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Are the Foreign Born a Source
of Strength for U.S. Science?

Sharon. G. Levin and Paula E. Stephan

pecially since the 1970s, is changing

the face of American science. In
1980 fewer than one out of five doctoral
scientists in the scientific labor force in
the United States was born abroad, in 1990
one out of four was (/). Many foreign
born come to the United States after re-
ceiving their doctoral training. There is ev-
ery indication that these trends will be
even more pronounced when new data are
released early in the next decade.

Do foreign-born and foreign-educated
scientists and engineers contribute dispro-
portionately to U.S. science? Do they
crowd the workplace and thereby increase
unemployment, lower real wages, and pos-
sibly discourage native talent from pursu-
ing scientific careers (2)? Here we exam-
ine the first of these questions by testing
whether the foreign born and foreign edu-
cated are disproportionately represented
among individuals making exceptional
contributions to science and engineering
(S&E) in the United States. Six criteria are
used: individuals elected to the National
Academy of Sciences (NAS) and/or Na-
tional Academy of Engineering (NAE),
authors of citation classics, authors of hot
papers, the 250 most-cited authors, authors
of highly cited patents, and scientists who
have played a key role in launching
biotechnology firms. We do not claim that
this list is exhaustive, merely illustrative.

Members of the NAS and the NAE are
elected in recognition of their distin-
guished and continuing contributions to
knowledge. Included in the study were
1554 members of the NAS and 1706
members of the NAE (3). Citation classics
are journal articles that the Institute for
Scientific Information (ISI) defines as
having a “lasting effect on the whole of
science.” We chose the 108 papers pub-
lished after 1969 declared classics by ISI
during the period June 1992 to June 1993
in the areas of life sciences; agriculture,
biology, and environmental sciences; phys-
ical, chemical and earth sciences; and clin-
ical medicine (4). Authors were considered
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to have made a contribution to U.S. sci-
ence if located in the United States at the
time of publication. For the classics, 62
first authors (54 unique) and 135 nonfirst
authors (127 unique) were identified.

Each issue of Science Watch (5) con-
tains a list of the 10 most cited or “hot
papers” in chemistry and physics or
medicine and biology. The selection is
based on the number of times a paper has
been cited by other authors in a given peri-
od, usually the 2-month period 8 weeks
before the cover date. We chose the 251
papers declared “hot” between January
1991 and April 1993 and identified 170
first authors (161 unique) and 786 nonfirst
authors (687 unique) located in the United
States. ISI provided us with a list of most-
cited authers during the years 1981 to
1990. Of the 250 most-cited authors, 183
were based in the United States (6).

We also studied authors of highly cited
patents (7) (the top 3.5% over the period
1980-1991) in the field of “medical de-
vices and diagnostics,” a field where
patents play a key role. In all, 206 (178
unique) U.S.-based scientists were identi-
fied out of 286 (249 unique). Finally, we
identified the scientific founders and
chairs of scientific advisory boards of
biotechnology firms making an initial
public offering from March 1990 through
November 1992 (8). From the prospectus-
es of 50 firms, 98 founders and chairs (97
unique), all living in the United States,
were identified.

Survey. The place of birth and educa-
tional origin of each scientist and engi-
neer, as well as the date of birth and date
of degree, or degrees, were obtained from
organizations in the cases of NAS and
NAE, and from directories such as Ameri-
can Men and Women of Science and the
Official ABMS Directory of Board Certi-
fied Medical Specialists (9). For scientists
involved with biotechnology firms, we
used the company’s prospectus (/0). Ad-
dresses were then sought for those with
missing data, and mail surveys were sent

to 1050 individuals with three follow-ups, -

as necessary. The overall response rate was
64.8%, excluding returns for nondeliver-
ables, and 54.5% if nondeliverables are in-
cluded. A review of the names of the non-
deliverables suggests that a disproportion-

ate number may have been foreign born.
For the nonrespondents, there does not ap-
pear to be a birth-origin bias. Overall, es-
sential biographical data (such as country
of birth) were ascertained for 89.3% of the
study group.

Statistical analysis. For each indicator
of scientific achievement, we determined
whether the observed frequency by birth
(or educational) origin was significantly
different from the frequency one would
expect given the composition of the scien-
tific labor force in the United States. To do
so, we used a nonparametric “goodness of
fit test,” computing the chi-square statistic.
In cases where the chi-square statistic was
inapplicable because of cell size, a two-
tailed binomial test was applied ({7). These
tests were stratified by field and education
level. A 1980 benchmark for the composi-
tion of the scientific labor force was cho-
sen for individuals elected to the NAS or
NAE, most-cited authors, authors of cita-
tion classics, and founders/chairs of
biotechnology companies, because each of
these indicators was based on a list of sci-
entific accomplishments that began before
that date. The remaining indicators used a
1990 benchmark, see Web table (10).

Scientists and engineers elected to
NAS or NAE. We found that 23.8% of sci-
entists and engineers elected to the NAS
were foreign born, whereas 11.5% received
their doctorates or medical degrees abroad.
For those elected to NAE, 19.2% are for-
eign born and 10.7% received their bac-
calaureates abroad. Each of these propor-
tions is significantly different from its 1980
benchmark at the P = 0.01 level or less. Re-
sults vary somewhat by field. For members
of NAS, differences were significant for the
birth origins of all except earth and envi-
ronmental scientists, and for the education
of life and physical scientists (/2), but not
for those in engineering, mathematics, and
computer sciences and earth and environ-
mental sciences. For NAE, differences were
also significant for birth origins except in
chemical, civil, and industrial sections, and
the proportion educated abroad was signifi-
cantly different from the benchmark for all
except civil engineers (12).

