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HIGHLIGHTS

In the post-World War II years, the United States has attracted great num-
bers of foreign students at all levels, and many have stayed, constituting
what has been termed ““the brain drain.” At the doctorate level, about 19
percent of U.S. PhD’s are foreign-born. Almost 15 percent are foreign citi-
zens, and from 1965 to 1968, 43 percent of these planned to remain in the
United States. This percentage varies widely by field and by country of
origin: It is very high for engineering and physical sciences, and low for
agriculture.

International movement varies by economic status of the country of
origin. The general movement is upward on the economic scale, but move-
ment in both directions is, in general, greater for the citizens of the more
prosperous countries.

Doctorate production in the United States has changed its geographic dis-
tribution progressively over the past 50 years. Originally concentrated
heavily in a few northeastern states, it has tended to extend more equi-
tably across the country as it has grown in total volume. It is still more
concentrated than baccalaureate production, which in turn is also more
concentrated than the general population; however, even the latter follows
the same pattern, with concentrations on the coasts and around the Great
Lakes.

States vary enormously in their standing (on a per capita basis) as “‘pro-
ducers” (or origins) and as “‘consumers’’ (destinations) of PhD’s, although
most of the states that are high producers are also high consumers because
most PhD’s are employed in universities. The reverse is not true: Some
states that employ many (e.g., Delaware) are relatively low as origins of
PhD’s.

To study the movements of the PhD’s at various career stages, a quantita-
tive metric of geographic movement was devised, and movements at each
stage were expressed in terms of this metric—movement in 10-mile units
on a north-south and an east-west axis.

Movements from one’s home state in eight directions—north, northeast,
east, southeast, south, southwest, west, and northwest, for each state—are




pictured, graphically by means of a computer program based on the geo-
graphic grid. Movements at each of several career stages are shown on a re-
duced scale, for each of the states.

State characteristics that might be associated with migration were studied,
and three “‘per capita” indices were derived for each state: an economic
prosperity index, an index of higher educational development, and an in-
dex of elementary-secondary school strength. These indices are positively
but not highly correlated; the highest is between cconomic prosperity and
the elementary-secondary school index. This correlation is largely ac-
counted for on a geographi. basis; regional covariation is particularly ap-
parent on this pair.

State-to-state variations in these indices are shown in tabular form and
graphically by means of maps and state profiles. On these state profiles,
the west is outstanding in the relative strength of its elementary-secondary
school systems, the northeast in economic strength, and several eastern
states (but not all) in higher education development.

State standings on pairs of these indices were also shown graphically by
means of “pseudomaps’ that relate each index to each other index. The
relationship of these indices to migration was given in tables showing the
movement of the eventual PhD’s at each career stage from high school to
post-PhD job, in geographic terms of the three state indices. An illustra-
tion of the analyses possible with these tools was provided by correlations
of the indices of origin and of destination, and by correlation of ratios of
the indices to percentages of gain or loss at a given career transition.
Migration tends to distribute PhD-trained people from the more affluent
(educationally and economically) portions of the country to the poorer
sections. However, this was shown to be only a partial process, with a
striking reproduction of the sectional sorting of the states of origin on a
“regression map” of the states of destination of the PhD’s.

Many questions remain to be answered, including quality differences in
the various migration streams, field variations, and whether PhD migration
is primarily a creator or consequence of economic prosperity.
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FOREWORD

From colonial times to the present, Americans have moved across oceans and
a continent. Although the geographic frontier closed 80 years ago, westward
movement of the population has continued. But the movement is not only
westward: Northerners move South, southerners move North, and westerners
move East, in ever-increasing numbers and to ever-increasing distances. Con-
comitantly, social, economic, disciplinary, and occupational mobility char-
acterize all but the very poorest of our society.

These various kinds of mobility are highly important for the country as a
whole and for the academic community in particular. Exchange of ideas, of
skills and of styles of life enrich the opportunities for all by introducing va-
riety and by preventing “the crust of custom” from becoming too hard and
heavy. Paradoxically, they also tend to homogenize our culture—a tendency
re-enforced by continental television, national weeklies, and coast-to-coast
dialing, all of which combine to convert the disparate cultures of this nation
into a single society.

The present report is concerned specifically with the mobility of holders
of the doctorate. Immigration and internal migration are both considered, as
are the factors that govern mobility among disciplines and occupations. Al-
though the mass immigrations of the nineteenth century have now been re-
duced to a trickle, inflow of scholars and scientists from other countries con-
tinues. A large fraction of outstanding scientists in this country today were
born elsewhere. The internal migration of students who eventually earn doc-
torates is numerically greater by an order of magnitude than is the uxternal
migration. As they move from state to state at various career stages, they en-
counter differing conditions of economic level and educational development.
In turn, as they graduate and enter gainful employment, their contributions
affect these same parameters of economy and education. The internal flow
of Ph.D.’s significantly reduces the differences among the states, particularly
with respect to higher education. '

We are indebted to the National Institutes of Health for the support of
this study and for that of two earlier reports on the career patterns of PhD’s:
Profiles of PhD’s in the Sciences and Careers of PhD s—Academic vs. Non-




academic. Dr. Lindsey R. Harmon has served as the staff officer for this sc-
ries of studies and is the author of its reports. The work was performed in
the Office of Scientific Personnel with the advice of the OSP Advisory Com-
mittee. Dr. William C. Kelly provided general administrative supervision. It is
hoped that the results of the present study may be useful to all concerned
with education and employment at the doctoral level.

PHILIP HANDLER
President
National Academy of Sciences
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INTRODUCTION

The growth, transmission, and dissemination of a culture may be effected
through books, periodicals, radio, and TV; people, however, are the prime
means. Changes that occur through migration, which mixes one culture with
another, are a familiar phenomenon throughout history. Today, with migra-
tion occurring at an ever-increasing rate and the rapid transmission of all
sorts of information, the rate of cultural change has become extreme. Of all
changes, those that advance technological and economic processes are per-
haps the most sought-after and have been the concern of governing bodies
and schiolars the world over. Thus, people with the highest level of training
are potentially the most effective change agents—particularly in a highly de-
veloped economy with ample capital to introduce new technology and with
a system of higher education dependent for its quality on an ample supply of
teachers and researchers. It is for these reasons that the mobility of PhD’s is
of particular interest. Countries or areas of countries that experience a loss of
their most highly-trained people speak of a brain drain and frequently have
been concerned with measures to diminish such a drain. The United States,
the principal destination of those ‘“‘drained” from other countries, is itself
the greatest producer of PhD’s, both those who remain within the country
and those who go abroad. This book is concerned with both of these groups,
and with problems not only of international migration, but of the internal
brain drain that moves people trained to the PhD level from the area in
which they receive their education to the area in which their talents and
skills are gainfully employed.

The first chapter of this book is concerned with the migration into the
United States of those people from foreign areas who take their doctorates
in the United States and thereafter remain, return to their home countries,
or go to some third country. It examines this flow by area of origin and des-
tination, by wealth of country of origin and destination, and by field of spe-
cialization. United States citizens who go abroad also are examined as to the
activity they expect to engage in while abroad and their backgrounds and
characteristics as compared with the other United States citizens who remain
in the United States for employment.

1
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Chapter 11 reviews briefly the historical development of PhD-producing
schools and its affects on geographic distributions. The changing proportions
of total PhD production in the various geographic regions over the past 40
years is shown in both tabular and graphic form, and regional changes in “re-
tention rates” from BA to PhD are given, showing that they are tending to-
ward equality, but have not yet reached that stage. Present geographic distri-
bution of population and of PhD-producing institutions is described, as is the
present disparity between state of PhD and state of post-PhD employment.
A computer-produced map is shown on which the doctorate-granting institu-
tions are located. State profiles are presented showing the number of eventual
PhD’s per million population at the high school, undergraduate, graduate
school, and employment stages. State centers of population are given on
both a regular and a computer-produced map of the United States.

The problem of a state-by-state vs. a national point of view with respect to
the education and employment of high-level personnel is described in Chap-
ter II1. The development of techniques for dealing quantitatively with inter-
nal migration in the United States is described, and computer-produced
graphic diagrams are given to show distance and direction of migration of
PhD’s from each state. A state-to-state table of migration at each career stage
is given in Appendix D. The significance of these migration streams is chiefly
in their consequences for the economic and educational health of the coun-
try. It is a matter of historical record, also, that there is a correlation be-
tween economic prosperity and the development of graduate education.

Chapter IV seeks to throw light on the dynamics of migration by analysis
of a large number of state characteristics conceivably related to migration:

A set of three composite indices descriptive of each state’s economic pros-
perity, elementary-secondary school strength, and higher education develop-
ment are derived. The numeric values of these indices are given for each
state, and maps and state profiles graphically present these indices. The char-
acteristics of the states of destination of those who leave their states of PhD
following graduation is examined, particularly from the standpoint of eco-
nomic prosperity and higher education. It is shown that there is a surprising
similarity in the economic~educational indices of the destinations of those
who move from the several states in each geographic area. A “pseudomap”
of the economic prosperity and higher education indices of the destinations
of those who move from each state is shown to illustrate this phenomenon.
Further detail, including the interactions of these indices, is given in Appen-
dix H on a state-by-state basis.

Chapter V explores the data found in a follow-up of several PhD gradua-
tion cohorts from the time of graduation to as long as 5 years later by use of
the National Register of Scientific and Technical Personnel, which is main-
tained by the National Science Foundation. Geographic migration, employer
categories, and principal work activities actually experienced are compared
with expectations at the time of PhD graduation. Field-switching from doc-
torate specialization to on-the-job experience several years later is described,
with particular attention to the bioscience fields.

Chapter VI lists some questions still unanswered with respect to the mo-
bility of high-level personnel.
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INTERNATIONAL MIGRATION

The many reports on the international flow of people with high levels of
training—the brain-drain question—have focussed on various occupational
groups and various countries of origin; most consider only or primarily those
who come to the United States, with less emphasis on United States citizens
going abroad. There are a great many issues involved in this question, and
only a limited number of them can be dealt with in a study of PhD’s. How-
ever, those issues that do impinge on PhD output and utilization need to be
clearly understood.

One issue is brains. Implicit in most of the studies is some assumption
about the people involved representing a highly important segment of the
brains of the countries involved. Some writers have been careful to note the
difference between those who have had advanced training before coming to
the United States and those who have attained their education here. Bayer,!
for example, has used the terms “‘trained brain drain (or gain)” and “un-
trained brain drain (or gain)’’ to maintain this distinction. The usual assump-
tion with PhD’s is that they represent the very best brains in the country.
This is undoubtedly true in large measure, if one is speaking of ‘““trained
brains.” But investigation of the initial level of ability of PhD’s—their ability
as measured by tests taken at the high school level2—shows that they repre-
sent only a minor fraction of the people at the highest level of ability. In
the United States population, if one considers only those in the range that
Terman termed “genius’’ level, perhaps one in ten now age 30 attains the
doctorate. The other nine terminate their training at lower levels. At the abil-
ity level of the typical PhD, as measured during high school, perhaps 3 per-
cent attain the doctorate. These figures for the United States undoubtedly
represent upper bound figures for other countries that have a much smaller
rate of doctorate attainment. The vast majority of people with brains are not

I Alan E. Bayer, “The Effect of International Interchange of High-Level Manpower on the

United States,” Social Forces 46, No. 4 (June, 1968).
2L. R. Harmon, “High School Backgrounds of Science Doctorates,” Science, 133, No.

3454 (March 10, 1961). (The percentages cited are inflated from the 1958 data cited, to
account for the great increase in PhD output from 1958 to 1968.)
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included in the figures of this report. But the report is comprehensive for
thosc who do attain the doctorate in the United States, and who thus do
have this high level of *“‘brain training.”

The focus on educated brains raiscs the issuc of the cost of education.
Where does the money come from to support the schools, colleges, univer-
sities, in which these people get their education? What is the cconomic cffect
when a person migrates from the country that provided the education to
another one where the training is utilized? This is by no means a onc-sided
question. It is important, also, to look at it from the standpoint of the op-
portunities a country (or a state in the United States) provides, or should
provide, for its own citizens. It can be argued that the state has a responsi-
bility to its own citizens to provide them the best educational opportunities
possible, regardless of where those citizens go after completing their educa-
tion. The economic and technological opportunity for utilization of these
developed skills, which is one of the issues involved in the brain-drain ques-
tion, is related but separable. Although this report is concerned with eco-
nomic questions, it will not attempt to assess the costs of education, or to
define the sources of support for higher education or graduate schools. When
appropriate, however, it will make reference to these issues as data are pre-
sented on origins, destinations, and utilization.

