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Forty-three years ago Joshua Lederberg
and Edward L. Tatum, then at the Osborn
Botanical Laboratory, Yale University, New
Haven, Connecticut, published a landmark
paper in Nature reporting the discovery of
bacterial sex.! Its importance convinced me
to reprint the piece here. Recently we have
also reprinted reminiscences by Lederberg,
now president, The Rockefeller Universi-
ty, New York, on his work in genetics,2
but as an aspiring sociologist of science I
was even more attracted to the paper that
he coauthored with Harriet Zuckerman, De-
partment of Sociology, Columbia Univer-
sity, New York, in the December 18, 1986,
issue of Nature. In this paper, which we are
also reprinting here, Zuckerman and Leder-
berg view this discovery from a sociologi-
cal point of view.3 In reading this remark-
able “‘case study’’ of the Lederberg-Tatum
discovery of bacterial sex, my thoughts res-
onated to their analysis of ‘‘postmature sci-
entific discovery.”

Some Current Contents® readers may not
be aware that Harriet and Josh coined this
term as a parallel to *‘premature discovery,”’
the phenomenon described by Gunther S.
Stent, professor of molecular biology, Uni-
versity of California, Berkeley, and
others4.5 that we have discussed on many
occasions. (A prototypical example is the
case of botanist Gregor Mendel.6) Indeed,
we at ISI® have used citation analysis to
study cases of premature discovery. These
longitudinal studies have covered many
years of data and focus especially on delayed

recognition, one aspect of prematurity, as
in the cases of Peter D. Mitchell”-8 and the
Higgs boson.%:10 Currently we are prepar-
ing an essay that deals with the topic of de-
layed recognition. It will appear in the next
few months.

Some time ago sociologist Robert K. Mer-
ton, Columbia University, honored me by
writing the foreword to my book Ciration
Indexing—Its Theory and Application in
Science, Technology, and Humanities.1!
There, he reflected on the possibility that the
Science Citation Index® was an ‘‘inevita-
ble’’ discovery. In a recent publication, he
has also mentioned the reprint on postmature
scientific discovery that follows as an
example of ‘‘sociological autobiogra-
phy’’—combining the complementary ad-
vantages of both Insider and QOutsider per-
spectives, while minimizing the disadvan-
tages of each.12 Reading the Zucker-
man-Lederberg definition of postmature
discovery made me realize the interesting
relationship between these: the inevitabili-
ty of discovery and postmaturity. Language
plays tricks on us—inevitability of discov-
ery seems the right way to describe, for ex-
ample, simple techniques that are so ‘‘ob-
vious’’ once they are invented. In patent
law, ‘‘inevitability’’ is often expressed by
the phrase ‘‘obvious to anyone versed in the
art.”’ Many a patent application has been de-
nied on that principle.

Both the inevitable ‘“discovery”’ of cita-
tion indexing and the postmature discovery
of bacterial sex show the three attributes
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specified by Zuckerman-Lederberg. In ret-
rospect, (1) it must be judged to have been
technically achievable at an earlier time with
methods then available; (2) it must be judged
to have been understandable, capable of be-
ing expressed in terms comprehensible to
working scientists at the time; and (3) its im-
plications must have been capable of hav-
ing been appreciated.3

In an era of Big Science, with goals such
as the conquest of cancer, AIDS, and so on,
it is important to understand the limitations
of science, but also to understand how its
development may be accelerated. When 1
first entered the field of information science,
it was a tenet of our missionary zeal that in-
formation technology could have a signifi-
cant catalytic effect on discovery and its ap-

plication. While intuition tells us that this
has indeed been the case, this assertion is
difficult to prove. Whether the *‘social’’ en-
gineering of science through better under-
standing of the discovery process (social sci-
ence) can claim similar efficiencies remains
to be seen. But certainly the management
of the global science enterprise will pay a
small price for the continued investigation
of such processes that might accelerate both
research and technology transfer. Zucker-
man and Lederberg have made an impor-
tant contribution to that process.

* ok ok k%

My thanks to Peter Pesavento for his help
in the preparation of this essay.
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Gene Recombination in Escherichia coli

Analysis of mixed cultures of nutritional mu-
tants has revealed the presence of new types which
strongly suggest the occurrence of a sexual pro-
cess in the bacterium Escherichia coli.

