magnitude less than by conventional
spectroscopic methods. This reduction
in time permits the study of transient
species, or by “time-averaging” proce-
dures S/N may be improved without
the expenditure of inordinate amounts
of time. The FT method finds especially
important application in the study of
NMR spectra of nuclei of low sensitiv-
ity and low abundance, such as 13C.
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Contributions from Scientific Strata

to Progress in Science

Whereas most of our previous re-
search has dealt with the processes
through which individuals find their
level in the stratification system, in this
article we analyze another problem. We
present data evaluating the comparative
contributions of the various scientific
strata to scientific progress, indicating
whether progress is built on the labor of
all “social classes” or is primarily de-
pendent on the work of an “elite.” In
the past, historians and philosophers of
science have attributed much of the
growth of science to the work of the
average scientist, who, it is suggested,
has paved the way with his “small” dis-
coveries for the men of genius—the
great discoverers. This hypothesis is
asserted in many sources, but perhaps
no more clearly than in the words of
Jose Ortega y Gasset (4):

For it is necessary to insist upon this
extraordinary but undeniable fact: ex-
perimental science has progressed thanks
in great part to the work of men as-
toundingly mediocre, and even less than
mediocre. That is to say, modern science,
the root and symbol of our actual civil-
ization, finds a place for the intellectually
commonplace man and allows him to
work therein with success. In this way
the majority of scientists help the gen-
eral advance of ‘science while shut up
in the narrow cell of their laboratory,
like the bee in the cell of its hive, or the
turnspit of its wheel.

SCIENCE, VOL. 178



Ortega seems to be suggesting that
average scientists, working on relatively
unambitious projects, make minor con-
tributions, but that, without these minor
discoveries by a mass of scientists, the
breakthroughs of the truly inspired sci-
entist would not be possible. Thus the
work of the great scientist is built upon
a pyramid of small discoveries made by
average scientists. This view of science
is widespread. Some even go so far as
to maintain that scientific advance is
more dependent upon the small discov-
eries of the many average scientists than
upon the breakthroughs of the great
scientists. Lord Florey, a recent presi-
dent of the Royal Society, expressed
this point of view (5):

. . . Science is rarely advanced by what
is known in current jargon as a “break-
through”; rather does our increasing
knowledge depend on the activity of
thousands of our colleagues throughout
the world who add small points to what
will eventually become a splendid pic-
ture much in the same way the Poin-
tillistes built up their extremely beautiful
canvasses. . . .

In the view of science, of course, a
number of assumptions are made. Con-
sider two: it is assumed (i) that the ideas
of the average scientist are both visible
and used by the outstanding scientist;
and (ii) that the minor work is neces-
sary for the production of major con-
tributions. In short, it is proposed that
the work of the average scientist is in-
dispensable if science is to advance.
Little empirical evidence exists to sub-
stantiate these widely held beliefs. We
shall examine data bearing upon the
validity of this view of scientific prog-
ress. To make an empirical test of this
conception manageable, we confine our-
selves to one of its several aspects and
to only one field of science. We examine
the work of several groups (samples) of
physicists and analyze what work these
men used in making their discoveries.

We do not intend to suggest that great
discoveries in science by an Einstein or
a Lee and Yang are not preceded by
numerous “smaller” discoveries, or that
great discoveries do not in turn stimu-
late a multitude of lesser ones (6). We
will suggest that even the scientists who
make these “smaller” discoveries come
principally from the top strata of the
scientific community. In the proper per-
spective of the history of science, “nor-
mal science” as Kuhn (7) defines it, is
not done by the average scientist but
by the elite scientists (8). Indeed, in the
longer perspective, the work of many of
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today’s outstanding scientists, such as
Nobel laureates and members of the
National Academy of Sciences, may
turn out to be minor footnotes in the
history of science.

The question that we consider is how
many scientists are contributing through
their published research to the move-
ment of science, and how many are
not. There are, of course, many ways
to contribute to scientific progress other
than through published research. The
scientists who are primarily teachers,
administrators, or technicians may play
crucial roles in scientific development.
We do not intend to downgrade the im-
portance of these roles. Nevertheless, it
is still valid to ask how many scientists
contribute to scientific progress through
their published work if we keep in mind
that to the list of contributors of this
type we must add the names of contrib-
utors of other types.