To provide a somewhat broader context for examination of the data on
doctorate recipients, it may be well to take a look at the whole spectrum of
foreign students coming to the United States for higher education. At the
present time approximately 100,000 students from abroad are studying in
U.S. institutions of higher education, at the undergraduate, professional, and
graduate levels. Data on these students is suppiied annually by the Institute
of International Education.3 A condensed version of these data is provided
in Table 1, which shows the number of students at each level from each of
several areas of the world. Canada is the only nation shown separately in
Table 1; this is because it supplies such a large proportion (almost 12 per-
cent) of the whole foreign student body. Latin America sends 19.5 percent
of the students, Europe 13.5 percént, Africa 6.5 percent, and Western Asia
20.5 percent. Western Asia includes all ccrintries from the eastern end of the
Mediterranean to East Pakistan, and is dominated in these figures by India.
The rest of the Asian mainland, plus Japan, Okinawa, Taiwan, and North
Borneo, constitutes East Asia, and combined sends 23.8 percent of the stu-
dents. The remaining 4.5 percent come from Australasia, which includes, in
addition to Australia, all the < ther Pacific Islands.

Most of these incoming students (52.1 percent) are at the undergraduate
level. Candidates for the master’s degree comprise 21.2 percent, and PhD
candidates 15.8 percent. All other students, including those with unspecified
objectives and those sceking professional degrees, comprise 10.8 percent.
These proportions are not constant for all the world areas, however, as

30pen Doors 1968, Institute of International Education, New York, New York, was used
for the analyses in this report. The general trend of the data are relatively stable from
year to year.
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TABLE1
Foreign Students in the United States 1967-1968, by Educational Leve! and World Area
of Origin
Graduate Level
Professional MA PhD
Area Undergraduate and Unspecified Candidates Candidates Total
Canada N 6,962 1,251 1,743 1,815 11,771
Horizontal % 59.1 10.6 14.8 15.4 100.0
Vertical % 13.3 15 8.2 1.4 1.7
Latin America N 14,174 1,395 2,809 1,231 19,609
Horizontal % 72.3 7.1 14.3 6.3 100.0
Vertical % 27.1 12.8 13.2 7.8 19.5
Europe N 6,602 1,761 2,794 2,377 13,534
Horizontal % 48.8 13.0 20.6 17.6 100.0
Vertical % 12.6 16.2 13.1 15.0 135
Africa N 3.514 rig 1,281 987 6,548
Horizontal % 55.2 10.2 19.6 15.1 100.0
Vertical % 6.9 6.1 6.0 6.2 6.5
West Asia? N 9,353 2,228 4,634 4,291 20,506
Horizontal % 45.6 109 22.6 20.9 100.0
Vertical % 17.9 20.5 21.8 27.0 205
E-st Asia’ N 9,844 2,827 6.876 4,317 23,364
Horizontal % 41.3 11.9 28.8 18.1 109.0
Vertical % 18.8 26.0 32.3 27.2 25.8
Australasia® N 1,77€ 744 1,153 849 4,521
Horizontal % 39.3 16.5 26.5 18.8 100.0
Vertical % 3.4 6.8 5.4 5.4 45
Total N 52,324 10,872 21,290 15,867 100,353
Horizontal % 52.1 10.8 21.2 15.8 : 100.0
Vertical % 100.0 100.0 100.0 100.0 100.0

ZWest Asia includes all countries east of the Mediterranean as far as E.ast Pakistan.

East Asia include; vire rest of tke Asian mainland plus Ceylon, Japan, Qkinawa, the Ryukyus, and
North Borneo.

€ Australasia includes Australia and all the remai~Ing Pacific islaads.

shown by the percentage figures in Table 1. For each country and each
world area there are several and varying factors that influence the number of
students who come to the United States. To provide a generalized framework
for comparing world regions with regard to the over-all effect of these
“pushes and pulls,” we have taken as a norm cr frame of reference the per-
centage totals of all foreign students from all world regions for the various
levels given above. We have then considered each region in terms of the ex-
tent to which it deviates from this norm, to derive the graph shown in Fig-
ure 1. The western hemisphere supplies relatively more undergraduates,
Europe and Africa are close to the norm, while the Asian countries send rela-
tively more at the graduate levels and fewer undergraduates. Many factors,
such as distance, the nature of the home country’s educationai system, and
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FIGURE 1

Variations in relative student population at four educational levels, by foreign source. (Data from Table 2.)
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the culture, including particularly language, are no doubt important in deter-
mining these proportions. Table 2 gives the data on which Figure 1 is based,
including the actual numbers irom each area at each level, the numbers that
would be expected if all areas were equal to the world norm, and the differ-
ence between the actual and “‘expected” figures, in raw numbers and in
percentage. These percentages (difference/expected values) are plotted in
Figure 1.

Postdoctoral students are a special case among foreign citizens studying in
the United States. “Postdoctoral” is a term used to include people whose ap-
pointments may be under any of several rubrics—postdoctoral fellows, post-
doctoral trainees, and research associates are the most common terms. They
may enter such training immediaiely after the PhD (or equivalent foreign

20
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TABLE 2

Numbers of Students® from Each World Area at Each Educational Level vs. Numbers
That Would Be Expected If All Areas Were Equal in Student Inputs and Percentage

Discrepancies
Level of Higher Education Students
Professional Master's Doctoral

Country or Area Undergraduate & Unspecified Candidates Candidates Total
Canada

Actual 6,962 1,251 1,743 1,815 11,771

Expected 6,137 1,275 2,498 1,861 11,771

Difference +825 -24 -755 ~46 0

% Difference +13.4 -1.9 -30.2 -2.5 0
Latin America .

Actual 14,174 1,395 2,809 1,231 19,609

Expected 10,224 2,124 4,160 3,101 19,609 .

Difference +3,950 =729 -1,351 -1,870 0

% Difference +38.6 -34.3 -32.5 -60.3 0
Europe

Actual 6,602 1,761 2,794 2,377 13,634

Expected 7,057 1,466 2,871 2,140 13,634

Difference -455 +295 -77 +237 0

% Difference -6.4 +20.1 -2.7 +11.1 (1]
Africa

Actual 3,614 666 1,281 987 6,548

Expected 3,414 710 1,389 1,035 6,548

Difference +200 -44 -108 -48 0

% Difference +5.9 -6.2 -7.8 -4.6 0
West Asia

Actual 9,353 2,228 4,634 4,291 20,506

Expected 10,692 2,222 4,350 3,242 20,506

Difference -1,339 +6 +284 +1,049 0

% Difference -12.5 +0.3 +6.5 +32.4 0
East Asia

Actual 9,844 2,827 0,876 4.317 23,864

Expected 12,443 2,585 5,063 3,773 23,864

“ifference -~2,599 +242 +1,813 +544 0

% Difference -20.9 +9.4 +35.8 +14.4 0
Australasia

Actual 1,775 744 1,163 849 4,521

Expected 2,357 490 959 715 4,521

Difference -582 +264 +194 +134 0

% Difference -24.7 +51.8 +20.2 +18.7 0
Total of all areas 52,324 10,872 21,290 15,867 100,353

4The actual number of foreign students coming to the United States from each of the specified areas
in the academic year 1967-68 is shown as the top number in each cell. The expected numbers are cal-
culated on the basis of an equal percentage distribution across the four levels for ali world areas. For
example, the ratio of total undergraduates to total students (52,324/100,353 = 0.5214 or 52.14%) was
applied to the 11,771 total students from Canada, yielding an expected total of 6,137 undergraduates.
As shown in the upper left corner, the difference, +825 from the actual total of 6,962, is a percentage
difference of +13.4 above the expected value. The same undergraduate ratio of 0.5214 was applied to
each country; then, comparable ratios were developed and used in the same way for the other three
types of students.
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training) or after several years of professional experience. Data about these
students comes from a survey conducted by the Office of Scientific Person-
nel in the fall of 1967.4 The origins of these students are quite different
from those at the predoctoral levels (46 percent come from Europe, for ex-
ample). Eighty-two percent come to the United States with doctorates
earned abroad, and their fields of study are concentrated heavily in the nat-
ural sciences (61 percent in mathematics, physical sciences, and engineering;
35 percent in the biomedical sciences; 3 percent in the social sciences; and

1 percent in the arts, humanities, and professions). From the standpoint of
migration, the most important distinction is the source of the PhD—United
States or elsewhere. The proportion with foreign doctorates varies enor-
mously by region of the world from which they came, and their post-training
plans vary principally with source of doctoral training and secondarily by re-
gion of origin. The data with respect to these variations are provided in
Table 3 and in Figure 2.

Table 3 presents the basic data for postdoctorals with U.S. and foreign
PhD’s, and the combination of both. The first column in each portion of the
table gives the total number of postdoctorals by country (Canada is the only
country separately specified) or region of citizenship. The second column
gives the percentage of the total number from each country or region. Each
successive set of three columns gives numbers of cases and two sets of per-
centages represented by these numbers: vertical percentage, or proportion in
the column from each region; and horizontal percentage, or proportion of
total. The first and second such sets of three columns refer to those with des-
tinations unknown, and destinations known; these are expressed as a percent-
age of the grand total. The remaining columns have horizontal percentages
calculated on the “Destination Known” column. They refer, successively, to
the number remaining in the United States, the number returning to their
home region, and the number going-to a country outside of their home re-
gion. The relationships between these proportions for the ‘“Destination
Known’ group are graphed in Figure 2. )

The data of Figure 2 are those for destinations of those postdoctorals who
have definite plans for the period immediately after completion of training.
As shown in Table 3, the postdoctorals with foreign doctorates have much
more definite plans (88 percent), principally for returning home. Those who
have been in the United States for some time, and have U.S. PhD’s, are much
less definite about what they will do when their training is finished (75 per-
cent have definite plans). Many of those without post-training plans un-
doubtedly are hoping to remain in the United States, as their ties with their
home countries have been weakened by absence, and they have acclimated
themselves to the American scene. To the extént that such hopes might ma-
terialize, the differences between the U.S. and foreign PhD groups in Fig-
ure 2 would be heightened if it were possible to include eventual destina-
tions for everybody in the graphs. The data displayed, however, are for those
whose destinations were definitely planned at the time the data were collec-
ted in the fall of 1967.

Figure 2 is divided into two portions to represent separately the two

4 The Invisible University: Postdoctoral Education in the United States (Washington, D.C.:
National Academy of Sciences, 1969).
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FIGURE 2

Planned post-training destinations of postdoctorals (PD) of foreign citizenship, by source of PhD and world
region of origin, for those with definite plans. (Data from Table 3.) |
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groups distinguished by source of PhD. As those with U.S. doctorates are
only about one fifth of the total, the area of their chart is about one fifth of
the total chart area. This was achieved by reducing both the horizontal and
vertical dimensions. In each of the sets of grapls, the graph area devoted to
those with citizenship from a given world region is proportional to the num-
ber of postdoctorals from that region. Each vertical bar is divided into seg-
ments showing planned post-training destination. The bottom portion of
each bar represents those planning to remain in the United States. In the
middle are those planning to return to their region of origin (not necessarily,
but usually to their home country). The top portion of each bar represents
those planning to go to some other country outside their home region.

Comparing the upper and lower portions of Figure 2 or the corresponding
data of Table 3 shows immediately that most foreign postdoctorals with U.S.
PhD’s are Asiatic in citizenship, and plan to stay in the United States. Most
of those with foreign PhD’s are European and plan to return home; con-
versely, most European citizens with U.S. PhD’s plan to remain in the United
States (74 percent), while both East and West Asians with foreign PhD’s plan
to return to their home regions (87 percent). Many of these indicated on
their questionnaires that they were on leave from teaching positions to
which they would return. Canadians and Latin Americans with foreign PhD’s
are more likely than those from the eastern hemisphere to stay in the United
States (20-22 percent), but if they have U.S. PhD’s, they are still more likely
to stay (64 percent). Africans, West Asians, and Australasians who have U.S.
PhD’s are the most likely of this group to return to their home regions (53-
57 percent). The rather large percentage of Africans with foreign PhD’s plan-
ning to go to some other region (17 percent) is not a reliable figure, as it is
based on the decisions of only 4 persons out of a total group of 28.

It has been alleged by critics of statistics such as these that what a foreign
student says on a questionnaire with respect to his plans following the com-
pletion of training cannot be taken at face value, because he is under pressure
to return home, or to say that he will, and may not feel that it is safe to indi-
cate his real plans. This factor cannot be directly assessed from the data at
hand, but it is at least plausible that some such tendency is at work, and it
would be expected to work in the direction of accentuating the differences
between those with U.S. PhD’s and those with foreign doctorates, in the di-
rections here described. On the other hand, the comments on the question-
naires indicated, in general, a degree of candor that would not be expected if
the respondents were anticipating that what they said would be held against
them in any way.