Exceptional contributions in the life
and physical sciences. In the life sci-
ences, the foreign-born percentages are
statistically significant for all indicators
with a 1980 benchmark (Table 1 and ref.
13). The proportion foreign born among
first and nonfirst authors of hot papers is
not, however, significantly different from
the proportion found in the 1990 popula-
tion of life scientists. For contributions in
the physical sciences, regardless of indica-
tor and benchmark date, the foreign born
are disproportionately represented. The
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SCIENTISTS MAKING EXCEPTIONAL CONTRIBUTIONS IN THE LIFE AND PHYSICAL SCIENCES IN THE UNITED STATES

Indicator % Foreign born % Foreign educated % Foreign born by cohort
(Benchmark year) Life Physical Life sciences Physical sciences Life sciences  Physical sciences
sciences sciences Bacc. Ph.D. Bacc. Ph.D. <45 =45 <45 =45
Citation classics, 1st authors (1980) 275 t 18.4 15.0 : 4 t 24.1 36.4* ¥ %
Citation classics, non-1st authors (1980)  22.7* 409** 162 141 211 333*** 234 214 357 500*
Highly cited patents, medical devices (1980)  17.6***  NA 1M1 NA  NA NA 185 158 NA  NA
Most-cited authors (1980) C201%%% AT 194%*t 217%**  563***  313%** 255 37gT  625FF  G67H
Most cited + 1st of citation classics (1980)  28.7***  55.6%**  185% 20,1***  417*** 308***  254%** 37.0***  500** 636%**
NAS member (1980) 21%**  267%**  91**  124** 130  114™* 219*** 93 265 300
Founders/chairs, biotech co. (1980) 2475 | MA o169 0 ML NA NA L S ae3 ) a5eee NA . NA
Hot papers, 1st authors (1990) 178 355 136 106 284"  18.1° 133 200 300  382**
Hot papers, non-1st authors (1990) 226  354** 163 124 234* 130 181 257 242 459**
Bacc., bacc;laurea;e degree; co.,, company or co;npanies; l;h.D.. ;ioctoralln;edicai degree; <45, Som before 1545; 2 45,.bom 1945 or later; NA, not applicable‘. :
Chi-square tests of observed versus expected frequencies are used. If the expected frequency is <5, and the test is inapplicable, a two-tailed binomial test isused. *P=0.100rless. **P=0.05o0r

less. ***P=0.01 or less.

most frequent country of origin in the life
sciences is the United Kingdom followed
by Germany. In the physical sciences, the
reverse is true.

In the life sciences, contributors of
highly cited patents, most-cited authors,
“outstanding” authors (most-cited and first
authors of classics), and NAS members
were more likely than expected to have re-
ceived baccalaureate and doctoral degrees
abroad. Authors of more recent contribu-
tions in the life sciences—hot papers—are
not, however, disproportionately foreign
educated. The results are roughly similar
for contributors in the physical sciences,
with one major difference. Authors of hot
papers in the physical sciences are more
likely than expected, given the proportion
foreign educated in the benchmark popula-
tion, to have been educated abroad, espe-
cially at the baccalaureate level.

We divided scientists into two birth co-
horts: those born before 1945 and those
born post—World War II (1945 or later). In
the life and physical sciences, the older co-
horts in NAS, but not the younger cohorts,
are disproportionately foreign born. For
most-cited authors in both fields, the pro-
portion of younger and older foreign-born
individuals are both significantly different
than their benchmark populations.

Within the life sciences, younger for-
eign-born scientists are disproportionately
represented among first authors of citation
classics and founders or chairs of biotech-
nology companies. Within the physical sci-
ences, the younger cohort is disproportion-
ately represented among authors of citation
classics. There is no evidence of cohort ef-
fects for authors of hot papers in the life
sciences. This is not the case for authors
of hot papers in the physical sciences,
where the proportion foreign born is sig-
nificantly different from the proportion in
the younger, but not the older population.

tCombined with non-1st authors because of sample size.

Conclusion. We find that, although
there is some variation by discipline, indi-
viduals making exceptional contributions
to S&E in the United States are dispropor-
tionately drawn from the foreign born. On-
ly in the instance of hot papers in the life
sciences were we not able to reject the null
hypothesis that the proportion was the
same as that in the underlying population.
Individuals making exceptional contribu-
tions are also disproportionately foreign
educated, both at the undergraduate and at
the graduate level.

Our research shows that the United
States has benefited from the inflow of
foreign-born talent and that this talent was
more likely to have been educated abroad
than one would have predicted given the
incidence of foreign-educated scientists
and engineers in the population. To the ex-
tent that contributions in S&E are geo-
graphically bounded, the United States has
benefited from the educational invest-
ments made by other countries, presum-
ably to their detriment. It remains to be de-
termined whether native-born talent is dis-
advantaged by this inflow and, if so,
whether the benefits outweigh the costs.
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