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Summary of Findings

Less than one-half of the foreign students who earned Ph.D. degrees in science or
engineeting during the1980s were working in the United States in 1992. The proportion
was around 41 to 42 percent of those wito were on temporary visas at graduation, and 48
to 49 percent of all, including those who had permanent regident visas at the time of

graduation.

The stay rate varied by depree field, with enginecring having the highest stay rate, and
social sciences and life sciences the lowest,

The stay rate varied greatly by country of citizenship. Students from India, the Pecples
Republic of China, and Iran showed stay rates that were well above average. Students
from Korea, Japan and Brazil showed stay rates well below average.

Foreign students attaining S&E Ph.D.s in 1990 s2em to be staying at a somewhat higher
rate than students from the 1980s. This could be explained by the increasing oumber of
students from the Peoples Republic of China and the high stay rate those students have
expenenced since 1990,

Foreign students who leave are as likely to have graduated from a highly rated
department as are those who stay.

The work history of foreign students who received Ph.D.s from L5, universities from
1981 thru 1986 indicated that productivity differences (a5 measured by salaries) between
those who stayed and those who left by 1991 did not influence the decision to emigrate.
However, those whe worked for nonprofit finms or government organizations i the U.S.
were more likely to leave than their cohorts working in industry or in university jobs,
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Overview

This report studies the behavior of foreign nationals who received Ph.I). degrees in science or
engineering from U.S. universities during the period 1984-199Q, It addresses two distinet
questions:

What proportion of foreign students stay to work in the United States after graduation?

Dy foreigm sfndents who leave the United States differ from those who stay?

Chapter 1 provides descriptive statistics 1o answer the first question. These estimates of stay
rates have small margins of error because they were produced from the tax payment records of
the Social Security Administration. The estimates of stay rates in Chapter § also provide a partial
answer to the second question as well as we are able to provide stay rates for different degree
fields and different countries of citizenship, thereby identifying country-specific and
field-specific differences in stay rates.

More information on the differences between leavers and stayers is provided in Chapter 2. In
this section, we conduct a statistical analysis of respendents to the Survey of Doctorate
Recipients. While this forces us to deal with a relatively small sample of foreign students, we are
able to focus on those who work in the United States for a few years and then ieave. We
compare these foreign graduaies with others who stay here for a longer perrod of time and
identify factors more frequently associated with leavers.
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Chapter 1
FOREIGN NATIONAL STAY RATES

This chapter provides estiﬁmtes of stay rates for a large number of groups of foreign nationals
who received doctorates in science and engineering (S&E) from U.S. universities, Each line in
the several tables that follow describes a different group of these degree recipients. We will
describe the nature of our estimates and some of their qualifications in a discussion of Table 1-1.
For example, the first line of Table 1-1 provides stay rates for 987 persons who were foreign
nationals here on terporary resident visas at the tims they eamned Ph.D.s in the physical sciences
in 1984, We made these estimates by drawing a sample of 200 of the 987 persons from the
Doctorate Records File and requesting the Social Security Administration to calculate the
proportion of these who recorded at least $5,000 in eamings in social security covered

Table 1-1. Temporary Residents Receiving S&E Ph.D.s
in 1984 Who Were Working In the United States, 1986-1992

Temp. Percent Working in United States
Res.
Degres Field' PhD.s 1886 1987 1958 1989 1920 1991 1082
Physical Sclences 087 46% 48% 48% 48% 47, 46% 454
Life Sclences G73 249 27 1| 3 32 34 33
Soclal Seisnces 746 26 28 25 25 27 28 26
Engineering 1,247 52 54 55 56 56 55 55
Aaronautical Eng. 57 ES &7 i | 71 &5 62 =
Ag. & Bio. Eng, 55 26 20 28 29 25 25 23
Chemical Eng. 145 &9 B2 &2 65 64 &7 &5
Civil Eng. 162 47 45 a5 45 48 50 a1
E/E Eng. 247 63 53 &4 G4 64 54 &1
Indusifizal Eng. 42 45 51 54 56 5 51 a1
Materala Eng. "7 &1 &5 55 56 8 &0 54
Mechanica! Erg. 200 50 55 59 59 58 5% 58
MNucfear Eng. 44 crg Af 35 40 46 46 3s
All Other Eng. 178 4z 48 50 51 &1 50 4%