Table 4 summarizes, from Table 1, the flow of students at various levels into
the United States for higher education and advanced training. It may be inter-
preted something like this: Canadians represent roughly one in ten at all
levels up to the postdoctoral, at which their proportion drops to one in
thirty. Latin Americans are most numerous at the undergraduate level, where
they constitute more than one fourth of the total. The Latin proportion

then drops to one in eight at the professional and master’s level, less than

one in ten at the PhD level, and about one in a hundred at the postdoctoral
level. Europe’s proportion varies from one eighth to one sixth up to the post-
doctoral level where it goes up to over one half of the total. East and West
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TABLE4

Relative Percentages of Foreign Students, by Level, from Various Regions of Origin,
1967-1968 Academic Year; and Postdoctoral Appointees, 1966-1967 (F oreign PhD's)’

Graduate Leve! Students

Region of Undergraduate - Postdoctoral
Origin Students Prof. MA PhD Appointees
Canada 13.3 11.5 8.2 11.4 3.3

Latin America 271 12.8 13.2 7.8 1.4
Europe 12.6 16.2 13.1 15.0 53.4
Africa 6.9 6.1 6.0 6.2 1.0

West Asia 17.9 20.5 21.8 27.0 19.2

East Asia 18.8 26.0 323 27.2 16.6
Australasia 3.4 6.8 5.4 5.4 5.2

Total 100.0 100.0 100.0 100.0 100.0

3Data from Table 1.

Asia have roughly comparable proportions up to the PhD level, increasing
from more than one sixth to more than one fourth from undergraduate to
graduate school; it drops back again at the postdoctoral level to about one in
five or six. Africa contributes about one sixteenth up to the PhD level, then
one in a hundred for postdoctorals. Australasians come primarily for grad-
uate, professional, and postdoctoral training (between one sixteenth and one
twentieth of the total) but constitute only one thirtieth at the undergraduate
level. This may reflect the expense of travel: It is a long way to come for un-
dergraduate education, if schools at home are adequate, but perhaps worth
the cost for professional training. The opposite trend for countries of the
western hemisphere seems to confirm this effect: the influence of distance
and cost versus gain in economic potential.

This general overview of migration of higher education students at various
levels can indicate only some of the most general geographic, economic, and
educational factors involved in international migration. The determining fac-
tors are undoubtedly numerous and many of them quite subtle. The remain-
der of this chapter will seek to explore in somewhat more detail some of the
factors involved in a particular subgroup—those who attain doctoral degrees
from United States universities but who, either before or after attaining the
doctorate, have contact with a foreign country.

The opportunities for a person with brains, trained or untrained, to utilize
them to his own advantage and/or to the advantage of his country are well
known to vary drastically from time to time and country to country. A sig-
nificant portion of the influx in the 1930’s and 40’s of people from central
Europe who eventually attained United States PhD’s represented refugees
from Nazism. Similarly, following World War II, there was a large influx
from eastern Europe, the countries behind the Iron Curtain. Perhaps these
people came to the United States because they perceived the opportunities
for their effective functioning—or for even remaining alive—as limited in the
countries of their birth. Less drastic limitations arz characteristic of many

28
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countries, particularly the underdeveloped ones, for those with highly spec-
ialized skills. A country without accelerators can scarcely utilize effectively
the skills of a person trained in high energy physics, for example. This raises
a whole spectrum of questions with regard to the kind of training that is
being, or that should be, provided people from various countries. By and
large, the educational opportunities afforded by United States universities
are geared to the American employment market. Does a sufficient variety of
high-level training exist to meet the needs of people from all the foreign
countries, and is there an adequate program for helping them in the wise
choice of courses and levels of specialization so that they will be equipped
with appropriate skills for returning home? Should there be an effort to pro-
vide these courses and this counseling? What is appropriate for the United
States to do to improve the opportunities in the home countries for the ef-
fective utilization of U.S.-trained PhD’s? This report will not attempt to re-
solve all of these issues, but it is hoped that the data here reported will illu-
minate some of the issues, which come increasingly to the fore when matters
of policy with regard to immigration and the education of foreigners in the
United States are considered.

During the period 1965-1968, the Doctorate Records File of the Office of
Scientific Personnel shows that 72,280 people attained doctoral degrees in
the United States. Of this group, approximately one fifth had, at some stage
in their careers, been in a foreign country. The other four fifths (56,692),
whom we will refer to hereafter as the “All-American’’ group, were born in
and attended high school in the United States, took baccalaureate and doc-
toral degrees here, and expressed no plans to go abroad for postdoctoral em-
ployment. The one fifth whom we will call the “foreign contact group”
includes those born or educated abroad and also those whose birth and edu-
cation were in the United States, but who planned to go abroad for postdoc-
toral employment or training. Figure 3 depicts the relative proportions of
U.S. doctorates of this period who were in these various groups.

Detailed data on the origins and destinations of the foreign contact group
are available only for the PhD’s of 1965-1968; these details are provided in
Table 5, together with a notation of the All-American group for this same
period. Less detailed information is available for those graduating over the
whole 1960-1968 period, and the longer period will be used where details of
place of birth, high school, baccalaureate, and post-PhD destination are not
required. In Table 5, the numbers of individuals are shown on the left-hand
page, and percentages on the right-hand page. For each country of birth, the
number of U.S. PhD’s is shown by citizenship status (U.S. vs. foreign), and
for each of these groups, the number who had various levels of education in
the United States, and the planned post-PhD destination (United States, for-
eign, or unknown). The data presented were derived from questionnaires
(Survey of Earned Doctorates, Appendix K) administered routinely by the
graduate schools of the United States and sent to the Office of Scientific Per-
sonnel of the National Research Council for statistical analysis. The informa-
tion about post-PhD plans is reasonably accurate, insofar as any follow-up
data indicate, but it is to be understood that the data concern intentions at
the time the questionnaires were completed, not verified fact.
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FIGURE 3

The foreign contact group as a portion of total U.S. PhD's 1965-1968. {Data

from Table 5.)
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The flow into the United States of those who eventually attain doctorates
here is by no means uniform from the various parts of the world, as shown in
Table 5. Some people come to the United States prior to high school gradua-
tion—some, no doubt, in infancy. Others come between high school gradua-
tion and the baccalaureate, and still others only for graduate education.
Some of those coming from abroad—principally those who come at an early
age—take U.S. citizenship. Others never become and never intended to be-
come U.S. citizens.

Various world regions of significance for the PhD group are shown in
Table 5, which gives both educational background and later destinations. In
this table, Europe is divided into five regions for historical, political, and lin-
guistic reasons. Britain is presented separately, because of the importance of
language, from the rest of northern Europe, which is mostly Scandinavian.
North Europeans come here principally as adults, having had most of their
education in their home countries. Those who come from central Europe
(Austria, Germany, Italy, Malta), many of whom took U.S. citizenship, came
mostly very early in their lives. Of the period here concerned, many came
with parents who were refugees from the Hitler terror. Those born in east-
ern Europe who became U.S. citizens came a little later in their careers,
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many, no doubt, being post-World War ]I refugees, as very few chose to re-
turn after the PhD. For both of these regions, those taking U.S. citizenship
outnumber those who retained foreign citizenship. While this proportion is
higher than elsewhere, undoubtedly a similar phenomenon is at work world-
wide, and points up the importance of a distinction between refugee and
brain-drain concepts. The distinction is blurred, of course, in the case of
those who find on attaining the doctorate that there is really no adequate
employment for them at home for educational, economic, or political rea-
sons. Some of these people have taken training in fields for which there is a
very limited opportunity in their home countries. Others find that the aca-
demic posts in which they would be able to make a contribution are all filled
with people who have no intention of making room for them. Still others
face political conditions that so limit their opportunities for freedom that
they find it difficult or even dangerous to return home. The “‘push’ and
“pull” forces of expulsion from the home country and attraction by the
United States, therefore, represent poles of a continuum, rather than clear-
cut distinctions. In the course of this chapter we will discuss various factors
that bear on this question, e.g., the field in which the PhD specializes, the
relative wealth of the country of origin. and cultural and geographic factors
such as lingual compatibility and travel distance.

Africa divides quite distinctly in these data into the three categories
shown. Africa north of the Sahara is almost totally Arab and principally
Egyptian in these statistics. The rest divides into black Africa and the Union
of South Africa. Western Asia includes everything east of the Mediterranean
as far as East Pakistan and is dominated here by India. Eastern Asia in these
figures is dominated by Taiwan. Australasia includes all the Pacific islands ex-
cept Japan, North Borneo, and Okinawa; the Philippines, Australia, and New
Zealand (all English-speaking countries) are predominant here.

Data are available in the Doctorate Records File in somewhat less detail
regarding the planned post-PhD destinations of foreign citizens from the var-
ious world regions, but not by individual countries. These data, shown graph-
ically in Figure 4 include the proportions planning to stay in the United
States, to return to their home region, to go to some other foreign region, or
with plans unknown. In Figure 4 the width of each section of the graph is
proportional to the number of people from each region; the destinations are
shown by the vertical divisions. The contrast in destination proportions is
striking, for example, in the four regional divisions of Europe, as discussed
earlier. Africa is unique in the low proportion remaining in the United States
and the high proportion returning to their home region, although Australasia
is not far behind. Eastern Asia (chiefly Taiwan) is in marked contrast and is
almost identical to Eastern Europe, with few returning to the home region,
many more going to other foreign regions, and many remaining in the United
States.

The foreign destinations of United States citizens going abroad after the PhD
are given in Table 6 in terms of numbers of cases and percentages. It is in-
structive here to consider two categories of people going abroad: those going
as “postdoctorals’ for further training in research techniques; and those
going for regular jobs. For each of the foreign destination areas shown, the
number of individuals involved is shown in the first three columns for totals,
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TABLE 6

Foreign Destinations of U.S. Citizens Going Abroad for Postdoctoral Training and
Employment, FY 1965-1968

Number of People Going Horizontal

Area or Country Total = For For Percentages Vertical Percentages

of Destination Number Training Empl. Training Jobs Total Training Jobs
Total ail areas 1,978 904 1,074 46 54 100.0 100.0 100.0
Canada 531 75 456 14 86 26.8 8.3 42,5
Latin America 130 13 117 10 90 6.6 1.4 10.9
Great Britain 337 269 68 80 20 17.0 29.8 6.3
Other North Europe? 118 a8 20 83 17 6.0 10.8 1.9
Western Europe? 246 189 57 77 23 124 209 5.3
Centrai Europe® 201 153 48 76 24 10.2 169 4.5
Eastern Europe? 20 16 4 80 20 1.0 1.8 0.4
Africa 80 8 72 10 90 4.0 0.9 6.7
Western Asia® 120 32 88 27 73 6.1 3.5 8.3
Eastern Asia’ 104 13 91 13 87 53 1.4 8.5
Australasia? 91 38 53 42 58 46 42 4.9

ZBritish Isles, Scandinavia, Finland.

Belgium, France, Netherlands, Switzerland, Luxembourg, Spain, and Portugal.
;Germany, Austria, ltaly, Malta.

Greece, Yugoslavia, and the 'Iron Curtain’’ countries.
fAsia from the Mediterranean to East Pakistan, inclusive.

