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Production of U.S. Scientists

Trends in the number of doctorates granted
in the major fields of science and in the humanities.

Office of Scientific Personnel,

National Academy of Sciences—National Research Council

Recent events have focused attention
on the subject of the production of sci-
entists in the United States. Discussion
relating to science production inevitably
involves educational problems outside
the field of science specifically and fac-
tors affecting education 'generally in the
United States. The present article is in-
tended to furnish up-to-date information
with respect to the output of scientists
by the United States universities during
the past 20 years and to put this in the
context of long-term trends in advanced
education.

The main body of data for this article
is the doctorate records file built up over
the past decade by the Office of Scien-
tific Personnel of the National Academy

This article was prepared by the staff of the
Office of Scientific Personnel, National Academy
of Sciences—National Research Council. M. H.
Trytten is director.
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of Sciences—National Research Council.
Through the cooperation of all the grad-
uate schools in the United States which
grant third-level degrees, and by means
of funds furnished by the Office of Naval
Research, the National Science Founda-
tion, the Carnegie Corporation, and the
Ford Foundation, a comprehensive and
accurate roster has been produced of all
persons who have earned the Ph.D. de-
gree or its equivalent in all ‘the science
and nonscience disciplines in the United
States universities since 1936. Data for
the periods 1936-1945 and 1936-1950
have been published previously (7). The
data are now available for the first 20
years of this survey: 1936 to 1955, inclu-
sive. The data for 1956 and 1957 are
being checked for completeness and ac-
curacy and are not yet available for pub-
lication. In addition, the Office of Sci-
entific Personnel has drawn upon data

28. W. D. Wright, Researches on Normal and
Defective Color Vision (Mosby, St. Louis,
Mo., 1947).

29. Some experiments on color mixture were per-
formed at Columbia University, but the final
data were obtained in collaboration with Dr.
Harry G. Sperling and Mrs. Anne H. Coul-
son, on the Fry colorimeter at the Medical
Research Laboratory of the Submarine Base,
New London, Conn. A detailed account of
these and other findings will be prepared as
a joint report from Columbia and the Medi-
cal Research Laboratory, under Bur. Med.
Project Number NM22 01 20, by C. H. Gra-
ham, H. G. Sperling, Y. Hsia, and Anne H.
Coulson. We are indebted to our collaborators
and to Commander Dean Farnsworth and
Captain J. Vogel, officer-in-charge of the
Medical Research Laboratory, for their co-
operation in these experiments,

30. The relative values of the luminous units of
the primaries are [, = 0.051; I 4, = 1.000, and
lgso = 0.814. Matches were maﬁe by flicker
pﬂ’otometry between the first two at 494 mu,
and for the second and third, at 582.5 mp.
The luminous units are within the range re-
ported by Wright (28) for his normal sub-
jects. The experiments were done with retinal
illuminances of test wavelengths equal in all
cases to 500 trolands as established by flicker
photometry.

31. W. D. Wright, Trans. Opt. Soc. (London)
30, 141 (1928-29).

previously assembled by Douglas Scates
from many sources, including chiefly the
United States Office of Education. These
data, covering the years 1885 to 1935,
were published by the American Council
on Education in 1951 (2).

In compiling data for the long time
span indicated above, a number of diffi-
culties necessarily arise concerning such
problems as definition of a field or dis-
cipline, the development of new inter-
disciplinary fields into specialties which
acquire significance in their own right,
and the convergence of fields originally
dissimilar. These problems, however, are
of importance chiefly with respect to the
finer subdivisions of any discipline and
do not preclude a clear picture where
only a gross breakdown of general fields
is concerned. In the present article, em-
phasis is placed on gross trends in major
fields, while certain problems with re-
spect to the minor fields are noted in
passing.

Trends

Figure 1 represents the over-all pro-
duction of doctoral degrees in all fields,
compiled for the 70-year span 1885-—
1955. Because the production of doctor-
ates has roughly doubled in each decade
since the earliest records were main-
tained, it is convenient to show this gross
trend on a semilogarithmic scale. The
result is an approximation to a straight-
line graph because of the logarithmic in-
crement on the vertical axis. In Fig. 1, a
straight line has been projected through
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the annual production data at a slope
equal to a 7 percent per annum incre-
ment. The base period through which
this line is drawn is the period 1936
through 1941, inclusive (the first six
years covered by the doctorate survey of
the Office of Scientific Personnel). An
increment of 7 percent per annum, com-
pounded annually, is closely equivalent
to the “doubling every decade” approxi-
mation noted by a number of writers in
earlier publications.