The mutants consist of strains which differ from
their parent wild type, strain K-~12, in lacking the

ability to synthesize growth-factors. As a result
of these deficiencies they will only grow in media
supplemented with their specific nutritional re-
quirements. In these mutants single nutritional re-
quirements are established at single mutational
steps under the influence of X-ray or ultra-vio-
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let!-2. By successive treatments, strains with sev-
eral requirements have been obtained.

In the recombination studies here reported, two
triple mutants have been used: Y-10, requiring
threonine, leucine and thiamin, and Y-24, requir-
ing biotin, phenylalanine and cystine. These
strains were grown in mixed culture in ‘Bacto’
yeast-beef broth. When fully grown, the cells were
washed with sterile water and inoculated heavily
into synthetic agar medium, to which various sup-
plements had been added to allow the growth of
colonies of various nutritional types. This pro-
cedure readily allows the detection of very small
numbers of cell types different from the parental
forms.

The only new types found in ‘pure’ cultures of
the individual mutants were occasional forms
which had reverted for a single factor, giving
strains which required only two of the original
three substances. In mixed cultures, however, a
variety of types has been found. These include
wild-type strains with no growth-factor deficien-
cies and single mutant types requiring only thia-
min or phenylalanine. In addition, double require-
ment types have been obtained, including strains
deficient in the syntheses of biotin and leucine,
biotin and threonine, and biotin and thiamin re-
spectively. The wild-type strains have been
studied most intensively, and several independent
lines of evidence have indicated their stability and
homogeneity.

In other experiments, using the triple mutants
mentioned, except that one was resistant to the
coli phage 77 (obtained by the procedure of Luria
and Delbriick3), nutritionally wild-type strains
were found both in sensitive and in resistant cat-
egories. Similarly, recombinations between bio-

chemical requirements and phage resistance have
frequently been found.

These types can most reasonably be interpreted
as instances of the assortment of genes in new
combinations. In order that various genes may
have the opportunity to recombine, a cell fusion
would be required. The only apparent alternative
to this interpretation would be the occurrence in
the medium of transforming factors capable of in-
ducing the mutation of genes, bilaterally, both to
and from the wild condition. Attempts at the in-
duction of transformations in single cultures by
the use of sterile filtrates have been unsuccessful.

The fusion presumably occurs only rarely, since
in the cultures investigated only one cell in a mil-
lion can be classified as a recombination type. The
hypothetical zygote has not been detected cyto-
logically.

These experiments imply the occurrence of a
sexual process in the bacterium Escherichia coli;
they will be reported in more detail elsewhere.

This work was supported in part by a grant from
the Jane Coffin Childs Memorial Fund for Med-
ical Research.

Joshua Lederberg*
E. L. Tatum

Osborn Botanical Laboratory,
Yale University,
New Haven, Conn.
Sept. 17.

*Fellow of the Jane Coffin Childs Memorial Fund for Medical
Research.

'Tatum, E. L., Proc. Nat. Acad. Sci., 31, 215 (1945),

*Tatum, E. L., Cold Spring Harbor, Symposia Quant. Biol.,
vol. 11 (in the press, 1946).

Luria, S. E., and Delbriick, M., Genetics, 28, 491 (1943).

Reprinted by permission from Narure Vol. 324, pp. 629-31. Copyright (¢) 1986 Macmillan Magazines Ltd.

Back to Introduction

Postmature scientific discovery?

Harriet Zuckerman and Joshua Lederberg

New scientific discoveries do not always flow di-
rectly from those made just before. Rather, several
varieties of discontinuity can be identified in the
growth of science. Premature discoveries are those
that scientists do not attend to in a timely way and
are retrospectively described as having been

‘‘ahead of their time"’. These have been examined
by Barber! and Stent?. Here, we suggest that
there are also postmature discoveries, those which
are judged retrospectively to have been ‘delayed’.
We analyse the arguments that the discovery of
bacterial sex was postmature and take up the cor-
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relative questions of how the problem was iden-
tified and why Lederberg and Tatum34 were
likely candidates for making it when they did.

This paper draws on documents, published and
private, and analyses by the sociologist-observer
and the scientist-participant. Our dialectic proce-
dure departs from most oral historiesS:$: first, the
procedure was iterative: as new discussion raised
further possibilities, we both searched for rele-
vant documentation; and second, we both identi-
fied the underlying analytic questions and artic-
ulated tentative answers to them. We felt that per-
sonal reminiscence had to be validated by con-
temporary documents and other testimony as oral
history and autobiography are prone to *‘uncon-
scious falsification’"7.

