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ABSTRACT 

This essay offers an overview of the Intellectual and social structures of science In the 

United States from the 1930s into the 1980s. It axgues that Germanic Immigrant 

scientists who fled the Nazis In thel930s were vital In energizing a productive 

colleglality among scientists and relnvlgoratlng a dlelectlcal Interplay between 

theorists and experimentalists, both of which characterize "classical" science. This 

unique Intellectual contribution and the "Internal dynamic" of doing science are 

described as becoming embedded In new social and ethical structures since World War 

II. New directions for research have been shaped by such "external" factors as the 

increased accountability of science, governmental mega-projects and secrecy, the 

enlarged dimension of "Instrumentalities" In science, changes in social relationships 

In the laboratory, and changes in the expectations of the public. As a consequence, 

styles of doing science, the motivations of scientists, and theoretical/experimental 

Interactions, all part of the "Internal" dynamic of science, have been stressed and to 

some extent transformed. The concluding chapter aigues that the most appropriate 

designation for American science since the 1960s Is not Just "big." In the most 

expansive sense of the word, it Is Barociue. 
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A young Hungarian physicist Leo Szilard, brilliant and always happy to surprise, was 

one of the earliest scientists to flee Nazi Germany in 1933. Szilard recalled: 

Hitler came into office in January '33, and I had no doubt what would 
happen. I lived in the faculty club of the Kaiser Wilhelm Institute in 
Berlin-Dahlem and I had my suitcases which were packed standing in 
my room; the key was in them, and all I had to do was turn the key and 
leave when things got too bad. I was there when the Reich staff brand 
occurred, and I remember how difficult it was for people there to 
understand what was going on. ... I went to see my friend Michael 
Polyani and told him what had happened, and he looked at me and said, 
"Do you realty mean to say that you think the secretary of the interior 
hiad anything to do with this?" and I said, Yes, that is precisely what I 
mean," and he just looked at me with incredulous eyes.,.. 

How quickly things move you can see from this: I took a train from 
Berlin to Vienna on a certain date, close to the first of April, 1933. The 
train was empty. The same train on the next day was overcrowded, was 
stopped at the frontier, the people had to get out and everybody was 
Interrogated by the Nazis. This just goes to show that if you want to 
succeed In this world you don't have to be much cleverer than other 
people, you just have to be one day earlier than most people. This is all it 
takes.1 

Between 1933, the year of the Reichstag fire, Nazi ascendancy and dismissal of Jewish 

academics, and 1941, as many as half a million persons emigrated from Germany, 

Austria and Czechoslovakia. The United States ultimately admitted the most, about 

132,000 immigrants from Germany and Austria, followed by Great Britain with 72,000. 

The peak year of immigration was 1939 after the November 1938 Krlstallnacht and 

burning of synagogues. Although initially In 1933 about 72 to 75 percent of all emigres 

sought refuge In France, by 1938 France could no longer absorb such numbers and people 

were forced to remigrate.^ Most of the refugees were Jewish, and within groups of 

intellectuals from two-thirds to four-fifths were Jewish. The estimated number of 

European refuges who were professionals. Including teachers, arriving in the United 

States from 1933 to 1944 varies between 22,800 and 25,500 people, according to Maurice 

Davie's book Refugees in America, published in 1947. More recent estimates are higher. 
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In the United States some 15,000 to 17,000 refound professional employment. A 

biographical data bank on abut 25, 000 such refugees world wide has been assembled.^ 

Of these professionals, of course , not all were "intellectuals" and academics. In her 

1969 book Illustrious Immigrants Laura Fermi, Enrico Fermi's wife, has surveyed the 

largely successful experiences of some 1900 such immigrants who had attained an 

education and usually some stature as a scholar or scientist before moving. She 

emphasized that this survey, although the most complete one at the time, only 

represented some fraction of such refugee intellectuals. More current lists of scientists 

and literary persons, professors and teachers, musicians, sculptors and artists number 

about 8700. And this does not Include over 2500 writers and an undertermined number 

of performing artists. The vast majority of the German and Austrian emigres 

permanently left their countries. Of the over 300 German university faculty and 

employees who emigrated in the 1930s, only 13 to 17 percent returned after the war.4 

Besides Leo Szilard, names of accomplished scientists include Fermi, Luria, Godel, 

Von Neumann, Bethe, Ulam, and Delbruck, not to mention psychologists such as 

Alexander. Examples show that immigrants in individual disciplines numbered in the 

hundreds. Physics included several hundred, and over 100 were placed in permanent 

university faculty positions by the early 1940s. There were 120 to 150 mathematicians 

and scores of astronomers. Some 190 displaced psychologists had a profound influence 

In American universities.® However, relatively few of the some 500 chemists found 

academic positions. Unemployed chemists from Germany had been arriving since the 

1920s and were usually employed in industry. The anti-Semitic discrimination that 

existed In the natural sciences at universities was mainly limited to chemistry 

departments and medical schools, perhaps In part due to the anti-Semitism of 

businessmen with whom chemists regularly consulted.® 
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The immigrant scholars and scientists clustered In the Northeast and from New York 

and Its environs disseminated to colleges and universities throughout the nation. For 

instance, significant numbers of social scientists found an Immediate haven at the New 

School for Social Research, mathematicians at Brown University and the Institute for 

Advanced Study at Princeton, biochemists at Columbia University, and artists and 

architects at Black Mountain College In North Carolina. Harvard, MIT Chicago, 
m 

Indiana, Caltech, Stanford, Berkely, Yale, and UCLA were also major settling points for 

the newcomers.'1 

This is a unique period In world history when European scholars, scientists and 

artists crossed a still-intimidating ocean to internationalize segments of intellectual 

and artistic culture separated by provincial constraints. The massive flight from the 

barbarisms of Nazi Europe antedated and reinforced later breakdowns of cultural 

provincialism which were to follow as a consequence of advances in transportation and 

communication after World War II. In many fields It marked the abrupt beginning of a 

new internationalism characteristic of twentieth-century cultural history in general. 

The diaspora of German Intellectuals between 1933 and 1941 has been likened to the 

exodus of Greek scholars from Constantinople prior to 1453 upon the advance of the 

barbarian Turk. Renaissance Italy welcomed many of these scholars who brought a 

rigorous understanding of the Greek language and literature that the intellectual 

descendants of Petrarch lacked. To a large part, the wave of Greek humanism which 

emanated throughout Europe during the Renaissance was the outcome of the teaching 

and Influence of these scholars. In terms of magnitude, however. It Is difficult to 

compare. The numbers of scholars, scientists and artists displaced by the Nazis, and 

breadth and depth of their experience.are much greater than the Greek diaspora 500 

years earlier. It is possible that their global intellectual impact was also greater.® 
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This Is where I date the beginning of an unprecedented period of successful intellectual 

adventure. Science was of a central Importance in this time. What interests me Is how 

and why science succeeded. I do not date the beginning of this period of scientific 

efflorescence, as so many others do, with the end of World War II or the fantastic 

achievement of the atomic bomb. Neither do I think the period begins with the 

important upsurge of financial, institutional and moral support given the sciences in 

the 1920s. Generally, one is left with the Impression that this migration was a very 

important phenomenon for the American scientific enterprise. But, outside of its 

uniqueness, exactly how and to what extent was it important? Did it merely inject new 

talented individuals who were able for a time to be more productive in an environment 

with fewer limitations? Indeed, did it really change the direction and tempo of 

American science over the longer run? Or else, was the Intellectual context changed in 

such a way as to promote the acceptance and pursuit of research among native scientists 

and the populace at large? The number of possible explanations is large.9 

Explanations of science, or of the behavior of scientists, take one of two approaches -

either the "internal" or the "external" appraoch. Although historians and sociologists 

standardly lament this distinction and state that the Job is to integrate the two, in 

practice it has been widely used since the publication of Thomas Merton's Science-

Technology and Society in Seventeenth-Century England In 1938. Merton observed: 

The question of the relative importance of intrinsic and external 
factors in the determination of the foci of scientific interest has long 
been debated. One camp of theorists had pledged Itself to the conviction 
that science has virtually no autonomy of its own. The direction of 
scientific advance is held to be almost exclusively the outcome of 
external, particularly of economic, pressure. Joining issue with these 
extremists are others who argue that the pure scientist is shut off from 
the social world in which he lives and that his subjects of research are 
determined by the strict necessity which inheres in each logic-tight 
compartment of science. Each of these points of view is Justified by an 
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appeal to carefully selected cases which nominally bear out one or the 
other of these conflicting opinions. ̂  

Studies of "internal factors" of science, then, emphasize the cognitive trail that 

scientists take and the cognitive autonomy of science Independent of social context. It 

focuses on a cultural, institutional and intellectual setting as experienced by its 

members, the scientists themselves. Studies of "external factors" question this 

cognitive autotiomy of science and attempt to focus on the context as a larger reality that 

structures the experience of scientists and the direction of research. 

Some have taken Merton's work on seventeenth-century science as an example of the 

latter approach emphasizing the "external." Examining science In an earlier stage of 

differentiation as an institution, he showed how it developed in harmony with the 

Puritan (and Baconian) values of utility, empiricism, reason and service to God. He 

sought to understand how scientific activities obtained legitimacy and autonomy at 

this time. It Is a study of context. (However, it would be a distortion to say that Merton 

makes an extreme claim that scientific developments can be accounted for by the 

extrinsic influence of Puritan values, as some critics clalme he has.) Other descriptions 

of "external" conditions exist which demonstrate the importance of political power of 

scientists, grantsmanship, resource and presonnel availability. There have been a 

growing number of sociological studies in the vein since the seminal works of Derek 

deSolla Price. By 1963 Price was using the term "Big Science" to describe "the large-

iscale character of modern science" - how science had "acquired a great deal of 

administration, organization and politicking." The form and content of the 

intellectual activity In science can be different depending upon the historical patterns of 

social and technological development - their bigness or littleness, the ethos, the 

specialization in research teams and managerial arrangements of science.11 With the 
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massive Infusion of federal support for various sectors of science - after Lawrence's 

cyclotron In the late 1930s, after the Manhatten Project of the early 1940s, after 

Sputnik In 1957, after the Apollo Missions and the War on Cancer In the 1960s and 70s, 

and after the inception of the Strategic Defense Initiative ("Star Wars") in the mid-1980s 

- came the Increasing tendency to funnel research funds through large organizations, 

Impelling researchers' goals to mesh with largr policy decisions and various poEtical 

and social agendas. The magnitude of such sponsorship by 1985, In conjunction with a 

more unified governmental concern over adapting science to national economic goals, 

prompted William Carey, publisher of Science, to write: "The realization that science 

and engineering are increasingly embodied n the pursuit of imperatives of national 

security and national interest puts a new coloration on the scale and the purposes of the 

research enterprise. Science, it appears, has transited its long postwar stage of lively 

and eclectic growth into the stage of instrumentalism for mega-objectives." In writing 

this, Carey assumed that external factors can have a profound effect on the course and 

conduct of scientific work. *2 

"The structure of the machine or of the organism is an index of the performance that 

may be expected from it," remarked Norbert Wiener in The Human Use of Human Beings. 

Applying this metaphor to the intellectual and social structures elaborated over a period 

of time set boundaries around the possibilities for scientific inquiry, and that the 

production of knowledge can only occur within a limited range of possibilities at any 

•one time. The intellectual, social and technological structures laid upon scientific 

inquiry in the last half centuiy, and the whole scale of social phenomena surrounding 

and Infusing science, an externalist could say. have established new indices of 

possibility for Inquiry of such magnitude as to preclude a facile transfer of concepts 

about science and society derived from earlier centuries. 
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To return to the Immigrant phenomenon, should It be viewed as an external influence 

laid upon a basically American enterprise? What is and how do we account for the 

Impact of the migration of European scientists into the halls of American science in the 

1930s and alter - in externalist terms? Did the immigrants change the availability of 

personnel and resources, the nature of scientific collaboration, or in some more tenuous 

way, the range of possibilities for inquiry? This phenomenon does not lend itself well to 

such conventional, externalist explanations of evolving structure. Such explanations 

seem to add little beyond a methodological individualism in which new knowledge, 

collectively acquired and maintained, is claimed to be no more than the result of the 

contingency of the actions, ideas, alms and interactions of individual people. 

One is then obliged to ask whether this phenomenon of migration and subsequent 

collaboration lends itself better to an internalist explanation. This means one which 

follows concept formation or scientific ideals within communities of scientists. This 

approach takes one further, and it is the subject of the next section of this essay. 

A diversity of views relating to the internal history of scientific inquiry has emerged 

in the middle part of this century. Prior to the 1950s accounts of science were built more 

frequently upon the premise that science Is culturally unique and separate from other 

intellectual pursuits. One important feature of science was perceived to be the extent of 

agreement, or consensus, among scientists about central Issues and methods In 

respective fields. Karl Popper, foremost among philosophers of science at this time, for 

instance claimed that scientific statements, once clearly formulated, could be subjected 

to a methodology by which they could be evaluated objectively. In this view 

disagreements among scientists about facts could only arise when the empirical 

evidence was relatively incomplete. When enough evidence was at hand, science well-

performed its rule-governed function of generating reliable beliefs about the physical 
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world. Of course, some disputes could still be attributed to epistemological differences 

and to the irrational obstinancy of individual scientists, but the ideal of science as an 

activity largely structured by "logic" and "methodology* held.13 

However, consensus in a discipline can be rapidly displaced. Historians and 

philosophers of science since the publication of TTiomas Kuhn's Structure of Scientific 

Revolutions in 1962 have pondered how consensus changes so rapidly and is even 

possible in science. Kuhn's treatise about the formation of new paradigms prompted by 

logical and experimental anomalies marked a transformation from the focus on 

consensus to one upon dissensus in science. Among the lines of argument, the most 

important one claims that no body of evidence by itself can ever logically prove or refute 

any theory. Such is the Duhem-Quine thesis of the underdetermination of theories by 

theory-laden and inevitably ambiguous and fallible data. Godel went one step further in 

mathematics when he showed that it was impossible to demonstrate strength of 

consistency of a mathematical system by that system alone. This, in turn, has acted to 

make notions of scientific coherence, progress and truth problematic.14 

Alternatively, several decades ago sociologist Robert Merton initiated what can be 

considered an internalist explanation of the distinctiveness of science in terms of social 

norms, or ideals, scientists refer to as guiding their work and insuring the integrity and 

coherence of the enterprise for the last three centuries. They are the norms of 

communism (communality), disinterestedness, universalism and organized scepticism. 

Sociologists more recently, however, in the wake of a coterie of fraudulent scientists in 

the 1970s and 80s, have shown how the repertoire of these ideals form "vocabularies of 

justification,'* rule-like formulations Interpreted with some latitude by individual 

scientists in the course of social Interaction in specific contexts. As a result, to look at 
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them as rules maintaining the Integrity, or uniqueness, of the scientific enterprise 

would be an overinterpretation.15 

All this scholarship has made truth, progress and scientific norms problematic in 

explaining the distinctiveness of science. They no longer had the explanatory clout, 

especially among sociologists on the lookout for power struggles and with ajaunticed 

eye for the norm of disinterestedness. Perhaps, then, there is indeed little difference 

between science and other professions, according to some, and what differences do exist 

can be explained by different games of rhetoric among scientists and between scientists, 

government policy makers, and the public? Many sociological studies consequently 

focused on the rhetoric and daily "discourse" of scientists and their jostling for credit 

among peers and grant money. In this view science is seen not just as a rational 

enterprise which accumulates multifarious solutions to problems arising In the 

material world, but also as a veiy verbal and all too human activity. An impetus to this 

line of inquiry, interestingly, came from Jim Watson's Double Helix which chronicled 

Watson and Crick's blow by blow struggle in the race for the Nobel prize. At the base of 

some sociological explanations is an assumption about the "social construction of 

scientific knowledge." These post-Kuhnian and post-Mertonian sociolgists of science 

postulated that scientific knowledge is a social construction, rather that discovery of the 

nature of reality. Socially fabricated facts accordingly are presented in articles and 

conferences in order to persuade others of the veracity of one's own account of nature. 

To them the problem becomes, "how are scientific facts manufactured and how are they 

related to the social context."16 

This relativistic view of knowledge and truth is different from the classical 

assumption that most scientists, and philosophers of science such as Popper, have held -

the postulate that there is an absolute reality, and its forms and relations are , at least in 
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part, discoverable and revealed in the course of scientific inquiry.17 At the base of this 

view Is a different vision of what science in fact Is. Perhaps these different conceptions 

of what science is are more fundamental than the scholarly distinction of internal and 

external, intrinsic and extrinsic. 

Leo Szilard's friend Michael Polanyi fled to England in 1933 to become professor of 

chemistry at the University of Manchester for 15 years after which he spent increasing 

time writing and speaking about the nature of science itself. In The Tacit Dimension he 

stakes out the core of a vision of classical science as perceived from the perspective of 

an Insider: 

Scientific tradition derives its capacity for self-renewal from its belief 
in the presence of a hidden reality, of which current science is one aspect, 
while other aspects of it are to be revealed by future discoveries. Any 
tradition fostering the progress of thought must have this intention: to 
teach its current Ideas as stages leading to the unknown truths which, 
when discovered, might dissent from the veiy teachings which 
engendered them. Such a tradition assures the independence of its 
followers by transmitting the conviction that thought has Intrinsic 
powers, to be evoked in men's minds by intimations of hidden truths. It 
respects the individual for being capable of such response;: for being able 
to see a problem not visible to others, and to explore it on his own 
responsibility. Such are the metaphysical grounds of intellectual life In 
a free, dynamic society; the principles which safeguard Intellectual life 
in such a society. I call this a society of explorers. Central to this vision 
is the assumption that a reality, truth, exists, that Its more profound 
features, though knowable, are hidden beneath the particulars of 
apearance, and that discovery Is a matter of pursuing "intimations" of 
hidden truths.18 

This kind of thought, especially the latter statement which could be construed as Just so 

much mystification, seems to be alien to the kind of vocabulary positivists of a 

previous era and many contemporary sociologists have used. Such scholars, not far 

removed from laymen In their underlying apprension of science, have focused on an 

industrial idiom of science as a "problem-solving" institution leading to "knowledge 

production" and technological achievement, instead of a question-asking Institution 

leading to a revelation of the natural world (See Appendix A). 
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The contribution of Immigrant scientists to twentieth-century science can be best 

understood from a classical perspective, such as that of Polyanl, which tends to be more 

of an Internalist, or Insider's, one. Once this contribution is established and the nature 

of certain neglected aspects of scientific discovery are outlined, the growing impact of 

the changes of "external" factors on science during the period under study becomes 

more apparent. 

In order to'get at a fuller description of the "classical" element of modern science, the 

dual nature of science needs to be emphasized. Many scientists and observers of science 

recognize that two scientific orientations, sometimes called Ideologies, or "ethics," 

exist: the theoretical and the experimental. How these two interact to create new 

concepts and knowledge is important, but Incompletely understood. Most 

commentators, such as Kuhn, Lokatos, or Popper, have concentrated on the theoretical 

to the neglect of the experimental. More recently this situation has been 

counterbalanced by others such as Ian Hacking and Allan Franklin who examine the 

Importance of experimentation for concept formation and verification. Along another 

line , there have been contributions, such as that of Arthur I. Miller, on the importance 

of visual imagery early on in the discoveiy process; these studies are concerned with 

the mental mechanics and the aesthetic dimension of evoking and articulating the 

"intimidations of hidden truths" In the first place.19 The theoretical orientation of 

science, sometimes called the Copernican, centers on problem and concept 

formulation, modeling and open-ended exploration. As a set of practices, science 

accordingly is "curiosity Institutionalized."20 That it has a strong aesthetic 

component, has been noticed by many, not the least of whom was Copernicus, who 

wrote: 
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We should first of all devote ourselves to and most ardently cultivate 
those things in the realm of the beautiful and most worth knowing. Such 
are the sciences which are concerned with the celestial movements in the 
world, with the course of stars, their magnitude and distances, their 
rising and setting, and the cause of other phenomena in the heavens, and 
which finally explain the whole form of the world. And what is more 
beautiful than the heavens which contain everything that Is beautiful. 

This is a conception of inquiry which has as its goal to look for relationships which 

unify and underly (in a Platonic sense) the natural world. It traces its origin back to 

medieval European theologians who tried to look everywhere and hypothetically 

imagine anything for clues to the nature and unity of the Heal, of God's knowable 

creation (See Appendix B). 

The other scientific orientation is the more empirical and utilitarian one, first 

clearly articulated by Francis Bacon early in the seventeenth century. Bacon argued 

for an agenda of "putting nature to the rack" and "keeping an eye steadily fixed upon 

the facts of nature" for the practical benefit of mankind. Based on the "positive data" 

of experience, it is pragmatic and seeks to empower by solving concrete problems 

which face society. Technological achievement is the apotheosis of scientific inquiry. 

Baconians would rather start with details than with generalities which they say 

descend to dogmatism; and they tend to regard as unproblematic all reports of 

observations of fact and their interpretation.21 

In the seventeenth century an extraordinary interplay of these two ideologies of 

science began- between the conceptual Copemican and the experimental Baconian -

one retaining a distinctly religious orientation and the other a very practical and 

social orientation. The goal of the former has traditionally been to look for the 

relationships which unify; that of the latter to take into account the rich diversity of 

nature and experience.22 A tension came to exist between these competing ideals and 

between scientists who tended to be unifiers and those who tended to be dlversiflers. 

(This pertains also when the unifier and the diversifier exist within a single 
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Individual.) Both types came to need and complement each other for the attainment of 

a flourishing scientific enterprise. (The experimental can degenerate into aimless 

tinkering, data accumulation, or alchemy, without motivating conceptual 

frameworks. A twentieth-century example of this, some claim, has been secretive 

research on atomic fusion and on SDI projects. And, the theoretical can become 

metaphysical dreaming, blinding dogma, or fraudulent posturing if it cannot be 
* 

experimentally matched to reality. Examples of the latter in this century are 

Lysenkoism, polywater research and the initial work on "cold" atomic fusion.) The 

cooperative interaction of these two perspectives created, maintained and defined the 

classical scientific enterprise since 1600. The origin of the convergence of Copernican 

and Baconian ideals prior to the seventeenth century has been considered by some 

historians. Their studies substantiate the importance of the dialectical interplay of 

the theoretical and the experimental ethos for the creation of classical science as we 

have known it since the beginning of the seventeenth century (See Appendix B). 