It can be seen from Fig. 1 that this 7
percent trend line yields a fairly close ap-
proximation for the whole 70 years of
data accumulation, in spite of variations
in definitions and methods of data col-
lection. The two points in the curve at
which production falls precipitously be-
low the trend line are the periods of
World War I and World War II. In each
case, there is a postwar recovery which
brings the production curve back to the
long-term trend line.

In TFig. 1 the production of science
doctorates has been plotted at twice the
actual value in order to represent the
data as superimposed on total produc-
tion. This simple doubling formula could
be used because, during the base period
1936-1941, the science and nonscience
fields were equal. As any line separating
these two general fields is necessarily
somewhat arbitrary, it is important that
the definition used here should be clearly
understood. On the one side are those
fields which are almost universally ac-
cepted as the natural sciences, including
physics, chemistry, geology, biology, and
the medical sciences (only third-level de-
grees are considered; not included are
the M.D., D.D.S., and D.V.M. degrees).
Also included here are mathematics and
engineering, The remainder of the dis-
ciplines form the more heterogeneous
group, including the social sciences, the
arts, and the humanities. Somewhat ar-
bitrarily perhaps, psychology, anthropol-
ogy, and geography have been included
in the latter group. An earlier attempt
to split these fields into their natural
science and social science components
was found unsatisfactory because of vary-
ing opinions as to what constitutes nat-
ural and social sciences and the lack of
information with respect to fields of spe-
cialization of the individuals in the sev-
eral groups.

Figure 2 presents the data from the
Office of Scientific Personnel doctorate
survey for the years 1936-1955 for these
two general fields, in linear rather than
logarithmic form to facilitate direct
reading. It can be seen here that the 7
percent per annum trend line, based on
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the first six years, simultaneously gradu-
ates both production curves. The signifi-
cant fact for present consideration is that

the curve for natural sciences has reached
a plateau while that for other fields is
still rising. Also, the natural sciences
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have dropped below the long-term trend
line, while the social sciences, arts, and
humanities group is above the line. In
general it can be seen that the response
of the latter group to the war emergency
was somewhat less sharp and the post-
war recovery less rapid. At least one of
the factors involved in this differential
response is the fact that members of the

latter group are older and that, for this
group, there is typically a much longer
time span between the granting of the
bachelor and doctoral degrees. The typi-
cal B.A.~Ph.D. time interval for the natu-
ral sciences is four or five years; in the
other fields it is approximately twice this
time.

Figure 3 breaks down the data of the
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in United States universities, 1936—-1955: physical

natural science field into physical science
and biological science components and
presents each production curve with its
corresponding 7 percent per annum pro-
jection based on the first six years. Again
the definition of the disciplines included
within each major grouping is important
in interpretation. The physical science
group includes mathematics, physics, as-
tronomy, chemistry, geology, and engi-
neering. The biological sciences include
biochemistry and the medical sciences
but do not include any portion of the
fields of psychology and anthropology.
A phenomenon somewhat similar to
the general difference between the science
and nonscience fields mentioned earlier
is apparent in the two graphs of Fig. 3.
That is, the physical science group re-
sponds somewhat more sharply and
quickly to the war period and to post-
war recovery. Of particular importance
at the present time is the fact that this
group as a whole reached a plateau in
1951 and has continued on what is prac-
tically a dead level ever since. The bio-
logical science group, recovering some-
what more slowly, never quite reached
its long-term trend line but struck a
plateau two years later than the physical
science group. This may be due to the
fact that the bio-science group is, in
general, composed of a somewhat older
group of people and that there is a
greater time lag between the granting of
the bachelor’s and doctor’s degrees than
is true for the physical science group.
Figure 4 gives a further breakdown of
the physical science field. Omitted from
this graph, in order to avoid overcrowd-
ing, is the curve for geology, which in
general runs somewhat below that for
mathematics. While geology includes
some specialists who are more closely
related to the bio-sciences than to the
physical sciences, a preponderance of the
members of this group are felt to belong

. properly in the physical science group.