Continuities and discontinuities

Scientific growth, usually broadly incremental,
can at important times be episodic and discontin-
uous. Premature discoveries, one conspicuous
form of temporal discontinuity in science, are
either passively neglected or actively resisted at
the time they are made. Mendel’s discovery of
particulate inheritance in 1865, lost to view for
thirty-five years, is the best-known historical case.
Discoveries can be premature because they are
conceptually misconnected with ‘canonical knowl-
edge’2, are made by an obscure discoverer, are
published in an obscure place, or are incompati-
ble with prevailing religious and political doctrine.
Barriers between disciplines imposed by special-
ization of inquiry also contribute to neglect or re-
sistance!-8-10, Although the character and sources
of premature discoveries have received some
analytical attention8.!!, the pattern of postmature
discoveries has not been identified, much less
systematically studied.

For a discovery to qualify as postmature, for
it to evoke surprise from the pertinent scientific
community that it was not made earlier, it must
have three attributes. In retrospect, it must be
judged to have been technically achievable at an
earlier time with methods then available. It must
be judged-to have been understandable, capable
of being expressed in terms comprehensible to
working scientists at the time, and its implications
must have been capable of having been appreci-
ated.

Both prematurity and postmaturity can be rec-
ognized only by retrospection. They differ in that
prematurity is a matter of actual historical obser-
vation while postmaturity is a matter of retrospec-
tive conjecture. Such formulations would seem
to smack of ‘Whig History’, the inclination, ac-

cording to Butterfield, *‘to produce a story which
is the ratification if not the glorification of the
present’’12. But, they are designed to serve quite
the contrary purpose. The ideas of premature and
postmature discovery provide convenient handles
for analysing discontinuities in the growth of sci-
entific knowledge, and support a nonlinear and
complex model of advancement in scientific un-
derstanding.

Postmature discoveries are not all of a piece.
One class results from pre-emption of scientists’
research attention. For example, Linus Pauling
observed that there was ‘‘no reason why'’ he,
himself, could not have discovered the alpha helix
eleven years earlier than he actually did ‘‘after
a few hours of work”’. In fact, he was preoccupied
in the interval by other seemingly more impor-
tant and feasible inquiries!3.14. Another class of
postmature discoveries answers questions not pre-
viously recognized by scientists to be problemat-
ic. Certain assumptions, beliefs and images!’
which are also indispensable for the organization
of scientific thought can, in specific cases, im-
pede perception of lines of inquiry. For example,
Weinberg notes that physicists neglected to pur-
sue quantum field theory further in the 1930s be-
cause prevailing images, conceptual schemes and
attitudes toward theory and empirical evidence
stood in the way!6. In our case study, both cog-
nitive and social processes obstructed the think-
ing of scientists about recombination in bacteria.

Sources of neglect

Why was recombination in bacteria not perceived
as problematic before 1946? How had asexuality
in bacteria come to be an unquestioned ‘truth’ and
how was that view perpetuated?

Before 1870, many believed that the different
shapes bacteria assumed were varieties of the same
organism, which changed under varying condi-
tions. Indeed, the doctrine of polymorphism or
bacterial plasticity became the basis for extrava-
gant claims about variability through most of the
nineteenth century. By 1872, Ferdinand Cohn
concluded that the various shapes bacteria took
were not different forms of the same organism;
they were monomorphic and did not change dur-
ing their short lifetimes!?. Yet reports of varia-
tion continued until 1881 when Robert Koch in-
troduced a simple and effective means for grow-
ing pure cultures. Koch’s pure-culture method,
which became a symbol of modern bacteriology
with its phobia of contamination, together with
Cohn’s doctrine of monomorphism rapidly
changed bacteriologists’ views about variation.
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The two were consolidated into what was called
the Cohn-Koch Dogma, which discouraged for
years the study of the problems of morphology,
inheritance and variation in bacteria'8.