Price, following Lotka, has estimated
that the number of scientists producing
n papers is approximately proportional
to 1/n2 (9). This inverse-square law of
productivity estimates that, for every
100 authors producing one scientific
paper, there are only 25 who produce
two, 11 who produce three, and so on.
Using Price’s model we can estimate
that roughly 50 percent of all scientific
papers are produced by approximately
10 percent of the scientists. What re-
mains problematic is the extent to
which the 10 percent of the scientists
who produce 50 percent of the research
publications are dependent on the other
90 percent of research scientists and
the 50 percent of the total research they
produce. If the bulk of the scientific

community produced work that is rarely

used—that is, is infrequently cited in
the work of outstanding scientists—the
indication may be that their work does
not materially advance the develop-
ment of science. The basic question to
ask is what the intellectual sources of
influence on the production of scientific
research of varying quality may be. If
Ortega is correct, the work of scientific
frontiersmen will to some extent be de-
pendent upon the work of the vast
majority of physicists.

Citation Practices

of Academic Physicists

We collected data to illustrate the
citation practices of academic physicists.
One set of data consists of the cita-
tions made by 84 university physicists

in their paper most heavily cited in the
1965 Science Citation Index (SCI) (10).
We consider this to be the physicist’s
outstanding piece of work as gauged in
1965 (11). The 84 physicists are, in
fact, a subsample of a sample of 120
university physicists chosen from a
sampling frame in which the popula-
tion of university physicists was strati-
fied along four dimensions: age, prestige
rank of their university department,
productivity, and the number of honor-
ific awards received. A second set of
data consists of information on a one-
third random sample of the scientists
cited in the best paper of each of the
84 physicists. For the sample of 385
cited authors we collected data that
enabled us to locate them in the stratifi-
cation system (12).

A basic assumption in this analysis is
that the research cited by scientists in
their own papers represents a roughly
valid indicator of influence on their
work. Of course, not all citations rep-
resent direct and specific influence.
Everyone knows that scientists occa-
sionally make ceremonial citations to
friends, colleagues, or eminent people
in the field. Sometimes a citation to an
expert in the field serves the function
of legitimating the new paper. Even
when we cite work that has influenced
us, it is difficult for the reader to know
when it represents a significant, even
necessary, antecedent to our work as
opposed to a tangentially relevant piece
of work, in which we are merely dem-
onstrating our “knowledge of -the liter-
ature.” Furthermore, relevant and in-
fluential material is passed from one
scientist to another through private com-
munication, which, though often men-
tioned in today’s age of Big Science,
sometimes do not show up as citations.
However, a reasonable case can be
made that citations generally represent
an authentic indicator of influence (13).

Let us consider the process through
which we decide what to cite in our
papers. Some part of our citations will
be very clear-cut. We will, of course,
cite papers that contributed directly to
the current state of knowledge in our
problem area. In this paper, for ex-
ample, such a citation would be to the
work of Derek de Solla Price. Another
group of references, however, would be
more questionable, namely, those to
people who have done work in the
area but have not had a direct influence
on the paper. The reason for citing
these rather than others may be that
we tend to cite scientists having the

369



Table 1. Marginal distributions of the social and individual characteristics of the authors
cited in 84 papers and comparative figures for the entire field of physics [see (25)].

Characteristics of cited authors

Comparative

“population”

Category Percent statistics (%)
Current affiliation
University 72
College or nonacademic
research laboratories 10 43
Industry 10 34
Government 8 11
N (385) (26,698)
Rank of department of those in academic departments
Distinguished (top nine) 60 21
Strong and good 23 42
Lesser universities and colleges 17 37
N (299) (1,308)*
Number of honorific awards
Zero 32 73
One 18 15
Two or three 23 9
Four or more 27 3
N (385) (1,308) *
' Quality of scientific output (number of citations: 1965 SCI)
Under 15 25 67
15 to 29 33 25
60 or more . 43 8
N (385) (1,308) *

* These figures are drawn from the sample of 1,308 university physicists.

highest visibility. Scientists gain visibil-
ity originally by publishing significant
research. After such visibility is gained,
they enjoy a halo effect as their re-
search gains additional attention because
of their visibility. Thus, if we consider
the sum of a scientist’s citations, some
part will be due to the halo effect. But
the size of the effect will probably be
directly related to the significance of the
scientist’s research. The processes of
objective evaluation of contributions and
the subjective working of the halo ef-
fect combine to create substantial gaps
between the number of citations re-
ceived by members of the elite and the
average scientist.

The halo effect would cause us to
cite a scientist whose work was not di-
rectly influential. But we are primarily
interested in situations in which work
that is directly influential is not cited.
The norms of science require scientists
to cite the work that they have found
useful in pursuing their own research,
and for the most part they abide by
these norms. Moreover, the audience
of the work generally takes citations as
an indicator of influence. We only have
to think of the number of times we have
taken a quick glance at the acknowl-
edgments and references in books and
papers with the intent of noting the in-
fluence on a piece of work to realize
that, at the very least, citations do in-
dicate intellectual connections.

