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The Secretary of Labor:

I have the honor to transmit herewlth a report on the
occupational mobility of chemists, biologists, and physicists,
holding Ph.D. degrees. The study was conducted in the Bureau's
Division of Manpower and Employment Statistics in cooperation
with the United States Department of Defense. The coordinating
agency of the Department of Defense was the Manpower Branch,
Humen Resources Division, Office of Naval Research.

The study was conducted end prepared by Theresa R. Shapiro.

Ewan Clague, Commissioner.

Hon. Martin P. Durkin,
Secretary of Labor,
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INTRODUCTION

The study of occupational mobi-
lity can have a wide variety of pur-
poses. It may contribute to the de-
velorment of a realistic theory of
wvages, the measurement of sociel
class fluidity,or an analysis of the
adjustment of the supply of labor to
changes in demand. In the present
mobilization period, interest in mo-
bility studies centers meinly on the
information they may provide regard-
ing the actual and potential supply
of qualified workers in key occupa -
tions, such as the sciences or the
skilled trades, and the sources from
which additional workers can be re-
cruited for fields of employment
suffering from critical shortages of
personnel. 1/

The present study is a first
atlempt at research on the mobility
of scientists. Because it is a pilot
study, the aim has been to explore
as meny different aspects of mobili-
ty as possible and to test a variety
of analytical approaches. The sample
is both smell and selective and the
study does not yleld definitive an-
swers to the complicated problems of
the supply and recruitment of scien-
tists. It has been possible,however,
to reach broad conclusions concerning
the extent to which Ph.D. scientists
shift from one specialty to another,
between different types of scientific
functions, kinds of employers, and
parts of the country.

1/ Other studies being carriea
on by the Bureau of Labor Statistics
cover such occupations as tool and
die makers, molders, and electronics

This report begins with a sum-
mary of the findings and conclusions.
The scope and method of the study is
presented in the second chapter. The
third chapter analyzes the extent to
which scientists shift between scien-
tific fields, the fields in which
they are employed when they transfer,
the value of scientists' reports of
their fields of highest competence
as sn indication of their experience
in different specialties, and the
part which graduate and undergraduate
maejors play in scientists' careers.
The fourth and fifth chapters are
devoted to trensfers among functions
and types of employers. These sec-
tions of the report deal with such
questions as: In whaet kind of work
does & Ph.D. scientist normsily begin
his professional career? Does such
work influence his subsequent expe-~
rience? Are scientists stereotyped
as teachers, research men, government
employees, or do they move freely
among these activities and types of
employers? The report concliudes with
a discussion of scientists! geographic
mobility, both as students &nd as
employees, and of the net effect of
their geographic movements in terms
of personnel gains and losses for
the areas in which they vreceived
their education.

Summary and Conclusions

Scope and Method.--This pilot
study analyzes the greater part of
the work histories "of 1,122 Ph.D.'s
in chemistry, physics, and biology,
who constituted about 5 percent of
the Nation's Ph.D.'s in each of these
fields at the time of the survey in
1948. The anslysis covers the first
professional position, the current

technicians. one, and the two intermediste jobs
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of longest duration. The employers
for whom the scientists had worked
on these jobs represented slightly
more than four-fifths of all those
with whom they had held full-time
positions.

Scientists were considered to
have changed jobs when they shifted
their field of specialization, type
of activity, employer, or State of
employment, because this approach
facilitated the analysis of various
types of mobility considered in this
report. Hence, the number of employ-
ers recorded was smaller than the
number of jobs (an average of 2.9
employers compared with 3.2 jobs per
scientist).

Transfers Between Fields of Spe-
clalization.--Studies of occupational
mobility have disclosed a fairly close
relation between the amount of train-
ing required to enter an occupation
and the degree of attachment to it:
unskilled and semiskilled workers
tend to change occupations rather
frequently, but skilled workers and
.professional people are characterized
by & high degree of occupational sta-
bility. 1In view of the long spe-
cialized training Ph.D. scientists
receive, it would be expected that
their careers would be concentrated
within limited scientific areass.
Nevertheless, three~-fifths of the
biologists and chemists in the study
(for whom this informetion could be
recorded) had some experience out-
side the specific specialty (i.e.,
organic chemistry, bacteriology) in
which they were currently employed.
Moreover, one out of four specialists
in all three sciences covered by the
study had at sometime worked in an
entirely different discipline. Physics
had drawn a higher proportion of men
from other sciences than either bi-

ology or chemistry. More than a third
of the men working in physics haa
experience in another science, com-
pared with 22 percent of those in bi-
ology, and 15 percent of those em-
ployed in chemistry.

However, when all the jobs in
the study are considered together,
it 1s seen that such experience
covered only minor parts of the sci-
entists' work historles. Not more
than & third of the Jobs recorded for
the men working in chemistry had been
outside the branch of chemistry in
which they were working at the time
of the study, and only a fourth of
all the jobs recorded for the biol-
oglsts fell outside tbe particular
branch of biology in which they were
currently employed. Among scientists
employed in several specialties--
namely, organic chemistry, blochem~
istry, botany, and entomology--the
proportion of jobs outside the spe-
cific specialty of current employ-
ment was lower than the average in
the corresponding disciplines.

Fields of Competence as Indi-
cators of Experience.--Because Ph.D!s
tend to specialize, the fields which
they consider those of their high-
est competence are, in general, a
good indication of their experience.
A1l the scientists in the survey were
asked to check, on a list of speci-
alties, their fields of highest and
second highest competence, because
one of the main purposes of the sur-
vey of "American Men of Science" was
the preparation of a roster of key
scientists. A comparison of ‘the
fields of the jobs included in the
study with the specific fields re-
ported as of first and second compe-
tence showed only 4 percent of the
jobs to be outside these areas. Close
to two-thirds of all the jobs studied
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were within the specific field of
‘highest competence.

Some of the scientists' exper-
ience outside their fields of highest
competence represented nothing more
than the first job adjustments of new
graduates. Fifty-two percent of these
first professional jobs, compared
with 62 percent of all the jobs
atudied,were in the specific fields
in which these scientists now con-
gider themselves most competent. Some
16 percent of the first jobs, com-
pared with 9 percent of all the re-
corded ; jobs,were in entirely differ-
ent disciplines from those .of' the
scientists' first specialties.

The Role of Education in Deter—
mining Scientigts' Specialties. — For
most of these scientists, the inter-
est In the branch of science in which
they had come to specialize was al-
ready developed when they entered
their junior year in college. Four
out of five had majored both as
undergraduates and taken their Ph.D.
degrees in the branch of science
(chemistry, physics, or. biology) in
which they considered themselvesmost
competent at the time of the survey.

For the 17 percent who shifted
their major subject between the
baccalaursate and the doctorate, the
major for the higher degree usually
proved to be the more important in
later life. Fourteen percent, how-
ever, had changed their major when
they became Ph.D. candidates and were
s8till specialists in their Ph.D.
field at the time of the study. Only
2 percent of the sclientists had a
field of highest competence and a
bachelor's degree inthe same sclence
but a Ph.D. degree in a different
field.

2472280 - 53 - 2
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Transfers Between Functions.--
Implicit in a doctor's degree is a
mastery of techniques and a body.of
knowledge, which acts asa barrier to
movement between gcientific fields,
but which facilitates shifts among
different kinds of work within a par-
ticular area of specialization. The
two principal activities of the
scisntists in the sample were teach-
ing and research: At the time of the
survey, 38 percent were college
teachers, 30 percent were doing re-
search, and 21 percent were in tech-
nical administration, which normally
include both research axd supervisory
duties. Many of the college teachers
(more than 40 percent of those for
whom three or four jobs were recorded)
had at semetime worked as research
scientists. The obverse is also true;
more than a third of the research
scientists (with three or four jobs
within the scope of the study) and
42 percent of the comparable group of
technical administrators had at some-
time held regular college teaching
posts.

For 30 percent of the scientists
in the sample, a third kind of work
was also recorded. In many cases this
experience was gained on the man's
first professional job. A third of all
the scientists began their careers as
assistant college teachers ar labora-
tory assistants. Another 16 percent
had started out either in inspection
testing ar similar routine profession-
al work or as high school teachers.

Transfers Between Types of Em-

_ployers.—As would be inferred from

the transfers between teaching and

regearch, most of the scientists had
worked for at least two different
types of employers. Three-fifths of
all the scientists and three-fourths
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of the group for whom four employers
were recorded had experience in at
least two different types of employ-
ment.

An analysis of the transfers be-
tween types of employers from the
first to the secand recorded job and
from thethird tothe fourth indicates
that educators were less likely to
change their type of employer de-
spite the relatively low salaries
paid by colleges and universities.
About half the Government employees
stayed in the Government, less than
two-thirds of the private~industry
scientists continued in private in-
dustry, but nearly three-fourths of
the educators remained an the campus.
Moreover, the largest proportions of
thos= who left either Govermment or
private industry entered educational
institutions. The scientists' de-
cisions to remain in or enter uni-
versity employment was probably influ-
enced as much by the kind of alterna-
tives available to them as by a
preference for this type of employ-
ment. A lower proportion of the chem-
ists (who have wide opportunities in
industry) than of either biologists
or physicists, remained on the campus
in these shifts.

Geographic Mobility.--Scientists
begin their geographic movements
while they are still students. WMore
than 60 percent of the approximately
12,000 Ph.D. biologists, chemists,
and physicists i.ncluded in the, Bio-
grarchical Directory ! of American , Men
of Science obtained their bachelor's
and doctor's degrees in different
States: More than half obtained their
baccalaureates and doctorates in en-
tirely different sections of the
country.

The scientists continued to
migrate after they had completed
their educatiom. More than LOpercent
of all the scientists in the sample
on which this study isbased and close
to two-thirds of those with four jobs
studied had worked in at least three
different States. A comparison of
these figures with those shown for
the geographic movements of other
occupations indicates that Ph.D.
scientists are one of the most mobile
segments of the population.

As would be expected in view of
the high geographic mobility of the
scientists, only a fourth were cur-
rently employed in the States where
they had received their bachelor's
degrees, and only ane out of three
was employed either in the 8tate of
his baccalaureate or that of his doo-
torate.

Regional Gains and Losses Between
Education and Current Employment.——
Certain regiong of the country, nota-
bly the North Central and Middle
Atlantic States granted many more
doctorates than baccalaureates to the
scientists, according to data for all
the chemists, biologists, and physi-
cists with Ph.D. degrees. On the
other hand, many more baccalaureates
than doctorates were awarded in the
South. This tendency for graduates
of southern colleges to go to mnorth-
ern schools for their graduate work
has been a cause of concern in the
South. This study shows, however,
that Ph.D. scientists do not neces-
sarily work in the section of the
country in which thev receive their
doctor's degrees. The number of
scientists emnloyed in the North
Central States, at” the time of the
survey, was not only less than the
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number who had recelved doctor's de-
grees from North Central universi-
ties, but also less than the smaller
number who had earned baccalaureates
in the reglon. The opposite was true
for the South. More of these Ph.D.
scientists were working in this re-
gion in 1948 than had received bacca-
laureates there.

Conclusions.--In summary, the
study indicates that, despite the
employment stability of Ph.D. scien-
tists, they must be characterized as
a relatively mobile group in certain
respects. By the time they reach
middle age, & large proportion have
had experience in at least three of
the functions normally performed by
scientists. Most of them--whether
educators, government employees, or
employees in private industry--have
worged for at least one other type
of employer. The majority have held
positions in two or more States.
Moreover, more than half have trans-
ferred at some time from one scien-
tific specialty to anotaer.

These findings have certain
implications for personnel planning
in the sciences.

1. Geographic location need
not be a limiting factor in planning

research and development programs,
at least with reference to the re-
cruitment of scientists, particular-
ly Ph.D.'s. Scientists are usually
willing to move to a new locality
in order to advance their economic
or professional interests.

2. The personnel supply in a
particular branch of chemistry or
biology may be substantially aug-
mented through transfars from other
branches of these respective disci-
plines. However, no sizable num-
ber of persons can be expected to
shift from one major discipline to
another.

3. Since most Ph.D. scientists
have had widely varied experience in
the activities normally carried out
by scientists,--teaching, research,
technical administration, ete.—-the
number engaged in a particular type
of activity at any specific time is
no indication of the number qualified
to carry on this kind of work. Above
all, many more Ph.D.'s have had ex-
perience in research than are actual-
ly employed in this kind of work at
any given time.

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



SCOPE AND METHOD

7_'ﬁl'|__le Siie ntists Studied

This study is a byproduct of a
1948 mail questionnaire survey which
had two major purposes; the establish-
ment of a roster of key sclentists,
for use by the Department of Defense,
the National Research Council, and
other agencies concerned with the
supply of scientific personnel; and
the provision of information for the
1949 edition of the Biographical
Directory of American Men of Scilence.
A report on the educational back-
ground, recent employment, and earn-
ings of the scientists in the Direc-
tory has already been published. 2/
The present study 1s based on an
analysis of the work histories re-

- portion

‘ported in the questionnaire of a
sample group of men chemists, physi-
cists, and biologists with Ph.D.'s.

The sample was restricted to
scientists in three fields because
the inclusion of a larger oumber of
disciplines would have required an
analysis beyond the scope of this
pilot study. Women were excluded

2/ Employment, Fducation, and
Earnings of American Men of Science,
Bulletj-n No. 1027, u. S. lbpartmnt
of Labor, Bureau of Labor Statistics,
1951. Prepared in cooperation with
the U. S. Department of Defense,
Washington, D. C., 1951. A reproduc-
tion of the questionnaire, on which
the present study is based, is at-
tached to the bacxk cover of that re--
port.

because a separate study of their job
movements would have been necessary,
in view o1 the special factors atrecv—
ing their employment, and there were
too few women in the group from whom
the sample was drawn to permit such
analysis. Scientists without Ph.D.'s
were omitted because the Directory
included only a small group of such
gscientists, who were presumablyequal
to Ph.D.'s in scientific attainment
and therefore in no way representa-
tive of all the country's scientists
with bachelor's and master'!s degrees.
On the other hand, the Ph.D.'s in
the Directory comprised a large pro-
(about two-thirds) of the
Nation's scientists at this level of
training. It is believed that, by
taking a sample of this group, a good
crogs—-section of all male Doctors of
Philesophy in the studied sciences
has been obtained. 3/

Altogether, the study includes
1,122 men who had earned the Ph.D. de-
gree by mid-1948, who were employed at
the time they returned their question—
naires, and who rcported their field
of highest competence as some branch
of physics, biology, or chemistry.

3/ See Bulletin No. 1027, U.S.
Department of Labor, op.cit., p. 4 ,
for a discussion of the coverage
of the Biograpnical Directory of
American Men of Science.

-6 -
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The chemists were by far the largest
group in the sample, 55 percent; the
biologists were the mnext largest
group, 30 percent. Although the
physicists constituted only 15 per-
cent of the sample, they represgented
about the same proportion (approxi-
mately 5 percent) of the Nation's
professionally active Ph.D.!'s in
their field as did the sample groups
of chemists and biologists. 4/

The criterion used in deciding
whether a scilentist should beclassi-
fied in , cne of the three fields
covered by this report was his own
opinion as to his field of highest
competence. In filling out tlequestim-
naire, each respondent was asked to
check, fromalist of about 600 fields
of specializatim, the one in which
he considered himself most competent.
All the men included in this study
checked a branch of chemlstry,
physics, or biology. This means that
gsome scientists with Ph.D. degrees
in these fields were excluded because
they no longer considered. themselves

Table 1.--Fields of current employment of the
scientists in the study, 1948

ﬁei::pggy;u::ent Number | Percent
Total reporting ...... eases| 1/1,066 | 100.0
Chemistry ccececeee vecsacsce 549 51.5
Physic8 ccecvescecsoccscces . 142 13.3
Biol.ogy saseccensssscsncven 293 27.5

Medicine and related

fields ceccecercnes ceene 7 7

. Engineering ceccececececens 16 1.5.
Earth sciences .ececevences 3 .3
Agriculture seeceececccecee 10 | 9
Mathematics cecevcvceccecns 5 5
Metallurgy cececcocceccoces 2 2
Electronics scecccacccsccas 3 3
General science ....ceoeee. 15 1.4
OtNOr cecscsccccvscsscenacs 21 lu9

1/ Excludes 56 sclentists for whom only
1 job was recorded. This was coded as the first
rather than the current job in order to facili-
tate the entire analysis.
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primarily blologists, physicists, or
chemists. It means also that 8 percent
of the men in the sample were employed
in fields other than blology, phy-
sics, or chemistry in mid-1948, when
they filled out their guestionnaires,
although they still regarded one of
these sciences as their first spe-
cialty (table 1).

In selecting the questionnairss
for inclusion in the present study,
it was mot possible to utilize random
sampling techniques. However, the
scientists in the sample were compared
with all the Ph.D.'s in these fields
as described in Bulletin No. 1027
with respect to several key charao-
teristics-—median age ad distributim
by type of employer and by region of
employment. This comparison indicates
that, with regard to these charac-
teristics at least, the men in the
sample were representative of all
Ph.D.'s in the given sciences.

The median age of the scientists
in the sample was A0 vears.  The
chemists and vhysicists had medlan
ages of 39 and 41 years respective-
ly, identical with the medizns for
all Ph.D. chemists and physicists in
the Directory. 5/ The biologists in
the sample had a median age of 42
years, only slightly lower than that
for all Ph.D. biologists (43 years).

4/ The Bureau of Labor Statis-
tics estimated the number of pro-
fessionally active Ph.D.'s in each of
these fields by applying appropriate
death and retirement rates tofigures
of the number of doctorates granted
in each of these subjects between
1912 and 1948.