Cohn was convinced that bacteria were primi-
tive plants which could ‘only reproduce by asex-
ual means’’ and in 1875 characterized all bacteria
as Schizomycetes or ‘fission fungi’. With every
use of that label, bacteriologists were reminded
that these organisms reproduced only by fission
and that they were simple primitive plants, a tradi-
tion that had begun with Leeuwenhoek'’s first ob-
servation of bacteria in 1675. Labels, categories,
nomenclature and taxonomies usually help to or-
ganize scientific thought but can also delay the
reexamination of fallacious traditions, thus becom-
ing self-fulfilling prophecies!®. In the end, the
emergence of medical microbiology as a science
depended on the doctrinal base laid down by Cohn
and the pure culture methods of Koch. Nonethe-
less, monomorphic doctrine, when strictly con-
strued, threw out the baby of bacterial variation
with the dirty bath water of contamination. It was
widely assumed that observations of bacterial vari-
ation had to result from contamination. Bacteri-
ologists took experiments involving variation to
be error-prone and disreputable?®. Such experi-
ments were to be avoided as having great proce-
dural difficulty and little intellectual merit. With
the strong incentives in science for avoiding prob-
lems notorious for leading to irreproducible re-
sults, very few scientists would elect to under-
take them.

Bacteria occupied an ambiguous place in the
hierarchy of living organisms. To many, these or-
ganisms appeared so primitive that they could not
yet have evolved ‘differentiated genes’. This im-
age also reinforced the use of bacteria as exem-
plars of pre-genic levels of organization for phys-
ico-chemical analysis. Once such complex im-
agery becomes established, special provocation
is needed to splinter away one or more of its ele-
ments.

Disciplinary emphases and the division of la-
bour among the sciences also diverted attention
from the problem of bacterial sexuality. Bacteri-
ologists were principally concerned with problems
in medical pathology rather than issues like the
biology of bacterial reproduction. Geneticists were
no more interested in bacterial reproduction than
bacteriologists. They were occupied with larger
organisms in which the products of crossing were
readily observed. Thus, disciplinary division of
labour and the careful choice of organisms for in-
quiry, both generally conducive to the develop-
ment of scientific knowledge, contributed in this

instance to neglect of bacterial recombination. It
has been argued, however, that ‘disciplinary dog-
matism’ and ‘disciplinary monopoty’ have only
rarely impeded the development and diffusion of
scientific innovation?!.

Members of the Delft School of Microbiology,
in the early part of this century, did bridge the
gap between bacteriology and genetics. Clearly
separating themselves from the medical bacteri-
ologists who maligned bacteria, they belicved that
progress in fundamental microbiology depended
on people who ‘loved’ microbes??. Martinus
Beijerinck, the main figure in the group, seems
now to have been the most likely candidate for
investigating bacterial sex. He rejected prevail-
ing dogma on bacterial invariability, promptly
cited deVries” finding on plant mutations and of-
fered some of the first coherent challenges to strict
monomorphism?3. He also developed ‘enrich-
ment culture’ methods, forerunners of the selec-
tive techniques used later in discovering bacterial
recombination. Moreover, he was better informed
than most microbiologists about work on plant hy-
bridization which would have been useful in plan-
ning any investigation of sex in bacteria.
Beijerinck and the Delft School were likely can-
didates for investigating bacterial sex, but they
did not. In fact, Beijerinck strongly supported the
Cohnian dogma of schizomycetes. Thus the prob-
lem of sexual recombination still fell between dis-
ciplinary schools?4.

Significance of bacterial sex
By the 1930s, developments were under way that
led biologists to reexamine how bacteria related
to other forms of life and whether bacteria really
had genes. Important among these developments
was the unification in biological thought of Men-
delian genetics, quantitative population theory and
Darwinian evolution, particularly the notion of
species being Mendelian breeding populations or
isolated gene pools. The idea that sexuality was,
itself, an evolved genetic system proved particu-
larly provocative, with illustrations drawn from
simple and complex plant life. Dobzhansky’s
monograph, ‘' Genetics and the Origin of Spe-
cies”'25, was widely read as the definitive rein-
terpretation of Darwinian theory of evolution and
focused interest on the details of breeding systems
as the key to understanding evolutionary develop-
ment. This, in turn, sharpened interest in under-
standing the evolution of organisms, like bacteria,
believed to be devoid of sexual mechanisms.
The biochemical analysis of microbial nutrition,
especially by Knight and Lwoff!8, was another
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major impetus to reexamining the relationship of
bacteria to other forms of life. In particular, the
discoveries that the biochemistry of microbes par-
alleled in many details that of higher organisms
inspired Beadle and Tatum’s work on Neurospora
in 194126, They showed Neurospora’s usefulness
as a research material for studying the genetic con-
trol of an organism’s development through the en-
coding of specific enzymes, known as the ‘one-
gene-one-enzyme’ hypothesis. This marriage of
biochemistry and genetics had particular signifi-
cance for the Lederberg-Tatum work?27.28.