Sometimes, however, a crucial intel-
lectual forebear to a paper is not cited.
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The omission is rarely due to direct
malice on the part of the author but
more often to oversight or lack of
awareness. It occurs most frequently
when a scientist’s work has had such a
deep impact on the field that the ideas
have become part of the accepted para-
digm and explicit citation is not con-
sidered necessary. Only the work of a
handful of scientists ever achieves this
status, and they generally receive very
heavy citation anyway. (The work of
Einstein, for example, was cited 281
times in the 1970 edition of SCIL.) We
can assume that omitted citations to
less influential work are random in
nature, and that even if we may fail to
cite the important work of a particular
scientist, others will not be likely to
make the same error. In general, the
procedure of using citations as an in-
dicator of influence probably errs on
the side of overinclusion rather than
exclusion of significant influences.

Characteristics of Cited Authors

The characteristics of the sample of
385 authors cited in the best papers of
84 university physicists are presented in
Table 1. We wish to compare the char-
acteristics of these cited authors with
those of the population of physicists.
This is difficult because many of
the population parameters are un-
known. We have, therefore, chosen a
sample of 1308 university physicists as

the comparison group; for a full descrip-
tion of this data set see (2). This
sample, of course, is itself an elite group
and far from representative of the more
than 25,000 American physicists. As the
data of Table 1 indicate, physicists in
the top strata are far more likely to be
cited than those below the top. Whereas
73 percent of the sample of 1308 uni-
versity physicists had no awards listed
after their names in AMS, only 33 per-
cent of the cited authors had no awards
(I4). The same results are found when
we examine citations to the work of the

cited authors and the university
sample. On the average, the cited
authors received 119 citations to

their life’s work in 1965; all the authors
listed in the 1965 SCI received a mean
of 6 citations. Further, although only 8
percent of the 1308 university physicists
averaged 60 or more citations, 43 per-
cent of the cited authors exceeded this
lofty number (15). :
The data in Table 1 lead to the
conclusion that most of the work used
by university physicists in their best
papers is produced by only a small pro-
portion of those who are active in the
field. It is equally important, however,
to note that a significant minority of
cited work is being produced by non-
elite physicists. So far, we have not
made any distinctions among the citing
papers. We have merely considered the
references in the “best” papers of a
stratified random sample of university
physicists. Many of these best papers
may have been of relatively little signifi-
cance. If the Ortega view of science is
correct, we should find the top papers
making just as much use of the work
of little-known physicists as the less
significant papers. We shall present three
sets of data to test this hypothesis. Ob-
viously, the number of citations to these
best papers varied greatly. Some papers
received only 1 or 2 citations; others
received more than 20 or 30. We shall
now sec the extent to which authors
of papers of varying quality depend
upon the work of elites and non-elites.
As the data of Table 2 indicate, high-
ly cited papers, more often than those
receiving few citations, make use of
high-quality work produced predomi-
nantly at the nine most distinguished
departments (16). We see that a mere 7
percent of the .citations in the most
highly cited discoveries go to scientists
working in the lower-prestige university
departments and colleges, whereas 60
percent are to scientists at distinguished
departments. Even in the papers re-
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ceiving less than 10 citations, the work
of scientists at top universities is cited
much more frequently than that of
those in departments of lower prestige.
The best papers cite other significant
papers predominantly. Fifty-four per-
cent of the citations in papers receiv-
ing 20 or more citations and 33 percent
in those receiving less than 10 citations
go to the work of scientists who have
received 60 or more citations. Finally,
note the extent to which papers of high
quality rely on the work of Nobel lau-
reates and National Academy mem-
bers. Forty-five percent of the citations
in these papers go to the work of no
more than 200 scientists and their col-
laborators. Although the papers of low-
er quality do not cite these “elites” to
the same extent, the work of the elites
receives proportionately greater use in
these papers as well.