Biophysics, a very small group, is in-
cluded in this tabulation with the biolo-
gists rather than the physicists.

The most striking feature of Fig. 4 is
the fact that the largest field, chemistry,
has never returned to its 7 percent trend
line and has actually been on the decline
most of the time since 1950. The second
striking feature of this graph is that en-
gineering has come up from being the
smallest field in 1936 to being the second
largest since 1948. Rather interesting is
the fact that the upward trend in engi-
neering as a Ph.D. field began during
World War II and continued uninter-
ruptedly until 1951. The relation of
chemistry to engineering is of some im-

SCIENCE, VOL. 127



portance here. Although the depression ~ Table 1. Number of doctor’s degrees awarded in major fields of the natural science group
in the chemistry figures can be attributed ~ during the period 1936-55.

in part to a shift of some people from v Mathe-  Physics, Chem- Engi- Geol Bio- Biol Medical
chemistry to chemical engineering (one ear matics  astronomy  istry neering €0l08Y  chemistry 1ology science
of the largest components of the engi- 1936 78 141 451 67 72 8 479 29
; wnward trend in 1937 73 160 501 90 54 21 466 9
neering group), the down 1938 61 154 405 65 69 108 446 25
chemlstry over the past six years cannot 1939 90 156 467 59 59 116 456 16
. : i 1940 102 144 525 95 63 128 551 28
as engineer-
be attributed to this source, s 1941 97 185 649 106 67 104 580 29
ing itself has been on a plateau since 1942 75 154 597 76 66 136 559 28
; - 1943 41 130 502 47 41 114 423 15
$ cen ‘
1951. Althougl} the grfaduatn}lg 7 per: .t Tot1 4 P % 60 18 97 b 2
curves are omitted for physics and engi- 1945 38 43 290 65 24 72 220 17
. H : rt 1946 53 71 319 100 57 30 266 19
neering, to ?vmd cluttering the chart, lo43 e 148 24 115 &1 » P h
some interesting facts about them should 1948 117 224 604 251 67 90 563 20
: H 3 1949 143 319 932 445 121 123 773 33
b‘e noted. In engineering, durmg the first 1950 174 1 1,050 169 129 159 P i
six years, the production rate is almost 1951 204 499 1,033 585 148 140 1,004 49
. : 1952 204 519 1,061 569 149 151 1,134 59
exactly equal :co that in matl}ematlcs‘ 1053 2% 523 1,006 563 167 179 1353 e
The mathematics trend line will there- 1954 247 527 1,017 560 161 200 1,352 85
fore suffice as a close approximation to 1935 240 481 993 624 175 210 1,311 105
that for engineering It is readily seen. 1936-55 2,419 5,062 13,295 5,011 1,748 2,196 13,571 698
. >

therefore, that engineering has for sev-
eral years produced twice as many doc-

torates as the 7 percent per annum incre- Table 2. Number of doctor’s degrees awarded in major fields of the social sciences, arts,
ment would have led one to predict on and humanities group during the period 1936—55.

the basis of the 1936-1941 figures. In Political Foreign Busi-
. . P Soci-  Eco- His- sci.; Edu- Eng- Phi- Religion, ness,
thSICSa the trend hne’ if lntrOduced’ Year ology mnomics tory public cation lan- lish Speech losophy theol. com-
would have shown that the actual pro- admin. guages e
duction exceeded expectations frgm 1950 1936 34 o8 130 4 333 177 142 12 55 80 18
on, but that the recent decline has 1937 53 107 144 56 349 169 160 21 42 77 13
. 1938 48 124 159 50 - 360 170 159 20 43 81 13

brought the actual and projected figures 1939 57 106 164 49 361 158 159 15 55 88 24
almost exactly together. 1940 50 117 164 68 456 179 172 24 51 81 17
1941 74 151 185 63 468 181 191 39 53 101 21

