
gize it. When we have done this, we 
could incorporate it into public under- 
standing. When it is incorporated into 
public understanding, then, and only 
then, will science be truly integrated into 
our culture. 

Science and Society 

Finally I want to say something not 
very original, but I do not think that mat- 
ters. Science and society can no longer 
afford to entertain myths and misunder- 
standings about each other, as the recent 
public debates about recombinant DNA 
reveal. Public understanding of science 
is as vital as it was in the early days. But 
there is the other side to this coin, and 
that is the scientist's understanding of 
the public. Science and society must be 
closer to one another. When the one is 
truly incorporated into the other, we will 
appreciate the humanity that has in fact 
always been present in science, and in 
essential respects will always be found 
there. But if I argue that scientists should 
now consider new ways of expressing 
this humanity in response to the new eth- 
ical imperatives in our society, I also ar- 
gue that society should think of new 
ways both of helping them to do this and 
of understanding them. 

The profession's allegiance can no 
longer be to a methodological ethic 
alone. But this does not mean giving up 
the truth, and we will still look to scien- 
tists for significant contributions to ob- 
jective truth as well as to the practical 
expressions of science. I am not arguing 
for a return to stages of irrationality or 
wishful thinking, but for the application 
of knowledge of facts in new com- 
passionate ways. I think we are reason- 
ably entitled to ask the scientific profes- 
sion to assess the problems of contempo- 
rary society, and where scientific 
solutions are called for, to give them first 
priority. It would be magnificent if, in- 
stead of being on the defensive vis-h-vis 
society as we have seen in recent years, 
scientists actively extended their notion 
of accountability in this way. With their 
example before us, we might then go on 
and tackle the problem of accountability 
in other groups-in industry and in the 
media, for example-and thus help 
create a climate where all such profes- 

sional groups recognize their debt and 
responsibility to society at large. Now is 
very much the right time-a delightful 
time in our lives-when it is splendid, is 
it not, to be able to use old-fashioned 
words such as "morality" and "honor" 
without a fear of being sneered at. 

I also wonder what Charles Dickens 
would say if he came back now. He lived 
his life in a deep pessimism. But looking 
back I think he would have possibly 
more grounds for optimism. 
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