Tolal, All S&E 3,853 40% 424 43% 43% 43% 449% 42%




employment. Adjustments were made to the tabulations received from the Social Security
Administration, principally to account for the fact that some jobs are still not covered under
social security and for the fact that only 90 percent of the population of interest had valid social
security numbers. Readers with an interest in these adjustments should refer o the technical
appendix for detatls,

The bottom line of Table 1-1 gives the best single measure of a foreign national stay rate, It
indicates that 42 percent of the foreign nationals who received science and engingering degrees
in 1084 were wotking in the United States in 1992,

Table 1-1 indicates that the stay rate for 1984 physical sciences gradoates was 45 percent im 1992
and that it was within the range of 45 percent te 48 percent throughout the period from 1986 to
1992, The stay rate for engineering graduates was also stable gver this perdod and was estitnated
at 35 percent in 1992, The stay rates for the social sciences and life sciances were substantially
lower. Oaly in the life sciences did the stay rate increase substantizlly from the level observed in
1986. As these estimates are group siatistics, they are by nature “net” estimates. That is, though
the stay rate for engineering was 35 percent in both 1988 and in 1992, there was undoubtedly
some movement abroad by members of this 1984 class who were working here in 1988,
However, as the group statistics did not decline, such departures that ocetrred were offset by
other members entering the U.8. workforce after residing abroad in 1988.

Table 1-1 also reports stay rates for subfields within enginsering. When the number of graduates
cn a given iine 15 less than about 250, we did not use a sample but requested the Social Security
Admpinistration to compute statistics for the whole group, Thus, the estimates provided for each
subfield of engineering (and for all engineering) 1% free of sampling error, and we need not
mistrust the estimates because of the small size of some of the groups. Since about 93 percent of
all the engineering Ph.D s in the Doctorate Records File had valid social security nombers, we
have a high level of confidence in the resulting estimates. The fact that the highest stay rate was
recorded for aeronautical engineers and the lowest for agricultural and biological engineers may
reflect differences in the job opportunities available for enpgineering graduates in these fields in
their home countries versus the United States. We can only speculate on the reasons for these
differences, but the margin of error is stall enough that we are cartain that they are real
differences.

Table 1-2 presents the 1992 estimates for Table 1-1 in anether format. In Table -2, we describe
the 1992 estimate from Table 1-1 as a mid-case estimate. We also present low and high estimates
of the same stay rates. Because we had to make some assumnptions regarding the number of
persans employed in jobs not covered by social security and about the stay rafe of persons who




Table 1-2, Temporary Residents Receiving S&E Ph.D.s
in 1984 Who Were Working in the United States in 1992

Parcent Working in United States

Degree Field Low Mid-Case High
Fhy=lcal Sciences 435 4550 4T%
Life Sciences 29 a3 el
Social Sciences 21 26 20
Enginesring 52 55 57
Amronaulical Eng. L] &4 &7
Ag. & Bio. Eng. 21 23 24
Chemical Eng. €2 g5 67
Civil Eng. 48 51 53
E/E Eng. 58 61 B4
Industrial Eng. 48 51 54
Malerials Eng. 51 £4 L
Wechanical Eng. 56 56 0
MNuciear Eng. a3 35 a7
Al Cther Eng. 46 A9 51
Total, All S2E 17 1 42% 459

did not have social security numbers, the mid-case (though it is our best estimate), has a margin
of error even where there was no sampling, Our low estimates for 1992 assume that all of the
doctorate recipients missing a valid social security number left the United States after graduation
and never came back. Cur high estimates assome that persons missing social security numbers
stayed to wotk in the United States at the same rate as persons with social security numbers. The
mid-case estimate assumed that these persons stayed at half the eaie of others with social security
numbers in the same discipline.