Throughout this article we have de-
fined important discoveries simply by
the number of citations they have re-
ceived. As a further test of the Ortega
hypothesis, we asked a well-known
physicist to list the five most important
contributions to elementary particle
physics in the last 10 years. We admit
that in many ways this procedure falls
short of the rigorous study needed to
test the hypothesis further. It would be
useful, for example, to have a broad,
stratified panel of judges evaluate the
merits of various pieces of research and
then look at the citation patterns in
papers judged to be of highest impact.
It is noteworthy, however, that the five
papers chosen by our informant re-
ceived a mean of 67 citations in the
1965 SCI (17). We examined all the
journals and private communication
citations in these five papers, and then
located the cited authors in the stratifica-
tion system of physics. The five papers
cited a total of 51 articles (not counting
self citations) involving 126 authors, of
whom 19 were located at foreign uni-
versities and foreign research labora-
tories.

The data corroborate the earlier find-
ings. Of the 107 American scientists
cited in these five “pathfinding” papers,
all but one were located at one of the
top nine physics departments in the
United States or at such distinguished
laboratories as Brookhaven or ‘the
Lawrence Radiation Laboratory. All 51
articles were produced at one of these
top nine departments or laboratories.
The average number of citations to the
cited authors is equally impressive. This
group had a mean number of citations
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Table 2. The distribution of citations in individual papers of varying quality according to

the characteristics of the cited scientists.
citations; low, 0 to 9 citations.

High, 20 or more citations; medium, 10 to 19

Quality of citer’s “best” paper

Characteristics

High Medium Low
(%) (%) (%)
Rank of department
Distinguished 60 50 36
Strong-good 14 19 19
Lesser : 7 12 18
No academic affiliation 19 19 27
N (95) (139) (151)
Quality of scientific output (number of citations)
High (60 or more) 54 33
Medium (15 to 29) 28. 30 36
Low (less than 15) 18 22 31
N (95) (139) (151)
Prestige of highest award
Nobel prize, NAS member 45 32 25
Other honorific awards 15 8 . 12
Only fellowship,* no awards - 40 60 63
N (95) (139) (151)

* Fellowships such as the Guggenheim, Sloan, Rockefeller, and Fulbright were here considered as
honorific awards as distinct from other postdoctoral fellowships.

of 69 in the 1965 SCI; 74 percent of
these authors had more than 60 cita-
tions to their work in 1965 (18). Among
the 107 cited authors were a number
of younger and not yet widely recog-
nized scientists who were coauthors of
more eminent colleagues. The mean
number of citations to either a single
author or the most highly cited author
of collaborative papers is 134.

Additional Test of the
Ortega Hypothesis

Since this type of subjective sampling
procedure may indeed be methodologi-
cally suspect we decided to perform
one final test of the Ortega hypothesis.
We replicated the essential aspects of
the study design using a set of independ-
ent data. We had a complete list of all
papers cited three or more times in
Physical Review in 1965; it contained
more than 3000 scientific articles and
substantive letters. A few of these
papers were cited often; most received
less than five citations. Since we are
primarily concerned with the pattern
of citation in influential papers, we ini-
tially examined the ten papers that were
most often cited in Physical Review.
After identifying these “super” pa-
pers, we listed the scientific articles
that the authors of these influential
papers cited. Finally, we counted the
number of citations received in 1965
by authors of papers cited in the
“super” articles.

This procedure can be clarified by ref-
erence to a specific example. Murray

Gell-Mann produced the most heavily
cited article on the list, receiving a total
of 49 citations in Physical Review
in 1965. We listed the references in
Gell-Mann’s paper. A total of 33 pub-
lications, or 55 scientists, were cited in
the paper. We then noted the number
of citations that the life's work of each
of these 55 scientists had received in
the 1965 SCI. The same process was
followed for all the scientists cited in
the ten super papers. Thus, even though
we were examining only the ten most
highly cited papers, we studied a total
of 299 authors.

The results obtained from this repli-
cation offer further evidence in support
of the earlier findings. It turns out that
authors cited in these ten papers were
scientists who, on the average, had
produced truly outstanding scientific
work. In 1965 the 299 cited scientists
produced research that received an
average of 135 citations. Since this aver-
age includes citations received by begin-
ning scientists yet to make their mark,
who are collaborating with their more
eminent colleagues, the statistic is actu-
ally lower than it would be otherwise.
In fact, if we take only single-authored
papers and the most-cited author in
each collaborative paper and compute
the average number of citations to the
author’s life’s work, the mean is in-
creased to 175 citations. Clearly these
data lend added weight to the counter
hypothesis that work used by the pro-
ducers of outstanding research is itself
produced by a small minority of scien-
tists. The work of the average research-
er is rarely the work that is influential
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in the production of high-impact scien-
tific research.