1942 62 13¢ 168 60 479 150 177 33 46 138 93

1943 44 80 120 41 385 114 120 20 30 102 17

. 1944 33 59 58 33 305 70 68 13 3% 105 17
Figures 1945 30 54 68 20 284 71 73 19 2% 132 12
1946 45 80 117 35 337 71 113 22 26 88 14

. 1947 76 135 168 55 45 120 164 37 40 136 18

Table 1 includes the actual figures for 1948 70 142 145 88 665 135 164 65 51 155 25
1ds included in the natural science 1949 98 185 224 108 817 158 177 45 61 185 39

the fields i X o fiold 1950 131 248 270 136 1,000 213 2% 72 92 182 55
group. Table 2 depicts the major fields 1951 142 205 341 139 1116 202 297 94 8 184 64
s ial sciences. arts. and hu- 1952 147 303 296 133 1319 178 263 106 8 176 83
within the socia > A 1953 183 293 350 150 1426 202 332 123 110 161 85
manities groupings. Because of the large 1954 198 341 366 150 1518 215 344 138 86 178 89
number of fields, only those with a pro- 1955 188 359 333 182 1584 216 327 130 99 186 96
duction figure of over 700 within the 20 1936-55 1,763 3411 3970 1,663 14,016 3,149 3,838 1,048 1,178 2616 743

years covered by this study have been
included in this table. Fields not tabu-

lated include the following (20-year pro- Table 3. Summary figures for the science and nonscience subgroups and the doctorate
duction totals are in parentheses): an- population as a whole.
thropology (484), geography (469), law Socia Social
and jurisprudence (344), international fgyszcz_l Biology, Natural Py, SCin line g Arts, Slff,;nirxff’ Al
relations (291), linguistics (104), home Year o cering, !ll:if;dclhcg: e chology cl;«si;:lg cation hu:in;m- tos oy fields
economics (93), library and archival sci- geology chology) cl;(élsgy,
ence (71), statistics (62), writing and
i i and miscellaneous other 1936 809 509 1,318 110 458 333 531 1,322 2,640
Journatism (38.)’ . . 1937 878 496 1,374 113 507 349 524 1380 2,754
fields not readily categorized (137). 1938 754 579 1333 119 525 360 529 L4l4 2,747
ives summary fiecures for the 1939 831 588 1,419 116 530 361 546 1,437 2,856
Tz.'ble 3 s Ty higu b 1940 929 707 1.636 125 576 456 575 1,607  3.243
physical science and bio-science sub- 1941 1,104 713 1817 112 631 468 639 1738 3555
r the natural science grou 1942 968 723 1,691 125 588 479 640 1,707 3,398
groups and fo N . 5 P 1943 761 552 1,313 86 399 385 444 1,228 2,541
as a whole. It also includes the summary 1944 650 376 1026 67 977 305 343 995 1951
1 social sciences 1945 460 309 769 58 243 284 368 895 1,664
ﬁgures for the fie .d.s of the . ’ 1946 580 315 895 82 398 337 370 1,105 2,000
arts, and humanities group, with break- 1947 864 518 1382 118 594 45 560 1599 2,981
in significant components of 1948 1,263 673 1,936 169 650 665 679 1,994 3,930
ou'ts of certai & P . ded 1949 1,960 929 2,889 269 943 817 771 2,531 5,420
this group. Psychology has been include 1950 2,243 1,101 3344 342 1210 1,009 792 3011 6,355
T ecause of the fact 1951 2,469 1,193 3,662 483 1,500 1,116 1,090 3,706 7,368
as a separate group b 1952 2502 1344 3,846 580 1541 1,319 1,063 3,923  7.769
that it has had a phenomenal growth 1953 2,485 1,577 4,062 653 1,733 1,426 1,198 4,357 8,419
i t ears, its expansion 1954 2,512 1,637 4,149 665 1,831 1,518 1,277 4,626 8,775
during the past 20 years, p 1955 2,513 1,626 4,139 728 1,904 1,584 1,249 4,737 8,876