We can be quite confident that the troe stay rate for engineering is within the range shown in
Tabie 1-Z. In this discipline, there was no sampling done. In the others, however, we estimated
the stay rate for a sample of 200 persons. The estimate of a stay rate of 45 percent for physical
sciences could also have been affected by sampling error. We estimate the standard error of this
estimated proportion to be 3 percent. Thus, at a 95 percent confidence level, we can estimate the
(mid-case) stay rate for physical sciences to be in the range of 39 to 51 percent. We have not
commputed standard errors for all the estimates presented in Table 1-1, but note that physical




sciences had the lowest sampling rate (200 of 987) and thus would be expected to be most
affected by samphing ervor. In most of the data presented below, sampling error is net an issue
because the size of the groups was smaller than 200 and the behavior of the entire group was

measured,

Table 1-3 shows stay rates defined in a manner similar to those in Table 1-1, but this time for
persons completing & degree in 1987 or 1988. Tor these more recent graduates, the overall
science apd engineering 1992 stay raie is listle changed, at 41 percent, however some disciplines
have changed. Compared with the class of 1984, the main differences are thai the engineering
stay rate is lower and the social sciences stay rate is highee. However, the similarities between
the class of 1984 and these later classes are greater than the differences. In each vear,
engineering and physical sciences show above-average stay rates. Also, the average for all
science and engineering degree recipients is within the range of 41 to 44 percent if we wait 3 or
more years past graduation to measure the stay rate. 'We observe slightly lower stay rates
immediately after graduation, but we are not sure whether this is rea) or an artifact of the data.
During the first 2 to 3 years after graduation, a high proporiion of new Ph.D.s are working on
postdoctoral appointments, and some of the persons receiving postdoctoral stipends appear not to
pay social security taxes on the stipend. Thus, estimates of stay rates in years near the vear of
graduation may include some undercounting that we have not attempted to correcl.

Table 1-3, Temporary Residents Receiving
S&E Ph.D.s in 1987 or 1988 Who Ware Working
in the United States, by Degres Fleld, 1989-1992

Tarmp. Pereent Working in United States
Res.

Degree Figld Phib.s 19689 1890 1991 1592
Fhysical Sciences 2,838 aS5% 45% 5% 6%
Lide Sciencas 1,676 an 27 20 22
Social Sciences 1.574 bt 39 30 a0
Engineearing 3241 44 47 45 a5
Total, All S&E 3329 367 q¥e £1% 41%




Table 1-4 provides detailed stay rates by broad field of degree and country of citizenship at the
time of graduation, for 1987 and 1988 graduates who were temporary residents at the time of
graduation. The countries shown provide about as much detail as was possible to obtain, given
that we couid not examine very small groups without the risk of violating confidentiality
requirements of the Social Security Administration.

Table |-4 indicates considerable variation in stay rates by country of ¢itizenship. The country
differences that appear for engineering in the first section of the table tend to hold up for the
other disciplines as well. In ergineering, graduates from three countries had stay rates weil
gbove average: India (77 percent}, Iran (72 percent), and the Peoples Republic of China

{66 percent). Countries with stay rates well below average include Fapan {12 percent),

Brazil {15 percent), and Korea (20 percent). All 6 of these countries exhibited a similar pattern
it the other disciplines — insofar as the data was not suppressed for reasans of confidentiality.