A question remains to be answered.
What is the quality of the research
cited in the work of the physicists whose
papers receive fewer citations than those
of the ten “super” papers? From the
same Physical Review list we drew a
small random sample of papers that had
received from 23 to 3 citations in 1965,
Papers that received 23 citations were
of approximately the same impact as
some of the top ten, since the citations
to the “super” papers ranged from 49
to 24. This small sample consisted of 36
papers, within which references were
made to 492 communications. We com-
puted the number of citations in 1965
to the 837 physicists who authored these
492 papers. We examined citation rates
to cited authors who produced single-
authored papers and those in collabora-
tive teams whose work was most often
cited. The data presented in Table 3
suggest that even authors of less than
super quality papers were predominant-
ly influenced by work of elites. Whereas
the top ten papers made use of work
produced by physicists who received an
average of 175 citations to their life’s
work, the average quality of cited work
found in papers receiving 5 to 9
citations is not appreciably lower. Only
when we examine the citation patterns
in papers receiving 3 or 4 citations
is the average quality of work cited
significantly lower. But, even in this
group, the scientists cited are among the
elite insofar as the quality of their
work goes.

These high averages are not due to
a handful of extreme individuals.
Forty-one percent of the 837 cited
physicists received more than 100 cita-
tions; another 13 percent, from 60 to
69. Thus a total of 54 percent received
more than 60 citations, a figure similar
to those presented in Table 2. Only 11
percent of the cited authors received
less than 5 citations to their life’s work,
and 90 percent of the scientists com-
prising this 11 percent were coauthors
on papers for which one of the other
authors was more heavily cited. In
short, there were virtually no cited
authors whose work was not of above
average quality.

Consider once again a set of com-
parative statistics: (i) about one-half of
all the papers published in the more
than 2100 source journals abstracted in
the SCI do not receive a single citation
during the year after it is published;
(ii) the average cited author in the 1965
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Table 3. Citation patterns found in papers
cited in the 1965 Physical Review.

Citations in 1965 to the

Citations life’s work of major
to paper in authors* cited
the 1965 in the papers
Physical
Review No. of
(No.) MNesn major
. authors
24-49 ’ 175 (174)
20-23 169 (88)
10-17% 158 (215)
5-9 149 (124)
34 85 (65)

* By major authors is meant all single authors
and for collaborative papers the author whose life
work has received the highest number of citations
in the 1965 SCI. t No papers were cited 18 to
19 times in Physical Review in 1965.

SCI received a mean of 6.08 citations
to his life’s work. These data offer
further support for the hypothesis that
even the producers of research of
limited impact depend predominantly
on the work produced by a relatively
small elite.

Conclusions

Let us consider, then, some general
conclusions that may be drawn from the
findings reported in this study. The
data allow us to question the view
stated by Ortega, Florey, and others
that large numbers of average scientists
contribute substantially to the advance
of science through their research. It
seems, rather, that a relatively small
number of physicists produce work
that becomes the base for future dis-
coveries in physics. We have found that
even papers of relatively minor signifi-
cance have used to a disproportionate
degree the work of the eminent scien-
tists. Although the conclusions of this
paper may be reasonably clear, the im-
plications of these data for the struc-
ture of scientific activity, at least in
physics, need careful consideration.

Consider only one problem emerging
out of the findings that needs a great
deal of further research: the size of the
research establishment of modern sci-
ence. If future research on other fields
of science corroborates our results, we
may inquire what it implies about the
relationship between the number of sci-
entists and the rate of advance in sci-
ence, and whether it is possible that the
number of scientists could be reduced
without affecting the rate of advance.
The data would seem to suggest that
most research is rarely cited by the
bulk of the physics community, and

even more sparingly cited by the most
eminent scientists who produce the most
significant discoveries. Most articles
published in even the leading journals
receive few citations. In a study of
citations to articles published in Physi-
cal Review, we found that 80 per-
cent of all the articles published in the
Review in 1963 were cited four times or
less; 47 percent, once or never in the
1966 SCI. Clearly most of the published
work in even such an outstanding jour-
nal makes little impact on the develop-
ment of science. Thus the basic ques-
tion emerges, whether the same rate
of advance in physics could be main-
tained if the number of active research
physicists were to be sharply reduced.

Several criticisms of our position are
possible.