There was-also renewed speculative interest in
a biochemical theory of the origin of life. **The
Origin of Life on Earth?® by the Russian
biochemist, Oparin, became available in English
in 1944, as did **Whar is Life ?"°30 by the physi-
cist, Schrédinger. Both focused attention on ques-
tions that demanded the integration of the biology
of viruses and microbes with the more traditional
biology of plants and animals.

The connections between these independent de-
velopments were not always apparent at the time.
But one event did call attention to their common
message: the discovery by Avery, MacLeod and
McCarty3! in 1944 which identified DNA as the
transforming principle that changed rough
non-pathogenic preumococci into smooth virulent
ones.

The scientific significance of that discovery has
been examined in detail32-38. For our purposes,
it hightighted two important questions: what was
the structure of bacterial genes and how were they
transferred? Thus the work by Avery e al. made
the question of bacterial sex newly consequential.
Dubos3® makes it clear that had sexual reproduc-
tion been observed, it would have been understood
and appreciated. But bacteria were so widely as-
sumed not to reproduce sexually that no one con-
sidered this problem to be important. Dogma pre-
vailed over:focused curiosity.

Structural contexts

In retrospect, Lederberg’s position in the com-
munication network and his not yet having a ca-
reer in science seem consequential for his identi-
fying the problem of bacterial sex, for his develop-
ing a method for its investigation and for his be-
ing in a position:to do the research. Tatum was
led to-the problem independently for somewhat
different reasons?’. Lederberg was unenthusiastic
about classical genetics when he arrived at Co-
lumbia College in 1941. His interest in ‘‘under-
stand{ing] the chemical nature of life’’ led him
to spend much of the next four years studying

chemistry, cytology and physiological embryol-
ogy. But he was not ignorant of classical genet-
ics and the Columbia biologists were well con-
nected with the New York network of scientific
communication about genetics. Dobzhansky was
a central figure. Arthur Pollister was in close
touch with researchers at the Rockefeller Institute.
Alfred Mirsky worked at both institutions. Le-
derberg not only learned quickly about the
neo-Darwinian developments described earlier but
he also heard about the work of Avery ez al. from
Mirsky and promptly read their paper. If the
Avery et al. work sharpened Lederberg’s interest
in bacterial reproduction, Dubos’ review of the
inconclusiveness of evidence on sexual reproduc-
tion sharpened his scepticism; the cognitive and
structural elements were coalescing.

In Lederberg’s second year at Columbia he met
Francis Ryan, an assistant professor, who had just
completed a postdoctoral fellowship at Stanford
with Beadle and Tatum. It was Ryan who first
told him about the work on biochemical genetics
and who persuaded him that chemistry and ge-
netics were not as far apart as he had thought?7,
It was also Ryan who generously provided Le-
derberg with laboratory facilities, catalysed his
association with Tatum, and, most importantly,
encouraged, educated and socialized him as a sci-
entist. Columbia provided Lederberg with a mul-
tifaceted and advantageous structural context for
his scientific development and for the initiation
of a high-risk, high-stakes research programme.

Lederberg’s plan for research was well worked
out by July 1945, when he was a second-year stu-
dent at Columbia Medical School but continued
to work in Ryan's laboratory. The research might
have been pursued at Columbia, but Ryan and Le-
derberg both recognized that an association with
Tatum would be valuable. In particular, his ex-
perience in microbial biochemistry could help
broaden Lederberg’s education beyond the oppor-
tunities available on Morningside Heights. Fur-
thermore, Tatum, then in the process of moving
to Yale, was rapidly becoming recognized as a
scientific leader. He could provide Lederberg with
better access not only to information, research ma-
terials and fellowship support, but also to the in-
visible college of the emerging scientific discipline
of biochemical genetics. The impact of such infor-
mal ties between investigators on the directions
and pace of scientific research has yet to be prop-
erly investigated.