When producing estimates for the life sciences and soctal sciences, some countries had to be
combined for reasons of confidentiality. For example, we could not report on Brazil, Mexice, or
Egypt separately in the life sciences because it would have violated the Social Security
Administration’s confidentiality rules. However, the stay rate of the Brazil/Mexico combined in
the life sciences in only 13 percent and this is entirely consistent with a pattern of Brazil having
stay rates substantially below average in all fields. The only real exception to the pattern noted is
that one of the three countries with stay rates well above average, the Peoples Republic of China
(PEC), had a stay rate not far above average in 1992 in the socia) sciences, Since fewer than 5
percent of the Ph.D. degrees eamed by students from the PRC wers in the social sciences, this
dogs not change the genersl pattern that the FPRC students stayed to work in the United States at a
rate that is well above average.

The case of the PRC students is interesting in another respect. The 1987 and 1988 graduaies
from this country had a much higher stay rate recorded in 1992 than they did in £28%. Sucha
sharp increase in the stay raie from 1989 to 1992 was not observed for other countries. We may
infer that a significant number of PRC citizens returned to the United States as a result of the
pelitical unrest and government repression that occurred in 19940,

Table 1-5 shows stay rates for 1990 temporary residents, but only for the broad degree fields of
engineering and physical sciences. Table 1-5 shows separate stay rates for 4 groups identified by
their response to questions on the Survey of Earmned Doctorates. All 1990 Ph.D. tecipients fall
into one of these 4 calegories, These results are of particular interest because these guestions are
asked of new Ph.D.s anmually. If we could infer actval stay rates from graduating students'
statements about their postgraduation plans, we could use the Survey of Earned Doctorates to




Table 1-4. Temporary Resldents Receiving S&E Ph.D.s in 1987 or 1988

Who Were Working in the United States, by Degree Field and

Country of Citizenship, 1969-1992

Temp. Fercent Working in United States
Resident
Cragrea Fiald and Country of Citizenship Ph.D.s 19489 1830 1981 1992
Degres Field = Engineering
Taiwan 648 54% 520 54% 53%
Kores 457 28 21 22 20
Japan a5 L2 ] a L] 12
Feopfas Republic of China 200 35 85 &0 B&
{rntiaa 383 T2 73 77 T
lran ag a8 68 72 72
Other Asie/Pacific 475 47 44 49 45
Egyml B1 17 20 22 20
vy Adrica 135 a2 37 41 45
Crascs g8 &2 S0 45 47
Cther Eurcpe 165 36 42 42 38
Brazil 58 i0 15 19 15
Maxica 40 35 81 83 51
Other CentralfSouth Amarica a1 30 35 29 41
Canada 45 a7 47 47 47
Total, Enginsaring 3002 4484 474 4404 48%
Dagrae Field = Physical Scionces
Tatwan 338 45% S0%% 46% 4B%;
Kores, 286 13 19 17 15
Japar 43 21 30 20 -
Paoplas PFapublic of China 388 3 55 60 a7
Inca 273 59 ¥O 71 T
Iran 6 =] &4 g2 ad
Other Bsia/Pacilic 396 44 a7 49 48
Egypt ap 17 a4 44 44
Othear Afica a3 34 4 40 43
Gresca 52 33 M LY | 48
Cihar Eurppe 53 a2 35 33 37
Brazil 46 15 21 12 12
%= 44 24 40 A5 4G
Other CertralSouth Amerca 115 a9 44 44 44
Canada Fitd 3z a3 | 3z
Total, Physical Sciences 2,585 36% d45% 459% 4655
)




Table 1-4. Temporary Residents Receiving S&E Ph.D.s in 1987 or 1988
Who Were Working in the United States, by Degree Fleld and
Country of Citizenship, 1989-1992 {continued)