A more recent thrust in studies of science, one which to some extent combines both 

internal and external explanations, both the Copernican and Baconian orientations, 

has been to look more closely at the inputs of technology and craftsmanship for the 

formation of science. Derek deSolla Price presented a case In point: 

The most decisive historical case history for elucidating the 
science/technology relationship is one of the most important events of 
the scientific revolution, Galileo's first telescopic observations. There is 
little doubt that the momentous discoveries published in the Slderius 
Nunclus of 1610 made Galileo's reputation. The little book contains 
more important new discoveries per square inch than any other 
scientific work before or since. ... It is these new discoveries that created 
the Copernican Revolution rather than any work of Copernicus himself; 
they created the passion for instruments and experiments that ushered 
in the age of modem science. For Galileo himself", I feel, it was the 
experience of the telescope that gave new meaning to the power of the 
experiment.... If it had not been for the fame of the telescope, Galileo 
would have been just another late medieval mechanician.2^ 
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Generally, people have underestimated the extent to which technological innovations, 

both physical and social, are at the heart of a militant, curiosity-driven science. More 

recently, some such as Joseph Agassi have given it a more central role.24 

Thomas Kuhn and his followers have done well in explaining how old scientific 

questions and concepts can be supplanted by new paradigms. But they have not really 

taken up the problem of the coupling of inquiry to the technological infrastructure 

which itself foYms part of the social context. New questions and concepts emerge from 

technological and Institutional structures, as well as historical and cognitive 

contexts. Recognition of the existence of "anomalies" by the exceptional Investigator 

as a prerequisite for new paradigms is not sufficient by Itself, nor Is it sufficient to say 

that subsequentfy new formulations and concepts somehow pop out of the irrational 

Intuition of the creative scientist. Problems relating to the emergence of new 

questions and concepts, such as the role of metaphorical and visual thinking for this 

emergence, the underpinning Institutional structures, and the particular role of 

technological Innovation, remain insufficiently examined. In addition, a balanced 

interaction of the theoretical and experimental orientations is important for the 

emergence of new concepts and knowledge in science. As I have already intimated, 

once the importance of these activities is recognized, then it is possible to understand 

better the relationship of scientific innovation, its social context and the positive and 

negative Impacts of society's external support for science. 

In conclusion, my conception of science as "classical' and the framework of this 

essay derive from the foregoing considerations. A cluster of question underpinning 

my comments are: 

First, at what points do the conceptual and experimental agendas of science 

converge and diverge? can this explain productivity, or delay of progress, in science? 
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Do the advances In the biological sciences, for example. In the 1950s and 60s represent 

a convergence of the two whereas later developments represent divergence? 

Second, when theory development is coupled veiy Intimately and intensely to the 

development of the "Instrumentalities" of experimentation (which charged upon the 

scene with greater force than ever after World War II). how does imagination of the 

individual lit in? To what extent do Instrumentalities augment and/or displace 

traditional ways of employing one's imagination in science? They can clearly do 

both; yet what is the balance? Does the preponderance of capital-intensive 

instrumentalities encourage fragmentation or uniformity in science, or neither? 

Thirdly, when the independence of scientists' action is tempered and limited by 

large social, political and financial inputs from the society and government outside of 

it, how does science and the character of those who do science change? Have changes 

in the last decades of the period under study lead to affiliations with the policy goals of 

the state which culminate in a condition in which the scientific enterprise can 

legitimately be termed "baroque?" How would one describe baroque? And, does this 

terminology lend any additional understanding to science in twentieth-centuxy 

America? 

Now that so many groups perceive that they have a stake in scientific inquiry and in 

getting money for their brand of science, it is important to recognize that production of 

knowledge and creativity among scientists depends on a subtle interaction of factors 

both "internal" and "external" to the inquiry process itself. Ignoring or downplaying 

either the endogenous intellectual and social dynamic of scientific inquiry or the 

exogenous influences which impinge upon, constrain and guide it can distort one's 

understanding of the evolving enterprise. The aim of this essay is to illuminate some 

historical evernts, intellectual structures, and social trends which, in some measure. 
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can account for the achievements and changes of science in the United States since the 

1930s. Out of this I attempt to formulate a moving picture of American science from 

1930 to 1990 as a unified process. 
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II Flower Garden of the Gray Matter 

Adaptation, or some sort of coming to terms with the American culture was generally 

a requisite for renewed productivity among scientists and scholars. One large problem 

for German-speaking Immigrants was often a sense of linguistic impoverishment. 

Communication In a foreign language loses its edge as well as Its system of inferences 

and nuances of thought. Subtlety and wit are customarily the first things to go: 

Working in a language which is not the language of one's dreams is to 
miss many over- and under-tones, ambiguities and poetic notions, the 
spontaneous and even the silences. Dimensions of thought and feeling 
must be replaced by a technique of significations, using spoken words in 
prefabricated, studied sequences which threaten to Impoverish that 
which they ought to enrich. .. . 

Uneducated people quickly learn to make small talk in canned 
phrases. Intellectuals leam and tend to speak "translatese." painfully 
aware that it is one flight below the level they would like to Inhabit 
intellectually.^ ® 

This situation was perhaps less of a dilemma for scientists than for humanists and 

writers. For one reason German and English were more or less the international 

languages of science. Therefore, there was less of a barrier to begin with. Verbal and 

written communication occurred In languages already widely used among scientists on 

both sides of the Atlantic. Perhaps more important tnough, the symbols and language 

of science are consciously designated to eliminate ambiguities and multiple levels of 

meaning. Aiming for exactness. It tends to be more denotative and more removed from 

cultural particularities than that of writers. The language of the scientist, on the other 

hand, is hooked more to the context of the laboratory and tradition of ideas within 

disciplines than to reference systems tied to national or regional culture. 

A number of scholars, however, refer to the fact that this new challenge actually 

turned out to be a boon and increased their productivity and breadth of scholarship. 

Paul Tillich spoke of having been "deprovincialized." Adorno notes that he became 
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"Inclined toward critical self scrutiny" upon witnessing "In America no reverential 

silence In the presence of everything intellectual prevailed."26 Erwin Panofsky wrote: 

When speaking or writing English, even an art historian must more or 
less know what he means and mean what he says, and this compulsion 
was exceedingly wholesome for all of us. Indeed tills very compulsion. 
combined with the fact that the American professor is much more 
frequently called upon to face a nonprofessional and unfamiliar 
audience than Is his European confrere, went a long way to loosen our 
tongues,... Forced to express ourselves both understandably and 
precisely, and realizing, not without surprise, that it could be done, we 
suddenly found the courage to write books on whole masters or whole 
periods Instead of - or besides - writing a dozen specialized articles.27 

Many of the displaced humanists, artists and scholars had to create a new audience as 

well as master the system of inferences of a new language. Some were wildly successful, 

as In the case of Ponofsky cited, or as with Frederick Kohner who, drawing from the 

experiences of his daughter in southern California, wrote the novel Gidget (1957). Some 

people found a new audlnece through their students. Yet, more often than not. they 

complained of the "excessive teaching load" of the American system. The problem of 

audience and social context for natural scientists again was not as acute. It was by 

nature more restricted and internationalized; and those American laboratories were 

more spacious and better equiped than ever! 

The social scientist Franz Neumann summed it up by generalizing about the choice of 

direction the displaced scholar had: 

The exiled scholar [sometimes abandoned] his previous Intellectual 
position and [accepted] without qualification the new orientation. 

He may [and sometimes did] retain completely his old thought structure 
and may either believe himself to have the mission of totally revamping 
the American pattern, or may withdraw with disgust and contempt into 
an island of his own. 

He may, finally, attempt an integration of his new experience with the 
old tradition. This, I believe, is the most difficult but also the most 
rewarding solution.28 

By 1940 the total number of Immigrants who were scientists numbered somewhat less 

than two thousand, yet they lived and functioned within the larger experience of the 
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displaced European and shared much with other groups. This was relatively a large 

number At the end of the 1920s a studied chaired by Herbert Hoover Indicated less than 

400 active scientists and engineers, spending only ten million research dollars, were 

doing pure research in the United States, and "most of them divided their time between 

it and teaching."29 The impact of hundreds of immigrants placed in universities by the 

1940s was amplified by the fact that a relative handful of leading universities in certain 

geographical dreas employed disproportionate numbers. Noted scientist and scholars 

gravitated to fifteen to twenty centers of higher learning which by the early 1960s would 

produce some 54 percent of the national doctoral graduates in the natural sciences. 

(Science departments at some 150 other universities accounted for the oher 46 percent.) 

The unusual effect of concentrations of outstanding scientists at a few universities has 

been described by Zuckerman and Merton. Zuckerman found in the mid-1960s, for 

instance, that Just five universities - Harvard, Columbia, Rockefeller, Berkeley and 

Chicago, which were among those accepting large numbers of immigrant scientists two 

and three decades earlier - accounted for 49 percent of the American Nobel prize-

winning research activity in the sciences. These numbers of European scientists and 

their concentration In certain universities enabled a cross-fertilization of not Just 

ideas, questions and vocabularies, but also of research orientation in a way that will be 

described. All this played a large role in the birth of an unparalleled productivity in the 

1950s and 1960s. 

It is difficult to adequately assess national scientific creativity and productivity. 

However, one commonly used Indicator of scientific accomplishment, which is of 

value, has been the nomination for and awarding of Nobel prizes. In the natural 

sciences awards have been granted only in the fields of physics, chemistry, and 

physiology and medicine. The fact that other fields, such as astronomy and 
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geosciences, are omitted limits the usefulness of this Indicator; yet several observations 

can be made from the three areas of inquliy Included. This is Important since it is 

known that somewhat more than half of the 92 laureates who did their prize-winning 

research in the United States had some sort of apprentice relationship with one or more 

older Nobel laureates. Something salutoiy evidently rubs off. Looking at Nobel prizes 

awarded to Americans before 1930, one finds that 3 were awarded in physics, two in 
m 

chemistry and none in physiology and medicine. In the 1930s in each of the areas three 

were awarded for research done in the 1920s and early 30s. This perhaps attests to some 

growth In vitality of American science In the 1920s and not to any influence of the 

immigrants. Beginning In the 1940s there is a contrast in performance between 

chemistry and the other two broad disciplines. Immigrant chemists were 

underrepresented in academia, as already mentioned, compared to other scientists. In 

chemistry in the 1940s two Nobel prizes were awarded to Americans, three between 

1950 and 1958, and four betweenl959 and 1969, for a grand total of only 11 laureates, 

none European trained. By contrast, from the 1940s through the 60s physics laureates 

numbered twenty three, eight of them European born and trained, and physiology-

medicine laureates numbered thirty-one, twelve European trained. Enrico Fermi alone 

had six associates who later became laureates. One of them remembered: "If you worked 

with him, it was as If you were a mediocre tennis player and you were playing with a 

champion. You would do shots that you had never dreamed of. He got quite a few 
t 

suggestions of important things from his collaborators but there, people were just -1 

don*t know, the solution developed in ten minutes with him, you see." Others would 

point out the importance of the attitude, not the technique or information, the ability 

to ask important questions that were soluble, the adherence to high standards.31 
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In physics the years 1959-1969 were particularly rewarding when for every year 

except one Americans and European-Americans were awarded the Nobel; In the 50s 

four Immigrant physicists became laureates wheras in the 60s It was three. After this 

there was a dropping off for physics. On the other hand the late 60s and 70s are peak 

years for Americans in the biomedical sciences In terms of awards. In the high-water 

years 1959-1969, 6 immigrants numbered among the 15 Americans awarded the prize; 

in the 1970s 5 Immmigrants were among the 20 awarded. Most of the awards in all 

disciplines were for work done five to fifteen years earlier. For the case of physics 

particularly, this was for research done In the 40s and 50s. For the biomedical sciences 

it was for work done primarily in the 1950s and 60s. In the latter lines of inquiry in the 

1940s, however, much fundamental work was accomplished and established the 

foundations of new biomedical disciplines. One would not expect this important 

groundwork by people such as Max Delbruck and Salvatore Luria to quickly result in 

prizes. All this suggests that the 1940s and early 50s were years of quiet yet solid 

accomplishment. It also indicates that an attenuation of the stimulus the imigrants' 

vitality provided began generally to occur in the 1970s. 

What kind of a new world had these young and illustrious scientists entered once 

situated and back to work? What striking differences from their European experience 

did they see? Reactions, of course, differed among individuals, scholarly disciplines 

and artistic interests. The most immediated common difference apparent to large 

numbers of scholars and scientists was the strength of an American concern for the 

practical and empirical, and a concern for approaching life directly in terms of 

addressing concrete human needs. In short, this was an appreciation of the immediacy 

of experience. The other side of the coin, many observed, was a relative atrophy of 



27 

speculative and abstract thinking among Americans. One well-known immigrant 

psychologist exclaimed, 

One of the points which impressed me most deeply was the coming face 
to face with a culture in which science is fundamentally seen as a servant 
to human beings rather than a superhuman entity which universities 
and institutes have to serve, as is to a large degree in the case of Germany. 
At the same time, I have been impressed by the relative lack of interest in 
the theoretical approach which around 1932 was quite apparent.32 

This emphasi§ on the humanly practical and relative neglect of the speculative and 

theoretical was not something apparent Just in scientific and scholarly circles. It went 

deep into the fabric of the American character and had been noticed by Tocqueville 

earlier when he wrote, "I think that in no country in the civilized world is less attention 

paid to philosophy than in the United States."33 

Another less tangible immigrant accomplishment was the fact that the Europeans 

brought an antidote to this neglect of the theoretical In teaching and research. There is 

little doubt the American "culture of experience" channelled the Inquiry processes of 

immigrant scientists and scholars; yet, their Amerlcn colleagues benefited perhaps 

more from the European theoretical approach. Theologian Paul Tillich, who emigrated 

from Germany in 1933, wrote: 

What did we see here? First, what did we see in theology? Many new 
things, indeed! Perhaps most important was the acquaintance with a 
quite different understanding of the relation between theory and 
practice. The independence of theoiy from any kind of practical 
application, as we were used to it in Germany, became questionable 
under the pragmatic-experimental approach of American theology. It 
was a partly disturbing, partly exciting experience when, after having 
read a most theoretical paper to an educated group, one was asked: What 
shall we do? This does not only mean: What is the consequence of the 
thing? It also means: What Is the validity of the theory In the light of the 
pragmatic test? The background of this attitude generally, and In 
theology especially, is the emphasis on religious experience in the 
movements of evangelical radicalism which have largely formed the 
American mind and have made of experience a central concept in all 
spheres of man's intellectual life. The strong Calvlnistic Influence on 
the early periods of American history has contributed to the pragmatic 
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approach by emphasizing the realization of the Kingdom of God in 
history over against the emphasis on pure doctrine in German 
Lutheranism.... 

This structure of thought is not without Influence on the content of 
theology. The glory of American theology lies neither in the historical 
nor inthe dogmatic field, but In the sphere of social ethics. ... It stands in 
marked contrast to the Isolated system-builders in Continental theology 
- again, a lesson not easy to leam. 

The last point Is as valid for philosophy [or science] as for theology. 
The philosophical approach to reality is experiential, If possible 
experimental. The validity of an Idea Is tested pragmatically, namely, by 
the function it has within the life process. . . 

Tillich further points out how the emphasis on experience and practicality can affect 

one's approach to learning, discovery and knowledge: 

Behind the pragmatic approach to reality lies - mostly unknown to 
those who use it • one of the basic attitudes to reality which determined 
the medieval discussion, namely, nominalism. If one comes from the 
main tradition of Continental philosophy one soon realizes how much 
these traditions are dependent on what the Middle Ages called realism 
(which is nearer to modern idealism than to what today we call realism). 
In any case, it is not wrong to tell one's American students that they all 
are nominalists "by birth." A consequence of the nomlnalistic attitude 
is the feeling of standing at the periphery and not at the center of truth, 
and therefore the demand for tentative steps from the periphery towards 
the center, always aware of the fact that they are tentative and may lead 
in a wrong direction. This often produces an admirable attitude of 
humility, but sometimes a complete rejection of a search for ultimate 
truth. The positivistic, empirical attitude can be both humble 
acknowledgement of man's flnitude and arrogant dismissal of the 
question of the truth which concerns us ultimately. This attitude makes 
understandable also the dominant role logical positivism has played in 
the last decades within the American philosophical science. It can be 
interpreted as another expression of the humility of philosophers who 
want to avoid the Idealistic claim that man is able to participate 
cognitively in the essential structure of reality. But logical positivism 
can also be interpreted as the desire to escape problems which are 
relevant to human existence. It can be interpreted as the justified 
distrust of an interference of emotional elements with cognitive 
statements. But it also can be interpreted as the dismissal of existential 
problems into the noncognitive sphere of feelings. Thje seriousness of 
this situation was one of the surprising discoveries we had to make . . ,35 

The last few statements of this excerpt are perceptive In their recognition of the anti-

Intellectual element in (phe)nominalism and empiricism, in this experiential 

orientation. The historian and philosopher Morton White has explained further in an 

essay "Anti-Intellectualism in America" how this emphasis on immediate practical 



29 

experience could elicit various shades of anti-intellectualism and serve as a barrier to 

rigorous, philosophical thought. 36 

Franz Neumann addressed more directly the situation for social and natural 

scientists in; 1953: 

To many of us it appeared and still appears that the significance of the 
collection of empirical data is overstressed - as against the theoretical 
frame; that the predominance of empirical research makes it difficult to 
see problems in their hstorlcal significance; that the insistence upon 
masteiy of a tremendous amount of data tends to transform the scholar 
into a functionaiy; that the need for large sums to finance such 
enterprises tends to create a situation of dependence which may 
ultimately Jeopardize the role of the Intellectual as I see it. . . . 

We have received from this concern of American political and social 
science the demand that scholarship must not be purely theoretical and 
historical, that the role of the social slcientst Is the reconciliation of 
theory and practice, and that such reconciliation demands concern with 
and analysis of the brutal facts of life. . . . 

The German scholar returning to Germany for a visit. . . finds himself 
in a strange position; While here at home he frequently has to fight the 
overenthusiasm for empirical research, and to stress the need for theory 
and history. In Germany he becomes, by compulsion, an advocate of 
empirical research.37 

In Duggan and Druiy's Rescue of Science and Learning two unnamed psychologists 

writing about 1947 confirm these assessments: 
I have been impressed by the relative lack of Interest in the theoretical 

approach which around 1932 was quite apparent. It I may venture a 
general remark, I would say that the feeling for what theory means in 
science and what role it should play has developed quite favorably 
during the last decade in those areas of science with whclh I deal, in part 
probably as the result of the immigrating scholars. 

And, 

When I came to this country I was quite unaware of many basic 
problems in my own science, ... [At this timel I believe, I have attained a 
more healthy, more balanced attitude in my work and my teaching. My 
service, if any, I see in my passing on this new insight; I endeavour to 
teach American students that facts without theory are blind, and 
theories without facts , empty. A number of European scholars in this 
country seem to have gone the same way as I did and met with similar 
experiences. It is probably partly due to this influence that the 
conviction among the American students seems to grow that scientific 
endeavour has small virtue without the consistent, living intent toward 
integration.38 
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It is of interest that the most circumspect observations on this matter come not from 

natural scientists, but psychologists, social scientists, theorlogians and humanists. 

Perhaps the division of theory and experience-practice, if not greater, had previously 

been less apparent than in the natural sciences, and consequently the reaction was 

greater, alternatively, nonscientists, engaged in less specialized, or less 

departmentalized, disciplines, may have had more of a penchant for evaluating the 

broader cultural differences. However, it had already been recognized within some 

scientific groups, especially physicists and chemists, that Americans before the 1930s 

lacked a theoretical perspective, and to complete their formation, a sojourn in a 

European laboratory was in order for those such as Robert Oppenheimer. The direction 

of Intellectual exchange began to vary only by the 1920s when new facilities and sources 

of patronage arose in the United States. A growing number of young postdoctoral 

fellows found it valuable to work in American laboratories; a smattering of notable 

European scientists visited the United States, and sometimes stayed. 

One young American physicist in the 1920s was Robert Oppenheimer. He was 

recognized as having a first-rate mind by his European mentors and later became the 

scientific director of the Manhattan Project. In 1954, as a native American, he 

commented upon the distinction in question. Although he warned against 

overemphasizing It, he also recognized its Importance: 

It is commonly said that our national culture favors practice over 
theory, action over thought, invention over contemplation. There is 
some truth to this thesis. It should not be exaggerated. For one thing, the 
balance between operation and reflection must always, everywhere, 
numerically favor the doers as compared to the reflectors; even in 
Athens there were quite a few Sophists for one Socrates; and I find it 
hard to imagine any society in which the world's work does not occupy 
more people more of the time than does an understanding of the world. 
For another, the balance between these aspects of life has been accented 
by circumstance, in that the doers in our country have had great good 
fortune to mark and celebrate their deeds; the country's wealth, its 
spaciousness, its wide measure of freedom, and, on the whole, its 
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prevailing optimism. It would take quite considerable accomplishments 
of theoiy and understanding to match the brilliance, often almost the 
Impudence, of our material creations.... 