bearing certain resemblances to that of

. . . 1936-55 27,535 16,465 44,000 5,120 17,038 14,016 14,188 45,242 89,242
engineering, but undoubtedly having
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quite different causes. The field of edu-
cation has been included as a separate
field because of its overwhelming magni-
tude, representing as it does almost one-
third of the total social sciences, arts, and
humanities composite. The field of social
sciences has been here defined to include
geography, archeology, anthropology, so-
ciology, economics, statistics (other than
mathematical statistics), history, politi-
cal science, and public administration. In
the arts and humanities subgroup have
been included business and commerce,
international relations, area studies (only
one case in 20 years), linguistics, all lan-
guages and literature (both English and
foreign), speech, writing and journalism,
library science, law, home economics,
arts, music, architecture, philosophy, re-
ligion, and theology. The segregation of
any particular field into one or the other
of these two general categories—social
sciences or humanities—may be rather
arbitrary. It does not appear, however,
that the shift of any field about which
there is disagreement from one to the
other of these two categories would pro-
foundly alter the general trend of the
data.

New Procedure

The figures and tables here given raise
many questions regarding reasons for
various trends and changes in trends and
regarding educational policies and ac-
tions at local, state, and national levels
that might bear on these production fig-
ures. For answers to most of these ques-
tions, more data are required. For exam-
ple, information on trends in the demand
for Ph.D. degrees and on kinds and lev-
els of support available for students in
the various fields is needed. More infor-
mation with respect to the individuals
included in the doctorate records is also
needed. To meet this latter need, a
change was made at the beginning of
1957 in order to secure much more in-
formation regarding the educational
experience, age, marital status and de-
pendents, and future employment and
educational plans of each new recipient
of the doctoral degree. With the accu-
mulation of these data, it should be pos-
sible to answer many questions raised by
the present study. The new data-collec-
tion procedure instituted in 1957 should
also make it possible to process the data

C.-G. Rossby, Leader of
Modern Meteorology

The sudden death of Carl-Gustav
Arvid Rossby at his office in Stockholm,
Sweden, on 19 August 1957, at the age
of only 59, ended the career of a man
who had shaped the development of
modern meteorology in America as it
rarely has fallen to the lot of one man
to do in any scientific field.

Carl Rossby arrived in this country on
a Scandinavian-American fellowship in
early 1926, a young man of 27, bursting
with that keen enthusiasm for his chosen
work which has proved so stimulating to
great numbers of students and profes-
sional colleagues and to many others
who have been associated with him.
Besides his training in theory at the
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University of Stockholm and three years
of practical experience in forecasting in
the Swedish Weather Bureau, Rossby
had behind him the benefit of a year’s
sojourn at the Geophysical Institute in
Bergen, during the early period of the
creative development of the polar front
theory by the Norwegian meteorologists
under the inspiration of V. Bjerknes. In
addition, he had made an extended visit
at the Geophysical Institute in Leipzig.

At the time of Rossby’s entry on the
American meteorological scene, the sci-
ence in this country was coasting along
on the long-spent momentum gained
from such American pioneers in the
field as Ferrel, Abbe, and Bigelow. Pro-

more rapidly and to bring production
curves up to date more quickly in the
future. Additional papers dealing with
significant aspects of doctorate produc-
tion and related questions will be pub-
lished from time to time as appropriate.
A fourth volume of the “Baccalaureate
Origins” series (see I) is scheduled to
appear in the late spring or early sum-
mer of 1958. When it is available, it will
extend the data here presented through
the calendar year 1956.
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fessional activity in the science was lim-
ited to the Weather Bureau (primarily
agricultural), the Navy, the Signal
Corps of the Army, and the geography
departments of a few universities. Pro-
fessional training in modern meteorology
did not exist; a career in the field could
be entered upon only through one of the
afore-mentioned Government services or
as an adjunct to the study of geography
and climatology in a few universities.
Meanwhile, the first strong stirring of
civilian and military aviation was begin-
ning to call for a new deal in American
meteorology and weather forecasting.
Conditions were ripe for the incendiary
spark which was Carl Rossby.

My friendship with Carl began in the
Weather Bureau in Washington during
1926, where he was enthusiastically pro-
moting the discussion and synoptic ap-
plication of the new polar front theory
of weather map analysis (which, up to
that time, had been practically unheard
of in this country), and attempting
model tank experiments to prove the
practical validity of the theory. His gen-
ius for stimulating creative scientific ac-
tivity was quickly recognized, and he
was selected, in 1927, by the Daniel
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