1) The data indicate that about 15 to
20 percent of the work cited in signifi-
cant discoveries is produced by “aver-
age” scientists. We do not know wheth-
er the important discoveries could or
could not have been made if only the
work of eminent scientists had been
considered. It might be maintained that
the 20 percent of references produced
by, let us say, 80 percent of researchers
are just as crucial for scientific advance
as the 80 percent of references produced
by 20 percent of researchers. To sug-
gest a reply to this first criticism we
must make explicit an idea implicit in
much work done in the sociology of sci-
ence. Our entire analysis is dependent
upon the assumption that no single
scientist, elite or non-elite, is crucial for
scientific advance. The study of inde-
pendent multiple discoveries leads to the
conclusion that, if a particular scientist
had not made a particular discovery,
another would have (19). If the scientist
who makes a discovery had not made it,
it would be only a matter of time—
probably a relatively short period—
before the discovery would be made by
another scientist.

The history of science is replete with
examples of discoveries made indepen-
dently by two or more scientists within
a short period. Merton has suggested
that multiple discoveries are the norm
rather than a rare occurrence. Fur-
thermore, many discoveries that are not
multiples are forestalled multiples, for
most scientists will stop working on a
problem when they learn of the success
of a competitor. As we learned from
The Double Helix, if Watson and Crick
had not made their historic break-
through it probably would have been
made in short order by Pauling. Most

SCIENCE, VOL. 178



scientists working on important prob-
lems realize that many others are work-
ing on the same problems. Indeed,
chance often plays its part in deter-
mining who makes a discovery first.

If the work done by any scientist,
elite or non-elite, can be replaced by
work done by other scientists, how then
do we evaluate the extent to which a
particular scientist is necessary for
scientific advance? Merton (19) defines
the scientific genius as a man who is
involved in multiple multiples—the
functional equivalent of many other
scientists (19). Although no one cita-
tion or one man is crucial for any
scientific discovery, the scientist who
writes one paper that is cited once in
an important discovery is less crucial
than the scientist who writes many
papers that are cited many times in
many important discoveries.

Even though it might be maintained
that all the work -referred to in a
paper is necessary for the production
of that discovery, it does not therefore
follow that all the individuals cited
were essential for the discovery. Al-
though all scientists are replaceable in
the sense that other scientists would
eventually duplicate their discoveries,
some scientists have many more func-
tional equivalents than others. For ex-
ample, it would be relatively difficult
to replace the work of a Murray Gell-
Mann, but not so difficult to replace
that of a scientist who is cited once in
one of Gell-Mann’s papers. If the less
distinguished scientists have many func-
tional equivalents, so do the many lab-
oratory technicians and staff workers
who often perform vital tasks in the
making of scientific discoveries. We are
not saying that the tasks are unneces-
sary, but that there are many people
who could perform them.

We draw an analogy that may crystal-
lize the point. Sanitation men perform
socially useful and necessary functions.
Without them a complex industrial
society would not function very smooth-
ly. A prolonged strike of sanitation men
would probably create more chaos than
a strike of teachers, social workers, or
even perhaps nurses and doctors. Yet
the job that sanitation men do could be
performed by the National Guard,
whereas the jobs performed by profes-
sionals could not be handled by un-
trained people. The sanitation man is
given little prestige in the hierarchy of
occupations not only because of the
lower salary and poorer working condi-
tions he has relative to a doctor, a

27 OCTOBER 1972

lawyer, or a scientist, but also because
he has many more functional equiv-
alents in the social system than a pro-
fessional man (20). It is far easier to
find replacements for the individual
sanitation man than for the individual
scientist or doctor. The same principle
operates within a single occupation.
Within science some men are more
easily replaced than others. We suggest
that it may not be necessary to have
80 percent of the scientific community
occupied in producing 15 or 20 percent
of the work that is used in significant
scientific discoveries, if perhaps only
half their number could produce the
same work.

2) A second possible criticism of our
analysis is that we have dealt with only
one generation of influence. Untested
in this paper is the possible “filtration”
of ideas from the lower to higher levels
of the stratification system. The filtering
process may take a number of ‘“gen-
erations” of papers before the low-
impact papers have an influence on im-
portant discoveries. Further, in the pro-
cess of filtration a minor contribution
may be entirely absorbed by the next
generation paper that makes use of it.
Thus only a single citation might be
necessary for a piece of work to be-
come part of the stockpile of knowl-
edge. A minor contribution then might
ultimately have an effect on the produc-
tion of a great idea through a “great
chain” of papers. The first links in
the chain would be concealed from our
vision because they were not cited by
later generations. What is clearly called
for is a study of the sociometrics of
multiple generations of papers, in which
we would examine the number of sci-
entists added to the list of those who
influence discoveries as we add new
generations of papers.