Our past has always been marked by a few original and deeply reflective 
minds whose work, though it was part of the intellectual tradition of 
Europe and the world, has nevertheless a peculiarly national stamp, as 
In the four names of Peirce, Gibbs, James, Veblen. Today, In almost all 
fields of natural science, and In some others as well, our country is 
preeminent in theoiy as it Is In experiment, invention and practice. This 
has meant a great change in the educational scene, as far as higher 
education is concerned, in the graduate schools, In post-doctoral work, 
in the institutes and universities. Part of this, it is true, has come about 
because of the misfortunes abroad: the two wars In Europe, and the Nazis, 
the initial effects of Communist power in Russia, which for a time at 
least rftade conditions for serious study very difficult. It has been 
brought about in part by the coming to this country of scholars in refuge 
from their regimes, from tyranny and trouble abroad. Nevertheless it is 
true that today a young man wishing the best training in theoretical 
physics or mathematics, theoretical chemistry or biology, will be likely 
to come to this country, as three decades ago he would have gone to the 
schools of Europe.... To repeat today that which was only partially true. 
then, namely that Americans excel in practical undertakings but are 
weak in theoiy, is to distort the truth. It should be added, of course, that 
the number of men engaged in theoretical science is always small and, 
even with us today. It is veiy small. Their work and their existence can 
have little direct bearing on the temper and style of the country. 

Having said all this, it does seem to me that in comparison with other 
civilizations - that of classic India surely, that on the continent of 
Europe, and probably even that of England, where theory is brilliantly 
made but largely Ignored in practice - ours Is a land in which practice is 
emphasized far more than theoiy, and action far more than 
contemplation. In the difficult balance of teaching, we tend to teach too 
much n terms of utility and too little In terms of beauty.39 

Although Oppenheimer was wary of underestimating American theoretical capacities, 

especially by the 1950s, he ends by stating that practice, action and utility are 

emphasized "far more" than theoiy, reflection and beauty, and this had an effect on 

higher education. A summaiy assessment of the immigrant approach on American 

students, was provided by one immigrant a decade before that of Oppenheimer: 

The more lasting contribution In the scholastic field, it seems to me, 
lies with the Intangible Influence European refugees had by offering a 
different approach and different methods. . . . Some American scholars 
are very much aware of over-departmentalization and the lack of 
Integration in this countiy. To have strengthened the Interest In a more 
comprehensive approach by continually forcing the issue in discussions 
seems to me to be one of our lasting services, the result of which, 
however, may only become visible in the long run without being 
tradeable to one or the other Individual.40 
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Commentary by social historian H. Stuart Hughes, who was a student of a number of 

Immigrant scholars in the late 1930s Indicates how much the new orientation of the 

refugee scholars was appreciated: 

To fields of study where young Americans were in a state of 
dissatisfaction or revolt, the scholars from central Europe came as 
heaven-sent messengers of a deeper wisdom. I can testify from personal 
experience to the staleness and flatness of graduate work in history in 
the late 1930s. I suspect that dozens of my contemporaries felt the same 
way about American sociology and political science. . . . they arrived just 
at the right time-Just at the moment when a new generation of scholars 
was thirsting for what they had to offer. To us. their native-born Juniors, 
the teaching they imparted was a heady brew, as learned as it was bold. 
that ranged freely over the whole field of social investigation. It 
mattered little whether the newcomers were professionally labeled 
sociologists, historians, or political scientists: the tradition they 
brought with them scorned such petty-minded demarcations.41 

To appreciate the difference in attitude and theoretical thrust of the Europeans, 

particularly the German-speaking ones, it is valuable to take note of the intellectual 

environment that had evolved in Germany over the previous century and some 

particular circumstances of the Weimar Republic of the 1920s, German scholars and 

scientists were generally influenced by systems of thought - idealism, materialism, 

historiclsm and Naturphllosophie - which claimed to incorporate and explain all sorts 

of phenomena. German idealism, the foremost of them, carried a great deal of 

historical weight even in the twentieth century. Frederic Lilge has described this 

orientation and its transformation in The Abuse of Learning. It was derived in part 

from the great tradition of Alexander von Humboldt and Wllhelm von Humboldt, which 

later in the nineteenth century the renown biologist Ernst Haeckel tried to emulate in 

his Riddle of the Universe (1899), a book which espoused a comprehensive but depleted 

philosophy he called Monism. This type of anachronistic philosophizing which tried 

to impose a unity upon all sorts of disparate phenomena was rife among German 

academics at the turn of the century, according to Lilge. Such uncritical work was part 

of the reason that a few thinkers such as Nietzsche came to believe that the German 
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educational system and culture had degenerated to an unredeemable point. Such 

philosophizing reached a climax with Oswald Spengler's Decline of the West. This was 

ironic since Spengler himself was the most devastating of all the critics of the "last 

great systems" builders, referlng to them as symptomatic of the Incipient decay of 

matured societies. 

The romantic and idealistic urge to generalize and unify was so strong that from the 

perspective of*one perspicacious American, Thorstein Veblen. this cut Germans ofT 

from an effective understanding and use of modern science. In 1915 he thought this 

German tradition exemplified a romantic and unscientific elan: 

The peculiarly German philosophy is peculiarly ineffectual for the 
purposes of modern science, and peculiarly incapable of articulating 
with or Illuminating any of the questions with which modem scientific 
inquiry is occupied. It Is an idealistic philosophy; that is to say. at its 
nearest approach to the domain of fact it is a theoretical construction in 
terms of sufficient reason rather than of efficient cause, in terms of 
luminous personal valuation rather than of opaque matter of fact. 

Its high qualities and great aesthetic value may not be questioned; it is a 
monument of what was best In German life in the days before the 
technological deluge; but it finds no application in the scheme of thought 
within which the modern science and technology live and move.43 

Both Veblen and Dewey had been struck by the combination of idealism and efficiency 

among Germans and both were more impressed by the efficiency than the idealism. 

The style of Weimar culture In the 1920s complicated this picture. One commonplace 

feature of "the Weimar style" was Its cosmopolitanism and internationalism. Peter 

Gay characterizes this time as one in which the traditional outsider, the intellectual, 

the marginal Jew, temporarily became an "Insider:" 

For the outsiders of the Empire as, later, for the Insiders of the Republic, 
the most insistent questions revolved around the need for man's 
renewal, questions made nearly Insoluble by the disappearance of God, 
the threat of the machine, the incurable stupidity of the upper classes, 
and the helpless Philistinism of the bourgeoisie. Seeking answers to 
their questions, the rebels turned to whatever help they could find, 
wherever they could find it. There was nothing unusual in this; man's 
articulate misery or articulate delight has never been a respector of 
frontiers.44 
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The mentality of these outsiders (as insiders) shared something with the more 

regressive, fearful and reactionary forces of the day in 1920s Germany, what Gay has 

termed "a hunger for wholeness." They sought valid connections. This turned out for 

many to have been, 

a great regression born from a great fear: the fear of modernity. The 
abstractions that Tonnies and Hofmannsthal and the others 
manipulated - Volk. Fuhrer. Organtsmus. Reich. Entscheidung. 
Gemeinschaft - reveal a desperate need for roots and for community, a 
vehement, often vicious repudiation of reason accompanied by the urge 
for direct action or for surrender to a charismatic leader. The hunger for 
wholeness was awash with hate.... 
Yet the Weimar situation was nothing if not complicated. Not all who . . . 
hungered for connection and unity were victims of regression; a few, 
outnumbered and not destined to succeed, sought to satisfy their needs 
not through escape but mastery of the world, not through denunciation 
but employment of the machine, not through irrationalism but reason, 
not throught nihilism but construction. . 

Some of these few, traditionally on the margins of society, sould emerge as leaders in 

the diaspora of intellectuals, artists and scientists following 1933. In part, their 

creativity hinged upon their marginality, upon being part of more than one culture, 

their 'interstitial situation" and ability to exist in intellectual "boundary areas" and to 

integrate disparate bodies of information gathered from colleagues with differing 

outlooks. 

The picture that emerges from all this testimony on the 1920s into the 1950s is one of 

the encounter of two provincialisms which have come to terms with each other, and to 

their own surprise, enhance each other. From this new collegiality came a revitalized 

commitment and coordinated intellectual output. 

Collegiality and Interpersonal commitment between diverse investigators is a strong 

character of research in science. This means something more than scientists working 

within disciplinary communities or invisible colleges. It refers to the fact that 

discovery occurs by an exchange of practices and passionately argued ideas (the act of 

persuading critical friends of the veracity of your own Interpretation) by direct 
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personal Interaction, Ideally, In a convivial environment there is a commitment to 

ferreting out and telling the truth by paying attention to what actually and 

experimentally exists. "The effort of knowing Is thus guided by a sense of obligation 

towards the truth: by an effort to submit to reality."46 Important also Is a teaching 

arrangement in which new members learn as practicing apprentices in guild-like 

relationships with older Investigators and in which botfi tradition and independence 
* 

from tradition is learned. The apprentice relationship passes on some tacit knowledge 

(that large body of knowledge which exists although it cannot adequately be articulated 

and explained verbally), and it confers an implicit appreciation of the use of tacit 

knowing, first, in the craftsmanship involved with experimentation and. second, in the 

generation of new Ideas. Therefore, commitment is directed to knowing the truth about 

reality and to propagating a system in which tacit knowledge is used to generate 

articulated scientific knowledge.47 Given this description, it is possible to understand 

how "cross-fertilization." the unusual Juxtapositions of attitudes, practices, facts, ideas 

and contexts, which abruptly happened in the 1930s and after, could be so productive. 

This new collegiality and renewed commitment, of which both the Americans and 

Europeans took good advantage, opened may new avenues of inquiry and 

conceptualization. However, the contribution of the Europeans goes beyond being able 

to take advantage of new collaborative arrangements and having simply a greater 

interest In the theoretical. The distinct capacity for integration, comprehensiveness 

and wholeness that so many German-speaking scientists brought with them explains 

in a general sense their theoretical orientation. Theorizing acts to integrate and unify 

traditional ideas and disparate experience, and it is an activity subsumed under the 

capacity to integrate and unify. When considering theory this way, one is referring to 

an aesthetic dimension, to a search for a harmonious order which goes beyond the 
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stipulation of a scientific law. The measure of success of a scientific theory Is a measure 

of "elegance," or beauty, "since it is a measure of the extent to which it has Introduced 

harmony in what was before chaos." The mathematical physicist Werner Heisenberg 

has defined beauty in the classical way as "the proper conformity of the parts to one 

another and to the whole." This is what a successful theoiy achieves. To seek the 

harmonies that are found in nature has been a major goal in science since and before 

Copernicus. A heightened aesthetic sense, within which falls the theoretical 

orientation, therefore, came with the immigrant scientists.48 This complemented 

American orientation toward details, diversity and experiment, and it filled an 

intellectual deficiency In the American scientific system. 

Writing about the motivation of the theoretical mind at the turn of this century, 

mathematician Henri Polncare stressed: 

The scientist does not study nature because it is useful to do so. He 
studies It because he takes pleasure In it; and he takes pleasure in it 
because it is beautiful I mean the Intimate beauty which comes from 
the harmonious parts. .. . 

It Is because simplicity and vastness are both beautiful that we seek by 
preference simple facts and vast facts; that we take delight, now in 
following the giant courses of the stars, now in scrutinizing with a 
microscope that prodigious smallness which Is also a vastness, and now 
In seeking in geological ages the traces of the past that attracts us because 
of its remoteness.4® 

About the same time neurologist Ramon y Cajal used rich imagery In describing a 

similar motivation for his observations and experiments: 

The garden of neurology holds out to the Investigator captivating 
spectacles and Incomparable artistic emotions. In it, my aesthetic 
Instincts found full satisfaction at last. Like the entomologist in search 
of brightly colored butterflies, my attention hunted in the flower garden 
of the gray matter, cells with delicate and elegant forms, the mysterious 
butterflies of the soul.50 

Polncare said, "Pure logic could never lead us to anything but tautologies; it could create 

nothing new; not from It alone can any science Issue. ... To make arithmetic, as to 
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make geometry, or to make any science, something else than pure logic is necessary. To 

designate this something else we have no word other than intuition."51 Discovery is an 

act which has an aesthtic dimension; it occurs after the detection of anomalies in 

previous conceptual schemes but before the act of verification of an articulated 

hypothesis. Without it there would be little forward movement in scientific Inquiry. 

The allegedly irrational and "intuitive" component involved in the creation of new 

theories, largely consists of trying to make a coherent pattern, to gain a metaphorical 

understanding in essence, out of fragments of infoimatlon. Images and ideas normally 

found in different contexts. Once again, this intangible but real capacity was one of the 

great strengths the European scientists brought. 

If the phenomenon that concerns us had a well-defined beginning, did it have a 

distinct ending? Does the Impact of these immigrant scientists, who by 1990 had 

practically all retired or died, still live vigorously on through their students and 

younger colleagues? Or, like old soldiers, Is it simply in the process of fading away? 

Was the intercalation and balance of the theoretical and experimental, or the 

collegiality between different types of scientists, in the 1980s equal to that of the 1940s 

and 50s, for Instance? Commenting on situation for the social sciences. H. Stuart 

Hughes concluded in 1983 in somewhat stronger terms than I would be willing to make 

at this time about science: 

I suggest. .. that this experience - like all good things - finally reached 
its end and that the termination occurred in the 1970s. As the emigres 
died off or retired, and as other scholars who had sat at their feet became 
the older generation of scholars, the link that had held the German and 
American traditions together began to wear thin. Even at its best it had 
never been as strong as it appeared; only in the sort of privileged 
instances to which I have alluded had assumptions and methods been 
truly shared. Thus, as a younger generation of Americans who had no 
direct knowledge of the emigration came of age, its lessons began to be 
forgotten. Witness the renewed tendency to slice up the study into clearly 
demarcated disciplines and subdiscipllnes.52 
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The questions I ask cannot yet be answered conclusively without considerably more 

research and more time. It seems to me, nevertheless, that my last alternative, the 

fading away scenario. Is the most likely. One can make the case that with the 

hypertrophy of the whole scientific enterprise and its social inputs, a positive and 

reverberating Impact of the immigrants lasting much beyond the 1970s would have 

been unlikely. 
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HI From the Big Trees of Peyton Place 
To the Four-Lane Traffic of Metropolis 

Physics In the first three decades of this century was an energlzer for European and 

American science and culture. The theoretical thrust of physics led by men like 

Einstein, Planck, Bohr and Helsenberg produced an ambiance of creativity that flowed 

Into other disciplines and cultural activities, as has been the case for other periods of 

scientific creativity. At times like this other disciplines aspire to the high standards 
V 

and originality set by the dominant and most progressive domain of the basic sciences; 

technology and applied sciences are forced to adjust themselves to new criteria and 

methods developed in the basic sciences: other scientific fields try to adjust to its 

terminology. In addition, such scientific activity acts to enlist a segment of the most 

idealistic and independent-minded young people into the fabric of its new clarity; they 

are attracted by its unconventional challenge, by the emergence of its new meanings, 

and in some cases even by the collegial asceticism that seems to be associated with the 

creative endeavor. The physics of this period had a style and energy level which 

Infected and tempered all domains of scientific inquiry and had these spin-offs. The 

story of how physics pumped the lifeblood of inventiveness into the greatest 

technological adventure of the century, the production of the atomic bomb, is well 

known. If fundamental research, "pure" science, could have such tangible eflects and 

contribute to strength, as was apparent after Hiroshima and Nagasaki, how could 

anyone argue against the case for Its generous support? No one did. 

The abrupt introduction of highly capitalized scientific instrumentation, like 

cyclotrons and telescopes, and large-scale experiments, such as the making of the bomb 

and nuclear energy development, created, also, a new style of "big science* which 

infected all research, to a greater or lesser degree. In subsequent decades other scientific 
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disciplines followed physics and astronomy In terms of the large Influx of 

capitalization for instrumentation, requiring, as well, larger Inputs of governmental 

money into science. Above all, science abruptly changed in the 1940s by the invention 

of nuclear explosives emerging out of the mental gymnastics of previously unnoticed, 

ivory-tower scientists and by the infusion of large sums of money. The public got the 

message: any sort of abstract science could most likely have practical payoffs if 
m 

sufficiently funded and properly directed. American society, the primary beneficiary of 

this Intellectual vigor, not to mention the technological Jolt, a society left intact at the 

end of the war, responded by new policies and institutions for both basic and applied 

research.53 

This dramatically enlarged scale of science and the capitalization necessary for its 

support stands out as one of the fundamental changes after World War II. The increased 

size of both basic and applied science turned out to be a qualitative as well as 

quantitative shift for science, as Derek Price originally claimed. Up to the middle of 

the First World War the federal government had really had very little to do with the 

promotion of science and technology. The government's relations with its ofTical 

scientific counselor, the National Academy of Science, were barely active. The 

National Academy's services had been used only four times since the turn of the 

centuiy, the last time in 1908. However, George Ellery Hale, president of the National 

Academy during World War I, worked to make it more than a "blue ribbon society" with 

a do-nothing record. His initiative was responsible for bringing together the country's 

major research groups in 1916, to form a larger federation of representatives from 

scientific socieites. industry and academic laboratories, the Army and Navy. The 

Council's scientists contributed to the development of a number of devices, weapons 
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and techniques for the military and to the novel notion that 'preparedness" was linked 

to the advancement of technology through scientific research.54 

Between the two world wars the support of scientific Inquiry, especially basic, or 

fundamental research, that came from several increasingly beneficlent sources, went to 

laboratories in universities and industry, to individual fellowships and to new 

research institutes. Foundations initially provided a disproportionately significant 

part of support for science in this century. Their idealistic leaders were skeptical of the 

role of the government or universities for the support of science and consequently 

tended to shunt their money to new research institutes and individual fellowships. The 

Rockefeller and Carnegie foundations established research institutes in; the first years 

of the century, the Rockefeller Institute for Medical Research and the Carnegie 

Institution of Washington, whose combined endowments reached over 75 million 

dollars by 1928. In 1919 the National Research Council began a new program of funding 

postdoctoral fellowships when the Rockeffeller Foundation endowed it with a half a 

million dollars for that purpose. Subsequently, others such as the Russel Sage 

Foundation and the Camegle Corporation somewhat redirected policies toward 

individual support. The National Research Endowment was founded in 1926; it brought 

funds from industry to support academic scientists. In addition, the 1920s were the 

years that the Guggenheim Foundation, Social Sciences Research Council and 

American Council of Learned Societies initiated grants in support of individual 

•scholars in the humanities and social sciences.55 

An example of successful industrial research had been provided by Thomas Edison 

late in the nineteenth century. It was not until the end of World War I, however, that 

industrial research laboratories were found In large numbers. Some prominent 

laboratories had been established before this time, namely those of Bell Laboratories of 
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AT&T (1904), General Electric (1900), DuPont (1902), and Eastman Kodak (1912). By 

1940 some 200 industrial laboratories employing 70,000 employees and estimated 

expenditures of 234 million dollars had been created. Most of this research went to 

applied research and technical development; however, the ratio of 1:25 or 1:30 

characteristic for the scale of fundamental science to applied research and development 

indicates that 7 to 10 million dollars went to what could be considered as basic science. 

By comparison in 1940 Federal expenditures for total research and development (R&D) 

was about 74 million dollars, an unknown minority of it going for basic research.56 

The period between the wars also witnessed new sources of support and institutions 

for the biological and biomedical sciences. The National Institutes of Health (NIH) was 

established during the first Roosevelt Administration. In 1937 the National Cancer 

Insititute was authorized by Congress. In 1945 only 85,000 dollars were appropriated 

for all of the NIH research grants. Up to this time, then, the support of biomedical 

research was a miniscule percentage of the national R&D expenditure, well below one 

percent. An era of large-scale growth for funding of both biological and medical 

sciences started in 1955 when the NIH budget was about 100 million dollars. By 1970, 

15 years later the NIH-led expenditures for biomedical research approached three 

billion dollars and represented 10 percent of total expenditures for biomedical research 

for total R&D (including the Defense Department which characteristically has taken 

the lion's share since the war). Important for fundamental science, the Rockefeller 

Foundation, under the leadership of Warren Weaver, initiated a new effort in genetics, 

biochemistry and biophysics beginning in 1932, which supported many future Nobel 

laureates and ultimately stimulated the founding of a new area of inquiry, "molecular 

biology."57 
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Increased teaching and research demands were placed on the universities during a 

period of great growth In the 1920s. Graduate students in all disciplines, for instance, 

rose from 6000 in 1900 to 47,000 in 1930, a threefold doubling. Secretary of Commerce 

Herbert Hoover, concerned with what he regarded as the national underfunding of basic 

research in the universities and elsewhere, wrote in 1925, "While we have in recent 

years developed our Industrial research upon a scale hitherto unparalled in history, we 

have by no means kept pace In the development of research in pure science." He 

recommended a 20 million dollar. Industry supported fund to undergird it. Hoover 

acted as a stimulus when available funding sources, though recently expanded, were fast 

becoming inadequate to the needs of university-based science.58 

The overall quantitative picture, excluding consideration of the immigrant wave, 

which turned out to stimulate a qualitative change, is one of important growth, in 

which the Depression was only a momentary pause. Yet, these changes merely primed 

the hypertrophy and transformation of science and technology to come after World War 

II. During the war the most prominent institutions created were the Manhattan Project 

and the Office of Scientific Research and Development, headed by Vannevar Bush. 

Wartime research expanded the annual federal budget from 74 to 1,590 million dollars 

by 1945. It did not decrease after the war but rose to 6,182 million in 1955, and to 34,345 

million In 1974. As a percentage of GNP it went from well below one percent to three 

percent. From 1964 to 1982 the percentage of funding devoted to military goals declined 

somewhat.59 

New federal agencies, institutes and laboratories were created to augment and outpace 

the already-active research effort in industry. As the wartime Office of Scientific 

Research and Development was phased out, the Office of Naval Research took over the 

sponsorship of much research In universities, and the newly-created Atomic Energy 
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Comlsslon (AEC) assumed a large role in physics research. A number of national 

laboratories were established and came under the aegis of the AEC: Brookhaven, 

Lawrence Livermore, Argonne, Los Alamos, Hanford, and a consortium of university 

laboratories. 