5/ Bulletin No. 1027, U.S, De-
partment of Labor, op. cit., p. 11.
It should be noted that, in the age
tabulations in that study, physicists
were grouped with electronics scien~
tists, some of whom were probably
engineers.
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The sample also followed closely
the larger group from which it was
drawn in the proportion of scientists
working in each +type of employment
(table 2). In both the larger and
smaller groups, about half the chem-
ists were currently employed in pri-
vate. industry and about a third were
working on the campus. 6/ On the

6/ Ibid., p. 44. There are
some differences between that study
and the present one in the method
of classifying employment; hence,
exact comparisons between the two
studies concerning the proportion
of Ph.D. scientists employed by each
type of employer are not possible.

other hand, university employment
predominated among the physicists
and biologists. In biology, three-
fifthe of the Ph.D.'s both in
the sample and the Directory were
employed in educational institu-
tions, and about a tenth were in
private industry. An even higher
proportion of the physicists in
the sample, more than two-thirds,
were employed in education.
Among all Ph.D. physicists in the
Directory, the proportion working
for educational institutions may
have been slightly lower than
this, but it was above 60 per-
cent. '

Table 2.—Types of employers for whom scientists were working,

by field of highest competence, 1948

£ employer A1l Field of highest competence
o" ompov scientists [Chemistry | Physics | Biology
Percent

Educational institution ... 46.8 33.1 67.5 60.5
Govemmt [ X RN YN RRENNERNNN N 13.7 906 8.0 2307
Private indllatry esececcone 3505 5305 20-2 11.9
Independent consultant .... o7 o5 1.8 3
Self—employed ceoesscncsenee -5 .7 — 03
Nonprofit foundation ...... 2.8 2.6 2.5 3.3
Total I IFE NN NN N NN NRENENE] 1«)'0 lm.o 10000 lm.o
Total number reporting .... 1/ 1,066 574 163 329

1/ Excludes 42 chemists, 3 physicists, and 11 biologists for

whon only 1 jJob was recorded.,

the current job in order to facilitete the entire analysis.
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Table 3.-~Region of ourrent employment of scientists in the study and of all Ph.D. chemlsts,
biologists, and physiocists, 1948 1/

Scientistse All Ph.D. chenmists,

in this blologists, and
Reglon of ocurrent employment study phyligiltl’ 1/

Number| Perocent Number Percent

Tot‘l €0 2000000000000 000000000000000°000000000060000000000 000000000 g/l’% 10000 13)197 100-0

Now lbgllnd 00000600000 0000000000000000000000000000600000000000000 72 6.8 947 7.2
hinO, New Hlnpshiro, Vormont coeeecveccccnsecsoscocscscscscccnns 9 9 139 1.1
has‘chua.tta, Hhodo Iﬂland’ Gonnootiout eesccseNssntsessenssons 63 509 808 6'1

Middle Atlantio'....................-.......................n.... 425 ’908 5’%3 38.4
New Iol'k, Now Jarsey, P.msylm SPeeceesesssscscsctsssrscene 301 28.2 3’784 28.7
Maryland, Delaware, District of Columbia secececescercacesnssnee 124 11.6 1,279 9.7

south ..l.“....".'....00'....‘l"l.'.........0‘.........'....... w 13'5 ’854 14.0
Virginia, West Virginia, Kentucky, North Carolina, Tennessee ... 60 5.6 1 9.9
South Oamlm, Goorgh, Allm, Iisaissippi. R 31 209 328 205
Florida Q..‘.O..‘.0.."'..’..‘.......’.....‘...".......D.."..' 9 .9 1’3 1.1
Arkansas, Loulsiana, Oklahomh, TeX88 ceccconcsrcscsscesscscsancs bl 4.1 592 4.5

Norw cmtr‘l @000 000000000008 00¢E0L 000006000060 0C60000C000OGCGRILAIGOROIOOIETETIRTOGOSIS 2” &.3 3,“’ ) 23"
Ohio. Indiam, Illinois’ nchigm 06000 0crosorsensrsssssssensese 187 17.5 2’405 18'2
linnOBOtl, Iowa’ Wisconsin ceecvecocrevccsssssoscneccscsascascns 51 408 678 5'2

mmtain md tha B PO FEIILIOIIDELEIGEOLEISISEECLINNVIEEOCROEECEONOEORPOIOEOEOEBTOEOTOCETIE 75 7.1 8m 6 2
Nebraska, Kansas, MISBOUTL ccee ccoescenovessestvascssccscsnscss 35 3.3 402 31
North Dekota, South Dakote, Montana, Idaho, Wyoming, | “

c°1orad°’ Utah, Nevada o.oo.uoo-oocoooooooooa0-00.0:0...00-0 25 204 317 2 4
Arizom’ New Mexico D R R R R N N N N R N Y X L L T 15 104 97 7
2

2

0

P‘cific 00.00.'...oo.nlotto.l..'...'-.OQ.‘O'.OC.0.0.Q..C....0‘.00‘ 1w 9’4 1)350 10’
'aShiﬂgton, O‘!‘egon 00.000..00.‘0.00.0000.0.0'--oo.on.aooo.t....‘ 22 201 300 20
C&lifomil. GO0 0000000000000 IEICIItIETIOORIOSPICIOILIUESIIASRIOEOETRIROIOIOITRSSS 78 7.3 1,050 8

Territ’ories and foraign countl’iﬂs 2000000000080 0080 8000080008000t 12 ll 84 .6

Y The data for all Ph.D. chemists, blologists, and physiciats is based on Bullotin No. 1027, U. S. De-
partment of Labor.

2/ Excludes 56 scientlsts for whom only 1 job was reported.
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The geographiec distribution of
the scientistsin this study likewise
corresponded closely with that of all
Ph.D.'s in the same fields (table 3).
Fifty-seven percent of both the sample
group and the scientists from whom
this group was selected were employed
in the Middle Atlantic and East North
Central States at the time of the
survey (table 3). The southern states
ranked third as a region of employ-
ment, with 1) percent of both men in
the sample and all Ph.D. chemists,
paysicists, and biologists.

Measurement of Mobility

Much of the available informa-
tion on the occupational mobility of
scientific personnel comes from
studies which cover only a fraction
of the respondents' work experience,
although it is widely recognized that
the ideal study would trace entire
work histories. The difficulty of gath-
ering reliable information cover-
ing all of an individual's work ex-
perience is one reason the work-
history approach has been neglected.
An equally serious obstacle is the
tabulation and presentation of such
data. The complexity and difficulty
of tabulations on occupational mo-
bility increase in geometric ratio
with the number of jobs which are
considered per individual.

Another difficult problem en-
contered 1in every study of occu-
pational mobility 1s the definition
of "job" and "job change." It goes
without saying that when a person
changes employers he also changes
Jobs. But the number of employers
for whom a man works does not neo-

cessarily indicate the entire extent
of his mobility. People are also

shifted from one research problem to
another, are promoted, or are
transferred to a different plant or
department. In the present study, a
Job was defined as a continuous

period of employment with one em-
ployer, in one field of specializa-
tion, with one type of activity, and
in one State. This definition was
dictated by the purpose of the
study--to analyze scientists' mobility
not only between speclalties and
types of employers, but also between
functions and geographic areas.

The present study attempted to
approximate the work histories of
these scientists and at the same time
keep the work of tabulation within
the bounds of feasibility by limiting
the analysis to a maximum of four
jobs per scientists--the first pro-
fessional job after completion of
college, the position held at the
time of study, and the two inter-
mediate jobs of longest duration.
Furthermore, only full-time jobs
which had lasted at least 3 months
were studied. 7/

7/ !Part-time work such as con-
sulting or night-school teaching
(which sup-lemented full-time jobs),
sunner and other jobs of less than 3
months' duration, and research fellow-
ships were excluded from the analveis.
With these exceptions, four employers
were recorded for every scientist who
had worked for four or more employers.
Hence, in some cases only part of
the employment (the assignment of
longest duration) with one or more
of these employers was analyzed.
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Not all the scientists in the sam-
ple had held four jobs as defined by
the study. Fewer tham four jobs were
recorded_for 45 percent of the men; on-
1y one or two jobs for 22 percent. The
average number of jobs recorded was 3.2
per scientist (table 4).

Because the study was not limited
to a specific time perlod and in-
cluded men of all ages, the number
of jobs recorded for a scientist was
inevitably influenced by his age and
years of experience. The men for whom
four jobs were recorded were the old-
est group in the study, with a medien
age of 42 years, compared with a
median age of 4O years for those who
had held three jobs, and 37 years for
those for whom one or two jobs were
recorded. Even among the men past 50,
however, there were some (17 percent)
who had never changed their special-
ization, locale, or even the kind of
activity they performed (table 5).
Moreover, even among the youngest men
in the study, those under 30, more
than a third had held four jobs, as
defined by the study. Thus, the num-
ber of jobs recorded for a scientist
was in itself an indication of his
employment mobility.

Table 4.--Distribution of scientists according
to number of jobs and number of employers
included in the study

Percent of scientists
Number
of Number of employers
Total

Jobs One Two | Three | Four
1 job 4 100.0 | 100.00 -— - -
2 jobs ..4 100.0 18.78 | 81.2< - —_—
3 jobs ..J 100.0 3.92 | 26.27 169.81 | -~
4 Jobs ... 100.00 1.63 ] 8.7¢ |27.85 |61.73

247228 O - 53 - 8

It follows from the definition
of "job" used in this study that two
or more jobs were recorded for some
scientists who had worked for only
one employer. For example, a chemist
who had been the group leader in
charge of developing a new product
in the central laboratory of a large
company was put in charge of the
pilot plant set up in another city
for the further development of the
product, and later became manager of
the plant in still another city where
the product was put into mass produc-
tion. For the purpose of this study,
that chemist had held three jobs as
he worked in three different locali-
ties, although he continued to work
for the same employer. There was &
considerable number of such aases.
Thirty percent of the scientists who
had held three jobs had worked for
only one or two employers, and 38per-
cent of those for whom four jobs were
recorded had worked for fewer than

four employers (table 4). The average
number of employers for whom the men
had worked on the jobs included in
the study was 2.9. Since, this figure
is only moderately lower then the aver-
age of 3.2 jobs per scientist, it is
obvious that most of the mobility
considered in this study involved a
change of employers, rather than a
shift merely in work assignment or
work location.

In order to evaluate the study's
coverage of the scientists' entire
work experience, a comparison was
made of the number of employers for
whom the scientists had worked on the
Jobs included in the study with the
total number for whom they had ever
worked on a full-time basis. This
comparison indicated that the scien-
tists in this study, 1like most pro-
fessional people, had a high degree
of employment stability, and also
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Teble 5.—Age of scientists, by number of jobs

included in the study

Scientists having specified

number of jobs

Age group All scientists e Toe Tores | Four
Job Jjobs Jobs Jjobs
Number
All ages tseccesevecne y 1’114 54 1% 254 610
== i
Under 30 ye&rs ceceses 86 12 20 23 31
30 - 34 years sssve0e 2/‘4 12 63 60 109
35 - 39 years seeece. 223 11 45 48 119
4O - 44 years ceevees 197 5 24 49 119
45 = L9 years .ceseae 130 5 17 26 82
50 -~ 54 years sececes 97 A 13 23 57
55 = 59 YEBTB csevens 81 3 11 12 55
60 =~ 64 years eceveess 30 1l 2 8 19
65 "69 years eeeoev s 22 — _— 5 17
70 years and over .... 4 1 1 - 2
Percent

Under 30 ye&rs eseesves 7.7 22.21 10.2 9.1 5.1
30 - 34 years seseees 21.9 22.2) 32.1 23.6 17.9
35 - 39 years cececes 20.0 20.3}| 23.0 18.9 19.5
40 - M years sessacv e 1707 903 1203 1903 1905
45 - 49 yea-rs LN AN X ) 1107 903 807 10.2 1304
50 - 54 YO8TE cevecee 8.7 704 6. 901 9.4
55 - 59 years sesecee 703 505 506 407 9.0
60 - 64 years seecese 207 109 100 301 3.1
65 - 69 yea'!'S XXX 200 —— — 200 208
70 years and over .... .3 1.9 5 -— 3
TOtal oees0sosvscnns 10000 10000 10000 10000 10000
Medien 8g6 cecceoccnns 40 37 37 40 42

1/ Excludes 8 scientists who did not Teport age.
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that the study covered a large pro-
portion of the scientists' full-time
employment. The scientists, whose
median age was 40 years, had worked
for an average of 3.5 employers from
the time of their first job until
the time of the survey. 8/ Moreover,

1imited to four jobs per scientist,
covered most (slightly more than 80
percent) of the employers for whom
the scientists had ever worked on a
full-time basis (table 6). Further,
an examination of the questionnaires
indicated that much of the excluded

three-fourths of the men had worked
for four or fewer employers. It
follows that this studv, though

employment was in short-term work,
particularly summer school teaching.

8/ The relative employment stability of professional personnel is
also shown in a study of occupational mobility in six cities, based on a
sample of the entire working population in these areas. The study indi-
cated that on the average the people in all the technical and professional
occupations combined had worked for 1.9 smployers in the 10-year period
1940-49. The study also showed that there was a much higher degree of
employer mobility at the lower skill levels and that for the most mobile
group in the population, the laborers, the average number of employers in
the decade was 2.8 per individual. See Mobility of Workers in Six Citles,
an unpublished report of the Industrial Research Department, Wharton
School of Finance and Commerce, University of Pennsylvania.

Table 6.--Total number of employers for whom scientists had worked and proportion of
these employers covered by the study

Scientists in the study Employers covered by study

Tgt:l ﬁumb:: | Percent of all em-

ol employe Number Percent Number “ployers for whom

» scientists had worked

Total reporting eceeesse. 1,122 100.0 3,224 1/ 8l.0
1 employer cecesossesses 114 9.9 114 100.0
2 omMpPlOYers sececccssscn 246 22.0 488 99.2
3 omploYers ecesceccosces 262 23.4 758 9%.4
4 emploYers eceececececes 212 13.9 769 90.7
5 employers sceecssscces - 133 11.9 490 73.7
6 employers .cecececcoses 73 6.5 284 64.8
7 employers ecescscececss 40 3.6 155 554
8 employers ceeeecscenes 25 2.2 98 49,0
9 emplOYerS eoecacssseas 14 1.3 56 VA
lo employers ses 00000000 3 03 12 4000

1/ Employment in summer jobs, other jobs of less than 3 months' duration, and
research fellowships were excluded from the analysis. Therefore, some of the employers
for whom the scientists had worked on & full-time basis were not covered by the study,
even in the case of scientists who reported no more than 4 employers.
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TRANSFERS BETWEEN FIELDS OF SPECIALIZATION

Are highly trained scientists
so specialized that they function
only in a 1limited scientific field,
or are they sufficiently flexible
to transfer easily from one field of
specialization to another in response
to changing economic and social re-
quirements? This is the,principal
question to which a study of the
occupational mobility of scientists
must address itself.

The answer to this question
given by any study is inevitably
greatly influenced by the way in
which scientific fields are defined
and classified. The complex and in-
terrelated world of science can be
subdivided into almost any number of
different specialties. These spe-
cialties mey also be grouped into a
few broad disciplines. Obviously, a
study which considered only shifts
between broad disciplines would tend
to show fewer occupational transfers
than one which analyzed movements
between narrowly defined scientific
fields. '

The present report eanalyzes
scientists' movements from one broad
field of science to another and also
between the major subdivisions of
these disciplines. For convenience,
biology, chemistry, physics, engl-
neering, and other broed scientific
filelds are referred to in this re-
poert as "general fields" of speciali-
zation, &nd subdivisions of the
general fields are designated "speci-
fic fields" of specislization. 9/
The specific fields, into which chem-
istry was divided, are general chem-
istry, organic chemistry, inorganic
chemistry, analytical chemistry,

‘physical chemistry, and biochemistry.

Biology. was divided into the tradi-
tional fields--general biology, bot-
any, btacteriology, entomology, and
zoology. For technical reasons it
was not possible to subdivide phys-
ies. A complete 1list of the general
and specific flelds considered in
this report is given in the appendix

(p. 54). 10/

9/ The more common term "discipline® is used &s a synonym for "general
field of specialization™ throughout the report. In the same way, the term
"speclalty® is used interchangeably with "specific field of specialization.”

10/ It will be moted in this list thet some of the specific fields are
broeder than others. For example, both geology and pharmacy are classified
es specific fields wherezs mathematics is considered a general field of spe-
clalizetion. The classification of specialties used in this study was, per-
force, the one developed for the original questionnaire, which wes not con-
structed for the purpose of studying occupational mobility. However, the
problem of coding fields of specialization in such & way as to equate areas
of equal scope on the same digitel level has never been completely solved,
and is probably not susceptible of complete solution.
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Most Ph.D. scientists work in
specialties still narrower than the
specific fields used in this report.
For example, more chemists work as
specialists in plastiecs and other
synthetics than in organic chemistry
as a whole. Many more 2oologists
work in invertebrate zoology than in
general zoology. Precise informa-
tion as to a scientist!s narrow spe-
cialty cannot be obtained for each
Job he has held by means of a ques-
tionnaire survey. Hence, tha present
study does not attempt to study
shifts between detailed areas of
specialization. Such information was
obtained,however, by means of inter-
views, for about 400 Ph.D. chemists,
physicists, and biologists. An anal-
ysis of these interviews 1is now in
preparation.

The Number of Fields in Which
the Scientists Had Worked

The extent to which Ph.D. sci-
entists shift between scientific
disciplines is shown in table 7,
which gives the number of general
fields of specialization in which
the 1,122 reporting scientists had
worked in the course of the jobs in-
cluded in the study. One out of four
had at sometime worked in a different
general field from that in which he
was currently employed. The propor-

tion was highest in physics and lowest
in chemistry. More than a third of
the men working in physics (37 per-
cent) had experience in another sci-
ence, comparad with 22 percent of

those employed in biology =and only

16 percent of those in chemistry.

These figures suggest that the rapid-

ly expanding field of physics has

drawn on other sciences for its per-

sonnel to a greater degree than has

either chemistry or biology. The

most mobile group in the study, how-

ever, were not the men currently em-

ployed in physics but the scientists

(8 percent of the total) working in

fields other than chemistry,biology,

or physics at the time of the survey.

Four out of every five of them had

worked inmore than one general field.

Very few men, even in this small
group,had worked in as many as three

different general fields.

In some instances, experience
in a second general field reflected
a broadening of interest rather than
a change of specialty.ll/The promo-
tion of a professor of biology to
the chairmanship of a science divi-
sion was recorded as a shift from
biology into general science, even
though the particular scientist con-
tinued to give some courses in biol-
ogy. In some other cases, the re-
corded transfer represented a scien-

tist's shift from research into

11/ A scientist was considered to be doing scientific work even when
he was engaged in an administrative capacity, provided that he supervised

a group of scientists or administered a research program.

If, however, his

duties involved the business sdministration of en orgenization or the
management of a production unit, he was classified as working in a nonscien-

tific field.
in nonscientific fields.

As shown in table 9 few of these scientists had any experience
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Table 7.--Number of general fields of specialization in which scientists
were employed on Jobs included in the study

Total Percent of scientists
Fleld of current number of ]
employment and’ scientist Employed in specified
number of jobs sclentlsts | gota1 | number of general fields
reporting One Two Three
All fields ......... 1,122 100.0 75.0 24,1 0.9
l JOb G0 00020000 56 10000 10000 _— ————
2 jobs XXX EEY] 197 10000 %‘5 9'5 -
3 jobs esecsccese 255 10000 8107 170 08
Av jObS cosecennsoe 614 100.0 65:£_ 3306 1.3
Chemistl'y XXX 589 10000 84'1 1502 07
1 jOb asseccococe 42 100-0 10000 - —-—
2 jObB o0 800G OGS 118 10000 95.8 1&.2 1 -
3 jObs escessscee 150 100»0 85-0 1306 1.4
4 JODB cevecennns 275 100.0 76.5 2.8 o7
Physics s00ccsssansce ]-47 10000 63'0 35.6 1.4
1 jOb R 3 (]_./) Q-/) - —
2 jObs e00secsces 21 100.0 85.7 1403 ——
3 jObB oo essanes 28 10000 6300 37.0 ——
4 JObs ssssvessee 95 10000 56.8 /4.101 2.1
Biology seeosessvevecse 3% 10000 7804 2006 100
l Job *o 08 60CB e 11 loo.o loo.o - —
2 jOba esossscccse 47 10000 91.5 805 —_—
3 jObS seesss0ses 71 100-0 8507 1403 ——
4 JObS LI B B I 177 100-0 7006 2707 107
Other et esssseennese 80 lmoo 1603 82.5 102
l jOb o600 0000 -— - V - —— ——
2j°bs LI I BB B 2 B 11 100.0 36‘1& 6306 -
3 JobS vuvuennes 6 @) o) | @) -
4 JObB seescssvas 63 100.0 11l.1 8703 1.6

;/ Number too small to warrent calculating percentages. Because,
however, the study used a small sample, percentages were calculated for
small totals in this and the following tables, provided these figures
were more than 10. This was done to give the reader some idea of the
distribution in each case, even though the percentages as such have no
significance.
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managerial work, as & plant manager
for instance, rather than active
participation in a different scien-
tific field. For most of the scilen-
tists, however, work in a 'second
science involved either teaching or
research experience in this second
field.