We are now tracing patterns of in-
fluence. As we go back we add new
names to the matrix. But, in line with
the assumption of the “replaceability”
of scientists, we would argue that the
crucial question is not how many new
scientists, but how many central names,
are added to the matrix. We might de-
fine a scientist that appears three times
or more as “central.” We would guess
that as new scientists are added to the
matrix the proportion of central sci-
entists will drop off sharply and soon hit
zero. We hypothesize that we will not
have to look at many generations of in-
fluence before we find that all new
names added to the matrix are appear-
ing only once. Kessler found the same

pattern in his study of citations in
Physical Review: 95 percent of the ref-
erences were to articles published in
the Review itself plus 55 other journals.
He suggests (21):

. . . The same list of 55 journals .
will account for the majority of refer-
ences year after year. The remaining
5 percent of the references is to a large
and ever-growing list of rarely wused
sources. . . . This list has no stability in
time; each new volume examined is
destined to carry 96 percent of the
references in the subsequent 35 volumes.
As we examine those volumes, 78-96,
it is clear that, although the list of new
titles never ends, their contribution to
the total reference literature is compara-
tively small.

3) An additional criticism of this
article could be that we have considered
only the research function of scientists.
As we pointed out above, scientists can,
of course, make important contribu-
tions to the advance of science through
excellent performance in other roles,
like teaching and administration. How-
ever, just as it would be incorrect
to ignore these important roles, it would
also be an error to assume that separa-
tion of these roles is necessary. Possibly
the same scientists who produce the
most significant research are also doing
the most significant teaching and ad-
ministration.

Let us look at the teaching function
performed by scientists. If the assump-
tion is correct that it is primarily elite
scientists who contribute to scientific
progress through their research, we
should be primarily concerned with the
teachers of future members of the elite.
We know from qualitative sources and
statistical studies of Nobel laureates,
National Academy members, and other
eminent scientists that the great majority
of scientists who end up in the elite
strata are trained by other members
of the elite (22). In fact, 69 percent of
current members of the Academy and
80 percent of American Nobelists re-
ceived their doctorates from only nine
universities. It might be facetiously as-
serted that the best way to win a Nobel
prize is to study with a past laureate.
Analysis of the graduate schools at-
tended by physicists whose work is
heavily cited indicates that a large ma-
jority of scientists who turn out to be
productive get their doctorates at the
top 20 graduate departments. We would
not claim that unproductive scientists
teaching at low-prestige institutions
serve no function: they may, for in-
stance, serve the truly important func-
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tion of educating nonscientists to the
objectives and methods of science.
Nevertheless, in fact little evidence ex-
ists that they contribute to the progress
of scientific research through their
teaching.

4) Another possible criticism could
be that, even if all our hypotheses were
supported by the necessary extensive
future inquiries, we would still be left
with a critical and difficult problem
before any policy implications that may
be found in these data could possibly
be acted upon. We would still have to
identify correctly the scientists who
would go on to produce important
scientific discoveries. We would need
a set of accurate predictive measures
that could identify at an early age the
students who would produce truly sig-
nificant discoveries. Although the prob-
lem lies beyond our current capabilities,
we believe that it would not be as dif-
ficult to solve as it seems at first.

We pointed out above that the ma-
jority of scientists who contribute to
scientific progress are educated at a
small number of graduate institutions.
Probably most of the exceptions chose
to attend institutions of lower prestige
for idiosyncratic personal reasons rather
than because they were not admitted
to one of the leading departments. If
each field had only about 20 graduate
departments, all individuals showing
any talent and interest in it would by
necessity have to apply to one of these
institutions. It is unlikely that, if 20
departments each admitted between 25
and 50 new graduate students each
year, thus potentially reducing by a
factor of 2 the number of doctorates
granted, many students who in fact had
the potential to make important scien-
tific contributions would be denied ac-
cess to graduate education. For ex-
ample, if 20 graduate departments of
physics admitted only 50 students a
year, 40 of whom were to receive their
doctorates in due course, these 20 de-
partments would produce 800 Ph.D.’s
each year, or about half the total num-
ber of American physics doctorates
awarded in 1970 (23). A reduction in
the absolute number of training centers
would not imply a reduction in the
competition between these universities
for talented researchers or students.

It is a fact all too well known that
new Ph.D.’s in science, especially in
physics, are having a difficult time find-
ing jobs. Most projections of supply
and demand for scientists are not opti-
mistic (24). One way to handle this
inequity in supply and demand is to

374

cut back sharply the number of Ph.D.’s
we are producing. The data we have
reported lead to the tentative conclusion
that reducing the number of scientists
might not slow down the rate of scien-
tific progress. One crucial question re-
mains to be answered: whether, if the
number of new Ph.D. candidates is
sharply reduced, will there be a reduc-
tion in the number of truly outstanding
applicants or will the reduction in ap-
plicants come from those whom we
would now consider borderline cases.
This is not a matter of social selection,
for we believe it possible for academic
departments to distinguish applicants
with high potential. It is a matter of
self-selection. A reduction in the size
of science might motivate some very
bright future scientists to turn to other
careers.