Just before the end of the war, science administrator Vannevar Bush had sent a 

report. Science - The Endless Frontier to President Roosevelt's desk, in which he 

proposed the Continuation of a high level of peacetime research and the establishment 

of an agency devoted to the funding of pure (as opposed to goal-directed) research. The 

report Invoked the powerful Idea of "the frontier" and became sanctified as the charter 

for the postwar federal support of basic research. In 1950, after previously rejecting it, 

President Truman finally supported the bill to create the National Science Foundation 

(NSFJ modeled after Bush's report. Initially the budget was small, but it took over the 

previous, enlightened funding by the Office of Naval Research and became the major 

sponsor for university-based fundamental scientific inquiry.60 

Increasingly after World War II, it was apparent for scientists that something new 

was happening. The physicist Samuel Goudsmit has captured the difference between 

the kind of science done in the lnterwar period to that which developed a few decades 

later: 

The best analogy I have found so far is to say that the present 
community of physicists represents life in a modern metropolis, exciting 
and full of frustration and dangers. In the 1920*s, by comparison, we 
lived in a small village with its little feuds, a Peyton Place without sex. I 
am sure that the present generation would not have liked it, most of all 
because physics and physicists were unimportant to the outside world. 
The press did not care, the government did not care, the military did not 
care; Isn't that awful? What Is even worse, no one got his expenses paid 
for giving a paper at a meeting!61 

The United States became the world center for scientific inquiry, and the two and a 

half decades after World War II have been coined its "honeymoon years." The American 
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prominence was unexpected even as late as the 1920s. A physicist or chemist of 1930. if 

asked about the prospects for his discipline, would have replied that only one or two 

generations hence would the United States share most of the Important discoveries 

with Germany. The year 1930 is notable since this is when Albert Einstein arrived at 

Princeton and psychologist Franz Alexander decided that the prospect for the advance 

of his discipline was brighter in the United States than in Europe. They reflected the 
* 

feelings of a small but growing number of scientists that long-term prospects for doing 

science in America were hopeful. 

The change from Peyton Place village to buzzing megalopolis was not particularly 

smooth. Other scientists, like the pioneer in photosynthesis, Hans Gaflron, have also 

commented on the unimaginable difference between fundamental science in 1940 and 

that developing by 1950, and often not in very complimentary terms. When the Apollo 

Program was placing men on the moon, he wrote: 

Those born after 1940 must encounter no less difficulty in imagining 
the essential simple and venerable aspect science possessed during the 
four centuries before their time than In imagining how the beauty of 
their home towns in the years before the big trees were cut down to make 
room for parking lots and four-lane traffic. The young who must live 
with the new ugliness may therefore be inclined to the opposite view, and 
say that science was four centuries growing up until it suddently matured 
and broke into full bloom. . . . 

Something has happened that has destroyed most of the aristocratic 
aspects of science. The state has taken over science and lured into the 
profession thousands who before 1940 Iwould have had doubts whether it 
would pay to go on.... 

The student now, In 1970, finds it difficult to believe that, thought of 
having to hurry, or of having to publish results prematurely and more 
than once lest they be overlooked or taken over in their entirety by 
someone else. Tne important discoveries were left for a year or two in the 
hands of the man with whom they originated so that he could develop 
them according to his means and abilities. We used to say. "An apple 
already bitten into is not very attractive." . . . 

The phenomenal increase in the number of people ... has changed not 
only the Image of the average scientist but also his motives and 
relationship with his colleagues. The latter are not fellows working in 
neighboring fields . . . but all too often are direct competitors engaged in 
simultaneous, absolutely identical experiments. Not only has the 
ruthlessness of accomplished business techniques invaded the areas 
where industrial exploitation overlaps research but this kind of 
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behavior Is no longer considered alien to science. The quick result In 
well-advertised, that is In fashionable areas, is what counts.. .. 

The biggest customer for scientific "facts" and lots of them - never mind 
whether it was fun or boring to obtain them - is the government... ,63 

This darker vision, reflecting the growing pains of a new kind of science, was 

reflected in the comments of Vienna-bred biochemist Erwin Chargaff In a number of 

publications during the 1960s and 70s. During the peak of the War on Cancer and the 

search for energy alternatives, he ruminated on the effects of the growth of 

professionalism accompanying the size change: 

How is science done In our days? Here I must immediately make a 
distinction between science as a profession and science as the expression 
of some of the faculties of the human mind. The two are not necessarily 
connected. When someone tells me "I am a professional scientist," it 
does not automatically mean that he is a scientist. The distinction I am 
suggesting here has nothing to do directly with the question of talent... . 
What I want to bring out is that as a profession science is one of the most 
recent ones. It barely existed when I began my studies... . 

I am convinced that with our methods of organizing and supporting it 
we are effectively killing science. We are destroying the whole concept of 
science, as it has developed over the centuries.®1* 

Another, more tangible facet of the growing pains was the new and unaccoustomed 

accountability of the scientist. With the new levels of funding responsible researchers 

had to Justify the responsible use of visibly large sums of money responsibly allocated 

to them. This augered for more highly defined contractual obligations and 

concomitant decreases of autonomy in terms of scientists' individual choice of problem 

formulation and methodological approach. For Instance, physicist H. Maier-Leibnltz 

wrote: "With the growing scale of scientific activity, and even more so, with subsequent 

successes and the confidence aroused in patrons by these successes, another Influence of 

research is evident: the cost of research Increases and large sums are received to do it. . . 

Thus for the first time we had a real responsibility to use these funds reasonably. We 

have lost a great deal of freedom we used to have."65 

By the 1970s many scientists had become alarmed by these obligations coming from 

outside of the scientific community. Calls for social accountability, for positive 
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responses to social and environmental needs, for a turning away from weapons-related 

research In the universities, coupled with funding cutback and the stridency of student 

militants - all threatened to encroach upon the internal dynamic of science by which, 

presumably, research successfully solves problems and unabatedly advances 

knowledge. In their response to these calls scientists generally defended the 

inviolability of this internal dynamic. In 1971 Harvard physicist Harvey Brooks 

reiterated: 

Although science cannot ask for a blank check, there Is a part of It 
which must have the autonomy to "do its own thing" If It Is to continue to 
serve society. How much of science should have this autonomy, and what 
sort of accountability should be required of it will be matters of 
continuing debate. Some accountability outside the scientific system 
itself Is essential as in any other human activity, but the degree of 
external accountability which Is necessary will depend also on the 
success with which science maintains its own system of internal 
accountability, guaranteeing the intellectual excellence and integrity of 
its results . .. the highest allegiance of science must continue to be to 
truth as defined by the validation procedures of the scientific process 
itself, and . .. the distortion of scientific results or the selective use of the 
evidence for political purposes, no matter how worthy, is unforgivable. 66 

Science since World War II had grown to occupy a visible place In the American social 

scene. The scientific community became responsible for spending large sums of money 

on research. Although much of the discussion about science has revolved about its 

practical use, initially the public had not demanded that scientific investigators 

directly address "relevant" problems and issues, particularly in the universities where 

at least half of the nation's basic research went on. Basic research in the universities 

did not seem to span a wide range of phenomenal in which the public had a stake. In 

this climate there appeared to be a clear division between the internal ethic of science 

which regulated itself and the society which supported it. 

Nevertheless, calls from outside of the scientific community to address directly and 

find solutions to specific problems, whether amenable to scientific Investigation and 

technological Implementation or not, were increasingly heard in the 1960s. In 1966 
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Lyndon Johnson exclaimed, "I have been participating in the appropriations for years 

(for basic research). But I think the time has come to zero in on the targets by trying to 

get our knowledge fully applied."67 By the late 1960s science could not by any means be 

considered a cottage industry or self-contained activity in spite of "elitist" promotion 

of "pure" research. The engineering adventure of the decade - the flight to the moon -

was a success. A new awareness of environmental problems brought forth calls for the 

scientific and'engineering communities to find solutions. An aging population, 

susceptible to high-level promotion by the biomedical community, approved of the 

National Cancer Act legislated during the Nixon Administration,68 The idea of 

harnessing science - seen as a potent source of strength since the Manhattan Project -

gripped the imagination of politicians and the public more firmly than ever. 

At the same time, the Vietnam War stimulated protest against weapons-related 

research In the universities. Scientists often took part. Defense funding of university 

research dropped precipitously in the wake of the Mansfield Amendment of 1970. 

Civilian funding agencies did not take up the slack. In this social climate the Nixon 

Administration took an ambivalent attitude toward scientists. The Office of Science 

Policy, an untrustworthy creation of the Eisenhower years, was abolished. The 

President's Science Advisory Council expired. Scientists and "intellectuals" were put at 

arm's length, and OMB chief Weinbeiger withheld money for funded research grants.69 

In 1975, the Ford Administration reintegrated scientific advisors into the 

government and re-established the Office of Science Policy. In doing this. President 

Ford espoused " the confidence we Americans have in our ability to improve our way of 

life and to find better solutions to the problems of the future."70 This occurred in the 

middle of a very difficult time for researchers; although the population of scientists was 

still growing, since 1968 the funds for research had shown no net gain. Continuing 
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calls for accountability were heard. A climate of "countercultural" confrontation arose 

and crystalized In the late 1970s around recombinant DNA research, "genetic 

engineering." It heightened the self-awareness of scientists and the consciousness of 

the public about the pervasive presence of science in society.71 

About this time Erwin Chargaff characteristically moaned: 

The freedom of choice of subject of research ... has disappeared a long 
time ago. I would maintain that no scientist is now really free in the 
cholce.of his subject; he is bound by fashions, by the allocation of funds, 
which Is decided by committees. In natural sciences freedom of choice 
has essentially disappeared. ... Freedom of research .. . ceased to exist 
when science became so dependent upon outside funds and , equally 
important, when science became so dlsasterously powerful.72 

The situation did not get any better in the 1980s. In 1985 William Carey stated that 

"scientific choice is becoming harder and harder to achieve without lying, or without 

bootlegging with the trappings of a system that is engineered to provide 

'accountability.' When a system compels scientists to dissemble, there Is an ethical 

breakdown. If that situation Is prolonged, then we may have a very troublesome 

future."73 

Historian of science Derek deSolla Price has analyzed some of the changes 

accompanying the growth of science. He is known for is contrast in 1963 of "Little 

Science/ Big Science," his aphorism that "80 to 90 percent of all the scientists that have 

ever lived are alive now." and for reviving Robert Boyle's term "invisible colleges." 

Price showed how scientific activity had grown with a relatively constant doubling 

time of only 15 years since the seventeenth century according to data on the growth of 

scientific manpower, periodicals and articles. The worldwide, explosive scientific 

growth dwarfed human population growth In general during this time. Commenting on 

the immediacy and growth of moden science since its beginning, he wrote. "In this 

respect, surprised though we may be to find it so. the scientific world . . . has always been 
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modem; it has always been exploding into the population, always on the brink of its 

expansive revolution. Scientists have always felt themselves to be awash in a sea of 

scientific literature that augments in each decade as much as in all times before."74 

What Price saw earlier and more clearly than anyone else at the time, what scientists 

generally began to understand at a gut level a decade later when financial support 

became limiting, was that the size change of the scientific enterprise finally resulted In 

a qualitative change, a change in the nature of science itself. This had been poorly 

appreciated by scientists in general in spite of a vociferous few. The most important 

quantitative change indicative of a substantive, qualitative one, first documented by 

Price, was a doubling after World War II in the cost per scientist necessary to do the 

same amount of research. An abrupt increase in the cost of doing science began - a 

doubling every 10 years in constant dollars expended up until the late 1960s. After the 

late 60s the capitalization per scientist began to even out at a new higher level. For 

example, the average NIH project expenditure In 1950 was 9.649 dollars and in 1960 was 

18,584 dollars. For the same period of time in other fields where the costs Increases 

four and a half times, output of R&D no more than doubled.75 

It is now clear, as already mentioned, that these large increases were due to the 

increased technological input to science and to new organizational strategies for 

scientists beginning on a large scale in the 1940s. A mushrooming technological input 

Is demanded to a large extent by the inquiry process itself. Techniques, 

instrumentation and apparatus seem to have increasingly driven inquiry as time 

progressed. Scientific findings became more complex bundles of data, methods and 

interpretation than they had been before World War II. Derek Price insisted that 

present vocabulary was insufficient when talking about the network of instruments, 

apparatus, techniques, facilities that are indispensable to science. He introduced the 
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encompassing term "Instrumentality" to carry the general connotation of a capability 

for doing something to nature or to the data at hand, for intervening as well as 

representing. A new Instrumentality, then, serves to provide a means of observing or 

doing something new in the laboratory, of asking a new question, or creating a new 

phenomenon. The Increase In scale of the dimension of scientific instrumentalities 

has been sudden. This became true even of fields such as geology and ecology.76 

The Increasing input, complexity and dependence upon technology also necessitated 

organizational change and increased specialization, which dramatically accelerated 

after the war. Researchers developed new strategies of social and political Involvement. 

Enlarged laboratories, Increased specialization of tasks and stratification of workers 

within laboratories, all functioning to increase efficiency began to occur. Some of them 

can be viewed as increasing the "transaction costs" of doing science in the United States 

- that is, the cost in time and energy of acquiring and keeping resources of all sorts -

competent personnel, instrumentation, and operating funds. - to allow one to remain 

competitive In a marketplace of Ideas and techniques. Summarizing, the explosion of 

the technical infrastructure of science combined with new organizational strategies 

had the effect of changing science qualitatively, and this affected the nature of the 

inquiry process Itself. I will elaborate upon these new stresses later in this essay.77 

Another statistical indication of qualitative change Is that the increase of eminent, 

or "good," scientists, responsible for half the scientific literature, is not directly 

proportional to the Increase of all scientists. What Price's figures mean is that 

productive and Innovative scientists, often doing fundamental research, necessarily 

become a smaller and smaller fraction of the exponentially-growing, total scientific 

manpower, since it can be shown their doubling time has been significantly longer than 

that for scientists as a whole during periods of rapid growth. (Chargaff and Gaffron 



52 

would have said that this disproportion has accentuated even beyond statistical 

expectations since World War II.) 

In addition to all these changes In the transition of "Little Science" to "Big Science" 

in the twentieth century, the refurbished and reorganized system of rewards In science 

affected the character of many scientists. Price expressed this well in 1963: 

Once we are committed to paying scientists according to their value or 
the demand for their services. Instead of giving them, as we give other 
dedicated groups, merely an opportunity to survive, there seems no way 
back. It seems to me evident that the scientists who receive the Just and 
proper award of such recognition are not the same sort of scientists as 
those who lived under the old regime, in which society almost dared 
them to exist. 
. . .From modem studies of creative ability In scientific fields it appears 

that general and specific types of intelligence have surprisingly little to 
do with the incidence of high achievement. At best, a certain rather high 
minimum is needed, but once over that hump the chance of becoming a 
scientist of high achievement seems almost random. One noted quality 
is a certain gift that we shall term maverlcltv. the property of making 
unusual associations In ideas, of doing the unexpected. . . . 

Big Science tends to restrain some expressions of mavericity. The 
emergence of collaborative work and Invisible colleges, the very 
provision of excellent facilities, all work toward specific goals in 
research. They seem to exercise pressure to keep scientific advance 
directed toward those ends for which the group or project has been 
created. 

The new phase of science seems to have changed the system of 
gratification in two different ways. In one direction, we have introduced 
the reward of general social status and financial return where there was 
precious little before. In the other direction, we have cause the scientist 
to seek the approbation of his peers in a different way. The man of 
Maxwell's equations was something not quite the same as he of the Salk 
vaccine. . .. (nowadays a scientist) is led to feel his personal inspiration 
and mavericity acknowledged among other men as having triumphed 
over amblant conservatism and caution as well as over the secrecy of 
nature.... 

In the old days of Little Science there was tremendous reaction against 
political action by scientists. They were lone wolves; they valued their 
independence; on the whole they liked things but were not very good at 
people.... and they were not supposed to crave any sort of admiration 
from the man in the street or any social status in society. Whether they 
like it or not, they now have such status and an increasing degree of 
affluence. The have come within the common experience. . . ,'8 

Many immigrant scientists and their close circle of colleagues and students, who 

would be characterized by Price as practitioners of Little Science, came to form an elite 

corps of creative and productive investigators at a time of multiplying scientific fields. 
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However, they found that they comprised a rapidly dwindling portion of the whole as 

time went by. Big Science was outcompeting Little Science not only In terms of finances 

and organization but also In terms of Intellectual commitments. 

In conclusion, the wave of immigrant scientists of the 1930s found themselves on 

firmer and more fertile soil for scientific research than they might have expected. Not 

only had the complementary experimental orientation of American scientists 

stimulated a synergistic relationship, but the financial and physical Infrastructure for 

the growth of research programs was relatively vigorous and growing despite the 

Depression. Scientific manpower in the United States was attaining a critical mass, 

new institutes and laboratories had been established, and novel sources of support for 

science had arisen during the Interwar years. A technological revolution in the 

instrumentation and techniques for all the sciences was underway. After World War II 

this all expanded into a new dimension for science as an enterprise - Price's Big Science 

- qualitatively as well as quantitatively changed. The new dimension was 

characterized by generous financial support from the federal government, an added 

dynamic of collegial interaction among scientists, new organizational relationships 

with the public, and an inslstance on accountability for funded researchers. Although 

this was greeted with enthusiasm by most scientists, the emergence of a more 

entrepreneurial person as the ideal type for Big Science, whose motivations, manners, 

mentoring and habits of thought were tilted away from thoses of classically-trained 

scientists, were greeted with chagrin by many whose experience bridged both Little 

Science and Big Science. 
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IV Intellectual Down-Shift: 
From Realist Physics to Idealist Biology 

In looking at science as a unitary phenomenon after World War II, it is possible to 

find that, in addition to the growth and the Immigrant intelligence, another large 

change characterized science. This was a decisive turn toward research in the 

biological sciences, to such an extent that in ensuing decades a gradual shift in the 

primary focus of science from physics to biology occurred. There was also, secondarily, 
m 

a turning toward astronomy, the earth and planetary sciences, that complemented the 

new biological emphasis. What happened and how? 

At various times since the seventeenth century the inventiveness, intellectual 

climate and standards of all of science have been led by classical inquiries in the 

physical sciences. The examination of nature by Isolating entitles and asking limited 

questions, looking at mechanisms and immediate causes, idealizing with; the language 

of mathematics in a search for laws and predictability, characterizes this focus. In the 

nineteenth century for example, the Intellectual climate, the Zeitgeist, was shaped 

predominantly by Inquiries Into the operation of electromagnatism. heat and energy 

exchange, and chemical transformations. Nineteenth-century physicists and chemists 

thought they were on the verge of solving all the riddles of the universe, and they 

generally subscribed to an optimistic Comtism, an epistemelogical philosophy which 

put its faith In unambiguous facts and the explainability of all nature In terms of 

proximal causation. In biology, the paradigmatic focus, the intellectual front, was 

physiology which looked at how tissues and organs function. This was true at least 

until Charles Darwin established the legitamacy of a parallel avenue of inquiry 

concerned with the why of the diversity of organisms. 

In the early twentieth century novel Ideas and revolutionary discoveries, the 

mathematical physics of space, time and elementary particles pumped the lifeblood of 
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ideas and Ideals Into other areas of scientific inquiiy and nonscientific culural activity 

and molded their style for some time. On this topic physicist Victor Welsskopf 

exclaimed, "An atmosphere of creativity is established which penetrates every cultural 

frontier. .. . This Influence works in many ways; some fundamental students go into 

industry; the techniques which are applied to meet stringent requirements of 

fundamental research serve to create new technological methods. Metaphysical and 

moral energy Is conferred by the theoretical superstructure of physics. The style, the 

scale, and the level of scientific and technical work are determined in pure research; 

that Is what attracts productive people and what brings scientists to those countries 

where science is at the highest level."79 

Twentieth century physics, however, had not emerged unaltered from the previous 

century. Quantum physics constituted a break with the classical concepts. Heisenberg's 

indeterminacy principle acted to undermine the strict determinism of Laplaclan 

nineteenth-century physics. Entropy, Einstein's theories of relativity and the 

emerging elementary particle zoo, undermined the mechanistic simplicity of the 

Newtonian world picture. Nevertheless, physics did remain concerned with the 

reduction of singular objects of study to their most essential properties. That Is, 

although some of the determinism may have been shaken, it continued to idealize and 

reduce its objects of study to their most elemental, or essential, components. Much of 

this reductionlstic approach was transferred to the life sciences after World War II. 

Reductionism ordinarily refers to the belief that all phenomena ultimately can be 

reduced to and explained by the most elementary components of objects and their 

relationships determined by mechanical laws. This has been called "ontological" 

reductionism. In addition to this ontological reductionism, a methodological 

reductionism exists which refers to the experimental use of a restricted set of 
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techniques to examine phenomena at their putatively most fundamental level. 

Reductionism tends to ignore the hierarchical organization of systems. By idealism I 

am referlng to the act of idealization, that is, the conceptualization of things as one 

wishes them to be or thinks they should be. I am not speaking of the romantic 

philosophy Issuing from nineteenth-century Germany referring to the central role of 

abstractions or the spiritual in one's interpretation of experience, nor to the 

epistemeloglcal idealism of a kind that Berkeley espoused. Rather, in Veblen's 

previously-quoted words, the idealism, or Idealization of which I write has a Germanic 

lineage and is "a theoretical construction in terms of sufficient reason rather than of 

efficient cause. In terms of luminous personal valuation rather than of opaque matter 

of fact." One of its manifestations is a substitution of idealized and identical entities or 

properties for Individuals and naturally variable systems and populations. Idealistic 

assumptions and excessive use of Ideal types eliminate uniqueness and natural 

variability. The use of essential properties reduced to their most elemental level is less 

valid in explaining the behavior of populations of living organisms than it is in 

ordering the behavior of. say, neutrons.80 

The orientation of the physical sciences, and most of the funded research in biology, 

has focused on the question "how does it work?" But, organisms are goal-directed 

entities with an origin and history, which also beg the question "why and wherefore." 