Table 8 shows the number of spe-
cific fields in which the scientists
had worked, the second or third field
lying either within the general field
of his current employment or in a
different discipline. Almost 60 per-
cent of the chemists and biologists
combined had worked in two or more
specific fields of specialization,
and 15 percent in three or more
fields.

By subtracting the figures in

table 7 from the corresponding figures

in table 8, a comparison can be made
of the relative frequency of intra-
and interdiscipline shifts. As would
be expected, a larger number cf sci-
entists had worked at sometime in
different branches of the general
fields in which they were currently
employed than had crossed over into
different disciplines. Only 16 per-
cent of the chemists had worked out-
side chemistry, but 42 percent had
experience in two or more branches
of that science. A smaller propor-
tion of the biologists than of the
chemists had made intradiscipline
shifts, probably because the major
brenches of biology are less closely
related to each other than is the
case in chemistry. Nevertheless, 33
percent of the men working in some
branch of biology at the time of the
survey had experience in another
branch of thet field, compared with
22 percent who had been employed
outside biology.

Experience outside the field of
a man's current employment is less
significant as an indication of po-
tential mobility if such experience
is limited to his first professional
Job than if it comes at a later stage
in his career. First jobs are often
so limited in scope that the experi-
ence gained in them is by no means
an indication of competence in the
specialty involved. It is important
to note, therefore, that for the
majority of the scientists who had
experience in a second field of
specialization, this experience was
not confined to the first profes-
sional Job. Two-thirds of the men
who had worked in a second general
field had gained part or all of that
experience in an intermediate job.
Experience in a second discipline
was confined to the first job for
only a third of all the scientists
with such experience. The finding
with respect to experience outside
the specific field of current employ-
ment is much the same. About 60 per-
cent of the scientists who had worked
outside the specialty in which they
were employed at the time of the
survey had gained part or all of that
experience after completing their
first professional job.

The fact that experience in a
discipline  outside the current and
usual field of employment was by no
means confined to first job adjust-
ments is also indicated by a compari-
son of the number of fields in which
the scientists had worked with the
number of jobs recorded for them.
Only 10 percemt of the scientists
for whom two jobs were recorded had
experience in more then one general
field. This proportion increased to
18 percent for the men with three
studied jobs, who were on the average
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Table 8.—Number of specific fields of speclalization in which scientists
were employed on jobs included in the study

Fi Total Percent of scientists
eld of current number of
employment and scientists Employed in specified
number of jobs tin Total number of specific fields
reporting One Two Three | Four
Al] fieldB s0ecnccce 1,122 100.0 4305 41'7 1305 103
1l Job coeeccacens 56 100.0 |100.0 -_— _— -—
2 Jobs escescsccee 197 loo.o 7209 2701 — Eaad
3 JObs seevsssnee 255 100.0 M.? 4508 10.0 -
4 jObS XN RN XN WY 614 10000 2806 48.5 2005 2.4
Chemistt'y evevseces 589 100.0 42.2 1‘-3.2 1304. 102
l job seccernsene 42 10000 10000 - —— —
2 Jobs v e00cessee 118 loo-o 75.8 2402 ———— —
3 JObS s00venccce 150 100.0 3909 50.0 1001 —
4 JObS sssccccoce 279 100.0 20.3 54.4 2208 205
mysics LN B BN B R K BN BN AN N ] 147 100.0 63.0 28.8 8.2 -
ljob eessccsccee 3 (y) Q/) -— — ——
2 jObS eeOOGOBOOBLOSL 21 lm.o 85.7 ]-4.3 —_— —
3 jobS seeccscscsee 28 10000 6300 25.9 11.1 ——
4 JObs eeo0csevece 95 10000 56'8 33’7 9'5 -
Biology ®es00600c00s e 3% 10000 10-506 40-6 1205 103
1 jOb 9000000 b00n 11 10000 100.0 - —— ———
2 jObS *S0 GO OGCOESSISDS 4-7 10000 7002 2908 —— ——
3 jObs eesesssscns 71 10000 4806 4104 10.0 —
4 Jobs ceeecesnns 177 100.0 34.5 45.8 17.5 Re2
Other e00es00e00sROY 80 10000 1000 5705 2705 500
ljob LI N N O B B Y N ) —— htnd w—— — — —— ——
-2 jObs R 11 loo.o 2703 72.7 — ———
BJObS s00scscese 6 (_]_./) @./) (]_,/) —— —
4 jObS s0essccnee 63 10000 603 5204 3500 603

1/ Number too small to warrant calculating percentages.
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3 years older than the former and to
35 percent for the oldest group in
the sample, the men who had held at
least four jobs (table 7). This
tendency for an increasing number of
scientists to gain experience in a
second discipline with a longer stay
in the labor market applied equally
to the biologists, chemists,, and

physicists. The same tendency is
also shown in the data on transfers
between specific fields (table 8).

Patterns of Transfer Between
Speciclﬁos

Although a considerable propor-
tion of the scientists in this study
had worked at sometime outside their
field of current employment, their
experience in other specialties
usually represented only a small part
of their employment histories. This
is shown by an analysis of the fields
in which 1,122 scientists had worked
on 3,613 jobs covered by the study.
All but 12 percent of these jobs were
in the same general fields as the
scientists' current jobs (table 9).
The proportion of jobs outside the
general field of current employment
was higher (15 percent) for the men
working in physics than for those in

respectively) confirming the points
made in the previous section that
there is a greater tendency for sci-
entists to shift into physics than
into either chemistry or biology.

Work outside the scientists!
specific field of current employment
bulked larger in their work histories
than employment in other broad sci-
entific disciplines. About a third
of all the jobs recorded for the men
working in chemistry and a fourth of
those held by the biologists were in
specific fields other than the ones
in which these scientists were em-
ployed at the time of the study
(table A, p.55). 12/ These previous
positions were widely scattered among
a variety of specific specialties,
and only a small percent were .in
any one field. 1In the case of the
men currently working as organic
chemists, for example, 74 percent of
all the recorded jobs were in organic
chemistry, 17 percent in general
chemistry, and not mors than 2 per-
cent in any other specific field.

Because of the small number of
Jobs recorded as outside the scien-
tists' field of current employment,
the data do not permit definite con-
clusions as to ratterns of transfer

chemistry or biology (7 and 8 percent between specialties. Insofar as

12/ This percentage varied widely among specialties—from a low of
only 15 percent for the botanists to a high of 41 percent for the general
biologists. It should be noted, however, that these differences among
specialties were, in some measure, the result merely of the difficulties
encountered in classifying jobs by field. If a scientist did not give
enough information in his questionnaire to determine the branch of chemis-
try or biology in which he had worked on a given position, or if his work
covered more than one branch of biology or chemistry, this job was classi-
fied under "general chemistry" or "general biology.® The effect of this
procedure was also to overstate somewhat the number of jobs recorded as in
a different specific field from the one held at the time of the study.

247228 0 - 53 - 4
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Table 9.—General fields of speciélization in which scientists worked on all jobs included
in study, by field of sclentists' current employment

"‘Meld of Total Percent of all jobs studied which were in —-
scientist's number Medicine Non-
current em- of jobs { A1l |Chem-|Phys-|Biol-| and |[P8L~| martn |A8Ti~|Math-|yaiay (Elec-|congral|soien-
ployment studied | fields | istry] ics | ogy |related |P®°T~|gscience|oUl~ |emat-ly, oy |tron~|g0:eneel titie
flelds | 1n€ ture | ics los fields
chemi'try eesassvse 1,8& 10000 9303 0'9 105 002 102 — OOB 006 001 ’ — 105 004
thsica sssscscsevee 499 100.0 4'6 84'8 102 - 2‘2 OOL - 100 - 200 20‘ 1n4
Biolog R 1,009 10000 103 03 9107 1.2 - .1 2.1 1l — o 2.3 09
Medicine and
-related fields. 26 100.0 |26.9| -- 19.2) 53.9 -— - _— —_ - -— _— -
mgmeering sesecce 54 10000 20./‘- 16.7 5.6 108 53.7 — — — -— — 1.8 -——
Barth sciences ... 11 100.0 {18.2 }27.3 - -— — | 54.5 el e - _— -—
Agricult‘r‘ R R XN 37 100 00 -— - 400 5 — —— —— 590 5 —— — —— -—— -
hm‘uuos I AN RN X 17 10000 — 3503 — — 509 —— —— 5808 -—— - —— —
ueullwu X RN RN] 6 (y) W) - — — — -—— —— — u/) — — —
noctmnio’ eesnse 12 10000 803 33 u‘ - —— 8'3 —— —— — —— 5000 —-— -
General science .. 53 100.0 17.0 7.5 2803 - - - - - - — 37.8 9.4
Nonsclentific
fields ceeveces 83 100.0 |49.4 ] — 19.3 1.2 - - - -— - -— 1.2 | 28.9

1/ Number too small to warrant calculating percentages.

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis

_03..



- 21 -

there was any tendency for men cur-
rently employed in one field to have
previous experience in some other
specific field, the tendencies noted
were very much what one would have
expected. For example, physical
chemists and analytical chemists were
more likely to woric as chemical en-
gineers than were other chemists.
Biochemists,on the other hand, worked
more often in bacteriology and botany
than in any other fields outside
chemistry. Botanists shifted into
agricultural sciences to a greater
degree than did other biologists,
whereas bacteriologists tended +to
shift into biochemistry and public
health. Physicists more often worked
in physical chemistry than in any
other field of chemistry, and in
electrical engineering rather than
in any other branch of engineering.
For all these scientists job experi-
ence in a nonscientific field was
extremely rare (table A, p.55).

Unlike the great majority of
scientists who had spent most of
their working lives in one specific
field of specialization or in a
closely related area, the small
group who were not currently employed
in chemistry,physics, or bilology had
worked in a wide variety of fields.
Among them are found people with
experience in such apparently un-
related fields as aeronautical engi-
neering and biology, business admin-
istration and zoology, the 1liberal
arts and organic chemistry, and man-
power problems and biochemistry.
Moreover, less than half of the jobs
of this group were in the specific
field in which
working at the time of the study.

It has been observed generally
by students of labor mobility that a

the scientists were

considerable part of the shifting
reflected in average mobility rates
arises from the movement of a small
part of the population. 13/ 1In any
occupational group, there are some
people who do not change jobs at all
within a given time span, some who
make several changes, and some who
fall between these extremes. It has
not been possible in the present
study to measure the degree of mo-
bility of the individual scientists
because the men in the sample were of
different ages and had had different
amounts of exposure to the labor
market. The fact that a particular
group of scientists showed a much
higher degree of occupational mobi-
lity than the entire sample suggests,
however,that, among Ph.D. scientists
as among the general working popula-
tion, there are wide individual dif-
ferences in mobility.

It should be considered also
that one criterion for including a
scientist 1in the study was that he
reported a field of highest com-
petence in either biology,chemistry,
or physies. Hence, gome of the
Ph.D.'s inciuded inthe Biographical
Directory of American Men of Science,
who held degrees in these subjects
but who, by virtue of either recent
or long experience in another area,
no longer considered themselves pri-
marily physicists, blologists, or
chemists, were excluded from the sam-

13/ For a discussion of the
studies on labor mobility, see "Dif-
ferential Short-Run Labor Mobili ties, "
by Herbert L. Heneman, Jr., Minnesota
Manpower Mobilities. Minneapolis,
University of Minnesota Press, 1950,
pPp. 47-50.
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ple. For example, one questionnaire
was discarded in the course of the
editing because the respondent, a
Ph.D. in chemistry, had never worked
as a chemist, but pursued a career
as a concert pianist. Another re-
spondent whose questionnaire was ex-
cluded also held a Ph.D. in chemistry
and had worked as a research chemist
for several years after receiving his
degree. At the beginning of World
War II he started to work in activi-
ties which required some knowledge of
science but which were primarily ad-
ministrative. After holding a series
of administrative posts, he ceased
to think of himself as a scientist,
and reported his highest field of com-
petence as nonsclentific.
ples illustrate the fact that some of

the Ph.D. scientists who were most mo-

bile, who had departed furthest from
the fields of their training and early
experience, were excluded from this
study. A study of all people re-
ceiving Ph.D.'s in the sciences would
show a higher degree of occupational
mobility.

First and Second Specialties
as Indicators of Experience

So far in this chapter, mobility
has been studied with the current
job as a point of departure. The
study of mobility may also be, and
frequently is, analyzed with the
usual or normal occupation as a base
point. This procedure has the advan-
tage of grouping all the people who
form part of the labor supply in a
given occupation.

The concept of usual or normal
occupation, however, is widely re-
garded as too broad for use in classi-
fying scientific personnel, particu-

Both:  exam-

larly in the development of rosters.
Instead, the related concept, "fields
of competence," has been devised to
gerve a two-fold purpose: the group-
ing of scientists and other pro-
fessional people under the categories
in which they are best qualified,and
the summarigzation of their experience.
It is thought also that the listing
of people under their fields of high-
est competence brings into one cate-
gory those who usually work in the
same occupation.

An intimate knowledge of all the
sciences and more detailed informa-
tion on scientists' backgrounds than
a mail questionnaire survey canyield
are required to determine specialties
with precision. For this reason, the
device was developed of having the
scientist himself choose his field
of highest, second, and third-highest
competence from a pre-coded list of
8pacialties. The obvious limitation
of this procedure is that it is sub-
jective. The respondent, it has been
argued, is not always the best judge
of his own competence. Further, some
registrants will check the fields in
which they wish to work rather than
the ones in which they have exper-
lence.

Up to now, the arguments for and
against the "fields of competence "
technique for roster registration
have remained in the realm of specu-
lation. The present st:dy offered
the first opportunity to discover
whether the fields,designated by the
scientists as those of their highest
and second highest competence, are
satisfactory indicators of their ex-
perience. This analysis shows the
highest field of competence to be a
useful shorthand for describing exper-
lence, at least for scientists with
Ph.D. degrees.
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As noted in the first chapter,
each scientist in the study listed
some area of chemistry, physics, or
biology as his field of highest com-
petence. Seventy percent of both the
chemists and the biologists were em-
ployed in their specific fields of
highest competence at the time of
the survey (table 10). 14/ Most of
the scientists also had worked in
these fields on at least one previous
Jjobs 63 percent of the blologists
and chemists combined, had held two
or more jobs in their first special-
ty. About a third of the chemists
and biologists had worked in their
specialties on every Job covered by
the study.

Among the sclentists for whon
four jobs were recorded, a large
proportion had worked in their spe-
cialty on at least three of these
jobs. The proportion was higher in
biology (58 percent) than in chem-
istry (44 percent). Morsover, more
than one-fourth of the biologists
and 13 percent of the chemists had
always worked in the specific fields
currently regarded as those of their
highest competence.

Some of the scientists in the
study apparently had never worked in
their specific field of highest com-

petence. In most cases, these were
teachers who had taught either gen-
eral courses or courses in more than
one branch of their subject. Among
the young men, of course, there were
some who still considered the work
on their Ph.D. thesis more sgignifi-
cant than their subsequent jobs, and
who listed their thesis field as
their field of highest competence
and their job field as that of second
highest competence.

The field of second highest com-
petence also played a part in the
scientists' work histories, although
a much less important one than the
first specialty. This is seen in
table 11, which shows that more than
three-fifths of all the jobs in-
cluded in the study were in the sci-~
entists' specific fields of highest
competence and approximately another
third in their fields of second com-
petence. Together, the first and
second specialties encompassed all
but 4 percent of the jobs included in
the study.

The proportion of jobs outside
the first and second specialty com-
bined varied considerably among sci-
entists in different fields. It was

14/ It will be recalled that.specific fields of specialiszation were

not recorded for physicists.

A National Scientific Register survey of

physicists in 1951 showed a similar proportion (65 percent) currently em-
ployed in the branch of physics which they had designated as their field

of highest competence.
survey had Ph.D.'s.

Less than half (45 percent) the respondents in that
These findings are incorporated in Manpower Resources

in Physics, 1951, Scientific Manpower Series No. 3, Federal Security Agen-
cy, Office of Education, Washington, D.C., 1952.
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Table 10 .—-Number of jobs scientists held in specific'fields
of highest competence

Percent of sclentists

Field of highest Total
number of jobs scientistsi Total fields of highest competence
reporting None | One { Two | Three| Four
ALl fields .......| 1,122 | 100.0|12.1| 21.7| 27.4 25.5| 13.1
1 jOb so0000000 0] 56 100.0 ]-403 8507 — n— —
2 jObS P o0 0000004 197 100.0 1803 2304 5803 —— ——
3 jObS se 00000004 255 100.0 11.6 1906 2900 40.4 -
4 JOb8 ceseccensy 614 100.0} 10.4 16.2| 19.6] 29.8 24.0
Chemistry 616 100.0§ 14.6 25.11 30.1; 23.7 6.5
1 jOb (AR R NN N RENN 42 10000 14..3 85.7 —e — —
2 jObS essevves o d 122 100.0 20.5 2201 5704 —— —
3 jobs IR NN NN RENN N 151 100.0 1302 2109 2901 3508 -—
4 jObS eess0ss ey 301 100.0 13.0 1903 2307 3007 1303
Physics 1/ ceeevesd 166 100.0f 6.6 | 10.3| 24.1} 27.1| 31.9
1j°b IR EERNENNNE 3 (_2_/) (_2_/) (_2/) —— —— —
2 jObS eeeoeoovoey 26 100.0 ].1.5 19.3 6902 —— ———
3 jObS eevsevcced 29 100.0 304 1308 20.7 6201 ——
4 jObS sev o0 s 0 0 108 100.0 506 506 ]-4.'8 25.0 4900
BiOlogy evsevssvoned 340 100.0 1003 21.2 2407 2709 15 09
1 JOb seee0000 004 11 100.0 901 90.9 —— —— ——
2 jObs IF RN RN RNNN 4..9 10000 1603 28.6 5501 — ——
3 jobs seseesnend 75 100.0| 9.3 17.31 32.0] 41.4 -
4 JOb8 ceveenceny 205 100.0} 9.3 17.1} 16.1] 31.2 26.3

1/ It should be noted that physics was not further subdivided and

is considered a specified field.
2/ Number too small to warrant calculating percentages.
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Table 11 .—Psercent of jobs included in study which were in the scientiatat
fields of highest and second highest competence

Percent of jobs in
Specific field of second
highest competence m
Field of m;g::l of AaL ?g:;zf :: Same general| Different " other
highest jobs 1n fiolds highest fleld as |general field rj.14q
competence study competence that of from that of
highest first highest
competence competence
A1l fields cecenee 3,613 100.0 62.4 28.4 5.7 3.5
ChomiStry «.eccee. 1,909 100.0 55.9 36.2 5e4 2.5
General ....cee. 65 100.0 56.9 40.0 - 3.1
fcal ..vee 136 100.0 50.8 48.5 .7 -
Biochemistry 227 100.0 69.2 18.5 9.7 2.6
Inorganic ..ceee 129 100.0 38,0 49.6 8.5 3.9
Organic ...oceee 830 100.0 59.6 39.7 .1 -6
Physical .ceeees 522 100.0 49.8 31.6 13.0 5.6
Physies .cecesseee 566 100.0| 1/78.6 - 13.4 8.0
Biology cevecceces 1,138 100.0 64.5 29.4 2.2 3.9
Bacteriology.... 183 100.0 60.2 27.3 7.1 5.5
Biology, general 247 100.0 47.0 46.6 .8 5.6
......... 37 100.0 749 18.9 1.1 5.1
Eatamology cees. 184 100.0 5 25.0 5 -
Z00LOZY sececesse 153 100.0 60.8 35.3 3.3 -6

1/ This figure includes all jobs im any
field was not further subdivided.

highest among the physicists (8 per-
cent) who tended to be the most
mobile group in the study and lowest
(zero) among the entomologists. Even
for the physicists, however, it is
clear that the fields of highest com-
petance are generally reliable indi-
cations of their work experience.