Lederberg’s status as a medical student was less
an obstacle to his investigating bacterial sex than
might be supposed. Though much of his time was
spent on course work, he was not subject to the
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constraints that apply in the early years of study
for the PhD. He did not, like ordinary graduate
students, have to choose a research problem that
would be suitable for a thesis and publication. Be-
ing marginal®C to the biological research enter-
prise, he could afford to take on a high-risk prob-
lem. The search for bacterial sex was definitely
high-risk; it was not one likely to produce useful
and publishable findings. After all, not observ-
ing bacterial recombination would scarcely dem-
onstrate that it did not exist. The risk of a negative
finding using E. coli is now known precisely; bac-
terial recombination being observed in only five
percent of all strains with the techniques used in
1946.

For a different set of reasons, Tatum could also
afford research on a high-risk problem at the time.
He had a variety of projects in process in his lab-
oratory and could manage to take a long-shot ex-
periment that required little time and little money.
For both men, bacterial recombination was a good
gamble; failure would have low marginal costs
for each but promised large if prospectively im-
probable returns. High-risk investigations are not
equally feasible for all scientists. They fall to the
comparatively well-established or to those who
are marginal as Lederberg was in 1946. Those
who solve high-risk problems, having chosen
them in the first place, may more often come from
the ranks of the well established than from neo-
phytes thus contributing to the accumulation of
advantage?!. Risk-taking in science is a matter
not only of psychological daring but also of posi-
tion in the social structure!442,

After a brief correspondence, Tatum invited Le-
derberg to work at Yale. He arrived in March

1946; genetic recombination in E. coli was ex-
perimentally observed early in May. The results
were s0 arresting that Tatum arranged for Leder-
berg to present them at the Cold Spring Harbor
Symposium to be held in July. The publications
which followed?4-43 did not merely describe the
results of the initial laboratory investigation. They
are the product of critical discussion of those re-
sults at that meeting and of follow-up experiments
done immediately afterwards?’. The dynamics of
organized scepticism in science® can be ob-
served in the records of that meeting and later in
responses to the papers announcing the discovery.
Even as first published, discoveries are not simply
reports of events initially observed in the labora-
tory45:46 but often are also the outcomes of ex-
change between contributors and their critics.
Treating scientific contributions as the results of
inquiry, criticism and subsequent work makes
problematic the custom of designating this or that

scientist as the exclusive contributor and focusses
attention on the operation of organized scepticism
and its effect on shaping the meaning and assess-
ment of those contributions.

Conclusions

Was the investigation of sexual recombination in
bacteria postmature, that is, conducted significant-
ly later than it could have been? The problem was
obscured for decades by the Cohn-Koch dogma
of monomorphism and the conviction that bacte-
rial variation resulted only from contamination.
This was so even for Beijerinck and members of
the Delft School who did not subscribe to strict
monomorphism, knew how to mark microbial
strains by their fermentative and nutritional char-
acteristics (the basis of Lederberg’s design), knew
about Mendelian segregation in plants, and might
have appreciated the significance of sexual recom-
bination in bacteria werte it observed. But, they
were comnmitted to the view that bacteria repro-
duced only by fission and did not consider the phe-
nomenon problematic. In principle, the investi-
gation was technically feasible by 1908, as dem-
onstrated by Browning’s*? use of drug resistance
as a selective marker, an early anticipation of the
Lederberg-Tatum work. But Browning dealt with
a different organism, reported a negative result,
and used terminology not readily transferable to
the case of bacterial recombination. In the 1930s,
bacterial sex was still viewed as unlikely, even
as a disputable idea. Yet had it been demonstrated
experimentally, it would have been understood
and appreciated by geneticists and possibly even
by bacteriologists.

This case study suggests that problem identifica-
tion and selection in science have features deserv-
ing further analysis. First, the solutions to two
classes of problems are apt to be postmature: those
which do not survive competition for scientists’
attention when they first appear because they seem
insignificant, unfeasible or both and those which
are obscured by prevailing cognitive commitments
or have no socially and cognitively defined dis-
ciplinary home. Second, in calculating the prob-
able returns on selecting problems for investiga-
tion, scientists assess the likelihood of error and
this contributes to the continuing neglect of cer-
tain problems that have a history of being error-
prone. Third, the feasibility of addressing high-
risk problems in science and so of making major
advances in this way is not equal for all investi-
gators; they are left largely to the well-established
who can afford them and to others who have a
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smaller stake, for structural reasons, in their im-
mediate record of publication. What scientists de-
fine as problematic and worthy of investigation
are the products of interactions between cognitive
and social processes.
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