This new type of concern started by 1859. Darwin's theory of natural selection 

established the legitimacy of evolutionary biology and of asking questions about the 

appearance of purpose in nature, not just the first causes of biological mechanisms. As 

Ernst Mayr has clearly explained, from the latter part of the nineteenth century, two 

separate tracks of biological inquiry existed, one of "proximate causations," a more 

recent one of "ultimate causations."81 
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Some scientists persisted in concentrating on the latter track. They studied a broad 

range of phenomena unexplainable simply by the laws of physics and chemistry. There 

were difficult questions related to ecology, the history of species and origin of life, 

development, interactions between organisms and between different levels of 

organization within organisms. Hie obvious difference between biology and physics 

apparent to these biologists was that the subjects of study In biology cannot be as 

readily idealized and unified under encompassing laws. Since millions of forms of life 

exist, diversity, if anything, was seen as the essence of life. This was different from 

chemistry where there were only 92 naturally occurring elements, or physics with only 

four types of molecular bonding and a limited (but growing) number of atomic particles. 

A consequence of this diversity was the realization that for many life processes 

generalizations could be formed only In probabilistic terms. In the middle ot the 

twentieth century the search for commonalities within all the diversity and complexity 

of living things put a much greater burden on scientists who observe and do 

experiments on living processes. It also put a greater burden on those who would 

formulate generalizations broad enough to encompass the span of multiplicity but not 

so broad as to be tautologies. 

An oft-quoted statement by George Gaylord Simpson indicated how many people 

thought that the multiple avenues of research in biology enlarge the meaning of science 

itself. 

Insistence that the study of organisms requires principles additional to 
those of the physical sciences does not Imply a dualistic of vitallstlc view 
of nature. Life ... is not thereby necessarily considered as nonphysical 
or nonmaterlal. It Is just that living things have been affected for . , . 
billions of years by historical processes. . .. The results of those 
processes are systems different in kind from any nonliving systems and 
almost incomparably more complicated. . . . The point is that all known 
material processes and explanatory principles apply to organisms, while 
only a limited number of them apply to nonliving systems. Biology, 
then, Is the science that stands at the center of all science .. . and it is 



58 

here, in the field where all the principles of all the sciences are embodied 
that science can truly be unified.82 

All this was different from the Isolated, time-independent system of the classical 

physicist. Yet, since the eighteenth century, and in the nineteenth centuiy, the main 

track for biologists had been that of the physical sciences, the more accessible 

physiological chemistry of Liebig, not ontogeny or phylogeny. In the early twentieth 

centuiy Jacques Loeb's outlook exemplified a mechanistic and reductionistlc 

perspective, when he looked at animal behavior in terms of rigid reflex systems and 

tropisms. And, as late as the 1960s Francis Crick, physicist turned biologist and a 

founder of the "central dogma" of molecular biology, as well as Carl Sagan, boasted of 

being "unregenerate" reductionists.83 

If physics in the-first half of the century was the energlzer full of metaphysical weight 

and moral energy, perceived as an intellectual front inspiring inventiveness in all the 

sciences, this was to undergo a transformation In the late 1940s and the 1950s. A 

scientific orientation grounded in mechanics and mathematics was to adapt itself to 

certain biological questions. The mechanistic world picture implicit In physics would 

penetrate the enlarged research effort in the life sciences, and it would be found in new 

biological models, theories and objects of research. The input of the physicists in 

biology in the middle of this century acted to bolster the "biology of proximate 

causations" and undermine the "biology of ultimate causations." New avenues of 

inquiry opened, and new discoveries, such as those in genetics and biochemistry, which 

would not otherwise have been made, appeared in rapid succession in the two decades 

after the war. Yet in the long run the mechanistic and reductionist approach 

reinvlgorated by the physicists also distracted life scientists from dealing effectively 

with questions on another biological front, those of evolution and feedback systems. 

Therefore, the intellectual orientation of the physicists profoundly affected subsequent 
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conduct of research In biology, and in turn, the new attraction of biological subjects 

profoundly affected the overall posture of science. 

It Is difficult to Imagine that at the beginning of the period under consideration how 

little biochemistry was known and how tentative were the notions about heredity and 

reproduction. There was only a glimmering that living things were composed 

primarily of large molecules, and there was no knowledge of how living substances were 

made or how stable they were. Nevertheless, during the 1930s major experimental and 

conceptual advances were realized on several fronts In the life sciences. A consensus 

that polysaccharides, proteins and other substances like rubber and chitln were 

macromolecules was only attained by the early 1930s. This realization was made 

possible by new techniques and Instruments for separation and visualization. 

Chromatography, a set of techniques which separate molecules on the basis of their 

size, charge and shape, was one of them, first developed around the turn of the century. 

The procedures were adapted to separate biological molecules in 1931 by German 

chemist Richard Kuhn. Ten years later two British chemists, Martin and Synge, 

discovered paper chromatography which made possible the reliable separation of more 

biological components and was used in the discovery of the structure of substances such 

as insulin. Another invention important for the fractionation and decisive 

characterization of macromolecules was the ultracentrifuge, greatly improved in the 

late 1930s by Svedberg. In the 1920s x-ray diffraction techniques began to reveal the 

structure of some ciystallizable biological molecules. The electron microscope was 

invented in the 1930s, yet it was not until 1946 that its resolution was good enough for 

widespread use. 

More important than any of these inventions, however, was the Introduction of 

isotopes as tracers of biological activity. The discovery of primary elements of 
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differing masses, many of them radioactive, and their creation first by particle 

accelerators and then by nuclear reactors made available all sorts of "tagged" 

compounds whose fates could be followed in living systems. The importance of isotopic 

tracer techniques has been likened to that of the Invention of reliable microscopes for 

cell biologists in the early nineteenth century. In fact, it was more important since it 

made possible a lucid (mechanistic) understanding of the dynamism which 

distinguishes the living from the dead. The beginnings of tracer methods date back to 

the 1920s when Hevesy used natural Isotopes and the early 1930s when he was the first 

to monitor the movement of radioactive molecules in animals. The first experiments 

using isotopic tracers resulting In a startling conceptual Innovation were those of 

Schoenheimer. He discovered that most biological constituents generally were not 

stable once made as had been believed, that a very rapid turnover of proteins and other 

substances were occurring in living tissues, he proposed a concept of the dynamic state 

of biological substances which challenged previous conceptions of the stability of the 

components of organisms and seemed to be inconsistent with Bernard's homeostasis of 

the "milieu lnterieur." The new theory was a stimulant for all sorts of studies on the 

metabolism of plant and animal tissues: and, discoveries came quickly in the 1940s.84 

The 1920s were also a time of consolidation for Ideas in enzymology, genetics and 

embryology. Catalytic enzymes were found to be proteins. This resulted in a merging of 

protein chemistry and enzymology. X-rays began to be used to study the nature of 

•"hereditary factors" which were found to be mapped upon chromosomes, and by 1930 a 

new consensus about the working definition of a gene formed. Viruses were first 

characterized and visualized for the first time in the electron microscope. Ingenious 

transplantation experiments in embryology resulted In the use of Spemann's 

"organizer" as a new kind of conceptual tool. These experiments and concepts, but most 
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of all the new technology, had by 1940 laid the groundwork for an eye-opening 

theoretical and experimental explosion In the life sciences during ensuing decades. 

People such as Warren Weaver of the Rockefeller Institute could see it coming and 

vigorously supported new biological research programs.85 

It was only at this time, as well, that vitalism began to be burled. Vitalism refers to a 

syndrome of ideas which some scientists had employed when their research or thoughts 

about life had* reached an impasse. Such was Hans Dreisch's entelechle. Physicists, 

more often than biologists at that time, resorted to some Ingredient outside of known 

laws of physics when they realized that the laws of physics by themselves were 

inadequate to explain the logic ofliving things. There were vitalists who evoked an 

elan vital: and there were others of a less extreme ilk who postulated that unknown 

physical laws not operating In Inert matter would be found for organisms. Among the 

latter were Wolfgang Faull and Niels Bohr. Max Planck was puzzled by the apparent 

ability of organisms to cope with the second law of thermodynamics. Schrodinger's 

What is life? grappled with the problem. Schrodinger made constant references to the 

mysterious "riddle of life." Niels Bohr's encounter with paradox and formulation of a 

principle of complementarity rubbed off on Max Delbruck, the foremost early founder 

of molecular biology. Delbruck switched from physics to biology partly to find out if 

unknown laws for living things existed. None were found, and ultimately claims for 

vitalism In Its various forms subsided. Biology refuted vitalism and recognized that all 

'living processes operated within the framework of laws of the physical sciences.86 

In the twentieth century the biology of proximate causations, experimental 

physiology and its related fields, fared much better both financially and intellectually 

than that of ultimate causations, evolution, in which the heuristic practice of 

observation plays a much greater part. Part of the reason was the challenge of 
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evolution to popular religious convictions. Another was the affinity, if not overlap, of 

physiology with medicine and the immediate concerns of health. In the late nineteenth 

and early twentieth centuries. It Is valuable to note, the life sciences were growing in 

Importance as an area of inquiry in the United States, According to Joseph Ben-

David's figures of important medical discoveries, between 1880 and 1889 Americans 

were responsible for only 18 out of 147 (12%). In comparison, the prolific Germans had 

74 (50%). During the 1900-1909 Interval, the percentages for American and German 

scientists were 19 and 32 respectively. And between 1910 and 1926, which included the 

war years, American biomedical scientists dominated the field. Out of 143 Important 

discoveries Americans accounted for 47 percent and Germans 23 percent. Even though 

these figures related to the more applied medical sciences, they have some significance 

in terms of presaging an expansion of fundamental research after the 1930s.87 This 

relatively favorable state of affairs for one major branch of the life sciences should be 

kept in mind. The expanded funds from the federal government went increasingly to 

the biomedical, molecular, genetic and developmental aspects of biomedicine (and 

since Sputnik in 1957 and the International Geophysical Year in 1958, also to the earth 

and planetary sciences). By 1983 more than half of all funds for basic research in 

American universities from all sources went to the life sciences. The NIH then 

controlled the allocation of one half (48-50%) of all the federal money for civilian 

basic research, most of it going to university-affiliated groups. This state of affairs, in 

turn, contributed to a concern of NSF director Erich Bloch and others about the 

"imbalance" of research spending, and to a Presidential Commission's anxiety about 

underfunding the physical sciences and engineering research.88 

The accentuated idealism of the functionalist biomedical research, which for two 

decades was so productive, established a new determinism, of which molecular genetics 
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was the foundation. This was one of the legacies of the wave of scientists of the 1930s, 

who brought this essentialist and theoretical emphasis. It was also a legacy of 

Innovative and well-funded programs, such as that of the Rockefeller Foundation. The 

1940s and 50s, then, were years of solid accomplishment in the life sciences. In the 

1950s and 60s the health programs of the federal government, naturally attracted by 

the success of molecular biology property redirected its questions to take advantage of 

the new discoveries and pored money into this research. 

This well-supported avenue of inquiry rather wholeheartedly adopted and took off 

from the methods that proved so productive In physics. The creation of molecular 

biology occurred under the leadership of Max Delbruck. It was his rigorous line of 

work, more than that of any other single person, that epitomized reductionism and 

essentiallsm in biology. When Max Delbruck first came to the United States as a young 

physicist in the middle 1930s, he already had a consuming interest in biological 

questions. Although he received his doctorate In physics under Max Born, it was Niels 

Bohr who had the greatest Influence upon him. Bohr gave an important speculative 

lecture in 1932 entitled "Light and Life," in which he proposed the "bold idea" that the 

principles of life might not be reducible to atomic physics, and suggested "there might 

be a complementarity relation between life and atomic physics analogous to the 

complementarity encountered with the wave and particle aspects In atomic physics. 

The result would be a kind of uncertainty principle regarding life, analogous to Werner 

Heisenberg's uncertainty principle in quantum mechanics."89 The lecture left a 

profound impression on young Delbruck, and from this time on he pursued questions 

on the nature of life. Part of the challenge of biology for Delbruck was the search to see 

if any biological phenomena contradicted the laws of physics, and part was to probe the 

possible existence of an epistemelogical limit for biology analogous to Bohr's 
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complementarity in physics, a paradox which would reveal a great simplicity beneath 

the diversity of living processes. Also, Delbruck may have begun to realize that all the 

simple experiments had been done in quantum physics and that his mathematics was 

insufficient next to people like Pauli and Weisskopf.90 

When Delbruck Anally settled in the United States in 1937, he had intentions of 

investigating some simple biological organism "as something analogous to a gadget of 

physics." He had been informally studying the biophysics of light on organisms with 

Has GafTron and others since 1934 and had given seminars In biophysics in 1936. 

During this time he grew to have a disparaging image of many traditional biologists of 

the time, who he thought were more interested n reveling in the mysteries of life than in 

"explaining" them. This was implicit in his statement in 1934 that, "biologists tend to 

read comprehensive papers in a superficial way. That's why they never will be able to 

grasp a new subtle Idea properly." Later he explained, "they often were astonished, but 

they never felt it was their duty to explain. They lacked the faith that things are 

explainable - and it is this faith . . . which leads to major advances in biology. An 

example is the Watson-Crick model for DNA, a model which immediately explains how 

the DNA can duplicate. Everyone knew that DNA can duplicate, but nobody asked how 

it does." Delbruck had found traditional biology depressing, "because, insofar as 

physical explanations of seemingly physical phenomena go, like excitation, or 

chromosome movements, or replication, the analysis seems to have stalled around a 

semidescriptive manner without noticably progressing towards a radical physical 

explanation."91 Underlying the early attitude of such radicals may have been some 

anxiety at getting a piece of the turf that presumably biologists Jealously guarded for 

themselves. However, it was more thanjust this. Leo Szilard, a late convert to biology, 

also had more or less the same feelings. More importantly, underlying their belief was 
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a fervor for mechanistic explanations, elegant in their simplicity. It was just this 

attitude that Erwin ChargalT would later rail against as being arrogant and delusive. 

Max Delbruck's interest came to focus on the abstract entities called genes. He 

proposed to study the theory of mutations in the United States at Caltech with a 

Rockefeller fellowship. In Pasadena, put olf by the complicated biology of DrosophUa. 

he soon collaborate with Emory Ellis who was studying bacterial viruses, the 

bacteriophage^, which he was soon to regard as "living atoms." The growth of such an 

atom was analogous to the reproduction of a gene! This is what he was looking for. It 

marks the beginning of what came to be known as molecular biology. Delbruck went on 

to collaborate with Salvatore Luria In 1940. Together they started the new field of 

bacterial genetics in which rigorous quantitative procedures were developed. Later on. 

Delbruck attracted many others to Pasadena and to Cold Spring Harbor Laboratories 

on Long Island where he gave a well-known course on his brand of biology. It was a 

biology where all ideas had to be verified by data and all experiments were held strictly 

accountable to some theoretical context. The research issuing from these courses and 

laboratories harvested a whole new range of biological questions and biologists to 

study them. James Watson, one of the discoverers of the double-helical model of DNA, 

came to work with both Delbruck and Luria. Leo Szilard switched to biology In the mld-

1940s, as did Maurice Wilklns and Francis Crick. The new area of inquiry was 

energetic. At the 1951 Cold Spring Harbor Symposium dedicated to "Genes and 

Mutations," geneticist Milislav Demerec commented on how much more attention had 

been given to microbial systems like that of Delbruck - how only 6 percent of the papers 

at the symposium a decade earlier were devoted to microbial genetics whereas 70 

percent were at this one. This new avenue of Inquiry led ultimately to the elaboration 

of the structure of DNA, the molecular code, the central dogma, the operon concept of 
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bacterial gene control, allosteric modulation of enzyme action, and tremendous 

advances in animal viruses, all in less than two decades. The discoveries opened doors 

in yet other fields: chromosome structure, subcellular organization and reproduction, 

and, above all, gene regulation in both lower and higher organisms.92 

What is interesting about this approach and the biological system of choice is that it 

was very biophysical, highly quantitative, and capable of reduction to an idealized 

state in which* large numbers of bacteriophages, or other organisms, acted 

homogeneously. It did not get its hands dirty with messy biochemistry or Its mind 

cluttered with a lot of messy information about organisms higher than viruses and 

bacteria. The molecular biologist Sydney Brenner relates: 

Finding out about the machinery without touching the biochemistry. 
There was a culture - well, a cult, almost - that became typical of 
molecular biology. . .. And of course the simpler the methods used, the 
more highly prized. In other words, the RII genetics, the acridlne 
mutants, the nonsense mutants, will always be classfc:Why? Because it 
was done on bits of paper.... I mean, it doesn't need all the bloody tubes 
and counters and so on. And I think that the cult got founded around 
these ideas of how to solve the code without ever opening the black box.93 

The more profound impact of this new biology after World War II, founded In part by 

ex-physicists, and growing out of their reductionist approach, was a deterministic and 

idealist language: Traits were "determined" by genes and their realization was 

determined by genetic "programming." DNA became the "blueprint" and "command 

center," even "executive suite," for all living processes. Richard Dawkin's school of 

"selfish genes," which postulates the unit of selection as the gene rather than the 

'organism, as the ghost within the machine, was derived from this determinism and 

reductlonlsm. And socloblology, too, a discipline which examines animal behavior in 

terms of genetic programming, in indirect ways was also a product of this intellectual 

thrust. Some scientists, such as Barry Commoner, had spoken out against this 
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at that time.94 

The reigning dogmas of this biological idealism contained a static element. Questions 

relating to the origins and emergence of different biological qualities, prime concerns 

for embryology, ecology, and the study of biological rhythms and evolution, were all 

neglected and pushed aside for this more defined and explainable scheme. The 

situation only began to change in the 1970s. Concomitantly, understanding biological 

processes in terms of a hierarchy of dynamic feedback loops, the systems approach, was 

also relatively neglected, at least up to the 1970s. 

It was the 1920s when organisms began to be studied as "ordered systems." Paul Weiss 

was one of the earliest systems theorizers in biology. "Living system" departed from a 

micromechanistic picture of properties; It was meant to denote a conglomerate of 

interactions, an ordered complexity. Ordered systems are not the same as the singular 

entities of physics and may require an examination of the whole in order to understand 

its parts. In some studies it is Impossible to avoid the fact that living systems exist 

within a hierarchical organization of other systems, each one with its own historical 

and cybernetic dimension.95 The systems approach was something different from the 

essentialist approach of molecular biology. Its exponents tended to address the 

additional question "why" and emphasize the different organizational strategies of 

matter in living systems. They were often adverse to "radical physical explanation," 

•that is. the search for a holy grail of formulae, principles and dogmas to explain away 

the unknown. Barbara McClintock is an example of a geneticist who had a systems 

approach since the 1930s. She Is an example of how far out of the mainstream a 

geneticist who had such a systems, or cybernetic, approach could be - until discoveries 
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in viral and animal systems verified her paradigm of gene control, that of "jumping 

genes," In the late 1970s, three decades after their initial publication.96 

The new area of Inquiry called molecular biology was immensely successful. Some 

microbiologists, most notably Jacques Monod, assumed that the problems of growth 

and development in higher organslms were solvable by the key that his operon 

hypothesis of gene control offered, and claimed that what was true of the bacteria, Eu 

coll would be-true of the elephant! This trail-blazing period of hope and faith in 

molecular biology later became to be seen as la belle epoque for molecular biology. 

According to Monod's coworker Francois Jacob, it was a time when "the available 

methods were limited. One used to do simple experiments within a day. But one had 

good ideas! Today [1979] people can use fancy techniques, do complicated and 

sophisticated experiments, but they are not really solving problems in developmental 

biology."97 Subsequently (after the early 1960s), a new plethora of advances in 

biochemistry and cell biology appeared. The early discoveries sowed the seeds for an 

abundant harvest in the next fifteen years: clarification of fundamental differences 

between lower and higher organisms, the structure and function of chromosomes, 

subcellular reproduction and growth, gene expression and regulation in higher, as well 

as lower, organisms, and immunoglobin synthesis. Talk of biological "systems" 

became commonplace, and a new appreciation of biological diversity and hierarchy 

was found among molecular biologists. After the late 1960s the ontological 

reductionism (all biological phenomena ultimately can be reduced to and explained by 

the laws of physics) that sought uniformity In explanations of nature and was 

characteristic of scientists like Francis Crick, began to wane and be replaced In part by 

a richer, but more complicated picture of living nature. 
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Nevertheless, the genetic idealism of molecular biology was to continue on a course 

somewhat separate from the renewed energetic research on the dynamic properties of 

Interacting systems, and on evolution and ecology. In the mid 1970s, the discovery of 

highly specific DNA cutting en2ymes and an innovative set of techniques for dissecting 

chromosomal DNA structure led to recombinant DNA techniques which allowed 

specific genes or DNA segments from any organism to be reproduced, propagated and 
* 

expressed within bacterial organisms. This also made possible a new knowledge of the 

detailed fine-structure of DNA genes and chromosomes in any organism. This was 

immediately recognized as a most powerful technique. It opened the way for asking 

many more detailed questions of gene regulation, and in the manipulation of genes and 

gene expression. Large-scale funding of this approach quickly ensued, and since this 

was where the action and the money was, a large-scale adoption of recombinant DNA 

techniques in many biological fields followed. This was the time when the science of 

molecular biology merged with technology to form a new kind of indivisible enterprise 

for biologists, for lack of a better term called "genetic engineering." Molecular biologist 

Atuhlro Sibatani has called this phase, beginning in the 1970s, the "vulgarization of 

molecular biology" in which a tide of DNA sequencing initiated a kind of natural 

hlstoiy, or ennumerative taxonomy, of DNA. This was a new unlimited vista the bright 

light of which many charged into. By the middle of the 1980s, however, the reaction of 

some scientists began to be "how boring; where's the fun; will it ever end?!"98 

Biology had come full circle from inauspicious and amorphous beginnings. An early 

faith In the imagination to overcome barriers to understanding and a sensitive 

appreciation of the importance of the use of theories to make sense out of observations 

and experiments had been punctuated by a radical determinism, essentialism and 

reductlonism. a fabulously successful, functionalist biology of proximal concerns had 
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outperformed and outcompeted for funds the other avenue of the dual effort to 

understand living phenomena, that of the biology of ultimate causes. Ultimately, 

molecular biology established Itself as the foremost and best supported science of the 

late twentieth century. It had matured; the Intellectual orientation of the Immigrant 

dreamers had metamorphosed by the time the Human Genome Project was bom, a Big 

Science project to detail every piece of genetic Information in the cells of humans. It 

was as If the Imaginative energy of the Immigrant scientist three scientific generations 

earlier had precipitated out as a residue of genetic idealism and methodological 

reductionism within a fln-de-siecle liqueur of data accumulation. 