For purposes of classifying
sclentists in broader terms, the gen-
eral field of highest competence is
satisfactory, insofar as it is an ex-
cellent guide to the experience of
most scientlsts. Ninety-one percent
of all the jobs in the study were in
the general fields in which the sci-
entists considered themselves most
competent (table 11). Even in the
case of the physicists, a relatively
high proportion of whom had entered
that fleld from other sciences, less
than a fifth of the recorded jobs were
outside physiecs.
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branch of physies, because this

The Specialties of the
First Jobs

The finding, that information
on sclentists! fields of highest com-
petence serves as a good indication
of their experience, is emphasized
by the data on the specialties of
their first jobs. A part of the
scientists' limited experience out-
side their fields of highest compe-
tence was gained in their first pro-
fessional positions (as shown by the
figures presented below). Needless
to say, initial experience is much
less significant as an indication of
competence in a given specialty than
is later more advanced work.

Some new college graduates have



- 26 -

no clear-cut career aims; others are
forced by circumstances to take the
first jobs offered. Moreover, in past
years, recent graduates were not
always as eagerly welcomed by pro-
spective employers as they have been
during this period of defense pre-
parations. For all these reasons, a
relatively high proportion of the
first jobs held by these scientists
were in entirely different disciplines
from those in which they later spe-
cialized--16 percent compared with 9
percent of all the jobs studied
(table 12).

Somewhat different factors ac-
count for the sizable number of
scientists who started out in the
same general fields but different
gspecific specialties from those in
which they currently consider them-
selves most competent. These scien-
tists often financed their graduate
studies by working as laboratory

agsistants in the university depart-
ments in which they were taking their
degrees. Many assistant teaching
posts are for introductory courses,
and the subjects taught in such a
course may or may not be closely re-
lated to those in which the teach-
ing assistant is specializing. Hence,
a considerable number of fledgling
Ph.D.'s in organic chemistry, for
example, may find themselves teach-
ing inorganic chemistry. Such cir-
cunstances are in some measure re-

sponsible for the fact that a higher
proportion of the scientists' first
jobs (48 percent) than of all their
jobs (38 percent) were outside their
specific fields of highest competence.

It should be noted, however,
that 52 percent of the respondents
were employed in.their ~fields of
highest competence at the ocutset of
their professional careers. The study
indicates that about one outof every

Table 12.--Comparison of scientists! field of highest competence with their field of speciali-
zation on first job

Percent of scientists with first job‘ in-—-
Field of Total iflo field | Different specific Other
highest number All Sp:g hi;hes: field but same general | general
competence reporting | fields fields as that of fields
pe . competence
first job highest competence

All fields .ecevuen y 1,118 100.0 52.1 32.2 15.7
ChemlstTy sovveeras 615 100.0 Ldy o6 43.9 11.5
General .iecevoee 21 100.0 66.7 19.0 14.3
Analytical ...... 41 100.0 36.6 46.3 17.1
Biochemistry .... 7 100.0 52.1 28,2 19.7
Inorganic «ess... 42 100.0 28.6 50.0 1.4
Organic eeeeee... 270 100.0 414 45.9 6.7
Physical .evecnes 170 100.0 40.0 48.2 11.8
PhysicS cevevereass 164 100.0 71.3 -_— 28.7
Biology seccscccnse 339 100.0 56.4 26.5 17.1
Bacteriology .... 54 100.0 40.8 33.3 25.9
Biology seesosens 71 100.0 42.3 38.0 19.7
BOtany eeeeesssss 13 | 100.0 73.5 8.8 17.7
Entomology sece.. 54 100.0 574 35.2 7.4
Z00lOZY sesenecse 47 100.0 53.2 34.0 12.8

1./ Excludes 4 scientists who did not report field of employment on first job.
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Table 13.--Comparison of major subjects for doctor's and bachelor's

degrees 1/
Percent of scientists with bachelor's

Major subject!| Total degrees in--

for Ph.D. number i

degree reporting subjects Chemistry | Physics| Biology| Other
Chemistry .. 569 100.0 85.4 0.9 1.1 12.6
PhySicS cses 140 10000 3.6 7702 e 1902
Biology «e.. 309 100.0 5.2 —_— 72.3 22.5
Other so0cee L2 100.0 1607 20!‘. 2308 57.1

l/ Excludes 20 scientists who did not report major subject of
Ph.D., 33 who did not report major subject for bachelor's degree, and

9 who reported neither.

two Ph.D. scientists starts out and
continues to work in the same spe-
cific field throughout the greater
part of his professional 1life.

Role of Education in Determin-
ing Scientists’ Specialties

Although most of these scien-
tists had developed the interest that
was to shape their lives by the time
they were juniors in college, some
changed their majors when they en-
tered graduate school. There was also
another much smaller graup of scien-
tists who, by the time of the sur-
vey, were no longer specialists in
the fields in which they had taken
their doctor's degrees.

Seventeen percent of the scien-
tists earned their baccalsureates

and their doctorates in different
fields (table 13). For most of the

2472280 -53 -5

scientists, however, the field of
graduate study was closely related
to the scientist's undergraduate
major. True, 1 man hed a bachelor's
degree in architecture; another in
business administration; 2 had begun
in geology; and 18 had started out
as students of the liberal arts. But
the largest group of chemists who had
not majored in chemistry as under-
graduates had studied chemical engi-
neering; the largest group of bio-
logists with undergraduate majors
outside the biological sciences had
specialized in agriculture; and more
physics recruits from other fields
came from mathematics than from any
other subject (table B, p. 57).

One reason wny most of these
scientists majored in the same sub-
jects in both their graduate and
undergraduate work is that they began
their graduate studies either immedia-
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Table 14.--Scientists with bachelor's and doctor's degrees in same major
subject, by interval between award of bachelor's and doctor's degree 1/

Percent of scientists
Number of years between Total With bachelor's and

receipt of bachelor's number Total doctor's degree in--
and of doctort's degree reporting Samo Differont
subject subjects

Total D0 OO OO OHDOOSOESESSSIOENSEDS _2/1’%9 1m.0 83.2 16.8

Urlder 4 years LB BE IR 3R B BN O B BN B N W ] 166 100.0 89‘2 1008

4. - 6 yeaI'S oo BOOGOEOLOLIOINSIOSES 526 loo.o 8509 Mol

7 - 9 yeal‘s 00000t 000s0 209 10000 7606 2304

10 - 14 yeal‘s GO0 OIS OIBOIGOEES 126 10000 7904 20.6

15 yeal'S O MO svecvescese 42 100.0 6900 3100

1/ For purposes of this table, the basis of comparison for the
bachelor's and doctor's degrees was the general discipline, such as, chem-
istry, biology, and physiecs.

2/ Excludes 20 scientists who did not report date of Ph.D., 24 who
did not report date of bachelor's degree, and 9 who reported neither date.

thelr doctorates within 3 years aft-
er bachelor's degree, in contrast
to 31 percent for the men who waited
15 years or longer to take their
doctorates (table 14).

ately or shortly after they received
their bachelorts degrees. Two-thirds
of them earned their doctorates
within 6 years after receiving the
bachelor's degree. 15/ The longer
the interval between the receipt

of a baccalaureate and a doctorate,
the greater the likelihood of a
shift in the student's major
field. The proportion of scientists
who changed majors was only 11
percent for the group who obtained

For those men who had changed
major subjects when they began gradu-
ate work, it was the graduate rather
than the undergraduate major that
more often played a determining role
in the scientists! careers (table 14).

15/ A study of all the scientists who earned their doctorates between

1936 and 1948 showed that the modal time elapsed between the bachelor's and
doctor's degree was 4 years, the median 6 years, and the mean 8 years. See
"The Production of Doctorates in the Sciences: 1936-48." Washington, D. C.,
American Council on Education, 1951, p. 95.
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Only 2 percent of the scientists were
specialists, at the time of the study
in general fields 1in which they had

majored as undergraduates but not as

graduate students. On the other hand,
1/ percent had altered their courses

of study when they became candidates

for the doctorate, and still regarded
the general fields of their doctor's

degrees as those of their highest

compstence (table 15/).

In their decisions to transfer

from one discipline to another,

scientists are apparently influenced
to some extent by the demand for
personnel. Physics expanded much
more rapidly than either chemistry
or biology in the period immediately
prior to 1948, the year when these
data were obtained; and the men who

classified themselves in 1948 as
physicists were outstanding not only
in the proportion who had earned their
doctorates in a different field but
also in the number who had first be-
gun to specialize in physics as
graduate students. More than twice
as large a proportion of physicists
(12 percent) as of biologists and
chemists had teken their doctorates
in a different general field from
that of their highest competence,
Moreover, a relatively larger number
of physicists (20 percent) than of
biologists and chemists (13 percent)
had majored in that field only at
the graduate level.

In most cases, Ph.D. candidates
speclalize in a particuler branch
of their general field. A gradusate

Table 15.--Comparison of major subjects for bachelor's and doctor's degrsees
with scientists' general fields of highest competence

Percent of scientists
Major subject same as general field
Field of Total of highest competence
higheat nunmber For For
compe tence reporting | Total ! For both Ph.D. | For bache- | nei-
and bachelor's | Ph.D. | lor's ther
degrees only degree | de-
only gree
All fields ..... |1/1,060 | 100.0 79.9 14.2 1.9 4.0
ChemisStry eoeee. 578 | 100.0 81.6 14.2 1.4 2.8
Physics ceeesses 154 100.0 68.2 19.5 1.3 11.0
Biolo&’ oveensee 328 100.0 82.3 11.9 301 207

;/ Excludes 20 scientists who did not report major subject for Ph.D.,

33 who did not report major subject for bachelor'!s degree, and 9 who did not
report major subject for either degree.
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student of chemistry takes much of

his work in one branch of chemistry.

" In the bioclogical sciences, graduate

work is almost entirely devoted to

the major field of study. The ques-

tion arises, therefore, as to the

extent to which such highly special-
ized training is utilized by the sci-
entists in later life.

A partial answer to this ques-
tion is given in table C, p. 58 .
Most biologists remained in the spe-
cific field in which they had tsken
their doctorates. Eighty-five per-
cent of the botanists, 94 percent of
the entomologists, and 73 percent of
the zoologists had received a doc-
torate in these respective fields. 16/
For technical reasons, the figures
are less conclusive for the chemists,
but it appears that few chemists spe-
cialize in a branch of chenmistry other
than that of their Ph.D. major. The
largest group of chemists with train-
ing in a branch of chemistry outside
their specific fleld of highest com-
petence was found among the analytical
chemists; 21 percent had majored for
their aoctorate in organic, inorganic,
or physical chemistry, or in biochem-
istry.

Some Implications

The foregoing analysis has
shown that Ph.D. scientists can and
do transfer from one Dbranch of a
scientific fisld to another and even
between disciplines, but that most
of them spend the greater part of

16/

their working lives in one special-
ty or in a closely related field.
One group of scientists in the study
{(the 8 percent not currently employed
in chemistry, physics, or blology)
showed 8 high degree cf mobility. In
addition, a smell group of people with
Ph.D.'s in the fields covered by the
study whose activities had carried
thenm so far afield that they no longer
considered themselves primerily phys-
icists, chemists, or biclogists, were
excluded from the sample. By &nd
lerge, however, Ph.D. scientists are
strongly attached to their fields of
speciglization.

No statistical analysis can
indicate to what extent this attach-
ment results from the attitudes
of Ph.D. scientists toward their
work and to what degree it is deter-
mined by the requirements of em-
ployers. The fact that most of the
nmen chose their current specialties
while still undergraduates suggests
that the selection of these special-
ties expressed deep-rooted interests.
Further, the minimum of 3 years of
postgraduate study required for a
Ph.D. degree represents too greata
commitment to be set aside easily. It
is well known, however, that once a
professional person gains experience
and competence in his field, he can-
not transfer to another field except
at some sacrifice of either prestige
or earnings. The fact that a doctor
of philosophy has & highly specialized
training is in itself & barrier to
occupational mobility.

Reliance should not be placed on the relatively low proportion of

bacteriologists (65 percent) who appear to have received a degree in that

field.

One important branch of that field, parasitology, is, for some pur-
poses and in some schools, classifled under zoology.

This explains why

15 percent of the bacteriologists in this study had doctorates classified

gs i1 the field of zoology.
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There is reason to believe that
scientists with less acedemic train-
ing than Ph.D.!'s have less attach-
ment to a given field of specislize-
tion then do Ph.D.'s. A 1951 survey
of physicists showed that 9 out of
10 Ph.D.'s had taken their highest
degrees in this field, compared with 3
out of 4 holders of master's degrees
and slightly more than two-thirds of
those holcing only bachelor's de-
grees. 17/ Moreover, only a fourth
of all the scientists in the sur-

vey but close tc half of those cur-
rently employed outside of physics
held only bachelor's degrees. These
findings suggest a close relation
between the degree of attachment

to a given scientific field and the
extent of academic training in 1it.

A study of occupational mobility
which would include scientists at &ll
levels of education would undoubtedly
show a greater amount of occupational
mobility than one, 1like the present,
based on Ph.D.'s alone.

TRANSFERS BETWEEN FUNCTIONS

The analysis of the extent to
which scientists shift from one kind
of activity to another and the pat-
tern of such movements requires a
classification of the many kinds of
work scientists do. This classifica-
tion, 1like that of scientific spe-
cialties, involves problems of defi-
nition. What is the distinction be-
tween research and development? Where
does routine analysis end and re-
search begin? Where should the line
be drawn between administretion and
other activities? These are some of
the questions yet to be solved to
the satisfaction of all or even a
majority of students of scientific
personnel.

17/ Manpower Resources in
Physies, 1951, op.cit., p. 1ll.

In the present study, classifi-
cation was determined by examining
the information contained in the
questionnaires and setting up as many
categories of functions as could be
distinguished. The following 16
categories were created: routine
analysis and testing, and other rou-
tine professional work; design; de-
velopment; research; technical ad-
ministration;administration; college
teaching; college teaching assistance
(particularly laboratory assistance);
other teaching (in elementary,
secondary, technical, and vocational
schools); sales and technical sales
and service; technical writing; non-
technical editing and writing; wild-
life management; extension work; and
consulting.

A change in activity was re-
corded whenever a man's principal
function shifted from one of the
above-named types of activities to
another. No analysis was made of
secondary functions, such as part-
time teaching or consulting, carried
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Table 16.--Current funoctions performed by scientists in study, by field of highest
competence, 1948

Current function

Percent distribution

fﬁida Chenistry | Physics Blology
College teaching c.ceevsccscsccensvonss 38.3 6.3 51.2 53.8
College teaching assistance .....cceeee o4 o2 1.2 6
Other teaching ccvecceecsvinccscvecanes 3 5 -_— -
Routine professional work «ceeecececcss 1 — - 3
ReB0arch cioeceerssacssoccsssesccsscoce 30.0 34:0 27.7 23.5
Development eececesescscssssscossscncans 2.0 1.8 4.2 1.2
Design ccevecsrevecentecorcocasorscssnes o1 -— —_ 3
Technical administration .evcceveeveess 20.5 28.0 10.3 11.7
Administration ceevvessssscscccncenenns 4.5 5.0 3.6 4.1
Consulting covevaceeocscornsveannsanes 1.3 1.8 1.2 6
Sales, technical sales, and servigces .. o7 1.3 - -—
Estimating and cost analysis ....ccec0. .1 2 — -—
Bditing and writing cc.ovcevcevecnnsnces Jd 2 -— _—
Technloal writing sceeeeeccvencsccnnoes 3 R .6 .3
Extension WOrK ..ivceesecncssscocnccens ) — - 9
Mild life management seeeceeccececscses 5] — - 1.8
Other scoesesesscrersenersaversessornnes 5 5 - 9
TOtAL teceerretsocracssrsnanssoans 100.0 100.0° 100.0 100.0
Total number reportlng ...cecevcescoree 1,122 616 166 340

on along with other activities which
occupied most of the scientists!
time.

At the time of the survey, in
1948, more than half the biologists
and physicists were employed mainly
or solely as college teachers. Re-
search was, however, the predominant
activity of the chemists; close to
two-thirds either were doing work
classed as research or were employed
as technical sdministrators, with
responsibility for directing re-
search activities. 18/ Only 5 per-
cent of the scientists held adminis-
trative positions, 2 percent were in
development, and less than 2 percent
were engaged in any of the other
list types of activities (table 16).

The Extent of Functional
Mobility

An analysis of the activities
carried out by scientists on the jobs
-studied suggests that Ph.D. scien-
tists characteristically move from
one type of activity to another.
Four out of every five scientists in
the sample had performed more than
one of the functions 1listed above
(table 17). Of the men who had hela
four jobs, three out of every five
had worked in at least three dif-
ferent kinds of activities. Three-
fifths of those who had held only
two jobs hed changed functions be-
tween these jobs.

;§/ Technical administration was defined to include supervision of a
group of scientists, direction of research activities, and liaison between
the research division of an organization and other divisions. Persons with
responsibility for business administration, production, or construction were
called administrators as were college presidents and deans.
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Some of these shifts in function
represented progress up the promo-
tional ladder. Since administrative
jobs are usually obtainable anly a'ter
long experience, it was among the
scientists employed as administrators
that the proportion who had performed
in three or more different functions
was highest (81 percent). 19/ Technical

19/ The administrators were
also the oldest group in the sample;
their median age was 46 years com-
pared with 38 years for the research
scientists and 40 years for the
entire sample.

administration is wusually an in-
termediate stage in professional
edvancement, and 54 percent of
the technical administrators had
three or more principal func-
tions in the course of the jobs
covered by the study. The relative
numbers of college teachers and
research scientists with expe-
rience in as many as three dif-
ferent functions were considerably
smaller (30 and 24 percent, re-
spectively), but high enough to
indicate that only a part of
the sclentists!' functional mobi-
lity was @& reflection of profes-
sional advancement (table 18).