Mairland Asia from Burma eastward, plus Ceyicn, Japan, North Borneo, and Okinawa.
9Australia, New Zealand, Indonesia, Philippine Islands, Borneo, Guam, Samoa.

postdoctoral training, and employment, respectively. The next two columns
show, for each country, the percentage division into the training and job cat-
egories. The final three columns give vertical percentages, i.e., within each
category of activity, the percentage going to each country. Over-all, the divi-
sion into the two activity categories is nearly even: 46 percent going abroad
for further training and 54 percent for employment. These proportions vary
tremendously for the several destinations, however. U.S. citizen PhD’s go to
Canada, Latin America, Africa, and Asia primarily for regular jobs. Of all
those going abroad, more than one fourth go to Canada; Britain comes next
with 17 percent. Thus, almost half of them go to the English-speaking coun-
tries, including Australasia, which is dominated by Australia, New Zealand,
and the Philippine Islands where English dominates. The rest of Europe takes
about 30 percent, leaving only 22 percent for all the rest of the world. This
“rest of the world”’—Africa, Asia, and Latin America—absorbs 34 percent of
those going abroad for employment and only 7 percent of those seeking fur-
ther training. Of those going abroad for further training, fully 80 percent go
to Europe. The reasons for these differences lie in the availability of high-
quality universities and research centers, language (relatively few PhD’s have
an effective command of a foreign language, in spite of formal requirements
in this area), and the need of the developing countries for importation of
specialists for technological enterprises and, to a lesser extent, for American
professors. The temporary nature of this exodus of U.S. citizens should be
stressed: The postdoctoral training is typically of 1 or 2 years’ duration, and
much of the regular employment is also temporary but of urknown dura-
tion as far as present statistics are concerned.
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., U.S. PhD’s of 1965-1968. (Data from Table 7.)
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The interchange with each of the major world regions is shown graphically in
Figure 5 and numerically in Table 7. The wide bars in the left portion of
Figure 5 show the over-all total of inflow and outflow. The first bar denotes
inflow from all over the world of those who took U.S. PhD’s in the 1965~
1968 period. The bottom portion shows “hose who remained citizens of for-
eign countries at least until after completion of the doctorate. The top por-
tion of this bar shows the proportion (about one fifth) who became U.S.
citizens. The second wide bar shows outflow during the same 1965-1968 pe-
riod, using the same color designations of U.S. and foreign citizens. It must
be remembered that these U.S. citizens leaving the country are mostly U.S.
natives; only a very small portion are the same people depicted in the left-
hand bar as incoming and obtaining U.S. citizenship. Above the colored por-
tion of the bar, which represents total outflow, is an extension made of
dashed lines. This represents the number of foreign citizens who, at the time
of completing their doctorate survey questionnaires, did not know what
their destinations would be immediately after the doctorate. They, thus, rep-
resent potential outflow of foreign citizens. Although, many of them do
eventualiy go abroad again, many remain in the United States. What the pro-
portions of these two groups will be cannot be ascertained at this point.

The right-hand portion of Figure 5 is constructed in the same way as the
“total” diagram at the left, but broken out by region of the world from
which and to which the PhD’s flow. The first pair of bars represents Canada.
Here the inflow and outflow bars are nearly in balance, in part because of
U.S. citizens going there for either employment or postdoctoral training.
From Latin America also the inflow is not far out of balance with the out-
flow to that region. The outflow from the United States to northern and
western Europe of U.S. PhD’s who are citizens of those areas represents only
one third of those coming to the United States from there; a very large por-
tion of U.S. citizens going abroad almost makes up the balance. There is a
maximum disparity between inflcw from and outflow to eastern and central
Europe. Those U.S. PhD’s coming from these areas are apparently largely ref-
ugees, and many become U.S. citizens. Africa achieves a return flow of its
citizens that is about the same as fcr Latin America. In contrast, however,
very few Africans become U.S. citizens, and few U.S. citizens go there after
the doctorate. The same is true of Asia. Western Asia, which is dominated by
India, has an outflow of U.S. PhD’s—only a little over one third of the inflow
from there. The situation is similar with respect to eastern Asia, which is
dominated by Taiwan, except that the retarn flow to eastern Asia is even
less—about one fifth of the inflow of eventual PhD’s from that area. A very
large proportion of both East and West Asians do not have definite nlans at
the time of completion of the doctorate survey questionnaire. No doubt a
very large proportion are hoping to find U.S. employment or postdoctoral
appointments. The final pair of bars represents Australasia, which includes
most of the Pacific islands, but is dominated by the Philippines, Australia,
and New Zealand. The inflow~outflow diagram for this area resembles that
for Canada on a reduced scale, with a smaller percentage of those from
Australasia becoming U.S. citizens. '

In assessing the significance of the balance, or lack of balance, between in-
flow and outflow as it affects a particular foreign area, the intended function
of the U.S. citizens going abroad is important. Thus, Table 6 and Figure 5
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TABLE?7

Character of In-Migration from and Out-Migration to Each World Area, U.S. PhD's of
1965-1968

Outflow from U.S.A.

Inflow to U.S.A. To Each Area as Ff’f‘a'gn
Destination Citizen f.rc?m

Eventual U.s. + Each Origin
Origin or u.s. Foreign  Foreign us. Foreign with Destina-
Destination Citizen Citizen Total Citizen Citizen Total tion Uncertain
Total AH
Foreign Areas 2,895 10,669 13,564 1,978 3,737 | 5,715 2,333 17.2%
Canada 215 1,292 1,507 531 909 - 1,440 163 10.8%
Latin America 194 647 841 130 403 - 533 112 13.3%
Great Britain 161 481 642 337 144 481 67 10.4%
Other N. Europe 54 152 206 118 61 . 179 22 10.7%
Western Europe 252 413 665 246 110 356 82 12.3%
Central Europe 652 409 1,061 201 70 2N 88 8.3%
Eastern Europe 801 422 1,223 20 35 55 96  7.8%
Africa 45 874 919 80 495 - 573 183 19.9%
Western Asia 178 2,893 3,0Mm 120 791 . 9N 809 26.3%
Eastern Asia 282 2,464 2,756 104 362 @ 466 630 22.9%
Australasia 51 622 673 91 357 448 81 12.0%

TR

need to be considered together. With respect to Canada, for example, rela-
tively good balance is achieved chiefly by U.S. citizens going to Canada for
regular employment. Canada is nearby, well-known, with language and cus-
toms very like those of the United States, and is in effect part of a combined
academic marketplace. This is not true of the other countries. Britain con-
trasts with Canada in having many U.S. citizens go there for temporary post-
doctoral fellowships in its excellent universities, in which they encounter no
language handicap. Employment for U.S. PhD’s is scarce, however, (as in-
deed it appears to be for British PhD’s, to judge by articles in the science and
technology press). Northern Europe other than Britain has a similar inflow-.
outflow pattern, but on a reduced scale, while the other parts of Europe are
far vut of balance, the total outflow failing even to equal the inflow of for-
eign citizens to the United States. Those Americans who do go to these parts
of Europe are seeking training rather than employment by ratios of three
and four to one. It must be acknowledged, however, that the value to a host
country of these postdoctorals, while debatable, is certainly not negligible.
Typically, a postdoctoral fellow or research associate performs some re-
search that should be useful to the host country as well as to himself, and
may do some valuable teaching, or bring to the host institution or laboratory
some valuable ideas and techniques. Foreign nationals coming to the United
States make a similar contribution, which may be equally valuable to the
United States, perhaps on a less transient basis.

For the other regions of the world, U.S. citizens going abroad are mostly
seeking employment rather than training, but their numbers are insufficient
to redress the balance of inflow from those areas. This is true of all other
areas except Australasia, where U.S. citizens going there for employment al-
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most exactly balance the immigrants from that area who become U.S. citi-
zens, while in addition a slightly smaller number go there for postdoctoral
training.

A consideration of the drain on a country when a person educated there
goes elsewhere is much more complicated than it seems initially. In a very
poor country with meager facilities for education beyond the elementary
grades, the loss of a secondary-school grauuate may be as important as the
loss of a PhD is to the United States. In fact, a bright secondary-school gradu-
ate may be much more useful to such a country than is the same man after
he has attained specialized PhD training for which there is no employment in
his home country. His expensive training may maladapt him to his home en-
vironment. The expense of this training must also be considered in several
categories: the cost of tuition and fees and maintenance, and the cost of
earnings foregone during training. It is common knowledge that tuition and
fees do not cover the actual costs to a university; therefore the sources of
general support for the university bear part of the cost of the man’s educa-
tion. Earnings foregone may be small, if the alternative employment beyond
high school would be that afforded by a very poor economy. In fact, part-
time employment in the United States while pursuing higher education may
well surpass full-time earnings in the home country in some cases. The situa-
tion is somewhat different in the countries with more advanced economies
and educational systems. This report does not try to assess the relative costs
at each level for people from the various categories of countries but merc.y
notes that the problem is by no means a simple one. The losses to the home
country in intellectual potential are important, but must be balanced against
the similar loss in underdevelopment of that talent when the home country
could not itself provide the education such latent talent requires to become
maximally productive. The loss to the individual is another matter, and it is
casy to overlook an international balance of payments, as it were, in human
capital. The basic philosophy of individual opportunity, which this country
has historically afforded to immigrants and the pay-off of such a policy of
opportunity, must not be overlooked. Not only the individuals involved, but
the United States, and, eventually the world, have been enriched by this
“free trade” policy. Any realistic assessment of the brain-drain question
must take into account the economic, political, and individual effects of this
policy, and the costs, as well as benefits, of any change in it.

With these ideas in the background, but without any attempt to treat
them quantitatively, this report will proceed to an analysis of the inflow and
outflow of people who attain the PhD in the United States in terms of coun-
tries sorted into categories along an economic scale.

Countries may be divided into groups of varying degrees of wealth by
computing a figure for the gross national product of goods and services and
divided by that country’s population. For the purposes of the present re-
port, we have used World Bank data® to establish six groups of foreign coun-
tries: rich, well-to-do, average, be! »w average, poor, and very poor. The

SEscott Reid, The Future of the World Bank, (Washington, D.C.: International Bank for
Reconstruction and Development, 1965). More recent data might change some dollar
values, but would not significantly affect the grouping of nations, snd would be less rele-
vant to the time period with which we are concerned.
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United States, with a gross national product per capita (GNP/C) higher than
any of the others (Kuwait is not included in these data), is considered in a
separate category, as it is U.S. PhD’s who are the entire area of concern here.
Table 8 gives the basic data on numbers and percentages of foreign citizens
from countries in each wealth category who remain in the United States or
return to their home country or to some other foreign country. The wealth
categories of the destination countries are as follows (the country names
given below are not all the current names, but often the older ones, applic-
able when recent PhD’s grew up there):

Rich: GNP/C over 82,000 per annum
Canada, Sweden, Switzerland

Well-to-do: GNP/C $1,000-81,999 per annum

Australia, Austria, Belgium, Czechoslovakia, Denmark, Finland, France,
Germany, Iceland, Israel, Luxembourg, Netherlands, New Zealand, Norway,
United Kingdom, USSR (and, by inference, the Baltic countries absorbed by
the USSR after World War II)

Average: GNP/C $400-8999 per annum

Argentina, Bermuda, British West Indies, Bulgaria, Chile, Cuba, Cyprus,
Greece, Hungary, Ireland, Italy, Japan, Malta, Mexico, Okinawa, Panama,
Poland, Rumania, Spain, Union of South Africa, Uruguay, Venezuela

Below Average: GNP/C $200-83399 per annum

Central and South America (other than those in the average and poor cat-
egories), Guam, Hong Kong, Iran, Iraq, Jordan, Lebanon, Libya, Malaya and
Singapore, Portugal, Samoa, Turkey, Yugoslavia

Poor: cnpr/c $100-8199 per annum

Algeria, Bolivia, Brazil, Cambodia, Ceylon, Egypt, Gaza Strip, Korea,
Liberia, Morocco, North Borneo, Paraguay, Philippine Islands, Saudi Arabia,
South Vietnam, Sudan, Syria, Taiwan, Thailand, Tunisia

Very Poor: GNP/C below $100 per annum
Afghanistan, Borneo, Burma, India, Indonesia, Laos, Nepal, Pakistan,
Haiti, and Africa south of the Sahara (except the Union of South Africa)

Noteworthy in Table 8 is the fact that the proportion of those with uncer-
tain plans increases with poverty of country of origin-an understandable
phenomenon. The percentage planning to remain in the United States is not
clearly correlated with wealth of country of origin and varies moderately ex-
cept for the “‘rich’ category, which is principally Canada. An exceptionally
large percentage of the Canadians plan to return home. Another noteworthy
fact is that the percentage planning to go to some foreign region (not coun-
try) other than their own is not large, but does increase directly with wealth
of country of origin except for the *“‘rich’ category.

The interplay of geographic with cultural and ethnic factors is such as to
preclude clear-cut conclusions on the basis of the national economic level
alone. Canada is a good example. Crossing the U.S.-Canadian border in




either direction is easy and involves no great cultural or language adaptations.
Furthermore, the Canadian and U.S. economies are closely related and simi-
lar in GNP/C level. This would explain their staying in Canada rather than
moving to another and less prosperous region. Crossing the Atlantic to or
from Europe is more difficult; the European economies, in general, are less
prosperous and employment opportunities for new PhD’s perhaps less invit-
ing. But migration within Europe, which in the terms here employed in-
cludes four different “regions,” is easier than migration to any of the other
regions of the world, either from Europe or from the United States. Cul-
tural and economic variations from the U.S. or European pattern arc even
greater for Africa or Asia. Australasia, on the other hand, is in these figures
dominated by the English-speaking countries of the Philippines, Australia,
and New Zealand, so that the cultural barriers are minimal, while the dis-
tance from the United States is maximal.