V Research Crosscurrents 
And Social Undertows 

From the late 1960s to the middle1980s a transition period occurred characterized by 

an Increasingly uniform methodological approach in biomedical research, 

militarization of research, redirection of science Influenced by government funding, 

and channelling of scientific inquiry by its association with the utilitarian goals of 

corporations and government. It was in the 1960s and 70s that the allure of the 

biomedical sciences finally supplanted that of physics. The biomedical emphasis was 

paralleled by the space program, the earth sciences and astronomy that benefited from 

new rocket technology, satellites and official enthusiasm to put a man on the moon. 

Beginning about 1968, support for basic research quickly reached a plateau. In part 

because of the urgent needs of other social and military agendas, more than a decade of 

neglect for planetaiy and earth sciences followed after the end of the Apollo Manned 

Space Program. The year 1968 falls about halfway between the founding of the 

National Science Foundation and the infiltration of academic science by the Strategic 

Defense Initiative (SDI; "Star Wars"). From this time funding for civilian research 

continued to shrink Into the early 1980s, not only in terms of overall operating budgets 

per scientist but also In terms of absolute capitalization for facilities and 

instrumentation.09 

Researchers, threatened by cuts which would in some instances hinder and In others 

eliminate the ability to function, groped toward new strategies of social and political 

involvement and applied their salesmanship efforts with renewed vigor. During these 

years there was an undoubted reorganization of disciplines and employment sectors as 

some laboratories and lines of investigation were cut off and others consolidated. More 

cooperation between laboratories ensued; short-term considerations prevailed. The 

number of authors on publications increased. Laboratories with fewer personnel had a 
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more difficult time. Scientists became more aware of where the action was - sensitive to 

the kind of research drawing the cash. Big, more uniform science tended to outcompete 

little, more pluralistic,science In this time of relative scarcity. 

It was during the 1970s when scientists were groping for new organizational 

strategies that new increases in funding from private industry began anew. About two 

thirds of all funding for research and development (R&D) in the United States had been 

disbursed by industry. Like the Defense Department's expenditures, to which much Is 

linked, most goes to development of new commodities, prototypes, and processes, and to 

applied research directed toward practical application. From the middle 1950s to 1970 

there was a gradual withdrawal of funds for basic research in Industry. Their support 

dropped from one third to less than one fifth of the nation's expenditures for basic 

research. Industry's share of total basic research funding in the university decreased 

from 7.5 percent In 1953 to 2.4 percent in 1966, partly because of the great increase In 

federal support at this time. A problem resulting from this decline of the corporate role 

in scientific inquiry was that a link between basic and applied research was weakened. 

However, between 1970 and 1985, industry's support of academic research increased 

several fold to the 5 to 6 percent range.100 

Part of the stimulus for the renewed funding may have been the decline in corporate 

patents beginning about 1970.101 The application for patents by American inventors 

and companies began to decline after 1969 and continued to decline throughout the 

•decade of the 70s. In addition, patent laws before 1980 discouraged investment by 

industry in collaborative efforts with academic, basic reserch laboratories. No less 

inportant than the Infusion of more financial support was private industry's 

restructuring of Its relations with academla during this critical period. Since the 

Monsanto-Harvard affiliation in 1975, corporations have been entering Into 
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arrangements with universities to support basic research, with no federal 

involvement.102 The most publicized arrangements are for research In chemistry, 

pharmacology and biotechnology. New corporate/univerity research centers were 

established, and new opportunities for vigorous research were initiated. Many centers, 

labs and institutes were the result of multilateral agreements between a number of 

corporations and a university. Nonprofit research corporations have sprung up as 

"buffer corporations" in association with many universities to coordinate the funding. 

A consideration when a university negotiated for a corporate connection was the 

question of the relative autonomy of the faculty researcher. These "buffer" 

organizations presumably left more room for the researcher to choose the research 

direction. According to the 1984-1985 Research Centers Directory, there were some 

7500 nonprofit research organizations the majority of which were university-

related. 103 

The potential problems with these arrangements have been the focus of numerous 

discussions. There have been serious reservations by universities about the limitations 

imposed upon academic scientists - limitations related to the open exchange of Ideas 

and information, constraints on the choice of research direction, and constraints 

placed upon students as a result of their mentors' corporate affiliation. Since the late 

1970s when the new corporate/university connections began to gel, scientists who 

previously share prepublication information without hesitation have become 

.increasingly reluctant to do so. Those who consider that a cross-fertilization of ideas 

and techniques within and between disciplines is important warned of the "rupture" of 

the informal communication networks characterizing the collegiality of active 

scientific fields.104 
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Another mutually dependent relation which arose concomitantly during the 1970s 

and 80s was that between science and the defense-related activities of the federal 

government. The largest Inescapable component of the federa R&D effort was the 

centrally-controlled budget of the military establishment. Again, only a small 

minority went to fundamental scientific questions, and most went to applying 

knowledge and developing weapons prototypes. Between 1963 and 1981 federal 

expenditures for defense-related research approximately equalled those for civilian 

research. In 1981 the DOD's share of the overall government funding of R&D began to 

Increase very dramatically such that by 1986 almost three-quarters of federal 

sponsorship was military related. The Defense Department also began to devote more 

money to research considered "basic" In these years. Its share of university funding 

in1986 roughly equalled that of the NSF; however, its influence and its scientific rigor 

did not equal that of the NSF funding. Nevertheless, it represented a significant 

movement toward both militarization and centralization of basic research. Well-

capitalized research programs sponsored by the DOD easily outcompete underfunded 

basic research in any multitude of other settings; resources are driven from 

nonmilitaiy research, and military-related goals Influence the outlook of researchers 

and students.105 

In the light of the massiveness of the Strategic Defense Initiative and the secrecy 

accompanying much of the research, the problem of its effect on open communication 

in science was addressed by many scientists in the 1980s. By the mid-1980s the 

compendium of restrictions in the form of laws, executive orders and bureaucratic 

regulations covered so many areas of applied and basic research that University of 

Maryland physicist Robert Park exclaimed, "our tradition of free communication of 

scientific and technical Information is being eroded, not only by government 
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censorship, but also by self-censorship resulting from past intimidation by federal 

authorities."106 In response to this kind of commentary, DOD Director for Technology 

Cooperation and Security, Dr. Benson, quipped that some individuals In the scientific 

community are "Nervous Nellies," blowing out of proportion the potential adverse 

effects of some relatively limited social restrictions. A real difference of orientation 

and opinion existed between members of the scientific and national-security 

communities."107 

Limitations on the communication and publication of research with possible 

military importance have accumulated rapidly since the end of World War II. The first 

important postwar legislation was the Atomic Energy Act of 1946 which contained the 

provision that the AEC reserved the right to classify any scientific results related to 

atomic energy. Any and all research In the area of atomic energy, be it technical details 

or fundamental concepts, came under a "restricted data" categoiy. This became known 

as the "born classified" provision; controversy quickly arose over it since part of the 

law was designed to control the interchange of scientific ideas.108 President Truman's 

proposal for a National Security Act passed Congress n 1947 at the same time that State 

Department official George F. Kennan ("X") enunciated his policy of "containment." It 

established the Department of Defense to replace the separate War and Navy 

Departments, provided authority for the formation of the Central Intelligence Agency 

(CIA), and created the National Security Council to coordinate efforts Involving 

national security. One of the responsibilities of the National Security Council was to 

make recommendations to the President for protecting sensitive Information, and a 

committee was established to examine the problem. In addition. In 1950 and 1951 

Truman issued Executive Orders 10104 and 10290 which extended the security 

classification system to nonmilltary as well as military agencies. Besides keeping the 
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three former categories of classification (secret, confidential and restricted). It 

designated a fourth, "top secret."109 Many strongly criticized this order, permitting any 

executive agency to classify Information, for its vagueness and generality. It was 

replaced in1953 by Elsenhower's Executive Order 10501 which narrowed Truman's 

sweeping security generalizations, eliminated the "restricted" category, redefined the 

other three definitions, and eliminated some agencies allowed to classify. The Atomic 

Energy Act of-1954 revived a "restricted" category as a special security classification for 

atomic energy Information. These regulations served as the basis of the security 

classification system until replaced in 1972 by President Nixon. Nixon's Executive 

Order 11652, coming In the wake of the Pentagon Papers disclosure, provided authority 

for classifying more Information on matters of national defense and foreign 

relations.110 

Other Important landmarks Included the Export Control Act of 1949, which 

restricted export of materials having "potential militaiy significance;" the Invention 

Secrecy Act of 1952. which provided for withholding patents "that might be detrimental 

to the national security;" and, the Mutual Security Act of 1954 which first contained the 

International Traffic In Arms Regulations (ITAR). ITAR, administered through the 

State Department, controlled the export of military systems Including technologies 

that advance the state-of-the-art in any area of significant military applicability. In 

1979 the Export Administration Act was passed which provided for the control of goods 

and services not covered by ITAR It applied to restriction of information 

communicated at conferences and lectures, and through scientific and technical 

publications. In addition, President Reagan's Executive Order 12356 of 1982 extended 

the authority to classify, primarily through the National Security Agency of the CIA, 
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the results of baste research if deemed "sensitive" to national security, regardless of the 

funding agency. Thereby, it covered such work as NSF-funded research.111 

The government's concern about maintaining a lead in defense-related technology in 

the 1980s had in fact led it to seek control over the open communication of scientific 

research. For instance, since 1977 the National Security Agency (NSA) had been 

keeping its eye on a number of areas of R&D relevant to its intelligence-gathering 

concerns. The first basic research to attract the agency's attention was that of Leonard 

Adelman, a well-known researcher at MIT and the University of California. Early In 

1980 Adelman unexpectedly received a telephone call from Admiral Bobby Inman, 

director of the NSA in the Carter Administration. Inman had previously declared, 

"unrestricted nongovernmental cryptologic activity poses a threat to the national 

security."112 Adelman was told that the NSA wanted to fund part of his basic research 

concerning cryptographic problems, the results of which would be subject to 

prepublication review by the agency. The previous day Adelman had been notified by 

the NSF that it would not fund his research grant renewal In full because of national 

security considerations. Adelman rejected Inman's proposal, and a storm of 

controversy ensued over the conduct and communlcalon of basic research. 

Subsequently, Adelman's entire NSF grant was restored. However, negotiations 

between Adelman, the NSA, and the NSF also led to an arrangement in which Adelman 

acquiesced to let his reseach act as a pilot for a new mode of funding unclassified 

university research In which the NSA had a part.113 

This Incident and the date, 1980, were significant for two reasons. First, from the 

time of the Eisenhower Administration government restriction of scientific and 

nonscientific Information had proceeded under the rubric of "if in doubt, do not 

classify."114 In 1970 some of the source of potential conflict involving restrictions was 
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eliminated by the Mansfield Amendment to the Military Procurement Authorization 

Bill, which eliminated DOD funding of academic basic research.115 This trend toward 

openness began to reverse in the second half of the Carter Administration and made a 

complete turnabout during the Reagan era. Since 1980 an umbrella of restrictions on 

all sorts of information the likes of which had not been seen since World War n.began 

to unfold. A renewed attitude of "if in doubt, classify and control" characterized the 

Reagan Administration. 

The second boundary that the Adelman affair marks is that of a new kind of control 

over dissemination of scientific information, which is both more pervasive and more 

subtle. Classification of information and Isolation of researchers In government 

institutes were augmented by other types of restriction including export control 

regulations, negotiated restrictions on government contracts, voluntary prepublication 

clearance and the obstruction of foreign scientists. For Instance, between 1980 and 

1985 the Defense and Commerce Departments succeeded in restricting unclassified 

information In at least 17 meetings of scientific and engineering societies. In 1984 four 

scientific and engineering societies closed their doors to foreign scientists at their 

meetings: the shut-out Included Canadians, British and Japanese. In such meetings 

papers may be rescheduled to be presented in special closed sessions or may be 

withdrawn, foreign scientists may be excluded, or societies in anticipation may 

voluntarily restrict their conferences to American citizens116. 

Although applied resanch seems to have been particularly hard hit by the attentions 

of the Defense Department, scientists in universities and elsewhere were concerned for 

their own work because of the considerable overlap between different categories of 

research. Defense Department offlcal Larry Sumney exclaimed, "the ITAR, if enforced 
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to the letter, would cover virtually everything done in the United States."117 Hils Is 

what disturbed scientists. 

A series of continuing occurrences characterized the situation In the 1980s. The 

National Security Council continued to review national policy on the transfer of 

scientific information. Ongoing revisions of the Export Administration Act and export 

regulations, revisions to the militarily-critical technologies list, revisions for the 

ITAR, and formulae for the international transfer of scientific and technological 

information continued to be proposed by Congress and the Administration. The 

technologies and lines of scientific inquiry in question were listed in a document 

mandated by the Export Administration Act of 1979, called the Militarily Critical 

Technologies List, the unclassified 1984 version of which was 235 pages long and the 

classified version reportedly some 700 pages long! Rosemary Chalk, program head for 

the AAAS Committee on Scientific Freedom, commented n 1985: From our reading of 

the situation . . . the controls are being constructed In a very broad fashion and even 

though they may be applied In only a very few areas, we see them as sort of a model. 

There is a testing taking place to see how these things might be applied and then they 

may be generalized to other areas."118 

In 1982 a National Research Council committee concerned with scientific 

communication, the Corson Panel, examined the five means that the government has 

used to constrain the dissemination of knowledge: classification, restrictions on 

.government contracts, voluntary prepubllcation clearance, controls on foreign 

scientists and export control regulations. All of these areas produced conflicts. The 

panel proposed a number of recommendations which Included a preference for contract 

restrictions over export control regulations and a preference for constraints around 

specifically defined technology rather than broadly attempting to cover all areas. Two 
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years later Mltchel Wallerstein reported In Science that "the government has not found 

it possible to act In a manner compatible with the major principles set forth In the 

Corson report, . .both the stringency and the reach of restrictions either proposed or In 

force go considerably beyond the panel's recommendation." He showed that an effect of 

the controls was to decrease the numbers of research papers submitted in certain 

disciplines. "If the present climate of uncertainty continues, we may witness an 

increasing migration of the best minds away from those areas of science and 

engineering where controls are (or may be) imposed - the very fields where new talent Is 

most critical to the U.S. technological lead time." Recognizing the Importance of open 

exchange In the channels of formal and informal communication, he wrote, "Perhaps 

the largest risk ... Is the long-term change that controls are likely to cause in the 

demographic distribution of scientists and engineers among the various disciplines 

and subflelds."119 

Since the 1960s scientific knowledge has increasingly been considered In terms of a 

transferable and marketable commodity. The evolving relationships with the military 

and "security" branch of government and with corporations attest to how such Ideas of 

property relations and of factory production of new Information Increasingly infiltrate 

the realm of doing science. In the 1970s Ivan IlUch pointed out a change In attitude by 

the public toward knowledge and learning - from an activity Into a special kind of 

commodity reflected in a transformation in the use of such words as "learning," from 

something dynamic to something more static. Technical data, information and 

knowledge come to occupy a somewhat different place in the hierarchy of 

understanding. They are thought of In more concrete, more instrumental terms than 

they were two decades ago.120 Understanding science as the rational accumulation of a 

kind of property proceeds from a different attitude and behavior vis-a-vis knowledge 
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than understanding science as a habit of thinking. Imagining, relating and doing. 

Those whose perspective Is that scientific research Is an exercise of "know-how," of 

"doing with." of Imagination, fear Jess for the "soft underbelly" of American national 

security than those who see science as the depersonalized accumulation of knowledge-

related commodities and capacities. Hie extent that American science ultimately 

becomes bound by the national security system will depend to a large extent upon the 

way social groups outside of the scientific and engineering communities perceive and 

value "knowledge," as well as "national security." 

In 1980, after a dozen years of stress and accelerated reorganization within the 

scientific community, and In anticipation of continued "external" demands upon 

science, Philip Handler, president of the National Academy of Sciences, wrote, "For 

better of worse, the terms of a new social contract between the scientiflc community and 

the larger society are now being forged."121 

Above all, one contributing factor is recognized. Much of the force for the forging of a 

"new social contract," or "negotiatied treaty," between scientists and society has come 

directly form the capitalization problems which have become critical for many 

research laboratories and research-oriented universities. In the 1970s and 80s capital 

limitations and increased competition for funds exacerbated circumstances which 

result in efforts to circumvent peer review. In addition, fights over amounts needed for 

Indirect research expenses In the universities, a falling out between some investigators 

and institutions over how to allocate resources, problems of conflicting interest within 

new corporate/university associations, a flurry of incidents over research fraud, and 

conflicts with the Defense Department over freedom to publish, all occurred. Taken 

together, such apparently disparate incidents can be constructed to sketch a disturbing 

picture of the changing structure of science. With a concern that the "American way" of 
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doing research Is threatened to come apart, Donald Kennedy, president of Stanford 

University, mused: 

What In the world Is going on here? Can these things be related, and if 
so, to what underlying cause? Is our understanding of how to do slclence 
coming apart? Has the glue vanished from our traditional concept of 
what Is the responsibility of Industiy, of government and of the 
universities? 

I do not think so. But I do think that our kind of science Is crossing a 
significant watershed.122 

Donald Kennedy scratched the surface of a new science notable for its reorganization 

and reorientation. Such science represented an activity qualitatively different from 

that of a half century earlier. It was increasingly and inextricably bound (and not only 

In the United States) to property claims and considerations of short-term beneflt, to the 

external undertakings of government, the military, the medical profession, and 

Industry. This reorientation measured the value of science almost exclusively In terms 

of utility and profitability for the national economy, military preparedness, corporate 

competitiveness and medical efficiency. Conspicuous by its absence was a rationale of 

science as a cultural Institution with an Integrity of its own, "a tithe we all pay for being 

an enlightened society" - a rationale with much more prominence as recently as the 

1960s. The tension had grown between science as an autonomous enterprise of 

unfettered critical reflection and science as a complex of Instrumentalities to achieve 

specific material goals. And this autonomy/accountability tension assumed a new 

dimension. Accountability In the 1980s referred to the focused projects and Ideals of 

dominant economic and bureaucratic groups who can deliver technological and 

organizational resources. Autonomy was a drift within a notion of knowledge as 

intellectual property. 

With the massive infusion of federal support came the tendency to funnel funds 

through large organizations impelling researchers goals to mesh with larger policy 
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decisions. This process Increasingly meant more highly defined contractual 

obligations and limitations on scientists' individual choice of problem formulation 

and methodological approach. The funding cuts beginning In the late 1960s encouraged 

scientists to elevate the rhetoric about responsibility, as well as utility, and It 

occasioned the refinement of a dual justification system for research projects - one for 

the public and funding agencies stressing practical benefits and one for peers and 

oneself usually revolving about the excitement of the problem at hand. 

As the cost and capitalization needed for research got bigger. Incentives grew for the 

politicizing of scientists in order to secure advantages for their laboratories, 

disciplines and methodologies. The restructuring and gradual centralization of 

scientific administration offered new opportunities for scientists already well-

established to secure advantages for scientific research in general and for their fields 

and approaches in particular. One might expect that a well-functioning peer-review 

system, protecting the originality and autonomy of researchers from political 

intrusions, would militate against such developments. Yet difficulties, gross 

inefficiencies and an inherent dishonesty in peer review during times of budget 

limitation were known.123 

As the locus of about half the nation's basic research and the recruitment ground for 

new scientists, the university was the nexus of these transformations. In the 

expansionary phase of the 1950s and 60s universities and their scientist-scholars 

became dependent upon massive amounts of outside public support. The universities 

diminished their own institutional strength and the unity of its community of scholars 

by becoming "federal universities" which depended on the government for from one-

third to three-quarters of their total income and for 70 to 90 percent of their scientific 

research funds, most coming from military, paramilitary and health agencies. In the 
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growth period, leaders of the academic community acted prudently to attract productive 

scientists and to Institute research centers. During this earlier time, however, there 

was little sustained dialogue among scientific and engineering communities on 

whether the fundamental obligations and long-term interests of the community of 

scholars were being eroded by this very growth. By the early 1980s when 

university/corporate and university/military arrangements were resurglng and 

concerns about open communication surfaced, academic leaders had their hands full 

balancing contending philosophies of the university. Was the "research university" to 

be part of the public sector, private-for-profit, private-not-for-profit, or some other 

sector of society, perhaps even all things to all people? A multitude of concerns arose at 

many levels about higher education and its scholarly ethos.124 

Some concerns revolved about the recruitment, training and integrity of new 

scientists and engineers. The enlarged universities, it was claimed, were failing to 

provide a rigorous education; science and engineering were poorly attracting American 

youth; and some young scientists appeared to be blatant careerists. The educational 

leadership and scholarly, scientific ethos were called into question. By the 1980s a 

number of observers were making a case for a disruption of the ethical norms and 

intellectual integrity of scientific Inquiry, particularly In the universities and medical 

centers, evidenced by increasing numbers of fraudulent reports in the literature. One 

set of phenomena impinging upon the university ethos and the recruitment system of 

.the young into science were changes in the reward system for scientists and social 

stratification among researchers. The reward system for science had grown more 

complcated. Traditionally the system of publication through journals had been its 

cornerstone; this is where scientists got credit for their research. From the late 1960s 

on, the effectiveness of this system was undermined by sheer numbers of articles and 
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abstracts, which made It difficult to separate the wheat from the chaff. It resulted In 

some stylistic changes In scientific reports such that the language was more denotative 

and less inclined to qualification. Hie system of publication was also supplanted 

somewhat by an additional element: the prerequisite grant or contract, which may 

bring rapid access to benefits when rules of "accountability" are followed. With this 

shift in the location of a successful scientist's "property" there seemed to be a 

corresponding shift In the scinetists conception of a successful career. The goals of a 

career in science can change from being a series of successful projects made possible by 

contracts to being a series of successful contracts made possible by projects," and this 

marks the shift from scientist to entrepreneur.125 In this situation social hierarchies 

and "wealth disparities" between classes of scientists developed. Postdoctoral and 

foreign scientists were more frequently regarded as manpower rather than as future 

colleagues within a self-renewing community, something that dusgusted scientists like 

Erwin ChargafT. Again, the post-1968 withdrawal of resources from research and the 

training of scientists and engineers accelarated and exacerbated the underlying trend. 