Yy
Table 17.--Number of functions performed by scientists on Jobs included in study
Percent of scientists
Field of highest numgg:alof
gzxg::eggejzgg acientistas Total Number of functions performed
reporting One Two Three Four
All fields s00000svtanr e 1,122 100-0 1953 4-1o8 3105 7.4
1 Job LI N A B B B B B RN IR N ) % 10000 lm.o —— — ——
2 jObB P06V st 19’7 10000 4-108 58.2 —— S——
3 jobs X EE XY N R R NN 255 loo.o 14-1 5307 3202 —
10 Jobs ess et eResONTILE 614 100.0 7-0 3506 M'O l3ol..
Chemiatry cevevescceces . 616 100.0 20.2 41.9 29.9 8.0
1 JOb sensse00sve PR 42 100‘0 10000 — —— —
2 jobs sesss O PRITIBSEGES 122 10000 3803 61'7 ‘_- —
3 JObB caiceternsrcene 151 100.0 14.6 51.0 34k -_—
4 JODS cecsnreresccns 301 100.0 4.9 35.5 A3.4 16.2
PhysicsS ceveecensscsncee 166 100.0 15.7 37.3 39.8 7.2
l Job RN RN RN RN R 3 (g/) @/) — - —
2 JObS S8 e9s 000 s 26 100.0 36.0 6400 -_— -
o I 11 -7 . 29 100.0 10.7 60.7 28.6 -
4 JOD8 cevecenarcnnnes 108 100.0 10.0 26.4 5247 10.9
BlOlOBY sevvesncensnccss 340 100.0 19.7 441 30.6 5.6
1 Job eseDOGOORPLOVYIOIEDRS 11 10000 100.0 — —— ——
2 Jobs ces900s000tsse 109 100.0 5209 47;1 —— -——
3 jObS ¢osvPvOePIOEIOTETDS 75 10000 14.5 5606 2809 -
4 JODB civivesiacenns 1205 100.0 8.9 41.1 40.6 9.4

1/ Such as college teaching, research, and consulting. For complete list see table 16.
2/ Number too small to warrant calculating percemtages.

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



- 3 -

Table 18.--Number of functions performed by scientists on jobs
included in study, by current function

Total Percent of scientists
Current function and | number of
pumber of jobs scientists | Total Number of functions performed
reporting One Two Three | Four
Total reporting ceees. 1,122 100.0 19.8 42.6 30.2 T4
College teaching e 431 10000 R2 .2 4707 2408 5.3
ReSearch RN I W I A} 336 10000 30.7 44.8 22‘7 108
Development seececee 22 10000 1306 3604 40.9 9.1
Technical ad-
ministration «... 228 100.0 7.0 38.6 40.8 13.6
Administ?ation LR XY 52 10000 -— 1902 5906 21.?
Consulting s 60000 15 10000 — 3303 40‘0 2607
Other sevesesensa e 38 10000 1005 29-0 4407 15-8
one job P4 64 6689000008 s % 10000 loo.o — —— ———
College teaching .. 21 100.0 100.0 — —_ —_
Research et usscanos 23 10000 10000 - ——— -
oth.er L B BN IR K Y B BN N BB Y ) 12 Q-/) w) —— ' W — —
TWO jObS S8 06 sacvssvse 197 lOOcO 4209 57.1 —— ——
College teaching .. 80 100.0 41.5 52.5 —_— -
ResearCh 0;0000.00' 76 10000 5000 5000 —— ' ——
Technical ad-
ministration L 31 10000 1904 8006 — —-——
other 8 & 0 8 000 0o o 10 (1-/) (y) (l_/) —— ———
Thl'ee jObS L3S N BRI BE R BN 255 100.0 1-4—05 5305 3200 _——
College teaching .. 105 100.0 14.3 62.8 22.9 -
Rese8rch seeveerose 87 100.0 25.3 47.1 27.6 —
Technical ad--
ministration soee 43 10000 -——— 4605 5305 -
Other LI B A A 2R K 2 N 20 10000 - 4706 52.4 ——
Four jObS eaecev0ss v 614 10000 7.6 3702 4107 13.5
College teaching .. 225 100.0 9.7 434 36.7 10.2
Research ceovecscces 150 100.0 14.0 47.3 34.7 4.0
Developmen‘b esscece 10 10000 — 2000 60.0 | 20.0
Tecmical ad-
ministration .... 146 100.0 1.4 29.5 47.9 21.2
Administration ¢... 40 100.0 - 10.0 62.5 27.5
CODSUlting LI B I 13 10000 —— 2301 4601 3008
Other esvrevssetece 30 IOOGO 6-5 25.8 48.3 19.4

;/ Number too smell to warrant computing percentages.
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Patterns of Functional
Movement

Apart from transfers in func-
tions which represented normal ad-
vancement from the lower to the
higher professional grades, the most
frequent shifts were between teach-
ing and research (table 19). More
than a third of the scientists who
had held three or more jobs and who
were currantly engaged in research
and technical administration had
previously worked as regular coliege
teachers, and more than 40 percent
of the college teachers had at some-
time worked as full-time research
scientists. Movement between college
teaching and research was somewnat
less common in chemistry than in
physics and biology.

Relatively few scientists had
previous experience in work other
than research and college teaching.
About 7 percent of the scientists
for whom three or four jobs were
recorded and who were currently en-
gaged in research, administration,
and technical administration, and 5
percent of the comparable group of
college teachers had experience in
development. About 13 percent of
the college tesachers had taught in
high school. A few of the biologists
had experience in wild 1life menage-
ment or in extension work. Seven
percent of the physicists had worked
as writers and editors. Only a hand-
ful 1in each scientific field had
morked as sales and/or technical
sales personnel, as designers, or as
consultants (table 19).

Much of the scientists! ex-
perience outside of research, college
teaching, technical administration,
and administration was gained in

their first professional positions.
A third of the scientists had begun
their careers as collsge teaching
assistants, usually with responsibi-
lity for the laboratory in a few
science courses. 20/ Next to work
as a college teaching assistant, the
most frequent first activity of
these scientists was research, in
which a fourth of the scientists
had begun their careers. Another
sizable group (20 percent) had star-
ted as full-fledged college teachers.
Surprisingly few (9 percent) had
started out in the traditional be-
ginners' work of routine testing and
analysis or routine classification.
High school teaching, another occupa-
tion often regarded as transitional
by the young men who start in it,
had also engaged very few of these
scientists at the onset of their
careers (table D, p. 59).

There was some relation wveuween
the scientists'! flrst job activities
and their current ones. More than
70 percent of the college teachers
but only about half the research
scientists and technical administra-
tors had been employed initially in
a teaching position of some kind.
More than twice as high a proportion
of the research scientists as of the
college teachers had started out in

20/ Some men went back to
school after having begun to work,
and some of these financed their ad-
vanced schooling through assistant
teaching posts. For this reason, a
larger proportion had some experience
in assistant teaching in the course
of the studied jobs than was the
case for the first professional

~position.
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Table 19.—Comparison of previous functions with present function,for scientists with 3 or 4 jobs in

this study

Field of highest

Total

Percent with prior experience in 1/

competence and number | FOUBINe | college
profes-— teaching College Other [Research{ Develop- | Design
current function reportingi sional |ggsistance|teaching |teaching ment
work
All fields:
College teaching .....q{ 2/ 331 10.6 52.3 66.5 13.0 43.2 4.5 -
ResSearch ceeceeececeoed 238 11.0 40.8 36.3 5.5 75.9 7.2 1.3
Technical administration 189 12.2 34.9 41.8 i 5.3 73.5 7.9 .5
Administration ceceeeed 49 8.2 4.5 57.1 ' 4ol 49.0 6.1 _—
Chemistry:
College teaching .....{ 113 11.5 53.1 61.9 12.4 41.6 5.3 —
Research esessscccocssey 137 10.9 48.2 27.0 3.6 73.7 7.3 2
Technical administration 140 14.3 37.1 34.3 5.7 6.4 8.6 -_—
Administration .ceceeed 31 9.7 29.0 41 .9 3.2 51.6 6.5 -
Physicss:
College teaching «....J 72 8.3 47.2 73.6 15.3 50.0 11.1 -—
Research .eeeaseconcassd 37 2.8 45.9 47.2 8.3 77.8 16.7 -
Technical administration 13 - 30. 76.9 7.7 92.3 — —
Administration .......{ 6 @/ @/ ©/) @/ G/) /)
Biology:
College teaching «....u 146 11.0 S4.1 66.4 12.3 .1 7 .
Research «cececevescssd 64 15.6 21.9 50.0 7.8 79.7 1.6 _—
Technical administratioq 36 8.3 27.8 58.3 2.8 55.6 8.3 7.7
Administration .......d 12 - | 25.0 83.3 — 58.3 - _—
L
[ Sales, |mditing |Extension
m:l “hﬂ"t tim_ ul Estimating T;1'.4acl:m;l.<:a.1. and work and th
- | tration Consulting |and cost isales,and {writing |wild life | Other
tration analysis |gervices | 4/ management
All fields:
College teaching .....d 8.8 0.9 0.6 0.6 0.6 0.6 1.8 1.2
ReSEATCH covevsocccncsd 11.0 - o - 1.7 A 1.7 1.3
Technical administration 27.5 2.1 - .5 - .5 1.1 2.1
Administration .......d 46.9 8.2 2.0 - 6.1 2.0 2.0 4.1
Chemistry: !
College teaching «e...d 11.5 3.5 - .9 1.8 - -_— 1.8
Research seeecececsccesd 9.5 - [ — - 2.9 <7 - N4
Technical administration 29.3 2.1 | - 7 - — - 2.1
Administration .eceeesd 58.1 9.7 3.2 - 6.5 - - 6.5
1
Physiess l
College teaching ... 1 5.6 —_— 14 1.4 - 1.4 - -—
ReSearch «eceeeescsscsy 16.7 — — —_ - —_— -_ 5.6
Technical administratio 15.4 - - - - 7.7 - -
Administration .......q 3/) /) /) @/) i /) @/ ) /)
Biology: t I
College teaching ..... 8.2 .7 7 - V- N 4.2 1.4
"Research qeeevececcess 10.9 - 1.6 - [ - - 6.2 —
Technical administratio 25.0 ! 2.8 - - ! —-— - 5.6 2.8
Administration .1 25.0 i 8.3 - - b 8.3 8.3 -
{ |

1/ The percentages in this table are in each case based
in the first column, but are not mutually exsclusive.

ferent jJobs was listed 3 times.
2/ Excludes 249 scientists for whom only 1 or 2 jobs were recorded and 66 with functions other

than those shown.

3/ Number too small to warrant calculating percentages.
4/ Including technical writing.
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research. A much higher proportion
of the administrators than of eany
other group had started out as
full-fledged college teachers. 1In
considering these findings, however,
it must be noted that some men
whose first and c¢urrent posi-
tions were both in teaching had
held intermediate positions as
regsearch scientists. Likewise,
some of the research scientists
who had started out in this work
had taught in a college at some
point in their careers.

This analysis of changes in
the scientists' principal func-
tions takes no account of the
sizable amount of part-time teach-
ing by men engaged wainly in re-
search nor the great volume of
part-time research done by col-
lege teachers. A college teacher
may have no contractual obliga-
tion to carry out a research project,
but his standing in the academic

community and his professional ad-
vancement depend to a great ex-
tent upon his research achieve-
ments and publications. It has
been said that much of the dif-
ference between a research scien-
tist and a university professor
is that the 1latter chooses his
research problem and the former
has it chosen for him. This view
represents only part of the truth:
more of the Nation's research is
done in industrial and government
laboratories than on the campus.
However, the findings of this
study suggest that a professor of,
for example, organic chemistry and
& research chemist in that field
have more in common than an or-
ganic and an 1inorganic chemist.
Although Ph.D. scientists can and
sometimes do transfer from one
speclalty to another, such movement
18 much 1less common than shifts in
function, particularly betwsen re-
search and teaching.
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TRANSFERS BETWEEN TYPES OF EMPLOYERS

Scientiste have a high degree type of employer was much higher
of mobility with respect to the types  among those currently employed in
of employers for whom they work, as education than among those in
well as the functions they perform. other fields--58 percent, compared
This is shown in the present study, with 20 percent (table 21). More-
even though the categories used in  over, differences in type-of-em~
clessifying the organizations employ- ployer mobility among the groups
ing the scientists were broad. 21/ in fields other than education
These were: education, government, were smaller thun the difference
private industry, nonprofit founda-  between the educators and all the
tion, independent consulting work, other scientists taken tagether.
and other self-employment. Three Apart from the extremely small

out of every five scientists in number currently self-employed, the
the study had held Jjobs in at group of scientists who had been
least two of these categories most mobile were the nonprofit
(table 20). Of the scientists who foundation employees. BSixty percent
had worked for four different em- of these employees had worked

ployers in the course of the jobs for two types of employers and
studied, three-fourths had made one 37 percent for three types. A
or more changes in type of employ- higher proportion of scientists
ment: a sizable group (17 percent) currently working for the govern-
had worked for three different kinde pent than of scientists in

of employers, and a few bad worked private industry had worked for

for a different type of employer on two or more classes of employers,
each of the four jobs. but this difference was partly due
to the fact that the government
The proportion of scientists employees tended to be older than
who had always worked for one the private industry scientists. 22/

21/ The extent of mobility recorded depends in part on the number of
categories in & given classification system. Thus, for purposes of the
present analysis, & type-of-employer categories were used, 16 function
categories, 48 location categories (Sstates), and an even higher number of
specific specialties. It follows then that the probability, purely in
terms of chance, that any given scientist would work for more than one type
of employer was smaller than that he would work in more than one specialty.

22/ The median age of the government employees was 43 years, of the
educators 41 years, and of the scientists in private industry 39 years.
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Table 20.~-Number of types of employers for whom scientists worked on
Jobs included in study

Field of highest Total Percent of scientists
competence and number of Number of types of
number of em— sclentists employers worked for

ployera in study reporting | Total

One Two | Three] Four

All fields esvsese 1,]—22 100.0 41.0 49-7 900 003
1 employer ..... 113 100.0 }100.0 - - -—

2 employers .... 279 100.0 50.5 | 49.5 - -

3 employers .... 349 100.0 30.9 | 58.5 |10.6 —
4 employers «... 381 100.0 25.5 | 56.7 |17.0 .8
Chemistry ee v e 616 10000 3803 5206 8.8 03
1 employer .c... 79 100.0 {100.0 _ — -

2 employers ... 159 100.0 47.8 | 52.2 —_— -_

3 employers .... 193 100.0 23.8 | 65.3 |10.9 -—
4 employers .... 185 100.0 18.9 | 62.2 |17.8 1.1
Physics Se 00 o000 166 10000 4508 43.4 1008 —
1 employer ..... 9 Q) | @) - _— -
2 enploy'ers ceane 39 10000 53 08 4602 — -

3 eﬂployers *es e 45 loooo 4202 m.o 17.8 —

4 employers sece 73 100.0 3700 4903 13-7 —
BiOlogy Se00ceocnde 340 100.0 4305 4707 8.5 .3
1 employor ceees 25 100.0 1100.0 - -— -—

2 employers ... 81 100.0 54.3 | 45.7 - _

3 employers «.«. 111 100.0 38.7 | 54.1 7.2 -
4 employers XX 123 100.0 29o3 52 .8 1701 08

1/ Number too small to warramt calciulating percentages.
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Table 21 .—Number of types of employers for whom scientists worked on jobs
included in study, by type of current employer

Total Percent of scientists
Field of highest number of
competence and type scientists Number of types of
of current emp]_oyer repor ting Total employers worked for
One Two Three Four
All fields G0 00 0089 S OO O® e . yl’%é loo.o 37.8 52.2 9.7 0.3
Educational institution. 499 100.0 | 58.1 38.5 3.4 -
Government veeececsccces 146 100.0 | 15.1 68.5 15.7 7
Private industry ..c.e.. 379 100.0 | 3.7 64.1 11.9 3
Self-employed 2/ ceeee. 12 100.0 _ 33.3 58.4 8.3
FO'I.mdation S0 6 0000 SOTTE 30 10000 303 6000 3607 -
Chemistry LA RN RN NN R IR RN RN 574 10000 33.6 56.6 904 04
Educational institution. 190 100.0 | 53.9 L2.4 3.7 -_
GOvernment cevescocccsas 55 100.0 | 14.5 60.0 23.7 1.8
Private industry ....... 307 100.0 | 27.0 65.2 7.5 .3
Self-employed 2/ ceeecees 7 /) — 3/) 3/) —
FOlmdation Y EERERE NN NN 15 10000 - 53'3 07 ——
Physics IR NN NI I W N W W W NN 163 lO0.0 4408 4306 llcé -
Educational institution. 110 100.0 | 59.1 39.1 1.8 —-—
Govemmnt Gesecs0sesr0e 13 loo.o 707 6902 2301 -———
Private industri/. cecese 33 10&0 18.2 51.5 30.3 -
Self-employed 2/ «evone 3 3/) — 3/) 3/) —
Foundation secececcecens 4 G/) | G) G/) G/) -—
Biolow 000 C0rssncsvrrcese 329 10000 10-106 49.0 9.1 03
Educational institution. 199 100.0 } 61.8 34.2 4.0 -
Government ececececvrscee 78 100.0 | 16.7 74.3 9.0 —
Private industl’y 6eecses 39 100.0 2.5 6607 3008 ——
Self-employed 2/ secee. 2 G/) - - 3/) G/)
Found&tion P9GSO POe e ll 10000 —— 81'8 1802 ——

1/ Excludes 56 scientists for whom only 1 job was recorded.
2/ Includes independent consultants.

3/ Number too small to warrant calculating percentages.
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A comparison also has been made
of the types of employers for whom
the scientists had worked on the
first and second recorded jobs and
on the third and fourth jobs. Well
over half the scientists for whom
information was available did not
change their type of employer be-
tween the first and second jobs
(table 22). This was true also for
the third and fourth jobs (table 23).
It should be noted, however, that a
change in job, as defined in this
study, did not always involve a
change in the employing organization:
about 19 percent of the sclentists
for whom a second Jjob was recorded
worked for the same organization on
this job as on the first,and 38 per-
cent of those for whom four jobs were
recorded did not change employers
between the last two jobs. If the
analysis had been limited to job
shifts which involved a change in em-
ployer, the percentage of shifts
found to represent transfers from
one type of employer to another would
undoubtedly have been higher.

The conclusion indicated pre-
viously that college faculty members
were the group least prone to shift
to other types of employment is borne
out by the scientists' movements be-

23/

tween their first and second jobs
and their third and fourth jobs.
About 70 percent of those who had
been educators before these job
changes remained on the campus there-
after, but less than half of those
who had been government employees
stayed in government (tables 22 and
23). 23/ The scientists in private
industry were more likely to remain
in the same type of employment than
were the government employees, but
less apt to do so than the educators.

The figures in tables 22 and 23
aleo indicate that more than two-
thirds of the scientists who left the
government, private industry, or a
foundation for another type of em-
ployment entered educational insti-
tutions. The largest numbers en-
tering education from other types of
employment ceme from private industry,
but the proportion of government em-
ployees who left the government for
education was higher than the cor-
responding proportion of private in-
dustry employees.

The fact thet the universities
were able to compete succesafully
with other types of employers in at-
tracting and retaining scientists is
noteworthy in .view of the low sslary

It should not be inferred that larger numbers of these scientists

worked for universities on the second job thsn on the first or in the fourth

Job compared with the third.
fact,

As between the first and second jobs, in
the absolute numbers employed in universities declined, because a cer-

tain number of scientists had been working as teaching assistants in. order
to finence their studies and severed their unliversity ties when they obtained

their doctorates.