In spite of the complex interplay of these factors, some conclusions may
nevertheless be drawn from an array based on national wealth. A recapitula-
tion of some of the data from Table 8 gives a clearer picture of the amount
of upward movement of national economies and the countervailing move-
ment down this scale. These figures are given in Table 9.

In Table 9 attention may profitably be concentrated on those countries
ranging from “poor” to “well-to-do,” for whom a significant degree of move-
ment either up or down is possible for those who leave the United States.
(Those in the rich category can move up, and those in the very poor category
can move down but only within these single categories.) The general trend is
for those from the higher income countries to have more mobility in both di-
rections: About 40 percent of those from well-to-do countries move either
up or down the economic scale, while only 10 percent of those from poor
countries do so. But the general mobility trend is upward: 12.7 percent
move up as compared to 5.8 percent who move down. The rich and the poor

TABLES

Numbers of PhD’s Remaining in the United States, and Numbers Moving to More
Prosperous and Less Prosperous Economies, by Wealth ‘Categories of Country of Origin,
1965-1968 Foreign Citizens

Foreign Destinations?

X Moving Staying Moving
Wealth o Total Cases . Tota! to Down Same Up
Country o3 Whose Movement Remain Foreign
Birth Is Known in U.S. Regions N % N % N %
Total 8,540 4,725 3,815 221 58 3,109 81.5 483 12.7
Rich 1,209 488 721 84 11.7 631 87.5 6 08
Well-to-do 1,469 830 639 91 14.2 383 59.9 164 25.7
Average 1,191 631 560 33 5.9 426 76.1 101 18.0
Below average 661 355 306 1 3.6 257 84.0 38 124
Poor 2,317 1,460 857 2 02 769 89.7 8 99
Very poor 1,693 961 732 0 00 643 87.8 89 122

9percentages on foreign destinations are based on total foreign destinations.
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FIGURE 6

Change in foreign country category from birth to postdoctoral employment.
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tend to stay at their own ends of the scale. The moves up and down the eco-
nomic scale, for each wealth category, are shown in Figure 6.

FIELD MIX FOR Up to this point, all fields of doctorate have been combined, although allu-
FOREIGN AND U.S. sion has been made to the question of the appropriateness of the training
CITIZENS some foreign PhD’s receive, from the standpoint of utilizing this training in
their home countries. It is interesting to contrast the distribution of fields of
PhD specialization by the All-American group to that of the foreign citizen
group. A further break-out by wealth category of country of origin of the
foreign PhD’s is also instructive. Table 10 gives the necessary data, and Fig-
ure 7 illustrates the stiuation graphically.

The most striking differences between the American and foreign field
distributions are in the much larger proportions of foreigners in the engineer-
ing and agriculture fields and smaller proportions in the humanities-arts—
professiocns (H-A-P) group. In agriculture, the relative percentages are 2.2
percent for the American group vs. 5.9 percent for the foreign citizen group.
In engineering the percentages are 11.1 vs. 20.9 percent, respectively, while
in the H-A-P fields the reverse is true: 34.8 percent for U.S. citizens, and
17.1 percent for foreign citizens. This latter contrast is quite understandable,
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TABLE 10

Field Distributions of 1965-1968 " All- American” PhD’s, Americans Going Alroad, and
Foreign Citizens, by Wealth of Country of Origin

Known
Total Math, Bio-
Unknown  All Physical medical Social

Origin’s Group Field Fields Sciences Eng. Agr. Sciences Sciences H-A-P
U.S. PhD's, N -~ 49,628 10,036 5,501 1,077 6,080 9,674 17,260
"All-American’” % 100 20 1 2 12 20 35
Foreign citizens, N 31 10,660 2,474 2,237 632 2,512 1,680 1,817
Total % 100 22 21 6 18 16 17
Rich (A) N 15 1,371 288 175 48 183 292 385
% 100 21 13 4 13 21 28

Well-to-do (B) N 3 1,725 375 283 84 229 302 452
% 100 22 16 5 13 18 26

Average (C) N 2 1,333 304 246 87 334 211 238
% 100 23 18 6 19 16 18

Total prosperous N 20 4,429 967 704 219 659 805 1,075
(A+B+C) % 100 22 16 5 15 18 24
Below average (D) N 3 829 170 191 80 226 129 113
% 100 20 23 10 17 16 14

Poor (E) N 4 2,993 712 853 151 728 376 324
% 100 24 28 5 19 13 11

Very poor (F) N 4 2,409 565 484 182 680 370 305
% 100 23 20 8 21 15 13

Total poor N 11 6,231 1,447 1,533 413 1,221 875 742
(D+E+F) % 100 23 25 7 19 14 . 12
U.S. citizens N - 1,996 574 159 41 467 375 378
going abroad % 100 29 8 2 23 19 19

as the fields in this group deal predominantly, although not exclusively, with
the American culture. Education is included here, and a very small propor-
tion of the education majors are foreigners. Most of the educators are people
who are deeply rooted in the American educational system, and the program
of studies involved here seems to have little export value. Engineering and
agriculture, by contrast, enlist over twice as large a proportion of foreigners
as Americans. These applied fields are particularly important in the less-
developed countries from which tae majority of foreign PhD’s come. Simi-
larly, the biomedical science fields are highly important to foreign countries;
here, the percentage of PhD’s is considerably higher than in the All-American
group (17.7 vs. 12.3 percent). The social sciences component is much smaller
(15.8 vs. 19.5 percent), and the math-physical sciences group somewhat
larger than for the Americans. The latter appears to be a field in which a
good deal of discrepancy might develop between the training of the scientists
involved and the opportunities back home to employ their s> ‘1s. For this
reason, it is particularly interesting to consider the relationship between na-
tional wealth and field of PhD, as shown in the lower portion of Table 10
and in Figure 7.
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FIGURE 7

29

Field mix of U.S. and foreign citizen groups, 1965-1968 PhD's. (Data from Table 10.)
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Figure 7 depicts the proportions of the All-American and foreign citizen
groups in each of the six fields and also groups the foreign citizens by wealth
of country of citizenship. The three most prosperous categories are shown in
the third bar, the three least prosperous categories in the fourth bar. The
fifth bar shows the field distribution of U.S. citizens going abroad (about
half for postdoctoral training). The All-American vs. foreign origins contrasts
in Figure 7 have been noted above. Within the foreign group, the comparison
of the more prosperous with the less prosperous countries shows that the lat-
ter are relatively much stronger in engineering (25 vs. 16 percent), snmewhat
stronger in agriculture (7 vs. 5 percent) and biomedical fields (19 vs. i5 per-
cent), and relatively much weaker in the humanities-arts-professions fields
(12 vs. 24 percent). This appears to be in accord with the evident needs of
the developing countries that are more agricultural, have greater needs for
engineers for development of basic resources (roads, mines, factories), and
have health problems for which local training resources are relatively less
adequate. On the other hand, their needs for American-trained humanists can
be deferred to a later stage of development, especially inasmuch as the cul-
wures of these countries are probably, as a gioup, less closely related to that
of the United States than the more prosperous countries, which are princi-
pally European.

The bottom line of Table 10 and the fifth bar in Figure 7 depict the field
distribution of American citizen PhD’s going abroad; about half go for post-
doctoral training and half for regular employment. They are relatively much
more concentrated in mathematics and the physical sciences and biomedical
sciences, and less in engineering than any of the other groups, and much less
numerous in the humanities—arts—professions group than the U.S. PhD’s who
stay at home. In agriculture and social sciences, they are equal to the U.S.--
origins norm. As noted earlier (see Table 6) those who are going abroad for
further training are going primarily to Europe; those who are going into reg-
ular employment go principally to the Americas, including Canada, and sec-
ondarily to Asia. With postdoctoral training being confined principally to the
natural sciences, this indicates that the Europe-bound people are predomi-
nantly bioscientists and phr,sical scientists going there for further training;
the social scientists and humanists are more evenly distributed, and are prob-
ably mostly going into teaching positions.
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HARPTER it HISTORY AND GEOGRAPHY OF
U.S. DOCTORATE OUTPUT

Migration within the United States exhibits some of the same kinds of
phenomena found in international migration. There are regions that have
better-developed educational systems, regions of greater and lesser economic
prosperity, and massive interregional migrations. Fortunately, for a study of
this sphere, we have a longer time series on doctorate production and the
baccalaureate origins of PhD’s and far more extensive, comparable, and de-
pendable data on which to compare the various states in contrast to the un-
certain data about the various countries of the world. There are, of course,
relatively few barriers to interstate migration as compared to international
migration. One encounters, nevertheless, problems of an “internal brain
drain” and such questions as “who pays for graduate education and who
profits by it?” It is the aim of the remaining chapters to provide a strong
factual base upon which consideration of these questions might rest. At the
same time it is recognized that many more questions—both of substance and
of technique—will be raised in the course of these chapters than can be
answered.

MAJOR CHANGES FROM  Early in the twentieth century, doctorate production was concentrated in a
THE 1920°s TO TilE few graduate schools. Toward the end of the first quarter of this century
1960’s  (1920-1924), the northeastern section of the country produced about three
fourths of all PhD’s: 18 percent in New England, 28 percent in the Middle
Atlantic states, and 28 percent in the East North Central section. The South
and West produced less than 20 percent. The states of the ““Old South” (i.e.,
South Atlantic and East and West South Central regions) graduated only 1.5
percent of the U.S. PhD’s, the Rocky Mountain states less than one fourth of
1 percent. In 1968, by contrast, the northeastern section produced only half
of the country’s PhD’s, and the “Old South” produced 17 percent, while the
Rocky Mountain states produced 5.4 percent. These figures contrast the ear-
liest 5 years for which we have data available with the single most recent
year available at this writing. To obtain somewhat more stable data, and still
show the contrast over time, the figures for the third decade (1920-1929)
have been contrasted with those of the early and middle 1960’s (1960-1967)
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31

CERIC 47 |
L R EEEEE————EEEEE———




TABLE 11

in Table 11. These figures are portrayed graphically in Figures 8 and 9. These
“distort maps’’ have been so drawn as to show state or regional size trans-
muted so that each state’s area is shown proportional to the number of PhD’s
produced. The regional totals only are shown for the 1920’s; the state-by-
state detail is shown for the 1960’s, for by this time each state had some
PhD’s. In the 1920’s, 19 states had no PhD graduates at all, and 7 more pro-
duced 10 or fewer.
The District of Columbia appears as a ““state” on this map because it is a
high producer of PhD’s (and a large “‘consumer” as well). The data for the
District of Columbia are subsumed into the South Atlantic region and con-
stitute a substantial portion of that region. In all the maps and tables, there-

4

Doctorates Granted, by State and Region 1920-1929 and 1960-1967°

Doctorates Granted

Doctorates Granted

1920-1929 1960-1967 1920-1929 1960-1967
State or State or
Region Number Percent Number Percent Region Number Percent Number Percent
Maine 0 0.00 35 0.03 South Carolina 10 0.08 171 0.15
New Hampshire 1 0.01 130 0.12 Georgia 0 0.00 873 0.79
Vermont 0 0.00 40 0.04 Florida 0 0.00 1,944 1.76
Massachusetts 1,188 9.97 7,785 7.04 South Atlantic 1,248 10.47 10,643 9.62
Rhode Isiand 59 0.50 660 0.60
Connecticut 608 5.10 2,613 2.36 Kentucky 0 0.00 465 0.42
New England 1,856 156.57 11,263 10.18 Tennessee 86 0.72 1,337 1.21
Alabama 0 0.00 564 0.51
New York 2,467 20.70 13,923 12.58 Mississippi 0 0.00 309 0.28
New Jersey 274 2.30 2,618 237 East South Central 86 0.72 2,675 2.42
Pennsylvania 543 4.56 5,913 5.34
Mid-Atlantic 3,284 27.55 22,454 20.30 Arkansas 0 0.00 382 0.34
Louisiana 8 0.07 1,259 1.14
Ohio 364 3.05 4,238 3.83 Oklahoma 1 0.01 1,579 1.43
Indiana 116 0.97 5,130 - 4.64 Texas 46 0.38 3,628 3.28
Illinois 1,761 14.77 8,030 7.26 Wast South Central 55 0.46 6,848 6.19
Michigan 392 3.29 5,878 5.31 ’
Wisconsin 754 6.33 3,803 3.44 Montana 0 0.00 166 0.15
East North Central 3,387 28.42 27,079 2448 idaho 0 0.00 66 0.06
Wyoming 4] 0.00 224 0.20
Minnesota 359 3.01 2,389 2.16 Colorado 28 0.23 2,083 1.88
lowa 505 4.24 3,003 2.7 New Mexico 0 0.00 353 0.32
Missouri 104 0.87 2,018 1.82 Arizona 3 0.02 795 0.72
North Dakota 2 0.02 179 0.16 Utah 0 0.00 979 0.88
South Dakota 0 0.00 91 0.08 Nevada 0 0.00 11 0.01
Nebraska 43 0.36 788 0.71 Mountain 31 0.26 4,677 4.23
Kansas 47 0.39 1,201 1.08
West North Central 1,060 8.89 9,669 8.74 Washington 64 0.54 1,886 1.70
QOregon 3 0.02 1,439 1.30
Delaware 0 0.00 278 0.25 California 845 7.09 11,857 10.72
Marytand 709 5.95 1,680 1.79 Alaska 0 0.00 20 0.02
D.C. 381 3.20 1,860 1.68 Hawaii 0 0.00 118 0.11
Virginia 69 0.58 902 0.82 Pacific 912 7.65 15,320 13.85
West Virginia 0 0.00 - 172 0.16
North Carolina 79 0.66 2,463 2.23 U.S. Total 11,919 100.00 110,628 100.00

9These data include PhD's of foreign baccalaureate origins.
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FIGURE 8

The United States in proportion to 1920-19:'9 doctoral output. Each region is represented by an area pro-
portionate to the PhD’s granted in that area during the decade of the 1920’s. The percentages are given in

Table 11.
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fore, D.C. will appear as a state, regardless of its political status. On the other
hand, Alaska and Hawaii are omitted from most of the figures because it is
infeasible to show their geographic relation to the conterminous states. In
some of the statistical series to be reported later, Alaska and Hawaii are
omitted simply because the requisite data were not available.