Beyond "big science" there evolved a qualitatively different enterprise which could be 

characterized by more than Just laige-scale laboratories, administration and 

politicking. A number of external factors, then, taken together ultimately restructured 

the indices for performance for science, which in an earlier era had been determined 

largely by internal criteria. Their coordinate effect was to limit inquiry in myriad 

•subtle ways. For Instance, noted biologist Bruce Alberts complained: 

In the crush of such overcommitment. I have sometimes found myself 
encouraging my associates to do obvious rather than innovative 
experiments, in order to be relieved of having to spend too much time in 
wonying about their projects. Moreover, as a laboratory grows, one 
becomes less and less familiar with many of the techniques being used 
and thereby less able to Judge their potential or their limitations .... 
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Many large laboratories represent a poor training environment for 

young scientist are treated as though workers In a fctory, contributing 
strictly to their own part of the production line. Ths does not prepare 
them to function as Independent scientists.126 

Many smaller investigators felt they could not operate efllctively with the exacerbated 

conditions of larger instrumentalities and restricted resources without affiliating with 

larger research projects and groups; In doing this, however, as Albert's worries attest, 

many felt that centrifugal social forces and managerial requirements compromise 

their intellectual commitment. 

The tendency toward centralization and shorter-term concerns, censored military 

research, the medical establishment's grip on a veiy large block of research money, the 

staggering capitalization needs, cuts In funding per scientist, and the requisites of the 

academic recognition system - all invaded the territory of the "internal dynamic" of 

science and the social relations among scientists. That institutional goals, 

organizational strategies and the technological status of the Instrumentation can affect 

the framing of problems, the kinds of questions asked and the boundaries within which 

they are answered was particularly evident in a system where the applicants for 

research support outstrip the available funds. 

Summarizing, Norbert Wiener's metaphor of an organization whose overall structure 

"regulates its pattern of behavior" and provides and "index of performance" seems apt 

for describing a kind of science that came to be valued as a determinant of material 

wealth, well-being and security rather than as an indicator of the degree to which the 

society Is free, open and civilized. Science had undergone transformations both 

internally and externally. I will refer to this qualitatively different and more complex 

American science as Baroque, not just "Big." 
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VI Interpretive Synthesis: The Baroque 
As A Unifying Concept 

For Post-Sputnik American Science 

To look for connections which hold science together and make It an Intelligible 

entity, or unitaiy process, necessitates some sort of Integration of Its "internal" and 

"external" elements. I Indicated how certain Intellectual presuppositions, styles and 

habits derived from an amalgam of differing European and American approaches 

evolved and Influenced the direction of research. Equally important for the period 

under study is the new bigness and boldness of the enterprise under the guiding hands of 

various patrons, principally the federal government. And, in spite of the difficulty of 

bridging the "internal/external" divide, connections are also demonstrable between the 

two. For example, public assumptions about knowledge, the government's concern with 

security, and corporate patent concerns have all influenced the color of inquiry and 

direction of research in a number of areas. In the other direction the success of science 

has deeply Influenced the public's expectations and demands of it. 

Can an overall picture of American science which has some coherence and 

believability be gleaned from these disparate observations? If so, how could it be 

characterized In terms of a unitary phenomenon? What would we call it? Since the 

period of interest Is still with us, it Is difficult to back far enough away to see the forest 

from the trees. In addition, one could even ask if a unified concept of late twentieth-

century science Is desirable. Would any single concept designed as a shorthand symbol, 

and subject to emotional and cognitive confusion, result in an illusory mythology of 

coherence and circumvent other avenues of thought? Alternatively, an inclusive term 

might have the disadvantage of being so broad as to enable one to choose any 

combination of facts to support a preconceived Idea. In order to guard against an 

Illusory synthesis, a full explanation of the putative shorthand symbol, which denotes 
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the cognitive reality and separates It from fantasy. Is desirable. Aware of the Inevitable 

hazards, I claim that the term "baroque," is the most apt to describe the main current of 

late twentieth-centuiy science. In spite of its pitfalls, it is more descriptive, inclusive 

and revealing on connections than is Price's "Big Science." 

The word baroque and its changing shades of meaning have a long hlstoiy. It was 

originally a pejorative term designating bad taste, used in the nineteenth century to 

describe the syle of painting and architecture of the ear that spanned European culture 

from the middle sixteenth to the middle eighteenth century. There is a perplexing 

dimension In describing the baroque for all of Europe because the cultures to which the 

term Is traditionally applied - in particular, Spain, Germany and Italy - each followed 

their own experiences and rhythms which were not necessarily In phase with one 

another. Later in the nineteenth century, the term baroque expanded to Include 

literature, theatre and most forms of fine art, and to its pejorative connotations were 

added positive, complimentary ones. Originally, baroque in art and culture was 

Juxtaposed to the classical Ideals of restraint, clarity, precision and calm discipline, 

and it was criticized as excessive, disordered and outrageous. By the end of the last 

century, however, positive epithets for baroque outnumbered the earlier ones. Baroque 

came to: be regarded as bold, magnanimous and majestic, not to be restrained In a 

dogmatic classicist straltjacket of uniformity. Its messages were those of Joie-de-vivre, 

heroism, greatness and power. Complimentary adjectives used to describe it were, 

generous, mighty, noble, royal, superb, immense, magniflclent and glorious.127 

The artistic acts of the baroque exhibited a dynamic tension of contraries: artists 

took their chosen media to their very limit. Capturing this phenomenon, other 

adjectives simultaneously complimentary and pejorative, filled out its repertoire of 

descriptions: unrestrained, irregular, ornamental, changing and dynamic, theatrical. 
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Irrational, fantastic and complicated. Literary critic Gerard Gillespie distinguishes the 

baroque artistic style from neoclassical unity in the view of contemporaiy scholarship 

as, "the employment of multiple perspectives, fluidity of form, oblique and sinuous 

movements, delight in effects, deliberate illusloning and disillusioning, all-embracing 

theatricality, artistic wit. Baroque writers often strive to explore and expand the 

elements of their cultural and poetic repertory, to parade and multiply values and 

relationships and to link their ideas in surprising trains of ornaments and Imagery, 

but all the while exhibiting the instability and evanescence of their constructs. Spitzer 

and others have noted a double movement - the interaction of contraries. .. ,"128 

English-speaking people have resisted the application of the idea of the baroque to 

their own cultures. It has been taken as a category describing artistic style and 

particular social relations in foreign countries. They also have stressed the negative 

aspects of the baroque rather than its accomplishments. However, any comprehensive 

explanation needs to take Into account both the positive achievements and the negative 

effects of modern science, whether one considers the negative as "side-effects" or 

endemic to the nature of the structure itself. In order to adequate^ capture the nature of 

recent science In America, it Is necessary to demonstrate the underlying dynamic 

tension between the Intellectual, technological and social elements, and the contraries 

which facilitate, guide or impede the active internal dynamic of scientific inquiry. Out 

of this "essential tension" came the successes of twentieth-century science. Even Erwin 

Chargaff - a man who Inveighed against the appearance of fashion In science and a new 

breed of "power- hungiy, empty-headed money grabbers (who) have taken over," those 

who "swim in schools and go where the food Is plentiful" - was astounded and puzzled by 

the scientific advance In the middle of this century, something he called "fantastic." 

For this reason, first of all, a full understanding of the phenomenon can be most 
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profitably approached in terms of the concept of the baroque since the concept 

characteristically lends a coherence to a diverse set of otherwise seemingly fragmented, 

contrary factors. 

The positive, magnanamous and successful aspect of science, particularly that which 

has practical applications and Is understandable to the (wo)man In the street, has been 

liberally discussed in any number of books and articles, some with quite cute titles 

Indeed. Thejrcontaln a combination of biography, politics, technology, science 

boosterlsm and some science itself. Accounts of the Manhattan Project, the Space 

Program, or the War on Cancer, when you get down to it, are stories of Impressive 

individual and social achievement, conferring greatness and power upon the 

Immediate spectators as well as the actors of the stories. There is an expanslveness In 

the conception and execution of these projects. The same can be said of the yet 

unwritten stories of the Strategic Defense Initiative and the Human Genome Project 

initiated in the 1980s. At another level the discoveries and working hypotheses of the 

structure of DNA, the genetic code, gene regulation, the close-ups of the solar system, 

plate tectonics, punctuated equilibrium, Mandlebrot fractal mathematics , etc., 

together compromise a more fundamental success story of science between 1950 and 

1980 which cannot be denied. 

Generosity and magnanimity mark the beginning of this period of science. The 

contemporary period of American science drawing to a close at the end of the century 

began with the momentous acceptance of large numbers of European emigre scholars 

and scientists Into American society. It punctuated the beginning of a cycle of scientific 

creativity.129 Yet seen from another perspective, there seems to be unusual distortions 

and imbalances characteristic of the later part of this era. One instance of a lack of 

proportion I have presented in this essay Is an emphasis in biology which is 
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reductlonlstic and "Idealist." A biological reductionist may look upon DNA as a kind of 

final answer, a final accountable commodity, which provides an avenue for explaining 

any number of disparate phenomena about living things. I have tiled to show how the 

immigrant scientists contributed to this imbalance, as well as to the vitality of the 

biological sciences. In addition, much of biological research has become 

methodologically reductionist: Recombinant DNA techniques have attracted huge 

numbers of biologists and shifted the arena of inquiry in a number of disciplines, like 

developmental biology. A combination of these two types of reductionlsm is present in 

the Human Genome Project, a 1980s brain-child of a handful of old and eminent 

biologists and Nobel laureates. This heavily subsidized research program Is seen by Its 

proponents as the centerpiece of biomedical research for the advent of the twenty-first 

century, and has drawn biologists in a big way into the folds of Big Science. Although 

the program continued to be very controversiol in 1990, it had the effect of 

compromising the position of some earlier champions of "little science," such as Bruce 

Alberts, now an HGP spokesman. 

The HGP proposal is to decipher all the coding and noncodlng human DNA down to 

elementaiy molecular units and locate them on the chromosomes. This is such a large 

undertaking because it Is an effort to accumulate massive amounts of information. It 

derives from and is consistent with a style of production in science which is already 

somewhat stratified and depersonalized. It reinforces the depersonalization and 

Imposes a uniformity of assumptions and methods. According to its detractors, the 

poverty of its imaginative ambit has been veiled by its Baconian appeal - by well-meant 

and ultimately realizable promises of cures for genetic diseases, and by arguments for 

the creation of a solid Infrastructure for the germinating biotechnology industry. Led 

by a seductive technology more than imagination, recombinant DNA methodology In 
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general, and HMG in particular, divert "manpower" and money from less glamorous 

lines of Inquiry which cannot produce such large quantities of data. This "long day's 

Journey" into the genes accumulates a Finnegans Wake of facts In the absence of a 

theoretical contest other than the reductlonlstlc agenda already mentioned. As one 

geneticist put it, "facts in themselves are devoid of meaning; they have to be worked into 

some sort of coherence, even if it means wringing the neck of each organism in turn... . 

the dangers of the growing Information mountain are upon us: Most work will remain 

unread, part will enter more . . . tomes, and part, will have a fate worsse than death by 

falling Into the hands of an army of theoretical and mathematical scavengers." 

Although Information can empower, it also creates conditions which reduce control 

and obscure Issues, The noise level is raised and it sometimes becomes Impossible to 

separate the important from the trivial or the fraudulent. In situations of Information 

overload where it Is difficult to distinguish the significant and perceptive from the 

spectacular or the ornamental, publicity, promotion and jurnallstlc flair are 

increasingly selected for among scientists and research groups.130 

In the beginning of this essay I emphasized how important a close interaction, or 

Intercalation, of theory and experimentation was if science were to be creative. When 

theory does not depart too far from its empirical base and the observations and 

experiments do not wander far from well-articulated theoretical contexts, a 

complementary and productive symbiosis results. This, I have claimed, is the 

hallmark of the "classical" in science. Yet lapses of Interaction have occured in the 

1970s and 80s, and it appears as if a disengagement of, or imbalance between, the two 

becomes more frequent as the twentieth century is ending; the Human Genome Project, 

again, is the egregious example I have presented. 
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In 1946 John Von Neumann, recognized the importance of a similar link between 

theory and its empirical base for mathematics, and defined the baroque as flowing 

from a weakening of this link: 

I think ihat it is a relatively good approximation to truth . . . that 
mathematical ideas originate In empirics, although the genealogy is 
sometimes long and obscure. But, once they are so conceived, the subject 
begins to live a peculiar life of its own and Is better compared to a 
creative one, governed by almost entirely aesthetic motivations, than to 
anything else and, in particular, to an empirical science. There is, 
however, a further point which, I believe, needs stressing. As a 
mathematical discipline travels far from its empirical source, or still 
more, if it is a second and third generation only indirectly Inspired by 
Ideas coming from "reality," it is beset with very grave dangers. It 
becomes more and more purely aesthetlcislng, more and more purely 
1'art pour l'art. This need not be bad, if the field is surrounded by 
correlated subjects, which still have closer empirical connections, of if 
the discipline Is under the influence of men with an exceptionally well-
developed taste. But there Is a grave danger that the subject will develop 
along the line of least resistance, that the stream, so far form Its source, 
will separate into a multitude of insignificant branches, and that the 
discipline will become a disorganized mass of detils and complexities. In 
other words, at a great distance from its empirical source, or after much 
"abstract"inbreeding, a mathematical subject is in danger of 
degeneration. At the Inception the style is usually classical; when it 
shows signs of becoming baroque, then the danger signal is up . It would 
be easy to give examples, to trace specific evolutions into the baroque and 
the veiy hl£h baroque, but this, again, would be too technical.131 

Von Neuman sees mathematical disciplines susceptible to "abstract inbreeding" which 

ultimately results in fragmentation and dissipation. Other sciences are susceptible, in 

addition, to methodological and technical inbreeding. In both cases, theory and 

empirical validation do not interact well or feed off each other. The resulting 

fragmentation of the theoretical /experimental nexus is either a meandering into 

untestable speculation or dissipation into details ?nd complexities, or both. In either 
• 

case the freshness and vitality of the subject wanes or Is lost. Fields may become 

increasingly self-contained in which the refining of well-accepted conceptual 

structures predominates. Such fields, consequently, become increasingly Insulated 

from the synergistic cross-fertilization of ideas, techniques and conceptual tools 

coming from others. When large areas of inquiry are so affected, science would be 
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characterized by a loss of lnterdisclplinarlty, a loss of "contagious" propagation of 

questions and Ideas beyond disciplinary borders, and by the formation of relatively 

closed Technical systems" busy ornamenting existing frameworks of knowledge. 

This describes an Important part of the nature of baroque science, and there are areas 

in which it Is evident. Methodological inbreeding combined with reductionist 

overldealizatlon characterizes much of the research shaped by recombinant DNA 

technology In-the well-supported biomedical sciences. In the 1980s many blomendical 

researchers lamented the loss of freshness and vitality in this area; some worried about 

Information overload and Imaginative underachievement. Two other well-publicized 

fields in which this aspect of the baroque has appeared are research on polywater in the 

late 1960s and 1970s, and the cold fusion research of the late 1980s. Polywater was 

presumed to be an anomalous form of water found In veiy small amounts in certain 

experiments first performed by Russians. If confirmed, it would have been a major 

discovery. For a reriod of time many laboratories engaged in the research on polywater 

and confirmed its existence. Papers were published on its properties in major Journals. 

And then it stopped. "Impurities" were the cause of all the fervor and results, it was 

claimed. Polywater became nonexistent. How did this happen? Was it due to a 

combination of factors, as has been suggested: inadequate Journal refereeing, lack of 

Informal communication, language barriers, bandwagon-Jumping (fashion), 

overspecializalton, individual self-deception and a mediocre critical temper at 

scientific meetings? The sheer number of reasons makes one suspicious that none of 

them quite tackle the problem adequately.132 

The highly publicized work on "cold fusion" has followed a curiously similar 

scenario. Fusion products were found In small amounts and were dlfllcult to detect. 

Adequate controls were not Initially performed; impurities were later found. In both 



95 

cases self-promotion and Journalistic flair boldly pushed the research agendas from 

anonymity Into the public arena. More Important than anything else, however, was a 

sloppiness of craftsmanship in the experimental execution and a theoretical 

carelessness in explaining It. The lack of rigor resulted In a dissociation of theory and 

experimentation. The original research programs on polywater and cold fusion were 

dramatic but short-lived. They both represent vignettes of the baroque occurtng in the 

last third of the period under study. 

Von Neumann used "baroque* exclusively In the pejorative sense and assumed that 

his description was sufficiently encompassing. Although his comments reveal an 

Important facet of the baroque In science, it Is evident that such a description is not 

enough to do full justice to baroque science, as I stated previously. For, the baroque Is 

not just a stylistic assignation juxtaposing contrary elements within domains of 

human expression. It is also a social manifestation in certain cultures. As such, its 

Internal stylistic thrust can, to a laige extent, be accounted for by external social and 

economic influences. 

There is an Internal/external duality to the baroque. Baroque societies of the 

sixteenth and seventeenth centuries were beset by great social and economic crises. The 

Reformation and religious wars were sources of social upheaval. Different nations and 

classes suffered periods of economic decline. Baroque Is an era concept describing some 

societies In a time of painful transformation. In such times new strategies of coping 

with change and Instability are formulated by creative groups In order to bring a sense 

of order out of chaos. New systems of thought and artistic expression coexist in the 

world of old attitudes and traditions. Out of such a self-contradictory world grow new 

forms of artistic, and in the contemporary case, scientific expression. The new forms 

are characterized by dynamism, flux and a concern for distinguishing Illusion from 
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reality, (although when reality Is too unpleasant. Illusion will do just fine). As an 

example par excellence one can point to Cervantes* Don Quixote. The fascination with 

appearance and illusion found expression In the emergence of the theatre as a major 

artform In the sixteenth centuiy. Whereas theatre represented one pole of this culture, 

the absolutist monarchy supported by the Church represented the other. When 

absolutism, art and the theatre Joined together, the artistic expression of emerged 

served to glorify the monarchy and the Church, which guided it. "All the world is a 

stage," and spectators are a part of it. The artistic expressions Impressed the citizens of 

those societies with displays of greatness and power and drew the public into an 

acceptance of the heroic mythology of the aristocratic Red and clerical Black. In the 

same way, scientific/technological feats perform a similar function for the modern 

state and cadres of professional experts. Patronage by the aristocracy and the clergy 

was the mechanism which made it all possible. Craftsmen and artists were 

professionalized and sought out generous patrons, as much as they were sought In turn. 

The artistic expressions in toto constructed an edifice designed to Impress, centralize, 

and Impose uniformity; it created a context, under the guiding Influence of the Church 

and State, in which the powers that be were legitimized and glorified. In this sense 

much of the baroque is a conservative display and a turn toward the reactionary. 

Occasionally the grandeur turned into megalomania, as it did with the baroque-

saturated Versailles.133 

It Is disturbing for this spectator to see the extent to which these types of social 

phenomena have become applicable to science in the second half of the twentieth 

centuiy. That science policy and large areas of research are guided by military and 

economic objectives Is widely recognized. However, a more direct Intrusion Into the 

kinds of questions asked In selected disciplines also occurs even in university settings 
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where the rhetoric of academic freedom prevails. An example I have explored In some 

detail Is the federal government's Intrusion Into a number of fields. Including 

mathematics, computer science and materials research, in the name of national 

security. The particular guidance, It Is Important to note. Is increasingly expansive and 

not restricted only to federally funded projects. Many other examples of guidance can 

be given at various levels of decision-making since the late 1950s. 

Central guidance of the supporting Infrastructure for science Is a baroque 

characteristic. Cadres of experts and political elites fashion standards and criteria 

from the top down and tend to Impose guidance and efficiency. Centralization has been 

a growing trend since the Manhattan Project. Attempts to centralize the social 

organization for the review and funding of research has occurred repeatedly. It 

characterizes the baroque. Again, physicists have had the greatest penchant for this, 

although other scientists are catching up. The unity and cohesiveness of science is a 

major concern, for Instance, of physicist Alvin Weinberg when he dogmatically writes, 

"Science is a unified structure and ... scientists, in adding to the structure, ought always 

to strengthen its unity." Of course. Weinberg wants to guard against fragmentation and 

isolation of scientific disciplines. But in the process, Erwin Chargaff as well as Ernst 

Mayr or Paul Feyerabend would claim, he goes too far toward the Imposition of 

uniformity when he says "some areas of basic science do more to round out the whole 

picture than do others" and therefore "deserve more support than a field which isolated 

from other fields.*134 

Calls for centralization have been heard for the last two decades. Centralization, it is 

claimed, would increase efficiency, decrease unnecessary replication of projects, and 

apply a consistent standard of "excellence," A report coming out of a workshop on 

agricultural research In 1982, sponsored by the Rockefeller Foundation, urged the 
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centralized control of all agricultural research.135 In 1985 a report written by the 

Presidential commission on Industrial Competitiveness, concerned with the "new 

reality" of global economic competition and national and military security, 

recommended the creation of a Cabinet-level Department of Science and Technology 

ujnder which would fall the administration of all civilian funded research.136 Both 

proposals were ultimate^ shot down. Nevertheless, administrative superstructures do 

continue to grow and consolidate, establishing an ensemble of reciprocal relationships 

which maintain and transform themselves independently of the original Inquiry 

process and ultimatefy guide it. 