Even a8 between the third and fourth jobs, however,

the

number who entered the universities from other types of employment just about
balanced the number who left the universities.
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levels prevailing in educational in-
stitutions. 24/ Apparently, the ad-
vantages of university employment,
such as freedom of research, are suf-
ficiently strong to countervail, in
the minds of many scientists, the
economic handicaps such employment

imposes. 25/

The extent of mobility and its
direction is, however, as much a
matter of economic opportunity as of
personal preference. The decision
to remain in university employment

reflected, at least in some cases,
nothing more than the 1lack of an
alternative opportunity. Chemists,

who are more widely used in industry
than the other scientists, were the
group who most often 1left universi-
ties for other types of employment.
Less than two-thirds of the chemists
but three-fourths of the biologists
and physicists remained in education
in the job changes recordedin tabies

22 and 23. Moreover, most of the
chemists who 1left education, and
close to half of those who trans-
ferrsd out of government went into
private industry. On the other
hand, among the biologists who have
limited opvortunities for industrisal
employment, those who left educa-
tional institutions most often en-
tered the government.

These figures give no information
on the trends in the employment of’
Ph.D. scientists. That there has
been an increase in the number of
Ph.D. scientists in government and
private industry is well known.
These data suggest, however, that
the recruits into government and
industry have come in large measure
from the ranks of the newly created
doctors of philosophy rather than
from among scientists already estab-
lished as educators. 26/

24/ The median salary in 1948 of the Ph.D.'s employed exclusively in

educational institutions was $4,860 a year,
government agencies, $6,280; and of private industry employees, $7,070.
Bulletin No. 1027, op.cit., p. 45. It does not follow, however, that the
individual scientist who shifted into education suffered a reduction in
earnings.

of those working solely for

.25/ A survey of a group of scientists who left government jobs in
1948 indicated that these scientists considered university employment on
the whole the most desirable for technical work. See Clark D. Ahlberg and
John C. Honey, Attitudes of Scientists_ana Fngineers about their Govern-
ment Employment, Syracuse Univercsity, 1950, Vol. 1, p. 40.

26/ That there has been a distinct tendency among the young Ph.D.
scientists to go into research rather than into teaching is clear from the
findings of two recent surveys of physicists and chemists, conducted by the
National Scientific Register. See Manpower Resources in Physics, 1951,
op.cit., and Manpower Resources in Chemistry, 1951, a forthcoming report by
the U. S. Departuwent of Labor, Bureau of Labor Statistics and the National
Scientific Register.
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Table 22.--Types of employers for whom scientlsis worked on second job in study compared
with type of employer on first job

Field of highest competence :;::ir Percent employed on second job by -
and type of employer on reporting | All types of | Educational Private | Independent| Founda-
first job 1y employers | institution | Government | ;,4,.¢ry | consultant tion | Other

All filelds:

Educational institution .. 602 100.0 68.9 12.3 16.3 0.3 2.2 —

Govemment esvesevsesecese e 83 10000 48-2 4304 600 — 204 -

P!‘i.vate i.ndustt’y‘ LR RN N RN 160 10000 38. 1 10.6 51 03 — -_— hatad

Fo‘mdation [ AN RN E NN X NERERENR) 19 100-0 5709 10.5 2101 — 10.5 _—
Chemistry:

Educational 1nst1tuti°n 3 286 100-0 63 06 700 27.3 .4 10.4 003

GOVemment WO IOV OSEBIOTLIELEOELTS 27 100-0 5109 33.3 14u8 ——— - —-—

Private industry cccececes 131 100.0 35.1 11.5 53.4 —-— - -

Foundation eeececesssinnes 8 /) ©/) /) (/) /) /) 2/)
Physics:

Educational institution .. 109 100.0 77.1 9,2 11.0 —_ 2.7 —

Government eecesececsecess 4 =/ /) (/) (2/) (2/) /) /)

Private indutry 2006000000 19 10000 470/0 502 47.4 —— —— ——

Foundation esececoscscssses 4 (/) /) /) /) /) /) /)
Biology: ‘

Bducational institution .. 207 100.0 72.0 21.2 3.4 5 2.9 —

Government eceeecesccacecae 52 100.0 46.2 48.1 1.9 _— 3.8 —

Private industry LR RN W R I 10 100-0 60.0 lO-O 3000 - —— -

Foundation eeceeeeeesennns 7 /) /) /) ©/) /) =/ ©/)

y Excludes 151 scientists not reporting type of employer on either first or second job, and 56 for whom only

one job was recorded.

g/ Number too small to warrant computing percentages.
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Table 23.--Types of employers for whom scientists worked on third job in study compared
with type of employer on fourth job

Field of highest competence I’{‘zl:;ir Percent employed on fourth job by -
and typzhgfdemptl’oyer on reporting Alb ftYPes Bducational | ¢ | Private | Independent | Self- | Founda-
rd jo Y cmployer institutioi TREENY 1 industry | consultent | employed | tion
All fields:
Educational institution .. 299 100.0 70.9 8.7 18.0 0.7 - 1.7
Government *sesccscsccrcne 132 100-0 31.8 1.»6-2 19.7 08 - 105
Private Industry ececeeess 186 100.0 17.7 6.5 68.3 2.1 2.7 2.7
Foundation sessscecescecas 11 100.0 36.4 9.1 18.1 - - 36.4
Chemistry:
Educational institution .. 115 100.0 61.7 6.1 <8.7 -— - 3.5
GOVemment e06cevrccssrecscs 41 10000 1905 51'2 2903 - — -
Private industry .ceceeees 147 100.0 11.6 5.5 76.2 2.0 2.7 2.0
Foundation .eececcescscves 6 (_g/) ©/) /) /) /) (g/) @)
Physics:
Educational institution .. T4 100.0 79.7 5.4 12.2 2.7 - -
Govemment eece0esssccssces 14 100-0 57.1 21.4 14.3 702 - —
Private industry sessesnce 23 100'0 4708 404 3901 — - 8.7
Foundation .ceeecececcoces 1l /) ©/) /) /) /) (/) =f)
Blology:
Educational institution .. 110 100.0 746 13.6 10.9 _— -— .9
Govemment PSSO BDPEOIOSIPIOSIOTOIPRTRDOES 77 100.0 33‘8 48.0 15.6 - —— 2.6
P!‘iv&te 1ndustt'y s senevanr 16 10000 3103 1808 3705 6.2 6.2 —
Foundation evsevnessscscee 4 (2/) (_2/) (2/ (2/) (E/) (g/) (_2_/)

1/ Excludes scientists who held fewer than 4 jobs.
g/ Number too small to warrant computing percemteages.
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GEOGRAPHIC MOBILITY

The remainder of this report
deals with the kind of mobility most
often studied; namely, movement from
one part of the country to another.
The analysis covers not only scien-
tists' migration in the course of
their employment but also their
movements between States and regions
in connection with their education,
and the net effect of these movements
on the scientists' geographic dis-
tribution. In this analysis, it has
been possible +to supplement the in-
formation for the sample group of
scientists with certain data for all
Ph.D. chemists, biologists, and phys-
icists included in the Biographical
Directory of American Men of Science.

Geographic Movement as
Students

The concentration of graduate
education in a2 relatively small num-
ber of universities and the correla-
tive tendency far students to change
schools on entering graduate studies
is well known. At least among sci-
ence students, however, movement for
graduate work seems to go far beyond
the limitations imposed by the avail-
ability of satisfactory facilities
for advanced study. Even those
students taking their baccalaureates
in States with outstanding universi-
ties often journey to other States
for graduate work.

More than 60 percent of the
approximately 12,000 chemists, phys-
icists, and biologists with Ph.D.
degrees included in Bulletin 1027

obtained their bachelor's and doc-
tor's degrees in different States
(table 24). There were only 5
States (Califormia, Illinois,
Maryland, New York, and Wisconsin)
which retained as graduate students
more than half +the scientists
granted bachelor's degrees within
their boundaries. The States which
lost the majority of their newly
created bachelors of science in-
c¢luded such centers of education as
Massachusetts, Minnesota, Pennsyl-
vania, Iowa, and Michigan. The pro-
portion of students going to other
States for graduate study was high-
est, however, for the parts of the
country with limited facilities for
graduate work. Twenty-four States,
20 of them in either the South or
the Mountain-Plains regions, saw at
least four-fifths of the scientists
granted B.S.'s by their institutions
leave for advanced study elsewhere.

In most cases, the students who
changed schools between their bac-
calauregate and their doctorate moved
to an entirely different section of
the country for graduate work. More
than half the 12,000 scientists sur-
veyed obtained their bachelor's and
doctor's degrees in different re-
gions. As in the case of interstate
movements, the proportion who trans-
ferred across regional 1lines was
highest among those students who did
their undergraduate work in sections
of the country without extensive fa-
cilities for advanced study in the-
sciences. Less than 30 percent of
the men with baccalaureates from
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Table 24.--Percent of scientists who received Ph.D.'s in same State as bachelor's degree,
and percent currently employed in State of bachelort's degree 1/

Number of Percent'who received Percent currently
State of bachelort's degree sclentists Si:::orog g:s;:;oi:‘"s emg}oﬁgh:ilog?:te
reporting degres 2/ degree 2/
United States ..eeccecaciecncans 3/ 12,198 38.6 23.0
AleDAME covesecccronscavavecccns 57 - 19.3
AriZona sceecececrsccsccacnsscsns 28 - 1.4
ATKANBAS seeesresssscscsennsnnns 76 1.3 13.2
California ceececvencncscsee 685 66.6 53.6
C0lorado esevesccccncenctscscnas 154, 18.8 18.2
Connecticut ccevvvccrencensccnas 257 3 13.2
DElaWAr'e® ceveecescscscssossacnce 7 -— —_—
Florida seeevsscccsesesscesseses 75 29.3 22.7
Georgia ceevevesscscsscasccanene 120 4.2 20.0
1dBN0 creeecscccrecrasvascrasene 58 —_— 6.9
T11inol8 eececcecsocsscecccassae 980 5344 21.8
INAi8NA covonsevacscnssassacones 506 28.1 15.8
JOWA cccecevccccocsossonsvensnes 400 43.5 11.3
KANnBs8S secessorecscrascassssssns 312 19.2 11.2
KONBUCKY evvereareennsonsoocanes 103 1.0 11.7
Louisiana ..ciececcevscacessccnes 61 11.5 31.2
Malne ccoececescncrocecsnccencans 105 1.0 7.6
Maryland cececevsrsevsenorovonee 229 57.6 20.1
Massachusetts ceeecevececsascrne 77 43.9 20.5
Michigan soveersesrosccnososnans 506 42.9 2.2
Minnesota seeececcessesssccances 405 45.7 16.5
Mississippl seescesccancecenssns T —_— 18.9
MiSSOUrl seveveecscceccannnnncss 268 27.2 12.7
MONTANA cceceescsssnnvnccvcvnnss 90 - 8.9
Nebraskla scevevecesccsscsncsnses ‘213 22.1 10.3
Nevada scveecerecnceccascasonnns 4 - /)
Now Hampshire ceoeecivececscacens 139 _— 7.9
New Jersey sceceescccsacscscscns 171 45.6 26.3
New MeX1CO ~evescvsscsacnosacans 18 - /)
NeW YOrK eeceeveccceccoancacncns 1,165 58.5 38.2
North Carcling svceersesscoscesns 159 40.9 22.6
North Dekotf eecevicecsncrssnsnas 50 2.0 4.0
Ohlo cevvvcavavensrecavaacnavase 930 42.9 22.9
OK1ahOMA esvevavrrvossorcnssanas 9R hedy 17.4
OTBEON eavserancensosassssranses 154 8.4 15.6
Pennsylvanif seeeevercocascosacs 855 40.9 32.5
Rhode Islend .acs.s 124, 32.3 5.7
South Carolina .... 102 - 17.7
South Dakotl eseesccesescensoaes 9%6 - 3.1
TENNESSEE crvsncesrasccsosncncas 104 15.4 16.4
TEXAS eoeacoosnssasnvessssnsnsss 248 33.9 33.1
1171 ¢ 175 1.1 25.7
Vermont cieeeescaconssscncasnsoas 4 2.2 8.7
Virginla ceecevieceacrenionennes 190 34.7 17.4
Washington eecievececcccncccnenes 212 36.8 16.5
West Virginia c.cceevercvecacnas 99 13.1 23.2
Wiemconsin cceeeceeneontniannsnes 426 60.1 18.1
WyOmINg eccecaecreaveosasossasas 18 -_ &)
District of Columbis ........... 75 24,.0 21.3

1/ Based on chemists, physicists, and biologists with Ph.D. degree included in
Bulletin No. 1027, U. S. Department of Labor.
2/ The percentages in columns 2 and 3 in each case were based on the number of scien—

tists who received a bachelort!s degree in each State.
did not necessarily receive a doctorate in that State.

Those currently employed in each State

Excludes 542 acientlsts who received bachelorts degrees or equivalent in foreign
countries and 457 who did not report State of bachelor's degree.

Number too small to warrant computing percentages.
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southern schools received their doc-
torates in the South, and the cor-
responding figure for graduates of
colleges in the Mountain-Plains
States was still lower (table Z5).
However, three-fourths of the men
who earned bachelor'!s degrees in the
North Central States obtained their
doctorates in that region.

Even those States attracting
the largest number of graduate stu-
dents from other parts of the country
lost young scientists to educational
institutions outside their borders.
.New York institutions attracted more
scientists with baccalauresates earned
elsewhere than did those of any other
State, according to figures for the
small sample of 1,122 biologists,
chemists; and physicists with Ph.D.
degrees. Men came from as far away

Table 25.--Percent of scientists receiving Ph.D.
in seme region ss bachelor's degree, by region 1/

Percent re-
Region of Number of | ceiving Ph.D.
bachelor's scientists | in region of
degres reporting bachelor's
degree
United States .....} 2/ 12,072 55.8
New England «seeeee 1,417 48.3
Middle Xtlantic ... 2,468 68.1
SoUth cevinvccscne . 1,553 28.7
North Central ..... 4,123 74.0
Mountain-Plains .. 1,477 19.0
Pucific ecevecccoaces 1,034 57.7

1/ The data for all Ph.D. chemists, blolo-
gists, and physicists is based on Bulletin
No. 1027, U. S. Department of Labor.

2/ Exoludes 668 scientists who recelved
baccalaureateés or doctorates in foreign countries
and 457 who did not report State of bachelor's
-degree.

as Texas and California to do grad-
uate work in New York, but more than
one-third of the New York college
graduates went elsewhere for their
doctorates (table E, p. 60). Illinois
was next to New York in the number
of scientists who earned thelr doc-
torates in that State though they
had obtained their bachelor's de-
grees elsewhere. Nevertheless,
close to half of the men in the sam-
ple who were awarded bachelor's de-
grees from Illinois colleges re-
ceived their doctor's degrees in
other parts of the country.

It seems reasonable to suppose
that the desire to see the world
played some part in the exodus of
these young men for graduate study.
Only a minority of the students who
left the State where they had earmed
their baccalaureates received their
doctorates in nearby States. Of the
26 who 1left Illinois, only 10 ob-
tained their doctorates from univer-
gities in contiguous States. Of the
27 who left New York, only 6 earmed
their degrees in adjacent States.
Conversely, only a third of the stu-
dents who earned doctorates in
Illinois after taking bachelort!s de-
grees elsewhere had received these
first degrees in nearby States. Col-
lege graduates from Massachusetts,
Rhode Island, Pennsylvania, New Jer—
sey, and Connecticut, formed only
about a fourth of the men in the
sample who had earned doctor's but
not bachelor's .degrees in New York
(table E, p. 60).

Migration as Employees

A relatively high degree of
geographic movement is characteristic
of professional personnel in general.
The 1940 Census showed, for example,
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that one out of every four profes-
sional and semiprofessional men,
compared to only one out of seven
employed men in the country, had
changed his State of residence be-
tween 1935 and 1940. The data on
the number of States in which the
men in the sample group for this
study had been employed suggests

that Ph.D. scientists are even more
mobile than the average professional
man. 27/ More than 80 percent of
these scientists had moved across

State 1lines at 1least once in the
course of the Jjobs studied, and
more than 40 percent had worked in
three or more States (table 26).

27/ Exactly comparable data are not available for either professional

personnel or the population as a whole.

However, in a study of manual

workers of a New England city it was found that 76 percent of those for whom
histories had been taken had never been employed outside of the State where

they were currently working.

See The Structure of Labor Markets, by Lloyd

G. Reynolds.

New York, Harper &»Brothers, 1951. p. 37.

Table 26.—-Number of States in which scientists worked
on jobs included in study

Percent of scientists
Field of highest Total

competence and . number Who worked in dasignated

number of jobs reporting Total number of States on Jobs
: included in M}.ﬂ,fL_
One Two Three Four
All £561d8 veevenens 1,122 100.0 17.6 | 39.3 3.1 12.0
1 JOD sevvoveanas 56 100.0 |100.0 | -- - _—

2 JObS ceceresnns 197 100.0 3z2.0 | 68.0 —_— -

3 jobB eecvnsecns 255 100.0 1.5 45.9 :39.6 -
4 Jobs seceenneee 614 100.0 6.7 | 30.9 4044 22.0
Chemistry cecececess 616 100.0 21.3 | 41.6 28,2 8.9
1 JOb cevesoccnes 42 100.0 |100.0 - - —

2 JObS ceeevccnas 122 100.0 33.6 | 66.4 —_ —

3 JObS ecsevernaos 151 100.0 146 | 4deh .0 -
4 JODB cosesennse 301 100.0 8.6 | 35.9 37.2 18.3
PhySiC8 ceesscvncoss 166 100.0 | 10.2 | 38.6 | 34.3 | 16.9
1 JOb cenccncesss 3 @)l @) | - — —

2 JObB cesasacins 26 100.0 23.1 | 76.9 - -

3 Job8 sescecsonn 29 100.0 6.9 | 48.3 bdyo8 -
1@ jObS sevsesscase 108 100.0 506 2708 10-0-7 2509
Bi0lOgY scesnsccccns 340 100.0 Lbob ) 35.6 34.7 15.3
1 Job tecevnonces 1 /) @ - — -

2 JObS seicenncse 49 100.0 32.7 | 67.3 -— -—

3 JObS seeecsenan 75 100.0 17.32 | 48.0 34.7 -
4 JOD8 cesescnens 205 100.0 Lek | 25.4 44449 25.3

1/ Number too smell to warrant computing percentages.
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There are 8several reasons for
this high geographic mobility. The
labor market for scientists is na-
tional rather than local, and sc.en-
tists' positions are usually secired
through university and professional
contects rather than through friends,
relatives, or local employment serv-
ices. It may be also that people
who leave their home communities to
attend schools in other parts of the
country have 1less psychological
resistance to further movement in
connection with their employment than
people who receive all their school-
ing in their home towns. It is also
true that the professional advance-
ment of educators is in some degree
dependent on their willingness to
transfer between universities. In
the present study, the chemists, who
worked in private industry, in the
majority of cases,were somewhat less
mobile than the other scientists, who
were most often employed in educa-
tional institutions.