Temp. Fercent Working in United States
Resident
Degree Field and Country of Clizenship Ph.O.5 1989 1950 1951 1942
Degree Fleld = Life Sclences
Takvan 190 35% 43 7% 42%
Karaa 128 23 19 18 20
Japan 19 21 30 30 &
Peopies Republc of China 105 42 52 &5
Indfa 103 46 =] B4 &
tran 18 a5 a5 E3 47
CHher Asla/Pacihiz 233 19 an 25 25
Africa 133 19 21 24 28
Grasca 18 149 3z 32 32
Cther Europe 108 22 29 3% 34
Brazil and Maxico 111 5 ¥ 0 13
Cther CentralfSouth America 128 18 20 24 26
Canada 77 14 oy 21 22
Total, Life Sciences 1,543 208 2T%: 0% A2%
Degres= Fisld = Soclal Sciencas
Taiwan 102 31% E: Hy % 27%
Korea 197 11 g 10 2]
Japan &3 28 31 230 28
Peoples Republ: of Chine 25 21 26 . 38
Indta 79 a7 a7 56 a6
Iran 34 60 &4 70 &7
Cther Asia/Pacific 453 24 27 e | 28
Alrica 179 30 K3 3t 31
Greecs 21 30 35 a5 35
Olher Eunops 17 a8 42 a1 a1
{Central’South America 121 17 13 13 149
Canada &9 28 an ag 32
Total, Soctal Sciencas 1,440 2% a8, 200 30%

Mate: Totals for each degree ftald are smaller in this 1able than in Table 1.2 hecauese this table excludes temporary
residents with country of citizenshp unspacifisd,




Table 1-5. Temporary Resldents Receiving S&E Ph.D.s in 1990
Who Were Working in the United States, by Degree Field
and Postgraduation Pfan, 1989-1592

Temp. Percant Warking in United States

Feasz,
Degree Field and Postgraduation Plan Ph.D.s 1989 1930 1891 1992
Engineering
Postgraduation Pian:
Definitely going abroad 445 3% 4% 8% 7%
Definite work ¥ United States a56 44 Fala] o4 94
Diefinile study in United States 133 1 41 a1 85
M Tirin planso response 1173 12 42 1] 53
Total, Enginasing 2268 15%% 44% 55% B4 8
Fhyslcal Sclences
Posteradugtion Plar:
Cedinitely going akroad 353 0% 8% 14%% 17%
Delinite work in United Siales 253 as 72 B2 24
Defirite study in United Statea 453 14 40 &3 T
Mo fims plansiio reaponsa ary 7 24 40 44
Total, Physical Sciences 1,936 10% 319 6% 51%

rack changes in stay rate behavior. However, there are several pitfalls in any such effort, First,
nearly half of the new Ph.D.s in these disciplines did not respond to that guestion or responded
that they had no firm plans at the tisne of the survey. Second, it appears that only 65 to 70
percent of those with definiie plans for posidoctoral appointments in the United States wers
working in the United States 2 years after graduation.? Third, behavior does nol always conforin
with plans. Note that in each of these disciplings the group that reported definite plans to zo
abroad had a ron-zero stay rate. In physical sciences the rate increased to 17 percent by 1992,
A high proportion of physical sciences degrees were awarded to students from the PRC in 1990
(and a substantial share of enginsering students as well). Thus, it is likely that the unres! in
China in 1950 and the subsequent <asing of immigration restrictions for PRC students are
responsible for somae of this.

One result from Table ¥-5 that can be compared to results from earlier tables is that the overall
stay rate for both engineering Ph.D.s and physical sciences Ph.D.s was more than 50 percent in
1992, Our analysis of the classes of 1987 and 1988 indicated a downturn in the engineering stay




sate compared with the class of 1984. However, when we compare the class of 1984 with the
class of 1990, we observe little change in the stay rate for engincening (from 52 percent for 1984
graduates to 54 percent for 1990 graduates), while the physical sciences stay rates tncreases
{from 46 percent for 1984 graduates to 51 percent for 1990 graduates) when these stay rates are
computed 2 years after gradnation. While there may be many factors at work, the high stay rate
of PRC students and the increase in their numbers over this period are more than enough to
explain these modest incrsases.