Science and technology have a dimension of power the sixteenth-century artistry did 

not. For this reason one would expect any guidance of science to attend to the substance 

of the research which 1s seen ultimately to empower than to appearance and display. 

How granting agencies and the Institutions in which they are embedded have 

meticulously done this has been shown for that research presumably affecting national 

security. However, they are not immune to concerns of appearance and display. 

Baroque considerations about whom to impress have increasingly crept Into science 

since the Mohole Project In the lated 1950s and 60s. In March 1957, six months before 

Sputnik, a National Science Foundation panel conceived of a project to drill an 

unprecedentedly deep hole in the ocean floor to study the earth's Interior. Although 

there were no really compelling scientific reasons to do it, the project was Initiated 

after one panel member urged its Implementation because it "would arouse the 

imagination of the public, and . . . would attract more young men into our science." The 

committee members thought such a display was desirable for public consumption and 

to attract the young Into geophysics and oceanography, fields where shortages of 

manpower existed at the time. In the next ten years the project, though Initiated, turned 
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out to be a political as well as scientific fiasco yielding no new knowledge.137 Another 

program of exploration which did not turn out to be a fiasco, however, soon followed, 

this was the Apollo Program Initiated at the highest level of the Kennedy 

Administration to "put a man on the moon by the end of the decade." This grabbed the 

Imagination of the public more than any project for the arts or endowment for the 

humanities ever could. By the beginning of the Kennedy Administration Americans 

had accepted a "technocratic ideology" in which science was the highest cultural 

expression and determinant of "quality of life."138 

Atomic power, the War on Cancer, planetary exploration. SDI and HMG - the desire to 

impress and aggrandize is a dimension in all of these programs. Who is Impressing and 

who Is impressed? The aura of national political figures is certainly enhanced, or 

altered, by successful science and technology projects: Kennedy with the Apollo 

Program, Nixon with the War on Cancer, and Reagan with the Strategic Defense 

Initiative are obvious examples. More than this, scientific "experts" can lend 

legitimacy to political discussions. In mixing technical Information and opinion, 

experts can blurr the distinction between fact and value and lend a matter-of -fact aura 

to value Judgements. When this happens, there may be a combination of knowledge, 

power and dominant values, which greatly adds to the believabillty, strength and 

Justification of the institutional authority.139 

Scientists at all levels have been unable to effectively avoid games of rhetoric 

designed to impress those outside of their own invisible colleges and fields of inquiry. 

Within one's own field discussion usually centers on the excitement of the problems 

and the challenges in finding solutions. Other discourses have developed for different 

situations and audiences. Most importantly, the language used to communicate 

findings to the whole scientific community seems to have been in the process of change 
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in the last two decades. Studies have shown that much of the discourse In scientific 

Journals has become more assertive and less prone to qualification. Granting 

committees are told how one's research will remove scientific bottlenecks and 

eventually have practical significance, and that there Is little doubt about the risks or 

success of It all. Concerned policy makers are told. In response to cries about scientific 

fraud in the biomedical sciences after 1970, that It is really an insignificant matter of a 

relatively few Immoral graduate students and research assistants at the bottom of the 

career ladder. Some examples belle this claim and Indicate that some scapegoatlng Is 

occurring and that the problem Is more widespread. All this undermines the legitimacy 

of science itself and cranks up the level of rhetoric designed to persuade and Impress 

the public of the legitimacy of the enterprise. 

The public had been subject to rhetoric about how scientific research is linked to 

advandlng technology and necessary for "competitiveness," well-being and security. 

The widespread use of press conferences publicize research projects and fashion 

preconceptions. Enhanced appearance, the capacity to impress via gmesmanship, 

grantsmanship and salesmanship, became prerequisites for getting and retaining 

resources for research since the 1960s. The public seeks out scientific celebrities who 

have found a new forum on public television ("Heeere's Carl!). In much of the media the 

baroque ideal of expressiveness has somewhat displaced that of clarity and truth. 

However, what was problematic was that as the display of the wonders of science and 

technology blossoms, and also its benefits for all by way of government and business, 

there arose an anti-science, or ambivalent, attitude developing in large segments of the 

public. When the science and technology link-up became so potent that the ideas of 

some absent-minded, teddy -bear, well-meaning scientist could be used to devastate a 

whole city in a single blow, one could no longer automatically assume the goodness of a 
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given sclentifc field, in this case physics. As a result, a growing segment of the public 

have become more reserved and qualified as scientific fields became more potent and 

practical. Some scientific fields no longer can have quite the same appeal for certain 

types of young recruits specifically because of their new, unmanageable power. 

Therefore, the new power of science Itself was another source of the escalation of the 

self-aggrandizing rhetoric of scientists and policy-makers who attempted to counteract 

this new restraint. 

Reservations about research in genetics followed the same course. The discovery and 

use of DNA restriction enzymes In the 1970s made genetic engineering possible. In fact, 

the science of genetics became indlssolubly bound to the engineering of new life forms 

at that juncture. By the late 1970s a climate of counter-cultural confrontation arose 

around recombinant DNA technology, demanding research moratorla and 

accountability. Science commentator David Dickson portrayed external calls for 

accountability as a movement toward democracy and equality In the decision-making 

process for research.140 However they are construed, they had a threatening and 

polarizing effect on some members of the scientific community. Scientists generally 

believed In the existence of an unproblematic social contract under which scientifically 

illiterate citizens had given up to professional the right and responsibility to direct 

science In return for the benefits that technology provided. They increased their 

salesmanship efforts. By the late 1980s some fears about the new technolgy had been 

found to be groundless, and efforts by molecular biologists to legitimize their powerful 

set of techniques and approaches were successful. The crowning Jewel of the newly-

legttamlzed genetic technolgy was the well-marketed and Impressive Human Genome 

Project. Its centralized and well-flnanced administration made this area of science less 
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vulnerable to criticism and withdrawal of funds and co-opted many scientists, needy of 

sponsorship, into its fold and fashion. 

Finally and most importantly, late twentieth-century science is baroque since it has 

more of less changed the nature of the ethos of doing science and the motivations of 

young scientists, newly recruited. The forms of expression in baroque eras act to 

temper and guide the motivations of citizens such that they conform to needs of 

dominant groups and classes. I have already Included an extended comment by Price 

about this ongoing transforamtlon in the refurbished system of rewards. Science has 

traditionally attracted a certain idealistic and inquisitive character concerned with 

how things ticked and where they came from. Previously, political action and rhetoric 

were greatly discouraged, Instead of encouraged, and Independence of action and 

thought - "mavericity" - more feasable. Has the social environment of science in the 

United States change such that it is no longer very conducive to nurturing the creative, 

scientific imagination? This is a big question for which Big Science has no answer. 

Historian of science Pearce Williams addressed this question and proposed that a crisis 

in the vision of American science arrived in the 1970s, the crisis leading to "namely its 

ultimate demise because it can no longer win converts. ... The answer ought to be the 

revival of that sense that science [is] a means of approaching the whole." Williams 

suggested that science Is losing its blatantly theological dimension, that part of 

classical science which Is Copernlcan. Consequently, It appears as if young recruits 

will see the evolving social and ethical context of science as offering a future only 

marginally different from any other professional career open to them. From the 

perspective of 1990 this appears to be the case.141 
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In conclusion, scientific inquiry toward the end of the centuiy seemed to be bound to a 

highly utilitarian conception of knowledge, to "rational" institutional policy goals, to 

the technological infrastructure and to the framework of a politicized reward system 

for scientists. Privileged access to sources of power appeared to be increasingly 

necessaiy for scientists - financial, political, data-base and technological power -

corequisites for functioning scientifically. The tendency toward centralization and 

short-term concerns, censored military research, the medical establishment's grip on a 

very large block of research money, the staggering capitalization needed, exacerbating 

cuts in funding, and the requisites of the academic recognition system - all invaded the 

territory of the "internal dynamic" of science and the social relations among scientists. 

An historical period of creativity and achievement that began in the 1930s as a voyage 

of classical science had sometime after 1970 transformed into a different kind of 

astounding adventure that the term baroque most adequately describes. 
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Appendix A: 
Strangers In a Strange Land: 
Popular Notions of Science 

The understanding of science most often attributed to the layman, is one in which the 

distinctiveness of science is a combination of Individual genius and technological 

success - the achievement of intellectual invention and engineering prowess by 

brilliant individuals. Here, description and unanalyzed assumptions largely supplant 

attempts at explanation of internal and external factors. When a biographical 

direction is taken, progress inevitably occurs discontinuously by the efforts and the 

unexplainable creatio ex nihllo of the greatest scientists. Very often the layman has 

little notion of a distinction between science and technology, and conflating the two, 

holds rather Baconian presuppositions mixed with a primitive awe for the magical and 

powerful facade of science and scientists. Since World War II, the Baconian 

justification of science, even pure science, as practical and powerful mushroomed in the 

popular imagination. Physics, chemistry and biology, all came to be seen as 

potentially useful: Physics for the military, biology for health, and chemistry for 

"better living." The realistic account of science that the public looks toward mandates a 

vision of science as a hard terrain for the human conquest of concrete problems, as the 

drama of events around the invention of the atomic bomb, as the singularity of the 

moment and the external discontinuity of discovery. 

A puzzling consequence of an untempered acceptance of this conception of science has 

been to turn off much of the nonscientist public to science, A cogent example comes 
• 

from The Over's Hand by the poet W.H. Auden, written in 1963: 

When I find myself In the company of scientists I feel like a shabby 
curate who has strayed by mistake into the drawing room of dukes. 

The true men of action in our time, those who transform the world, are 
not the politicians and statesmen, but the scientists. Unfortunately, 
poetiy cannot celebrate them, because their deeds are concerned with 
things, not persons, and are, therefore, speechless. 
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Although so many books, articles and television shows, some poetical Indeed, have 

been written in the Interim "celebrating" scientists, boosting science and fantasizing 

about a future molded by new technologies, Auden's statement does not seem out of date. 

Hie impersonal science of Auden, thing-oriented, "speechless." is still very much with 

the public although it seems to strangely miss the point for many scientists and 

philosophers of science. This dichotomy of perspectives is evidence of the persistence 

of Snow's Two Cultures." Much of the public image of science make scientists 

themselves squirm, such as the image of "the cold clarity and comforting 

impersonality of science." A generation ago sociologist Theodore Roszak took this 

perception of science to its limit In The Making of a Counter Culture. The hegemonic 

mind-set of science in his view is uncompromisingly impersonal, ruthlessly 

reductlonistlc and ploddingly progressive. Worse yet, since it is concerned with 

certainty and predictability, and therefore deterministic, it is boring! Blended with 

this image for some is that of Lewis Mumford's uncontrollable and slouching 

Megamachlne, the rough beast of and industrialized Enlightenment, its hour come 

round at last. Inexorable unmitigated Progress - an engineered world designed by "high 

technology" - is somehow beneilcient and menacing, even apocalyptic, all at the same 

time. 

The public in recent decades has demanded images of science which are molded to 

satisfy deep-set emotional needs and consequently find themselves embedded with a 

mythic framework celebrating the awesome power, magic and Inaccessibility of science 

and its novel products. The images can be revealing and at the same time dangerously 

misleading. Science fiction (SF) 1s lllustrutive of one cultural medium which both 

reflects and shapes public images. This genre is often characterized by a handful of 

themes and problems which portray science behind highly colored Alters: First, there 
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Is the problem of emotions, how to handle them In social environments where they are 

portrayed as Irrelevant of dysfunctional. Emotion Is a problem for individuals, or of 

individual freedom, within a predictable, but ahlstorlcal social mechanism. Secondly, 

two types of here are characteristic of hard-core SF that goes beyond the kind of 

fantasy represented by the lizard men of "Zlxxt" Interbreeding with voluptuous human 

females: One of them is the Individualistic, isolated genius, actively creating out of a 

mysterious font of knowledge, rationalizing the unexpected (Frankenstein). 

Alternatively, it might be a Polncare intuitionlst pitting himself against a plodding, 

bureaucratic Big Science. Another is often the technician-manager, a technocrat, again 

individualistic, in whom the author celebrates the competence of the master craftsman 

(Star Trek's Sherlock Holmes. Mr. Spock). Thirdly, where real-life scientists 

presumably sift through the ambiguities of interpretation to discover truths about 

reality, what the science fiction hero aften discovers is an alien. The alien is a hidden 

reality imagined into being by the searching SF author; usually (but not always) it is 

seen as something potentially forboding, a psychological H-bomb lurking beneath 

conventionality and common sense, something we don't want to get too close to! 

Conjuring the alien in this way questions the validity of a search for the reality 

beneath appearances, the truth, or for "the riddle of life" as Erwin Schrodinger or Max 

Delbruck would say, 

Lastly, one may ask where the place for scientific Imagination is in these peculiar 

imaginations of future technocracies. SF authors certainly give plenty of space to 

rationality, logic and scepticism, certainty, predictability and mechanism, but 

Imagination and ability to create new metaphors? This aspect of science and 

technology, however, has received some attention more recently by a few authors, such 

as Robert Forward, Gregory Benford, Arthur Clark and Hal Clement. (Benford has a 
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chapter In his novel Tlmescape. 1976, In which he goes Inside the mind of a 

mathematical physicist and colorfully discrlbes what he Is doing.) The point Is that the 

very elements which make science a distinctive enterprise are ommlted or underplayed 

In most of the popular culture. The distortions, although fascinating stories, make an 

historical understanding of what Is happening more difficult when they portray science 

as "speechless," emotionless and community-less, or as thlng-orlented and power-

seeking.142 * 
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Appendix B: 
Late Medieval Origins of Classical Science 

To appreciate the importance of the theoretical arm of science and the fullness of this 

term "classical science," it Is revealing to understand its origins. The origin of the 

Copernlcan sensibility and curiosity goes back at least to an edict In 1277 by a Parisian 

bishop occuring just three years after the death of Thomas Aquinas. Pierre Duhem was 

the first, three-quarters of a century ago. to point attention to the importance of the 

Paris concemnatlons of Averroism In 1277 for the stimulation of late medieval 

science.143 The condemnations censured certain Arlstotlean beliefs relating to the 

physical world which had been translated by Averroes and were both widely accepted 

and discussed at the University of Paris, northern Europe's center of learning. The 

Aristotelian theses limited God's power In the here and now. The condemnation and 

rejection of Aristotle had the effect of releasing the Imagination of thirteenth-century 

philosopher-theologians from what Heiko Oberman cals "the babylonian captivity of 

metaphysical a priori" and signified a victory for a conception of divine omnipotence 

freed from necessity. Consequently, natural philosophers from the thirteenth century 

on were actually encouraged to ask hypothetical questions and explore possibilities 

that previous generations found unacceptable, if not impossible. 

Response to this theological edict included an Increased use and elaboration of a 

medieval distinction between what is possible potentta Dei absoluta. according to God*s 

absolute power, and what is actual potentia Dei ordinata. according to God's ordained 

power - a distinction between possibility and reality. Reality contingent upon God*s 

will and upon His covenant with man became distinct from the multiplicity of 

possibilities Inherent in His omnipotence. This distinction had begun to take form in 

the third quarter of the eleventh century with Peter Damien's writings. He proposed, in 
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contrast to Anselm's metaphysic of covenant and ordained necessity, that what God 

ordains does not exhaust the possibilities for divine action and creation. Scholastic 

use of the ordinata/ absoluta distinction became common In the second quarter of the 

thirteenth century. After the Condemnation of 1277, the distinction received greater 

use In order to legltamlze and extend this conception of God's ubiquity and power.144 

It might help to get a feeling for the Impact of this distinction by putting oneself In the 

place of Alice In Lewis Carroll's stoiy of her encounter with the Red Queen: "One can't 

believe In Impossible things," Alice said. "I dare say you haven't had much practice," 

said the Queen.... Why, sometimes I've believed as many as six impossible things 

before breakfast before breakfast." The Queen had the same attitude as an ardent SF 

author or fourteenth-century natural philosopher! 

The absoluta speculation on possibility and impossibility became a tool for 

examining the necessity or the contingency of certain physical phenomena. It became a 

means for separating necessite logique and necesslte physique so emphasized by 

Leibnitz later on. Subsequent^, after Ockhams writings and the development of the 

Nominalist concentration on "experience," propositions wre increasingly designed to 

limit impossibilities and distinguish them from improbabilities. And, extrapolation 

from the factual into the imaginary encourabed and developed the are of experlmenta 

ratlonls. construction of the Idealized, and sometimes mathematized, imaginary 

experiment, a mode of abstraction of which seventeenth-century natural philosophers 

.were proud.145 

On the origins of the experimental side of classical science, a number of historians 

emphasize the importance of new tools, cooperative labor in guilds, and the social habit 

of caring about the object at hand, that is craftsmanship. These factors are necessary 

requisites for the developments of experiments to match the imaginary and the 
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possible with the actual. The role of the actual experimental tools and the crucial social 

context of apprenticeship and craftsmanship recently have been increasingly studied. 

Amos Funkensteln Is an author who has written extensively on the theological origins 

of scientific Imagination, yet culminated hs thoughts ina recent book. Theology and the 

Scientific Imagination from the Middle Ages to the Seventeenth Century., suggesting 

that knowing-by-doing via the activity of the mechanical arts, has to complement the 

natural philosopher's knowing-by-contemplation to give a complete account of the 

origins of science: The method of isolation and reconstruction, whether in thought or 

in praxis, was the seventeenth century's mediation between the real and the ideal." 

Jacques Le GofT Implies that the seventeenth-century ideal of learning-by doing In 

science originated and developed with medieval and early-modem craftsmen and 

laborers, only later to be incorporated into the practices and thoughts of natural 

philosophers. He argues that medieval theologians responded in terms of changing 

"mentalities" to changes in the material conditions of life and developments in the 

mechanical arts by groups of "people without history." George Ovitt, takes the same 

tack In examining medieval attitueds toward labor, craftsmanship and the mechanical 

arts In his book. The Restoration of Perfection. In his study of Dutch shipbuilding 

guilds, Richard Ungar presents a convincing case for the Idea that craft workshops 

operating in a system of guilds before 1600 provided a crucial infrastructure for the 

advance of the mechanical arts, for technological Innovation and. I would argue, for the 

•establishment of a mentality of knowing-by doing. And, In a different context Paoll 

Rossi's studies on the relation of philosophy and the mechanical arts are consistent 

with these ideals. Many questions remain unanswered along these lines.146 

The following comment by Nobel laureate Francois Jacob is a contemporaty coda to 

the ordlnata/absoluta distinction, the Red Queen's dreaming, Leibnitz's exuberant faith 
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In rationality and necessity, and Francis Bacon's enthusiasm for a Novum Organum: 

"The seventeenth century had the wisdom to introduce reason as a useful and even 

necessary tool for handling human affairs. The Enlightenment and the nineteenth 

century had the folly to consider It to be not merely necessary but even sufficient for the 

solution of all problems. Today. It would be still more foolish to decide as some would 

like, that because reason is not sufQclent, it is not necessary either. Yet, while science 
m 

attempts to describe nature and to distinguish between dream and reality, it should not 

be forgotten that human beings probably call as much for dream as for reality. It is 

hope that gives life meaning. And hope is based on the prospect of being able one day to 

turn the actual world Into a possible one that looks better."147 
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48 The aesthetic dimension involves more than just abstraction - since abstraction Is 
a process Involving the removal of specific attributes - to arrive at a more general 
apprehension which Is poorer In specific content but more comprehensive. 

A major element In the repertoire of tools scientists use to satisfy this urge for 
making order out of chaos is a metaphorical Imagination. Metaphor Is not merely a 
matter of words; It Is amatter of thought, antecedent to logic and to articulated theory, 
in which two unlike entitles are brought together to create a new coherent structure. 
Simple metaphors are composed of two parts, or domains; knowledge In one domain 
becomes superimposed, or "mapped,' on to knowledge In the other domain. By 
Imparting a structure, a specific metaphor also imparts patterns of Inference and limits 
the range of particulars which can fit Into the metaphorlc scheme. Metaphors 
unconsciously help to organize our understanding of the world In day-to-day life. In 
creative thought, either that of the poet or scientist, they are used to associate lmmages 
and concepts In unconventional ways. The logic of one domain of the metaphor is read 
into the other, domain in a way that evokes a surprise, a "dreamwork," if the metaphor 
is good. (For an in-depth look at the nature of the metaphor in literature, see George 
LakofT arid Mark Turner, More Than Cool Reason: Chicago: University of Chicago 
Press, 1989.) 
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elements of thought. For the rest it has to refer to imagery in some other medium." 
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strained use of the language. Arnhelm continues: "This strain of birth exists primarily 
In the medium of thought itself. It comes about because the structure of the matter 
under scrutiny, to which the mind clings, is put under stress by the new, more 
appropriate structure imposing Itself. The struggle against the old words is only a 
reflection of the true drama going on in thought. To see things In a new light is a 
genuine cognitive challenge; to adjust the language to the new insight is nothing more 
than a bothersome technicality. Eric Lenneberg has stressed this point by asserting 
that 'words tag the processes by which the species deals cognitively with its 
environment.' Since these processes involve constant change, the referents of words 
cannot be said to be fixed." fVisual Thinking: Berkeley: University of California Press, 
1969, pp. 246-246) There is a certain affinity between this explanation and that of 
Kuhn (1962) in that, anomalies strain old explanatory schemes and new paradigms 
represent the adjustment of the language to the new metaphorical Insight. Image 
metaphors are probably the most common among creative scientists. The importance 
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