Aithough figures are motavail-
able on the relative mobility of
scientists in different age groups,
the study suggests that the-younger
men had a greater tendency toward
geographic mobility than the older
men. It will be recalled that the
median age of the men for whom only
two jobs were recorded was 37 years,
compared with 40 years for those who
had held at least four positions.
More than two-thirds of the scien-
tists who had held only two jobs mi-
grated into a different State when
they entered their second position.
The proportion of scientists migrat-
ing each time they changed Jobs
declined as the number of jobs
increased. Only 40 percent of the
scientists for whom three jobs were

recorded worked in a different State
on each of these positions. Only
22 percent of the group who had had
four jobs had worked in four differ-
ent States (table 26).

At ell age levels, however,these
scientists had a much higher rate
of geographic mobility than the
general population. Furthermore, an
examination of the schedules indi-
cated that most of these movements
across State lines represented move-
ments of at least several hundred
miles. The high geographic mobility
of the scientist suggests that the
location of research or development
projects in arees away from the
greater centers of population, where
most scientists live and work, need
not be a barrier to the recruitment
of qualified scientists, particular-
ly Ph.D.'s. Apparently, for a sci-
entist, the nature of the job and
the salary it offers will usually
outweigh the advantages or dised-
vantages of its location.

Comparison of State of Employ-
ment with State of Education

Most scientists begin their
careers in States where they have
received at least part of their
education. Two-thirds of those in
the small sample began their first
professional careers in the State
where they had been awarded either
their baccaleureaste or doctorate
(table 27). The men generally mi-
gratec at least once in the course
of their careers, and fewer than &
third (30 percent) were working in
the State of elther their bachelor's
or doctor's degree at the time of
the survey.
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Teble 27.--Comparison of State of first professional job and current employment
with State of bachelor's and doctor's degrees

Percent of scientists employed in——
Field of highest Number of Same Stete as Different State
competence scientists that of either |°'from that of ei-
reporting bachelor's or ther bachelor's or
doctorts degree doctor's degree
First professional job

A1)l £161d8 cceecesocsccnene 1/ 1,026 67.4 32.6
Chenist!'y seecscsssrecs 569 66.4 33.6
Physics cececcccsncrss 150 66.7 33.3
Biology eesccescscesensos 307 6904 30‘6

Current employment (1948)

All fields cecevecnes 2/ 1,004 30.5 69.5
Chemistry eceeecen.. . 539 29.4 70.6
Physic8 coeesseons cene 150 33.8 66.2
BiolOEY eecesesvevones 315 30.7 69.3

1/ Excludes 26 scientists who did not report State of bachelor's degree, 25 who
did not report State of Ph.D., 17 who reported neither, and 28 who did not report State

of first job.

g/ Excludes 23 scientists who did not report State of bachelor's degree, 23 who
did not report State of Ph.D., 16 who reported neither,and 56 for whom only one job was

recorded, which was coded as the first job.

The proportion of scientists
currently employed in the State in
which they received their tachelor's
degree was only 23 percent, for all
Ph.D. biologists, chemists, and phys-
icists included in Bulletin No. 1027.
California, which had retained more
than half the scientists granted
bachelort's degrees by its colleges,
was the leading State in this re-
spect. Four other States (Louisiana,
New York, Pennsylvania, and Texas),
currently employed more than 30 per-
cent of the men who had earned bach-
elor's degrees in the given OState.
At the low end of the scale were 15
States which had retained less than
i5 percent of their bachelors of
science. Most of these States were
in the Mountain-Plains region or in
New England (table 24).

The fact that & scientist takes
his doctorate in the same State as
his baccaleureeste is not evidence
that he will continue to live and
work there. For example, three-
fifths of the men who were graduated
from colleges in Wisconsin obtained
doctorates in that State, but fewer
then & fifth who received bachelor's
degrees in that State were currently
employed there. On the other hand,
some of the States which witnessed
a great exodus of students for grad-
uate study later regained them.
Less than 5 percent of the scien-
tists who received their bachelor's
degrees from Georgia colleges took
their doctorates in that State, but
& fifth were currently employed
there.
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State and Regional Gains
and Losses

The movement of scientists across
State boundaries, for either grad-
uvate training or employment is by no
means a1l in one direction. In each
State the gains and losses offset
each other in some measure. Hence,it
is necessary to align the States in
terms of net loss and net gains in
personnel, 1f an answer 1is to be
provided to the much-discussed ques-
tion. Are professionally trained
men being drained off from certain
sections of the country?

In order to answer this question,
an enalysis was made of the number
of scientists who received bachelor's
degrees in the different regions
with the number who received doctor's
degrees (for the entire 12,000 scien-

tists). This comparison showed pro-
nounced gains for two sections of
the country--the Middle Atlantic and
the North Central Stetes-- and sharp
losses for the South and the Mountain-
Plains regions (table 28). Quite a
different picture was disclosed when
the number of bachelor's degrees
grented in each region was compared
with the number of scientists cur-
rently employed there. More scien-
tists were employed in the South than
hed received bachelor's degrees from
Southern schools. Fewer scientists
were employed in North Central States
than had received bachelor's degrees
from North Central colleges.

Regional comparisons obscure
differences among States.On the basis
of losses and gains between the num-
bers of scientists educated and cur-
rently employed within their bounda-
ries, the 48 States can be divided

Table 28.--Number of scientists granted bachelor's or doctor's degrees
or currently employed in each region 1/

Number Number . Number
granted granted currently
-Region bachelor's Ph.D. employed

degrees degrees
New Fngland ceceeeccoscse 1,448 1,431 947
liddle Atlantic se0sccase 2,502 3’599 5’%3
South @ecssscsessevasssvae 1,560 632 1,854
North Central ceeececeses 4,153 5,328 3,083
Mountain-Plains .ceeceees 1,484 477 816
PaCific ses00ersssssssse 1’051 1,085 1’350

1/ Based on chemists, physicists, and biologists with Ph.D. degree
included in Bulletin No. 1027, U. S. Department of Labor.
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The

first category includes those States
where the number of scientists em-
ployed was greater than the number
who had been awarded doctorates, and
the latier figure in turn exceeded

the number who had received their
baccalaureates in the given State.
The Middle Atlantic States, except
Delaware and Pennsylvania, fall with-
in this category (Group I), as do
California, Connecticut, and North
Carolina.

Table 29.--Number of scientists granted a bachelor's or doctor®s degree or currently
employed in each State (1948) 1/

Number Number
State granted Number| Number State granted {Number | Number
bachelor!s| granted| currently| bachelor!s|granted |cwrrently
degree Ph.D. {employed degree Ph.D. |employed
Group III
Group I

Massachusetts T 882 495
Illinois sssse 980 1’673 895

Connecticut...... . 257 430 262 Wisconsin .... 426 857 287

New York ceececess 1,165 1,841 | 1,854 Minnesota .... 405 471 229

New Jorsey eeve.. 171 306 898 IOWEB cececaane 400 667 162

Maryland ..eccces 229 59/, 466

District of

Columbia seee.s 75 145 339 Group IV

North Carolina .. 159 210 182 Hypine veveve.] 105 3 56

California ...... 685 922 | 1,050 New Hampshire. 139 -— 47
Vermont eeeceee 46 1 36
Rhode Island.. 12, 115 51

Group II Ohio eeeeveese] 930 783 702

Indiang seeeee

Pennsylvanie .... 855 713 } 1,032 Michigan ..... gg ggz %’g

Delawtre ceoeceess 7 - 454 Missouri «.... 268 197 224,

Vil’ginia esss00 00 190 132 197 North mkota. . 50 2 28

West Virginia ... 99 21 103 South Dekota.. 9% 1 25

Georgia sveeeeees 120 8 129 Rebraska oe... 213 109 67

Florida seveccess 75 27 153 KONSES coveeos 312 89 111

Tennessee coeeesn 104 45 209 i South Carolina 102 1 58

Alsbema «.ec..... 57 1 93 Kentucky ..... 103 3 90

Louisim eses e 61 ‘00 128 uississippi .o 74 -— 48

Okhhoml ssessene 92 11 u” Arkansas caoes 76 3 50

Texas eesecsccse 21’8 130 267 mntana ecesns 90 — 42

New Mexico eeeeee 18 - 59 TABHO eeveevos 58 _ 29

Al‘izona osc e e 28 5 38 'yoming cevese 18 —— 17

Nevada esssssosse ‘ — 9 cobrado ceaes 154 70 89
Utah eeevcccee 175 4 78
Weshington ... 212 131 189
Oregon cceeees 154 32 111

1/ Besed on chemists, physicists, and biologists with Ph.D. degree included in

Bulletin No. 1027, U. S. Department of Labor.
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In Group 1I, the number of sci-
entists currently employed also ex-
ceeded the number granted baccalau-
reates. In these States, however,
the number awarded Ph.D.'s was small-
er than the number awarded B.S.'s.
Most of the States in this category
are in the South--Virginia, West
Virginia, Georgla, Tennessee, Ala-
bama, Floride, Louisiansa, Oklahoma,
and Texas. This group also includes
a few of the Mountain-Plains States—
Arizona, Nevada, and New Mexico; and
two Middle Atlantic States--Pennsyl-
vania, and Delaware. The Southern
States in this category granted
bachelor's degrees to 1,046 of these
scientists and doctor's degrees to
415, a decrease of 60 percent. How-
ever, 1,426 scientists were employed
in these Southern States, an in-
crease of 36 percent over the number
receiving bachelor's degrees there.

with the fewest
In the five

The category
States was Group III.
States in this group, more scien-
tists were awarded Ph.D.'s than
baccalaureates, but the number of
scientists currently employed was
emaller than the number granted
bachelor!s degrees. Four of these
States--(Illinois, Iowa, Minnesota,
and Wisconsin) are in the Middle
West, and for three of the four there
was & sharp drop between the number
of scientists educated and the num-
ber currently employed. Over twelve

hundred (1,231) of the scientists
were granted their bachelor's degrees
in Minnesota, Iowa, or Wisconsin, and
close to two thousand (1,995) earned
their doctorates in these States, but
only 678 were employed there in 1948.
The fifth State in the group, Massa-
chusetts, showed a similar loss be-

tween the number of scientists edu-

cated and the numher employed.

In the fourth and largest cate-
gory of States, the number of scien-
tists granted bachelor's degrees ex~
ceeded both the number. currently em-
ployed and the number grented doc-
torates. Most of the Mountain-Plains
end New Fngland States come within
this category, as do the North Pacific
States, a few Mid-Western States,and
a small group of Southern States.

Few Southern States, however, fall
in Group IV. As was pointed out
previously, the South as a whole, ac-
tually experienced an increase in
the number of scientists granted
bachelor's degrees as compared with
the numbers currently employed. This
makes it clear that the tendency for
the graduates of Southern colleges to
go to Northern schools for graduate
work need not be a cause of concern
in the South. Not all the native
sons return, but recruits from other
sections of the country more than
make up the loss.
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APPENDIX

The list of specialties used in
coding the scientists jobs and sub-
jects of study included more than 60
specific and/or general fields. The
analysis indicated, however, that
some of these fields were not appli-
cable. The following are the fields
in which at least some the scientists
had worked in the jobs covered by the
study, or had majored in for either
a bachelorts or a doctor's degree.
The specific fields of specialization
are listed under the general fields
of which they are a part.

Chemistry
General
Inorganic
Organic
Physical
Analytical
Biochemistry

Metallurgy

Physics

Flectronics

Biology
General
Bacteriology
Botany
Entomology
Zoology

Agriculture

Digitized for FRASER
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Medicine
Opthalmology
Public liealth
Radiology
Flelds related to medicine
Nutrition and foods
Ana tomy
Pathology
Physiology
Pharmacy
Pharmacology
Veterinary medicine
Engineering
Ccivil
Chemical
Aeronautical
Electrical
Mechanical
Ordnance
Power plant
Earth sciences
Geology
Geophysics
Meteorology
Mathematics
Astronomy
General science
Military applications of science
Logistics
Intelligence
" Special operations
Nonscientific fields
Architecture
Business administration
Liberal arts
Manpower resources and planning
Other non-scientific fields
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Table A.—Specific fields of specislization in which scientists currently employed in
chemistry, physics, and blology, worked on all their jobs included in the study

Flelds of Chemistry
Specialization Al In y
- Phys- [Biochem- |Analyt-
for studied jobs branches |General |oroanic |Organic |jce1 | istry ical _
Chemistry:
Geneml R 29.0 6906 2000 1700 18-4 13-0 2405
Inorganic ceeeececes 4.6 3.0 64.0 1.6 2.4 A 2.9
Orgenic cecececscess 28.9 8.2 5.3 T4.0 | 2.1 3.5 2.0
Physical PGP OB OGBSOAIS 15.0 5'0 — 103 65‘9 Sh— l.o
Biochemistry XX 9.7 1.7 — 1.1 -— 69.7 —
Analytical sseeccese 6'1 5.0 503 1.8 204 ’ 2.2 5908
Physicﬂ S90S NOOESIBTBOEEEDSDS 09 08 — — 3.9 103 R ad
Biology:
General OO0 090000 .3 05 — 02 — '4 1.0
mcteriology saeses s 06 —— — ' 03 -— 305 100
Botmy [ EE NN NN NN ENRNN] 05 05 - - 03 301 —
&ltomology seconosse —— ——— — - —— P —
Zoolow L B I B BE B IR R AR X AN 4 ll .3 —-—— - —— —— p—
Medicine and '
related fleldss
Nutrition and foods. -— - —_— —_— - - -
Amtomy L2 K BN BC K BE BE BR BN 3N A ) —— —— ——— —— - —— -
Physiology $oesss0cs 01 - — - 03 .4 ’ -
Pathology seesc o0 01 -02 —— w—— -—— —— —
Pharpacology eeeeese .1 4 — -— _— - —_—
Pmrmcy LK N 2 B BN B B B BN AN ] —— — -—— - - —— -
Public health .ec..e —_— —_— —_— -— - — —
Ophthalmology eecsee - - - -— — - _—
Engineering:
chemical seees0rnsss 09 - — 07 204 — 209
civil 04 OSOOPOEIIOLPLTES 01 —— — .2 N .3 s —-———
Electrical .cece.... ol -— .7 - - _— —
uechmical eSS OO COODBTES —— —— —— -—— - —— —
Ordnance cececsecsecss o1 3 — — D - -— _
Farth scliencess
Geophysics s00 000000 — —— — — —— ——— —
GGOIOQY cho.oooo.oo- —— —— - ——— " — —— ——
Other scientific fieldsa:
Agriculturev secesecse 03 - - 4 Ead 107 100
mthemtics [N R NN NN 05 103 -—— 02 1-1 - —
Metallurgy seeeeccece- .l o2 - _ 3 - -
Electronics cceceses - — - - -— — -—
General science .... 1.5 2.8 2.7 1.2 .8 - 2.9
Nonscientific fields.. o A - o2 31 .8 1.0
Totel eeeeveesses | 100.0 | 100.0 | 100.0 | 100.0 }100.0 | 100.0 | 100.0
Total number of jobs.. | 1,806 400 T4 633 368 230 101
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Table A.-—Specific fields of specialization in which scientists currently employed in
chemistry, physics, and biology, worked on all their jobe included in the study--Con.

Fields of
specialization
for studied jobs

Chemistry

All
branches

General

In-
orgmic

Organic

Phys-
ical

Biochem~
istry

Analyt-
ical

Chemistry:
General ccccecvcacas
Inorganic cecevecese
Organic eceeeecscenee
Physical .eeevcceces
Biochemistry «......
Anslytical sececcann

PhYSiCS s evcssevsv0ase

Biology:
General ceeccsscance
Bacteriology eeeecee
Botmy 0...0..'.0?'.
Entomology ececeecees
Z00lOEY svscesecccas

Medicine and

related fields:
Nutrition and foods.
Anatomy eevececcccee
Physiology eceecscsee
Pathology ceeceve e
Pharmacology seeec-s
Pharmecy ceeecccsccse
Public health «eecee
Ophthalmology «eos..

Engineering:
Chemical cceecevecan
civil SO SBOROOOPOLOIEPS
Electrical cececesse
Mechanical ..ccoce.se
Ordnance cecececesss

Earth sciences:
GeophysicsS eevcecees
Ge0logY cccesoscssce

Other scientific fields:
Agriculture ........
Mathematics8 eececees
Metellurgy seececces
Electronics cececees
General science ....

Nonscientific fields..
Total savecenee-s

Total number of jobs..