The states included in each of the regional groupings of Figure 8 are
shown in Figure 9, in which the regional boundaries are more heavily
marked. In the 1920’s, when three fourths of all PhD’s graduated in the
northeast, the New England portion of the distort map extends nearly to
the Mississippi River, and the Middle Atlantic states are almost crowded off
the Atlantic Coast but extend clear to the Great Plains. The East North Cen-
tral states of this distort map occupy the Great Plains and about half of the
Rocky Mountain area, while the Rocky Mountain states are a mere sliver be-
tween the midwest and the coastal states. The South Central states are
pushed to the far west, while the South Atlantic group stretches to the head-
waters of the Rio Grande. By the 1960’s, the states that were earlier almost
or entirely nonexistent on the PhD map had appeared and had started
to grow. The northeast, still dominant, had retreated somewhat, and an
equalizing process could be observed.
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FIGURE 9

The United States in proportion to 7960~-1967 doctoral output. The areas of states and regions are propor-
tional to the percentages of PhD’s given in Table 11 for 1960-1967.
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Table 11, which includes PhD’s of foreign origin, gives the numerical data
upon which these distort maps are based. To gain a better appreciation of
the process of change over the decades, Table 12 shows the regional propor-
tions of PhD’s and of their U.S. baccalaureate origins (excluding other bac-
calaureates) by decade from 1920 to the 1960’s. In Table 12, all PhD’s of
foreign origin have been excluded to avoid any distortions due to the differ-
ing regional distributions of PhD’s of U.S. and of foreign origin. It provides
data on the percentage of eventual PhD’s granted in each region and the ratio
of these two percentages as an index of the relative shift of a region between
being a “‘baccalaureate origins producer” and a “PhD producer.” Over this
47-year period, New England declined relatively from 15.5 percent of PhD’s
and 13.1 percent of BA origins of PhD’s to 10.1 percent of PhD’s and 10.2
percent of BA’s. The Middle Atlantic states declined from 26.8 percent of
PhD’s to 20.2 percent but rose in BA origins from 19.6 to 21.8 percent. The
East North Central states declined in both sets of percentages, while the West
North Central states declined in the BA origins category and rose and then
dropped again in PhD’s. The South Atlantic states fluctuated up and down
in both indices as some institutions rose apid others declined over this pe-
riod. Both East and West South Central stg':.}s rose more or less steadily in
botk: categories, as did also the Mountain and Pacific states. The changes in
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TABLE 12

Regions as Baccalaureate Origins of PhD’s and as Doctorate Grantors, by Decade, 1920 to
1960's,” and Ratios of BA Origins to PhD's

, Decade of Doctorate
Region and
Degree Level 1920-1929 1930-1939 1940-1949 1950-1959 1960-1967
New England

BA 13.1 1.3 10.1 10.2 10.2

PhD 15.5 14.2 12.3 10.5 10.1

Ratio BA/PhD 0.85 0.80 0.82 0.97 . 1.01
Middle Atlantic

BA 19.6 19.1 21.4 23.3 21.8

PhD 26.8 271 26.5 243 20.2

Ratio BA/PhD 0.73 0.70 0.81 0.96 1.08
East North Central

BA 26.6 25.3 23.6 22.0 20.8

PhD 28.8 26.6 279 26.4 24.1

Ratio BA/PhD 0.92 0.95 0.85 0.83 0.86
West North Central

A 14.4 14.8 13.2 11.3 10.9

PhD 9.2 11.0 10.2 9.4 8.8

Ratio BA/PhD 1.67 1.35 1.29 1.20 1.24
South Atlantic

BA 9.8 8.8 9.1 8.5 8.7

PhD 10.4 9.0 8.5 8.3 9.8

Ratio BA/PhD 0.94 0.98 1.07 1.02 0.89
East South Central

BA 2.8 3.3 3.4 3.9 4.1

PhD 0.8 1.3 1.0 1.9 2.6

Ratio BA/PhD 3.50 2.54 3.40 2.05 1.58
West South Central

BA 3.3 4.5 5.1 6.2 7.5

PhD 0.5 1.7 2.6 4.5 6.4

Ratio BA/PhD 6.60 2.65 1.96 1.38 1.17
Mountain

BA 3.0 3.7 4.0 4.4 4.9

PhD 0.3 0.6 1.1 2.6 4.4

Ratio BA/PhD 10.0 6.17 3.64 1.69 1.1
Pacific

BA 7.5 9.1 10.0 10.3 11.2

PhD 7.8 8.6 10.0 12.1 13.5

Ratio BA/PhD 0.96 1.06 1.00 0.85 0.83
U.S. Total

BA 100.0 100.0 100.0 100.0 100.0

PhD 1G0.0 100.0 100.0 100.0 100.0

4This includes U.S. baccalaureate origins only, excluding U.S. PhD's with foreign baccalaureates.

the West South Central and Mountain states have been most spectacular, as
mentioned at the beginning of this chapter.

The ratios in Table 12 show the relative strength of a region as a PhD pro-
ducer vs. its strength as a baccalaureate origin of PhD’s. They do not measure
the absolute strength of a region in either regard. They might best be re-
garded as an index of the balance of graduate/undergraduate development of
the several regions. It is noteworthy that the range of differences in these in-

dices, from highest to lowest across the nine regions, has gone steadily down
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over the decades. There has been a strengthening of the regions originally
very weak in PhD production. The figures on absolute numbers of PhD’s, in
Table 11, show that this leveling has not been at the expense of the regions
originally strongest: All have grown together. It is relative growth rates that
have evened up the ratios of Table 12, not a decline of the best schools or
states.

Another way of looking at this change is to note the percentage of BA’s
who remain in their own regions for PhD’s. Table 13 shows how this index
has changed over the decades for each region. For the United States as a
whole, about half of the PhD’s attain their doctorates in the region of their
BA’s. This proportion has held approximately constant for about half a cen-
tury. But this is a gross figure, concealing almost as much as it reveals. The
regions that were highest in retention rates have declined somewhat, while
those that were very low (down to 2 percent) have increased dramatically, so
that now every region retains at least one third of its BA’s through the PhD
level. The largest change in retention rate is the West South Central region,
which now retains 53 percent of its BA’s as compared to 11 percent in the
1920’s. The East South Central and Mountain states now both retain one
third as compared to 14 percent for East South Central and 2 percent for the
Mountain states in the 1920’s. As institutions of higher education move from
BA- or MA-granting to PhD-granting, the opportunities for doctoral educa-
tion are seized upon by the nearby BA’s. Thus, the need for distant travel for
good graduate education decreases. Perhaps without this growth of oppor-
tunity in regions formerly without doctoral education facilities there might
have been even more PhD migration; particularly because of the provision,
during the past two decades, of fellowship and other support programs, it is
easier for good students to move to the institutions of their choice—fre-
quently prestigious schools in a distant state.

In spite of all of these changes, however, there remain tremendous con-
centrations of PhD output in small geographic areas, and one might well

TABLE 13
Regional Retention Rates, BA to PhD

Percentage BA's Getting PhD’s in
Same Region, by Decade of Doctorate

Total All
Region 1920°'s 1930's 1940°'s 1950's 1960's Decades
New England 50.9 54.5 49.0 44.2 41.0 45.0
Middle Atlantic 65.8 69.1 64.0 59.0 54.3 58.8
East North Central 60.9 60.9 61.7 60.5 58.4 59.9
West North Central 36.3 425 41.9 42.3 43.1 42,2
South Atlantic 51.1 46.5 44.6 40.4 46.9 44.8
East South Central 14.1 19.7 14.7 24.3 32.6 26.2
West South Central 10.9 26.6 33.5 44.6 52.9 45.5
Mountain 1.6 5.7 8.1 20.9 33.7 234
Pacific 52.7 55.8 56.9 62.0 59.4 59.4
U.S. Total 50.7 52.3 51.0 50.8 50.5 50.8
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expect that the distortions evident in Figure 9 will be diminished in the fore-
seeable future, but not erased. One of the reasons for continued concentra-
tion of both baccalaureate and doctoral production is the relative density of
population. The population density variations among the various states are
well known, and they have their own historical and economic roots. It is use-
ful in this connection to look at a similar distort map based on general popu-
lation figures. The one shown in Figure 10 was produced by the Division of
Research and Statistics, Ohio Bureau of Employment Services and is repro-
duced by permission. This map helps to put the distortions of the PhD maps
into perspective. Here, too, the northeastern states and California dominate
the map because of their population concentrations. The heaviest concentra-
tions are along the seacoasts and the southern margins of the Great Lakes,
with a few spots of relative density elsewhere. The locations of large universi-
ties tend to follow the general population concentrations. Perhaps to some
extent they also tend to foster such concentrations, and it may be expected
that with an increasing dependence of the economy on highly-trained man-
power such a reciprocal effect might be more likely in the future.

The location of all the 196 doctorate-producing universities (as of 1967) is
depicted in Figure 11. Here, superimposed on a computer-produced map of
the United States, each of these graduate schools appears as a separate dot.
The locations on this map are approximate, as concentrations of institutions
tend to crowd some schools out of position in a few instances. On this map,
the “Northeast Corridor” from Boston to the District of Columbia shows up
with dramatic force. The vertical line of universities through the center of
the country marks the eastern margin of the Great Plains; from there to the
Pacific Coast the population, both of universities and of people, in general,
is sparse except for a few concentrations such as those around Denver and
Salt Lake City. Appendix B uses this grid system to show the dramatic shifts
from the 1920’s to the 1960’s of both baccalaureate and doctorate origins
of PhD’s.

PhD’s are well-known for their migratory habits. In the early days, when
only a few institutions offered PhD training, such migration was, of course,
essential to obtain employ ment in other universities. This is still true today,
but to a somewhat lesser extent. Universities offering PhD training are much
more evenly distributed geographically than was true formerly. It is still the -
case, however, that some states are high producers of PhD’s, and others rela-
tively high “consumers’ of PhD’s, employing more than they graduate. For
the various states to grow as PhD-producing sources, it is necessary that they
import scholars and scientists from other areas to get started. As a state
grows in doctorate output, its balance of “‘production” and “consumption”
changes in the direction of greater equity. Over the past several decades, mi-
gration from high-producing to low-producing states has been observed, and
is correlated with changes in relative doctorate productivity of the several
states. Most notable has been a heavy movement from the Midwest to the
South, as described in the first report in this series of Career Patterns studies.
This migration has helped to build the southern schools to the point where
they are now, in turn, sending their PhD’s to all parts of the country. This
movement is not yet as prominent, of course, as is the movement from the
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FIGURE 10

United States in proportion to population, July 1, 1957. Base map computed by Division of Research and
Statistics, Ohio Bureau of Employment Services, from Bureau of the Census estimates.

a

northeastern section, and (as will be shown later) a larger proportion of the
southern PhD’s tend to stay in the general region in whickh they obtained
their training, either for academic or for nonacademic employment.