The ability of an occupation to at-
tract high-level recruits depends to a
great extent on the prestige of the oc-
cupation, working conditions, and per-
ceived opportunities in the occupation.
We, of course, do not intend to suggest
the advisability of any policy that would
either reduce the prestige of science
or the resources available to scientists.
What we are suggesting is that science
would probably not suffer from a re-
duction in the number of new recruits
and an increase in the resources avail-
able to the resulting smaller number of
scientists. Perhaps the most serious
problem that science faces today in
recruiting is the perceived reality that
there are few jobs available to new
Ph.D.’s. Reducing the size of science
so that supply would be in better
balance with demand might ultimately
increase the attractiveness of science
as a career.
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Scientists in Politics:
A Late Entry for Nixon’s Group

Just as Scientists for George Mc-
Govern moved into the final phase of
a year's vigorous, if sporadic, campaign
activity last week, President Nixon's
reelection committee came up with a
counterpart group. In a brief announce-
ment, the Nixon campaign headquarters
said that a newly formed, 29-member
Science and Engineering Council would
work in support of the President, and

might even live on after the election

“to serve as another link” between the
scientific community and the Nixon
Administration,

The announcement, and a simultane-
ous press conference, left unclear pre-
cisely what the Nixon group might do
to advance the cause of its candidate
with only 3 weeks left before election
day. There were indications that some
members of the committee wondered
the same thing themselves, but, even as
window dressing for the President’s can-
didacy, the group at least serves to
round out the pattern of partisan ac-
tivity by scientists and engineers in be-
half of the presidential candidates that
began with the Johnson-Goldwater cam-
paign of 1964,

The Nixon group was put together,
with a little prompting from the White
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House, by William O. Baker, the vice
president for research of Bell Telephone
Laboratories and a man who has
emerged lately as something of a
shadow science adviser in the Nixon
Administration, and by California in-
dustrialist Simon Ramo. Baker, who,
with Ramo, is cochairman of the
committee, said they began organizing
the group several weeks ago and
that a small number of its members
held an initial meeting on 5 October.

“I could tell by the gleam in his
eye that Bill Baker was up to some-
thing,” observed George Kistiakowsky,
Eisenhower'’s science adviser and an
active partisan in the McGovern camp.
“He is a very influential man in Wash-
ington and perhaps even in the White
House,” Kistiakowsky needled.

During a news conference at Re-
publican campaign headquarters, Baker

emphasized that the advisory council .

was a purely spontaneous, grass-roots
organization. “Independent, self-gen-
erated, not an instrumentality of gov-
ernment,” was the way he put it.

As it happened, though, a minor
gaffe by a campaign worker lent sub-
stance to the cynic's view that the
council was closely tied to, if not
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conceived by, White House staff.
Stapled to the back of a press re-
lease from the campaign staff was an
internal memorandum adding the
name of Lawrence A. Goldmuntz to
the list of council members “per Pag-
notta instruction.” Frank R. Pagnot-
ta is an administrative aide to Edward
E. David, Jr. Until recently, Gold-
muntz was the staff man in the White
House Office of Science and Tech-
nology (which David heads) in charge
of civilian technology.

Evidently an ardent Nixon fan,
Goldmuntz appeared at the press con-
ference and averred that Nixon was
“the first President since Jefferson with
a genuine interest in technology.” For
his part, Pagnotta said he had merely
passed some information about Gold-
muntz to Baker in response to an in-
quiry. “We get lots of inquiries,”
Pagnotta said. “But I don’t know any-
thing about any instructions.”

The Baker-Ramo committee bears
little resemblance to the science adviso-
ry group mobilized for Nixon in 1968
by Rear Admiral Lewis L. Strauss, who
rounded up a hawkish assemblage heav-
ily weighted with retired military men
and conservative alumni of the Manhat-
tan Project. This year’s group contains
a preponderance of industrial re-
search administrators (17 of 29) most-
ly from aerospace and electronics cor-
porations along the West Coast and in
Texas—all of which only suggests that
the makeup of campaign advisory
groups probably is determined as much
by the social orbits of the chairmen
as by the candidates’ attitudes toward
science and technology.

As in years past, the Republicans
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