1.0
2
ok

2-4
o4~
ol

84.8

AR

1.6

4.9
2.0

1.9

7.8
84.6

3
N

3e4

158
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Table B.--Comparison of major subjects for doctor's and bachelor's degrees

Total Number of scientists with bachelor's degree in --
number Busi-
Medicine Ar-
Ia%g: ;;t.:;ll:ct re- Chem~ |Phys- |Biol- [and re- Engi- | partn Agri- | Math- |generq] | ness Lib— |oni-
port- |iatry | dc8 | ogy | lated |P®eT- |gciences cul- {emat- |gojence | 8d- eral }ioc-
ing fields ing “ 1 ture ics minis- {arts |iure
tratio .
All fields .... 1./1,060 514 114 239 13 54 2 57 25 22 1l 18 1
Chemistry «.... 569 | 486 5 6 7 2/38 1 4 7 9 1 5 | —
Pwsica seoeosee 140 5 108 a— — 8 -_— l 14 3 — 1 -
Biology ececese 309 16 — 223 1 1l 1 y7A 2 8 - 12 1
Medicine and
related flelds. 17 2 — 7 5 - - 3 - - - — —
BEngineering ... 6f - - -— -— 6 - -— - _— -— - —
Earth sclences. 4 2 -_— —_— — - - 1 — 1 -— — —
Agriculture ... 10 3 —_— 3 —_ - - 4 — — —_— — _—
Mathematics ... 3 -— 1 _ - - - _— 2 -— —-— _ -—
Metallurgy coe. 1 - - _— - 1 - —_— - — _ —_— -—
General
Bcience svesee l - —— ——— —— —— —— -—— —— l - — —

1/ ExcIndes 20 scientists who did mot report major subject for Ph.D., 33 who did hot report major subject for
bachelor's degree, and 9 who reported nelther.
2/ Thirty-six of the 38 bachelor's degrees in engineering were in chemical engineering.
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Table C.-~ Major subject for Ph.D., by specific field of highest competence

Mejor subject Chemistry Physics Biology
for Bio- Bacte- Ento-
. All In- B Anal )
Ph.D. degree branches General organic Organic ﬁl chem- i cal{t" br:ithes General| riol- |Boteny} mol- |Zool-
istry ogy logy | ogy

Chemistry ....... 95.9 |} 100.0 97.5 97.6 98.2] 82.0] 95.1 7.4 1.5 1.5 7.4 - _— _—

General ....... 30.3 56.0 50.0 21.1 42.7) 11.8] 34.2 2.3 £ - 3.7 _— _— -—

Inorgenic ..... 3.2 4.0 35.0 ol - - 7.3 - - - - - - -

Orgenic ...vees 3z.9 12.0 5.0 70.7 b 7.5 7.3 - - - - - - -

Physical ...... 16.9 8.0 7.5 3.1 50.6) 3.0 4G 5.1 - - - - - _—

Biochemistry .. 8.7 12.0 - 2.3 1.2] 59.7 2.4 - .9 1.5 3.7 - — -

Analyticsl .... 3.9 8.0 - - 3.1 - 39.0 - - - - -— - -
Physics «eeenenn .3 - — —— 1.2 -- — | 88.4 .6 2.9 — — | -} -
Biologyeecoveoenne 1.1 - - A £ 6.0 - .6 92.3 88.3 | 90.8 | 90.3 | 98.1| 97.9

General ....... .2 - - o4 -— - - - 11.6 33.3 5.6 bed -— | 16.7

Bacteriology .. .2 - - -— - 1.5 - - 11.9 4.3 ] 64.8 - 1.9 2.1

Botany .ecee..s .5 - - - — | 4.5 - - 33.2 18.8 ] 5.6 | 8.0 -- | -

&l‘bomology csse - - - - - - - - 16 03 209 -_— - 9403 6.2

ZOOLOEY eeseves 2 - - - b - - .6 19.3 29.0 | 14.8 ) 1.9} 72.9
Medicine and '

related fields. 1.5 — - +8 -— 9.0 2.5 - 2.3 5.8 - 3.5 -— -
Engineering «.... .3 - -— .8 — - - 1.8 -— - _— - - -
Farth sciences .. 2. - - - - 1.5 -— - .9 1.5 - .9 -— 2.1
Agriculture ..... U3 - — Gl o— | 18] 2| — 20 | — | 1.8 44 1.9 —
Other sciences .. 2 C— 2.5 - _— —— _— 1.8 .3 -— — .9 - -

Total ...... | 100.0 { 100.0 { 100.0 | 100.0 |100.0!100.0| 100.0 |100.0 | 100.0 100.0 {100.0 {100.0 {100.0 | 100.0

Total number ) .

reporting «.... | 1/ 593 25 40 256 164} - 67 41 163 337 69 | 54 113 53 48

Digitized for FRASER 1/ Excludes 23 chemists, 3 physicists, and 3 biologists not reporting major subject for Ph.D. degree.
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Table D.--Function on first job by current function, of scientists having 3 or 4 jobs in study

Current function

Functlon on first job ’ Technical
Al College Research | adminis- Adminis- | gher
functions | teaching tration tration
Routine prOfeSSion‘l WOrK eooee 8.5 8.2 907 9.5 8.2 3.0
College teaching assistance ... 32.8 39.9 29.4 27.0 18.4 36.4
Collage teaching «ccecevvcences 19.9 21.4 16.4 22,2 32.6 9.1
Other teaching R 7.1 10-6 501 307 4.1 901
RESeAYrCH sevecesvsesescossosonn 2408 14-5 32.8 2907 3206 27.3
Development eerceesesrsssssenee 204 204 1.7 2.1 -— 7.6
msign 00 0SSO OGO BOSEPOIEITOEIOEOSPIES ‘2 —— .8 —— S Rndnad
Technical administration ...... 1.6 .3 1.7 3.2 4.1 1.5
Adniniatration OSSO OEDBEIPOEOS .2 .3 —- .5 — -
consulting 6800000000080 00000 ——— — —- - - ——
Estimating and cost analysis .. 1 .3 _— —_— — -_—
‘Sales, technical sales,and
8ervices ceevecsvesevsccnnne -4 03 08 —— — —
Editing and Writing esesvepns e 62 06 —— - —— -
Technical writing cceovecvcesss o2 — o 5 —_ -
Extension work eveceescsccncscs 2 3 A — — -
'ild life magement sosvsssven 05 03 — 05 —— 3o0
Other ‘Se0esecsssasssssn ettt 09 06 08 1.1 —_— 300
TOtBl soceseconasccnsvenee 100.0 100.0 100.0 100.0 100.0 100.0
Total number reporting .eeeee.. 1/ 873 331 238 189 49 66

1/ Bxcludes 243 scientists for whom only 1 or 2 Jobs were recorded, and 6 who did not report

function on first job.
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Table E.--State of Ph.D., by State of bachelor's degree for scientists receiving Ph.D.
and bachelor's degrees in different Stutes

State of Ph.D. for scientists receiving bachelorts and doctor's

Nusber degrees in different States

Number

§

l
-
|
i
h
i

ceiving ceiving

h.Dc | PheD.

State of in dif-

ol
bachelor! in same | oo rent E
or's State eren o 1 o)
degree as ?tate - o a 5 « 4+
tom et
bache- | che- 3 gl ® H] o & £ g E ° 5l e §
lor's lor? g,s--tgs g’ggso-ﬂ%a*g >loile -l
degree | *0F'® ol € ] €13 g o d|s 2 oo g w8 ’3 g &
degree hal CE) 8 8 4 g HIK] -é H E IE? gi=» E ol51218 § E .9 g .E
~i{ cl s 0o R o
é33355aﬁ&iiﬂiﬂééé&%géﬁéﬁgﬂi°
Alabama .e.oeeee -— 5 “l=t-t=-12f-t -] -1 =12 - A-}=-}-{=-12]-12)-[-] -] -|=-}~-1=} =]~
Arizona ........ -— 3 Li-]=]=|=l=f -] =t -}l <] t=-f=-]=-]2]-f ==t ]~f=]-}=} -]~
Arkansas ..eee.. -— 10 -2l -fj-j2l-] -t -12}22) =|=}=-|-| -] -]-]2)~-d~] -~} =|2}~-]-]|]2)-
California .es.. | 35 19 -|-f-1-12f{-tal -l -1-laia)alaf-|-|3f-12t-]2]2p-]-{-1-}=-]2
Colorado ececceee - 10 1=-l=|2{2}~-l 2} -] =)= 3} ~]-|-4=]-12]-]=-)=f-1=]-|2{-|-]=-]|-
Connecticut «... 10 11 2 |=-1-1=-12f-]-f-}-1t-f 3} -|l-|-|-|-12|=)=}-{=-{-]%-1=-]-12]2
Delaware ....... — 1 “d-l-1-1-{-1 -t -1 =12t =} -l=-f--]=-{-}-]-1=-]=1-=]-|-]-F=dal-~
District of
Columbia ..... 3 5 -t-1- -l -1-]11 - - - - IS S D Y -
Florida eeceeeee -1 2 - -1~ - -1 ~| - - - - - [ O LA -
Georgia ceveesns —_— 10 -}-1- -l -1-12 - - 1 - =} |11~ -
Id8ho cesecccnee - 4 -1-1- il -} -} - - - - - -1 <=1 - -
I11inoi8 seeeees 33 26 4} - e
Indiana ........ 9 25 -1 - -
Iowa ceceveveess 13 21 -1 - -
Kansas ..eceoeess 6 24 1) - -
Kentucky cceeese 1 2 1] - -
Louisiana ...... - 3 -1 - -

Maine c.icca0een - 1

- 2]~ 1 -1- -1 - - - -11

1 -1- - - - -11 - - -1 -

- -1- - -{=- -1 4 - 1l -1

- -1- -1 --1- -1- 1 - 11

1--1-}-11 -l =l 211211 ]-12|3]-|2]-]3])- -|=-121 4]~

1{-11f{-|51- “lef = ~a-|-12l3)2i3|-12]2]-|-|-]-]3}-

21-l1f-{7{1 =t -t s - -1 -1 - -] ~l-1-|-|3}-

3-111-4311 -l -2 j1]~|-l4&]-]l2}]2]-}1 -l-1-1212

JER [ R I R -] =] -]t} -{-]=-12]-}=-!= [ U R

UG RN IR (RSO PR 1=t =-{~-|2t-f~-t=-]2{-]2]-f-]- -]=-1=1-1-

~-dar]-l-l=t=f = =1a} 3l -]-t=--t~la]|-}a|=1a]-)-]-1-|=f-]|-
Maryland ..c.... 19 8 - t= =111 i-12] =y -1~] -{Y-)=)=-t-1~-|2}2})-12)-]-)-]-|~-}2)-
Massachusetts .. 24 19 1j-t2]-i13l-} el =f-13f -t -l=t-t-l216!-1-1-V-tl-l2|-}-t1]-
Michigan ....... 22 30 -l-1=-1-17l4{3t -] -12] 2} ~|=-{-]-|~-]3]-12]|-15]2f-|-{-1-|2]-
Minnesota ...... 9 20 2 |-J1|-t312i3) -1 -2 51-f-1-J2t-f2]~-12i-|-}=]-]-|~-01=]2]-
Mississippl ..., - 10 -l =l=]=f == =)= =] =]=J2|=]-13{3|[-]~-)=]-|~|<|=-t-f21]-
Mlesourl ceeeees 9 25 - 13- 510412 -3 -f -2 -]-1=-13]==)~|2)-|-|-}-}-|3]-
Montana .eeeeees - 9 1j-j-1-12}|-j3}-J-1d) -1-13}=)=1-12}t-1-}=-12f-f{-)-|-)=]2])-
Nebraska ..scees 2 12 =111y -1-}-122j-J-|-{-{-y2|-[-|-]-1-|-)-T1}-
New Hampshire .. -— 16 2 [-f{-{-j212j2|{~]-}2}2}Lj-f=-f=~|-15}-12]~f{-}-]-fj2)-01<f21-
New Jersey «.... 7 10 1= =f=-t=]=]=-t-1-13] 2] -|=-[=|=|-12)-f-0-|2!-]-|-)=-]=-]2]-
New Mexico ..... -— 1 E R N T R R B A IR I O ) R N [P (R Ry (U QR ) () s U P D I R PSS
New YOorK seeeecs 48 27 31-j1f1je(r|2j-]-|3|2rj2{-J1]-|2ri<t-}-]-13]l-]-]-[{-]-1212
North Carolina.. 3 11 - [=12t=13 =1 =-t =t =]-]2[-l=-t=-|=]=-13)|=-V=g-]2!{=-12l-0-1=!=-]-
North Dekota ... - 5 ~ =Y f=-1=- =121 -} =1=] = =l=]=-|-1=-12|-|-t-{~]-]-f=)=0-12}-
Ohlo eeveesasess 40 54 3-11{-18l4j2|-1~-|6l4]2]2}|-|1]|2]|8)-|~]-|4id2|-|-f-1-]16112
Oklahoma eeeeees | == 7 - l--1als -t -l -1-f-t-|-{=-t-1-t=1-1-t=topapdatototlz]c
Oregon eesecssss 1 10 1 (-(2|=-j241j-|~-}-f2lL]-]=-t=|-]=-]=)=]=)=-12l-}-]2fj=-0=f2]-
Pennsylvenia ... 29 45 41-111118321 -1 =-(2]611]~-t-(-121212018]-]-1~0-]|-d-}=}]-
fhode Island ... 1 8 “d=f=l=12 =l -f-1-t3f=0-l=-[=-0=-72|2f2j2}-12]-f-]-|-0=]-1]-
South Carolina.. 1 18 - -dajag-f~f-]-372fa|--t-12laf2la}-|-|-f-t-l2f2]|-1]-
South Dakota ... - 10 - d=l=1=13 )=y -] -1-1-t-]-12f{=-01=-1-12)-}2)=-1-1-]=<]-{-0=-13]-
Termessee ...... 1 8 -J-t-1-1-4-f11{ =i -1t 2f1r}j-|~-f-|-1-4=-)-|-{-12]-1-120f-]2!-
TeXA8 cvoessesss 7 9 Ly~ |=|Y =l ~]=l=12]2f=[=|=-t=]=|2}={2)=|=]-)=]-01-]-121-
UtBh cecencnnses - 17 L=l -12{-123111 |- -] -j1{-}-[~t2|2}-4-=]2}-}t-}-|-}~]21-
Vermont sececces - 4 -1 t=t-{=1-1-1-1-l-l-l-{=-I|-t=-l2!-|-1=-|-] -t ~t1-1-3-}=-1=
Virginia ....... 3 11 “ =11 -t y-p -t -1 =t4 =} -|-f-]-tY|z|2}2r]|-}-1-]~)-0-]-0=-]-
Washington ..... 4 13 S5Hli=f-t-i={=t-1-1-12{-12|-f3|-]2]|-1t2)-|-|21)-j-}=-}-0-1i-
West Virginia .. 1 12 “ === {- 13|} -1~-12] 3|}~ |-q-j2)3]2y-|-(-|-]~1-0-1~1=-]-
Wisconsin ..c..0 24 18 2 f-t-12i3 (3]-1~-1-t~-12]-q=z|-1-{2(-t2)2!-]=|-}-}-}-1= _
Wyoming «c.eeaes - 1 ol il el il et il Wt Ut et st Wt Bl o B B 1j-{-]~- —L_- - l=]-1-
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OCCUPATIONAL OUTLOOK AND RELATED PUBLICATIONS
OF THE BUREAU OF LABOR STATISTICS %

Cecupational Qutlook Handbook: Employment Information on Major Occupe-
tions for Use in Guidance. Bulletin No. 998 (1951 Revised Edition).
Illus. $3.

Includes brief reports -on more than 400 occupetions of interest
in vocational guidance, including professions; skilled trades; cleri-
cal, sales, and service occupatioms; and the major types of farming.
Fach report describes the employment trends and outlook, the training
qualifications required, earnings, and working conditions. Introduc~
tory sections summarize the major trends in population and employment
and in the broad industrial and o¢cupational groups, as background
for an understending of the individual occupations.

The Handbook is designed for use in counseling, in classes or
units on occupations, in the traiming of counselors, and as a genersl
reference. Its 575 pages are illustrated with 103 photographs and
85 charts.

Sclentific and Technical Occupations

Engineers, Employment Outlook for

Bulletin 968 (1949). I1luB. covcrecccccssccacscsescesesescss 55 cents
Earth Scientists, Employment Outlook for

Bulletin 1050 (1952). IlluB. ceceescssscsccocsscsccrcscsses 30 cents
Technicians, Employment Outlook for

Bulletin 1131 (1953). IlluB. seseccessssssssssssscsccsscess IN press
Effect of Defense Program on Employment Qutlook in Engi-

neering (Supplement to Bulletin 968, Employment Outlook

for mgineers) (1951) .........I..‘......Q'...O....‘..""'.I 15 cents
Factors Affecting Farnings in Chemistry and Chemical

Engineering

Bulletin 881 (1946) ceceeecccecccsccnssccccssscncssscssesssss 10 cents
Employment, Education, and Earnings of American Men of Sclence

Bulletin 1027 (1951) ccevcecvcscscescseecscencaccacsaccsesss 45 conts

* Unless otherwise designated, these publications are for sale by the
Superintendent of Documents at prices indicated. How to order publications:
Address your order to the Superintendent of Documents, Government Printing
0ffice, Washington 25, D. C., with remittance in check or money order.
Currency is sent at sender's risk. Postage stamps are not acceptable.
Please do not order items listed as "in press." If you wish, the Bureau of
Labor Statistics will notify you of their publication. '

Those reports which are listed as free may be obtained directly from
the U. S. Department of Labor, Bureau of Labor Statistics, Washington 25,
D. C., as long as the supply lasts.
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Scientific and Technical Occupations--Continued

Manpower Resources in Chemistry and Chemical Engineering, 1951

‘Bulletin No. 1132 (1953)ccecceccccccsceccesssscoscascsscsss INn press
Fmployment, Education, and Income of Engineers, 1949-1950:

A Survey of Engineering Society Members of Full Profes-

Sion&l Gl‘ade (1953) 08 0060080000000 00000000606000000cccsnosoes Fl‘ee
Industrial Research and Development: A Preléminary Report

(1953) cececccenesccensssassscasancsssssssscasassscssssceasss Free

Other Occupations and:;pdustries

Electric Light and Power Occupations, Employment Outlook in

Bulletin 944 (1948). IlluB. €8 00000000000000000000000000 0 30 centB
Railroad Occupations, Employment Qutlook in

Bulletin %l (1914'9)0 I1lus. ®sesecssrssrsssssosererssnsoce 30 cents
Petroleum Production and Refining, Employment Outlook in

Bulletin 994 (1950). T1luS. sscecvecsvssccscssvsscsssecsssss 30 cents
Men's Tailored Clothing Industry, Employment Qutlcok in

Bulletin 1010 (1951). I1lUB. ccecceccssscscnssssssssssscsse <5 cents
Depertment Stores, Employment Qutlook in

Bulletin 1020 (1951). J1lluB. eecccccscccscvscscscscscsccses 20 cents
Accounting, Employment Outlook in

Bulletin 1048 (1952)¢ IllUB. eccccvsceccccccscsnsscesessss 20 cents
Merchant Marine, Employment Outlook in the

Bulletin 1054 (1952)0 Illus. S SPGB ECEOSPBOGOGEOLOEONOIOGOIOOEOOEOEOEEDS 30 cents
Electronics Manufacturing Industry, Employment Outlook in the

B\J.lletin 1072 (1952). Illus. 2080000000000 0000000000000000e 25 cents
Federal White Collar Workerss Occupations and Selaries,

June 1951

Bulletin 1117 (1952) ceececececcscccccessccasascncssssssess In press
Printing Occupetions, Employment Outlook in

Bulletin 1126 (1953). Reprinted from the 1951 Occupational

Qutlook HEBNADOOK ceeevcvccsccsconsossccsseosssossssccsscsaces 25 cents
Air Transportation, Employment Outleook in

Bulletin 1128 (1953). Illus. Reprinted from the 1951

Occupational Qutlook Handbook sescesecctccecacccevecesecseses In press
Mechenics and Repairmen, Employment Qutlook for

Bulletin 1129 (1953). Illus. Reprinted from the 1951

Occupational Outlook Handbook eecesscesecscceceseccceseseces In press
Metalworking Occupations, Employment Outlook in

Bulletin 1130 (1953). Illus. Reprinted from the 1951

Occupational Qutlook Hendbook seeeesvecctcsncccsseccesesess In press
Automobile Industry, Employment Qutlook in the

(1953). 1Illus. tedcesecciacetesnatsrsasetrsteccsssssssncss IN press
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Other Occupg;ions and Industries--Centinued

Effect of Defense Program on Employpent Situation in

Elementary and Secondary School Teaching

(Supplement to Bulletin 972, Employment Qutlook for

Elementary and Secondary School Teachers ) (1951) ese.e.... 15 cents
Occupational Outlook Information Series (by States)

VA Pamphlet 7-2 (1947). (When ordering, specify State

or States desired) .ccceceececessesccescrcssnsesssssss 88ch 10 cents
Employment and Economic Status of Older Men and Women

Bulletin 1092 (May 1952) ecececscqocsccssncscscsssscensesss 30 cents
Negroes in the United States: Their Employment and

Economic Status

Bulletin 1119 (mcember 1952) tedosssorsnereetssersRtsE e 30 cents
Mobility of Tool and Die Makers, 1940-1951

Bulletin 1120 (1952) seecvcecvcsasoscsccssscsssscscsscsess 35 cents
Employment Opportunities for Student Personnel Workers in

Colleges and Universities (1951) ceecececccocccsscecscacss Free
Elementary and Secondary School Principalships: Chief Ad-

vancement Opportunity for Public School Teachers (1951) .. Free
Employment Opportunities for Counselors in Secondary and

Elementary Schools (1951) 80060000080 0006000c000sOOOIOIOBOIOEOGES h‘ee

# U. 8. GOVERNMENT PRINTING OFFICE : 1853 O - 247228
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