The disparity between a state’s position as a produce; and as a consumer
of PhD’s is shown in Figure 12, in which per capita production of PhD’s is
given on the horizontal axis and employment of PhD’s is given on the vertical
axis. The data for this figure are the 1957-1967 PhD’s, by state of doctorate
degree and state of expected first post-PhD employment. Those that did not
have definite plans at the time of the doctorate have been pro-rated in this
figure. Several groupings of states, as well as outstanding individual states,
are apparent on this chart. Delaware, at the top of the chart, is a high “con-
sumer”’ chiefly because of the employment of large numbers of PhD chem-
ists in Wilmington. The District of Columbia is clear off the chart on both
axes, as it is a relatively small, totally urban area with seven universities and
with the United States government as an employer of PhD’s. New Mexico is
also high as an employing state, largely because of the governmental labora-
tories there. On a par with New Mexico as a per capita employer, but out-
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FIGURE 11

Location of doctorate-granting institutions, FY 1967.
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standing as a producer, is Massachusetts with its renowned universities, mak-
ing it a net producer rather than consumer. Also on the net producer side is
Connecticut. Rhode Island is exactly at the center, producing and consum-
ing equal numbers. The other New England states, with only minor produc*
tivity, stand as net employers, making New England exceptional in the range
of the locations of its states on this chart. By contrast, the states of the Old
South, with the exception of North Carolina, are grouped tightly near the
bottom left portion of the chart; several Great Plains and Mountain states are
right above them, i.e., still farther in the ““net consumer” direction. A group
of the larger midwestern states is prominent as net producers, with employ-
ment indices averaging about 60 and production indices ranging from 70 to
110. Kansas and Nebraska equal them in employment but have production
indices below 60. Of the Mountain states, Utah and Colorado are outstanding
in production, and along with Wyoming are “net producers,” while the
others, as mentioned before, are ‘““net consumers.” The Pacific Coast states
are closely grouped in the 60-80 bracket on both indices. In the Middle At-
lantic region, New York, at 70-70, and Pennsylvania, at 57-57, are in exact
balance on both indices, while New Jersey is a net consumer as is neighbor-
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FIGURE 12

State variations in doctorate production vs. first employment, 1957-1967.

See Table 14 for numerical data.
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ing Maryland in the South Atlantic region. Four states in four different geo-

graphic regions, but close together on the map, Missouri, Tennessee, North

Carolina, and Ohio, are closely grouped in the 40-60 bracket on both indices.

STATE PROFILES FROM Figure 12 refers only to PhD origin and first post-PhD employment. Yet
HIGH SCHOOL TO PhD each state may also be considered with regard to its status as a producer at

EMPLOYMENT . the baccalaureate and even at the high school level. Indeed, this series of mi-
gration steps‘is of great importance, and the high school to college transition

has been the subject of a good deal of study, notably recently by Gossman,
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Nobbe, Patricelli, Schmid, and Steal'r of the University of Washington in
their 1968 book, Migration of College cnd University Students in the United
States. From the Doctorate Records File of the Office of Scientific Person- |
nel, it is possible to secure data on the migrations of a recent set of PhD-
bound persons at each career point from high school to post-PhD employ-
ment. Using these data, and calculating indices similar to those of Figure 12
for each stage, a series of state profiles is derived showing the relative stand-
ing of each state at the high school, baccalaureate, doctorate, and employ-
ment stages. This set of profiles is presented in Figure 13, with an outline
map of the United States superimposed to give a rough indication of the ar-
rangement of the state profiles. Table 14 gives the basic data for these
profiles.
In Table 14 and in Figure 13, the “PhD’s per million population™ figure is
computed as follows: The average annual number of the PhD’s of 1957-1967 J
TABLE 14
PhD's per Year” per Million 1960 Population, by PhD Recipient’s State of High School, Baccalaureate, Doctorate, and First
Employment
PhD’s per Million Population PhD’s per Million Population
by Career Level by Career Level
State or Region HS BA PhD Job State or Region HS BA PhD Job
Maine 63 61 3 38 West Virginia 46 38 9 26
New Hampshire 109 125 19 68 North Carolina 32 41 55 46
Vermont 73 97 11 64 South Carolina 29 29 7 29
Massachusetts 87 130 144 111 Georgia 32 33 22 38
Rhode Island 66 84 62 60 Florida 30 26 40 39 [
Connecticut 75 78 105 86 South Atlantic 37 37 41 57 /
New England 80 106 103 90
Kentucky 41 40 17 33
New York 100 85 70 70 Tennessee 40 45 44 51
New Jersey 66 38 42 74 Alabama 35 35 19 30
Pennsylvania 66 64 54 54 Mississippi 33 30 14 29
Mid-Atlantic 83 70 59 65 East South Central 38 38 25 37
Ohio 56 60 45 50 Arkansas 54 45 23 29
Indiana 58 76 109 62 Louisisna 37 40 37 a8
Illinois 73 66 78 56 Oklahoma 78 78 70 58
Michigan 51 57 75 55 Texas 45 46 40 48
Wisconsin 75 69 96 65 Wett South Central 49 49 42 47
East North Centrat 62 64 74 56 -
Montana 78 63 24 51
Minnesota 78 82 70 58 Idaho 100 61 8 54
lowa 87 93 107 59 Wyoming 82 53 74 69
Missouri 66 61 49 50 Colorado 69 88 124 106
North Dakota 85 59 28 43 New Mexico 40 43 37 110
) South Dakota 94 76 13 51 Arizona 35 37 59 72
C o Nebraska 103 92 59 59 Utah 150 200 106 98
0 Kansas 920 89 56 65 Nevada 45 32 3 64
’r . West North Central 81 79 65 56 Mountain 72 77 59 85
: Delaware 55 36 57 220 [ Washington 62 61 62 69
S Maryland 42 48 65 90 Oregon 65 74 75 71
D.C. 97 108 249 363 California™ - © a4 a8 66 80
Virginia 39 35 23 43 Pacific 48 52 67 77

3 Average for 1957-1967 period.
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FIGURE 13

PhD's per year per million 1960 population by PhD recipient’s state of high school, baccalaureate, doctorate,

and first employment. (Data from Table 14.)
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(the longest period for which data were available), who had their high school
education in a given siate, was divided by that state’s 1960 population (ex-
pressed in millions). This gave a high school origins index. Similarly, the
number who had theirr baccalaureate origins was divided by the 1960 popula-
tion, for the baccalaureate origins index. Similar calculations were made for
the number of doctorates granted and new PhD’s employed in each state, al-
ways using the average annual data for 1957-1967 for the PhD’s and the
1960 population of the state as a divisor. The data were then accumulated
by census regions as shown in Table 14. Thus, New England had an annual
average of 80 people graduate from its high schools and later take a doctor-
ate anywhere in the United States, for every million of its population. Be-
cause of its good system of higher education, more eventual PhD’s came to
New England for baccalaureates and doctorates (over 100 per year for each
million of New England’s population). Each year over the 1957-1967 period
it employed 90 new PhD’s per million general population. The same kind of
interpretation applies to each state and region in Table 14; in Figure 13 these
four indices are shown graphically.

At the far left, upper row, Washington and Oregon appear as approxi-
mately balanced at all four stages. Next to Oregon are Montana and Idaho,
both doing quite well at the high school stage, but with very low indices at
the PhD-production stage, as is true also of the Dakotas. Colorado, among
the Mountain states, contrasts in being high as a PhD source, as are Iowa,
Wisconsin, Michigan, and Indiana in the Midwest group. Coming farther east
along the northern tier, New Jersey is notable for its low indices at both the
BA and PhD stages, while New York is high at the high school level, some-
what lower at the BA level, and approximately in balance at the PhD and
employment levels. Connecticut and Massachusetts, as noted in Figure 12,
are outstanding as PhD sources, while the remaining New England states, al-
though doing creditably at the high school and college levels, are low at the
doctorate level. Going back to the west end of the chart, along the lower tier,
California is surprising in that its high school and college indices are as low as
they are. California differs from most states in that each succeeding stage is
higher than the one before—a characteristic one might well expect of a grow-
ing, technologically oriented state. Utah is outstanding, as it has been for
years, at all educational levels, whereas Nevada, Arizona, and New Mexico
are outstanding as places of employment rather than origin. Kansas and Ne-
braska do well at the high school and undergraduate stages, whereas Missouri,
Texas, Oklahoma, and Louisiana are in fairly near balance at all stages, as is
Tennessee farther to the east. Arkansas, Mississippi, Alabama, Kentucky,
Georgia, Virginia, and West Virginia, as noted earlier in connection with Fig-
ure 12, are particularly low at the PhD-production stage, and all of this group
are below the national average at all four stages. Maryland, with a profile
very like that of California, and North Carolina, not far behind, indicate the
direction of growth and change that might well be expected of this south-
eastern group of states over the next few decades.
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The picture up to this point has concerned sources of PhD’s and their even-
tual employment, with the net effects of migration portrayed on a state-by-
state basis. To some extent, the actual migration of PhD’s is masked by these
data. When two people move in such a fashion as to cancel out each other’s
movements, it does not show in the data portrayed so far. Is it important? It
could be argued that such direct exchanges have no important economic or
educational impact, insofar as the states are concerned, regardless of their
importance to the individuals. It often happens, however, that the statistics
that are gathered regarding movement show movement in one direction and
not the other. A university may have data on where its faculty came from,
but may not have data on where former staff members went to when they
left. Any given state is likely to have much more complete and accurate data
regarding the home states of its undergraduate students than data that show
where its own high school students have gone to college. This is a natural and
almost inevitable result of the relative difficulty of data collection. On the
one hand there is a clearly-defined ““captive” group to survey; on the other,
a diffuse and dispersed group that may not be accessible or responsive. Many
fact-gathering efforts are plagued with unwanted bias in measuring the move-
ment in opposite directions. Conclusions based on such biased data may be
entirely in error, ard action taken on such conclusions may have the oppo-
site of the intended effect. It becomes important, therefore, to have a gen-
eral nation-wide system for measuring mobijlity that will show with equal
accuracy each movement from point to point. It has been the aim of this
study to achieve and exploit such a system of migration analysis.

Concern over mobility has become widespread as has awareness that some
regions with excellent educational institutions are not holding their PhD
graduates and that the “Route 128 Phenomenon’ has developed. The Route
128 Phenomenon refers to the development along Route 128 outside of
Boston of a large number of technologically oriented industries that draw
heavily on the brainpower of Boston’s universities. Every state would like to
have such stimulation to the economic and intellectual life of its communi-
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ties, but only the more spectacular examples of such developments have re-
ceived attention. The fact that such growth is a magnet for the brainpower
of the whole nation has aroused concern in those areas that have been high
producers but relatively low consumers of technological talent. What are the
facts? What basis is there for rational policy determination? It is quite ap-
parent on examination that the problem is one of considerable compiexity
and that simplistic solutions are likely to be wide of the mark. In such a sit-
vation it is wise to step back and survey, insofar as is possible at this point,
the whole complex of issues and problems and the facts that have been gath-
ered previously.

The national picture as a whole is, perhaps paradoxically, the easier one to
analyze. When local variations are ignored, the enormous advantages of mi-
gration to the whole country are easy to observe. Free trade in brainpower
helps to develop resources that are of nation-wide importance. When a state
that has had very little in the way of PhD-producing resources mounts an ef-
fective program, it releases energies, intellectual and economic, that have
been bound heretofore by lack of opportunity. Furthermore, such a process
of equalization is in accord with our national ideal of equal opportunity. The
talent of young people of all the states should have equal opportunity to de-
velop, but it is simply not possible for this to happen when wide geographic
variations exist in educational facilities. National programs of fellowships and
traineeships may help, but they cannot function effectively if the places
where such fellowships may be held are geographically restricted. It is in the
national interest, therefore, for an evening-up of the opportunities to take
place. If one state produces more PhD’s than it employs, then it is providing
an opportunity for its own citizens, and the fact that they go elsewhere to
work is, from the national standpoint, beneficial when their employment
opens up greater opportunities for some less-developed state. It is in this
sense that the national picture is simpler than the state-level picture.

At the state level, it makes a difference to those concerned, for example,
with taxation, if a state’s taxes go to support an educational effort that is
seen to be a national benefit but to have minimal local benefit. What are the
local benefits? They may be less visible, less tangible, more diffuse than the
quite obvious provision of appropriations from a legislature for a state uni-
versity. It may appear to policy-makers and legislators that the action they
take to provide opportunity for their own citizens is, instead, benefiting citi-
zens of other states, many of whom do not remain to employ their skills to
the economic benefit of the state in which they have obtained their educa-
tion. The immediate reaction to this perception is likely to be one of draw-
ing back, or retrenching, imposing higher fees and tuition on out-of-state stu-
dents, or both of these types of action simultaneously. Such a reaction, quite
understandable on a local level, may be detrimental to the nation as a whole,
and perhaps in its final results, detrimental to the state itself. In the absence
of quantitative information on both the short-term and long-term effects of
state support of higher education and, in particular, graduate education, it
may be unwise to retrench. However, it is likely to happen when legislatures
are faced with rising costs and insufficient resources. An action that appears,
in the short term at least, to be in the interest of an individual state may be
seriously detrimental to the nation as a whole, and, if all states take similar
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action, all states will lose. The national benefits of frectrade in brains—bene-
fits that are easy to observe at the national level—will b2 lost to each state in-
dividually as well.

This brings us back again to the matter of the facts of mwement. What have
been the movements of PhD’s, and what have been the cerrelates of such
movements? Can any clear relationship be estaitlished between the excel-
lence of a state’s educational system and the niigration ofstudents, or be-
tween the quality of the ¢ducation available in a state andthe economic
prosperity of the state? To answer these questions requiresthe development
of a system of measuring migration in quantitative terms, aad of state in-
dices of educational exccllence and cconomic development.Those tasks have
been central to the development of this report. But first, a bief review of
some of the other research that has been done in this area may be of value.

In 1960, Berelson! described the shift in doctorate outputfrom a small
number of leading institutions to a larger number of less prestgious ones,
with a wider geographic spread. More recently, interregional migration of
American scientists for education and employment has been stidied by Alan
E. Bayer.2 He found that migration induces a general tendencytoward
equalization of regions, both qualitatively and quantitatively, bit that mi-
gration alone is not sufficient to erase regional variations. He finds that some
regions gain qualitatively while losing quantitatively, while othes may gain
or lose both quantitatively and qualitatively. His measure of quaity was that
of the Cartter ratings of the graduate departments?® and, thus, retrred to
quality of education received rather than individual capacity. Bayer finds
mobility positively correlated with quality, i.e., that those educatid in the
higher-rated departments are more likely to move both prior to and subse-
quent to the PhD. Those who never leave their regions of high schcol receive,
on the average, the poorest graduate education. People travel acros: regions
to obtain high-quality training and, subsequently, are more likely tomove
again for employment in that they are in greatest demand on the natonal
professional labor market. Those who are educated at the lesser-ratedinstitu-
tions tend to move in more restricted state or regional labor markets.

The Stanford Research Institute (SRI) has made studies? of the migntion
of engineering and technical personnel in the aerospace indystry and has
found, for example, that their migrations follow very faithfully the generl
migration streams of the population as a whole. Their studies, carried out in
several strategic locations, have important general conclu/sions for the recruit-
ment and retention of technical personnel in developing industries, but do
not attempt to assess the impact of such movement on a nation-wide state-
by-state basis. What they do show is that a careful assessment of the facts
with regard to migration streams may lead to a great reduction in *“‘turbu-

! Bernard Berelson, Graduate Education in the United States (New York: McGraw-Hill,
1960).

2Alan E. Bayer, Interregional Migration and the Education of American Scientists, Soci-
ology of Education 41, No. 1 (Winter, 1968). \

3Allan M. Cartter, An Assessment of Quality in Graduate Education (Washington, D.C.:
American Council on Education, 1966).

4A. Shapero, R. P. Howell, and J. R. Tombaugh, The Structure and Dynamics of the De-
fense R&D Industry (Menlo Park, California: Stanford Research Institute, 1965).
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lence” in personnel movement—people moving in and out, seeking, but not
readily finding, a place where they can settle down for a sufficient time to
be maximally productive. The SR1 studies also suggest that an intelligent
match of the incentives offeréd for migration to the pre-existing motivational
system of the people who move can pay off both for the employer and em-
ployee. Applied at a state level, this suggests that a careful assessment be
made of the conditions in a state that may serve as an incentive to immi-
grate or to remain in a particular location, as opposed to negative conditions
that may lead to emigration. The paucity of facts regarding these aspects of
the social structure and dynamics of a state, as they impact on high-level per-
sonnel, is, perhaps, the most outstanding aspect of this whole situation.

The need for a quantitative system of dealing with internal migration, as
compared to one that deals only with interstate or interregional movement,
is readily dramatized by some examples of the minor movements that flaw
interpretations based solely on state and regional data. One may move, for
example, from Bridgeport, Ohio (in the East North Central region) through
Wheeling, West Virginia (in the South Atlantic region) into Washington,
Pennsylvania (in the Middle Atlantic region) in less than an hour’s drive. In
fact, commuting this distance would be possible, even though it might not
be a frequent phenomenon for PhD’s. Another example, better known, is
movement from Connecticut, in the New England region, into New York,
in the Middle Atlantic region. This is done regularly by large numbers of
commuters, many of them PhD’s. Thus, state or region of residence and
state of employment may be quite different, and movement of residence
may or may not be associated with the impact of the effect of a person’s
work on the economic community. Such examples as these are, of course,
the exception rather than the rule in analysis of state data, but they are by
no means isolated, as the example of Washington, D.C. would testify. Here,
as in New York, one commuting area includes three states (the District of
Columbia classifies as a state in these statistics). Variation in state size from
Rhode Island to Texas or Alaska makes movement across state lines a rather
imperfect index of migration, from the standpoint of quantitative measure-
ment. It remains true, however, that state data cannot be abandoned, as
states are the political units that make most of the decisions affecting grad-
uate education, and state policies may have enormous effects on economic

- developments. The need is for a system that blends with and yet transcends

state boundaries.

To provide a quantitative index of migration, a computerized map of the
United States was prepared. On this map, a rectangular grid was laid out and
each institution of higher education was located on this grid in terms of
north-south and east-west axes. These locations were made accurate to
within 10 miles in terms of the grid system. The system itself has a certain
amount of distortion of direction {but not of distance) simply because of the
curvature of the earth. The map assumes a flat surface. For an area the size
of the United States, this directional distortion is noticeable on the coasts,
but near zero in the central part of the country. For the purposes of this
analysis, the directional distortions were deemed relatively unimportant, as
directions were computed only to the extent of eight direction vectors:
north, northeast, east, southeast, south, southwest, west, and northwest.
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FIGURE 14
State centers of population.
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These vectors give sufficient detail to describe thz movements concerned,
and the minor distortion of direction induced by superimposing a rectangular
grid on a curved surface does not result in erroneous interpretations. Appen-
dix A gives a fuller description of the system and the reasons for choosing it
over the possible but much more complex system of latitude and longitude,
with its continual requirement for employment of spherical trigonometry.
Figure 11 employed this computerized map to spot the locations of the PhD-
producing universities. Figure 14 shows state “centers of population” on the
standard map of the United States and Figure 15 on the computer-produced
map. It is these state population centers that have been used to describe lo-
cation when only the state of residence is known. A center of population is
that point to which all the people in a state would assemble to minimize the
total movement. This concept is useful at both state and national levels and
will be employed a number of times in this report.

By means of this grid location system, an individual’s movement may be
charted in miles and in direction from any career stage to any other stage. As
one goes from high school to college to graduate schocl and on to employ-
1:ent after the doctorate, each move can be computed as to direction and
distance if the locations at each point are known. These movements can then
be summed and averaged for groups of individuals in terms of their original
locations, their locations at intermediate points, or their final destinations.
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FIGURE 15

Computer-produced map o' the United States showing state centers of population.
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Although these computations would be aii impossibly laborious human task,
they are readily made on the computer. Thus, the number of people who
move in any direction for any given distance between any two career stages
can be determined. The total of such movements can then be displayed by
appropriate diagrams that the computer can alsc readily produce.

Such a set of diagrams is shown in Figure 16, which shows distance and
direction of movement. Distances are shown only in three steps. The lesser
step beyond the boundaries of a state of origin (or destination) is 300 miles.
This distance, chosen somewhat arbitrarily, is taken to represent a fairly easy
l-day’s drive from home, and is designated zone A. Beyond 300 miles, but
under 1,000 miles is the second step; more than 1,000 miles is the third step.

: These distances were chosen for convenience; other intervals might equally
! well be used, with results differing in detail but probably not in general ef-
‘ fect. (See Appendix C for details.)

For each state, the four stages of movement that are of maximum impor-
tance for the study of PhD migration are shown. (Omitted are the two other
possibilities: high school to college and college to postdoctoral employment.)
The first pair of diagrams (upper left) shows movement from high school to
PhD institution. The left member of this pair shows the dispersion of the
state’s high school graduates to their institutions of PhD. The right member
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of the pair shows the in migri.lion to the same state for doctoral education.
Moving along the row, the next pair of diagrams shows the same state with
respect to the baccalaureate-to-PhD movement, again as a state of DA origin
and PhD destination. The third pair of diagrams shows the movement from
state of doctorate to state of first post-PhD employment, with the state as
producer (left) and consumer (right) of PhD’s. The final pair of diagrams
shows the beginning and ending stages of this series ¢f migrations—the whole
movement from high school origins to post-PhD employment. Each row of
diagrams thus depicts a series of transitions and the state’s output and intake
at each of the chosen transitions. In each of the diagrams, the number of
eventual PhD’s, who have the given state as a point of origin or as a point of
destination, are given immediately below the state name. The figures in the
diagram proper, showing zones and directions of movement, are percentages,
based on the number given immediately above.

To better define the meanings of the numbers and percentages in each dia-
gram, the data for New York, in the lower right corner of the first page of
Figure 16, are reproduced below for the pair of diagrams depicting the high
school to post-PhD employment.

HS =N,Y
= 1383

r'Y
>

rx
~wn

i

13113 1 812gI
4 jzhz{

13

In the left diagram, the number 13,834 indicates that 13,834 PhD’s of
1957-1967 had their high school origins in New York. At the center, the fig-
ure 35 indicates that 35 percent of these found post-PhD employment in
New York. The figure 32 directly below indicates that 32 percent were em-
ployed outside of the state of New York but within 300 miles of their high
school of origin. This is referred to as Zone A. The figure 2 directly below
indicates that 2 percent of the 13,834 found post-PhD employment within
1,000 miles south cf their high schools of origin, but outside Zone A. The
figure 4, on the lower left diagonal, indicates that 4 percent were eventually
employed outside Zone A but within 1,000 miles in a southwesterly direc-
tion from their high schools. The 2, farther out on this diagonal path, shows
that 2 percent were employed more than 1,000 miles southwest of their high
schools. Similarly, the 11 and 13 indicate a migration westward of 11 percent
up to 1,000 miles but outside Zone A, and 13 percent over 1,000 miles. None
moved northwest or north beyond Zone A, because it would scarcely be pos-
sible and still remain within the territorial limits of the United States. Such
movement northeastward is possible, but did not occur, at least not enough
to amount to 1 percent of the 13,834 cases. One percent moved eastward
(probably to the Boston area) and none southeastward, as that would be
into the Atlantic Ocean. ‘

In the right-hand diagram, the 9,512 indicates that 9,512 PhD’s of 1957~
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1967 found post-PhD employment in New York State. (This is a minimal
number; some who did not have definite plans when their questionnaires
were completed no doubt also moved to New York.) Of the 9,512, 51 per-
cent had their high school origins in New York (51 percent of 9,512 = 35 |
percent of 13,834) and 21 percent within 300 milcs of their high schools, |
which were outside of New York (i.e., Zone A refers to origin, not destina-
tion). Similarly, 1 percent came from the south, 2 percent from over 1,000
miles southwest, 4 percent from under 1,000 miles southwest, and so on.
A somewhat more detailed picture, giving a finer breakdown of distances
traveled in each direction, is afforded in Appendix C, which also shows
movements in terms of percentages as well as raw numbers.

Some people acquire information more readily from a table than from a dia-
gram. For that reason, a certain redundancy is advantageous and is provided

by the somewhat different view of migration through the various stages from
high school to post-PhD employment shown in Appendix D. Here, the migra-

- tion from and to each state from each other state is depicted on a percentage

basis. All six possible migration stages are shown: high school to college, to
PhD institution, and to post-PhD employment; baccalaureate school to PhD
school and eventual job; and PhD to job. Two sets of percentages are given,
one for each state of the pair as origin, and the other member of the pair as
destination. This table may be used in conjunction with the vector diagrams
of Figure 16, to indicate just which states are involved in any of the migra-
tion paths shown.
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FIGURE 16—Continued
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