Table [-6 shows stay raiss for foreign nationals who were permanent residents at the time of
gradnation. Chverall, the stay rates are much higher than stay rates for temporary residents, Qur
estimate for 1984 graduates in 1992 is 78 percent and 82 percent for [988 graduates in 1992,

Permanent residents seem to be quite sitmilar to 115, citizens in that nearly all stay in the United
States. However, there are some inferssting similarities between the permanent residents

Table 1-6. Permanent Residents Receiving S&E Ph.D.s in 1984 or
1988 Who Were Working in the United States, 1989-1982

Perm. Pareent Working in Uinited States
Res.
Degraa Field Ph.D.5 1989 1990 1391 1882
1884 Graduates
Physhtal Sciances 197 %% iz 87 % 555
Life Sciences 149 75 73 T 78
Social Scisnces M4 67 66 53 63
Engineering, Total 272 "N as 85 84
Engireating, Tamwan 58 85 84 &8 83
Encprszaring, Korea 20 51 46 41 41
Totsl, 7984 Graduates gaz B2% 80% T8% 78%
1953 Graduatas
Fhysical Sciences 252 83% as% 83% B3%
Lile Scishces 262 65 i) T4 an
Social Sclences 244 78 7 77 75
Engmesaring, Tota! 366 80 29 87 BE
Engineering, Taiwan 71 96 o9z 2z 87
Enginesring, Korea 27 70 65 65 65
Total, 1988 Graduates 1,124 B80% 81% 1% 82%




described in Table 1-6 and the temporary residents described in Tables 1-1 and 1-4. For each of
these two categories of visa status at graduation, Ph.D, recipients in the physical seiences and
engineering fields were the most likely o stay in the United States after gradustion. Also, for
cach of the two visa categonies, engineering students from Korea were more likely than all
engineering students to Jeave the United States upon graduation. 'We did not produce statistics
on permanent residents’ stay rates beyond those in Table 1-6, partly because the number of
permanent residents PhD, recipients is relatively small compared with the temporary resident

category.

We can obtain an estimated stay rate for all Ph.D.s who were foreign citizens at the time they
received their degrees combining the estimates for permanent residents and temperary residents,
These are shown in Table -7, The overall stay rate of 49 percent for 1984 graduates in 1992 and
AR percent for more recent graduates in 1992 is probably the best rale to use when asking about
the contribution of foreign-bom scientists and engineers to the United States. However, when
cne is asking about the contribution of foreign students to the United States, it is usnally more
appropiiate to use rates for persons who were temporary residents at the time of graduation, i.e.
the rates shown in Tables 1-1 through 1-5. Most institutions define foreign students as students
studying on temporary visas, Students on permanent resident visas have virtually all the rights of
U.8. citizens in the employment arena. Perhaps the most important distinction, however, is that a
substantial proportion of students on permanent visas at the time of graduation were on
permanent visas at the time they first enrolled. That is, they immigrated first and then enrolled in
school,

Table 1-7. Foreign Natlonals Receiving S&E Ph.D.s in
1984, 1987, or 1988 Who Were Working
in the United States in 1692

Parsent Werrking n United States
Dagres Field 1684 Graduales 1987 or 1988 Graduates
Physical Sciences 529% 52%
Life Sciences 42 44
Social Sciences 34 40
Engingering, Total 60% 556%
Total, All SEE 0% 48%
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Chapter 2
STATISTICAL ANALYSIS OF FOREIGN NATIONAL
RESPONDENTS TO THE SURVEY OF DOCTORATE RECIPIENTS

This chapter examines differences in characteristics and emigration decisions of 1981-1986
Ph.D. recipients known to have had temporary visas at the time of graduation. Data on certain
characteristics and emigration for each individual in this group were observed from the year of
graduation through 1991 for this analysis. This allowed a study of the behavior of those foreign
students whe worked in the United States from 5 to 10 years after gradvation and then retumed
heme, unlike many foreign students who returned home immediately after graduation. The
purpose of this analysis was twofold. The first objective was 1o merely observe and then
compare measurable characteristics of those among the group who reported in 1991 that they
resided in the United States {referred to as stayers) with those who reported in 1991 that they
resided outside the United States (referred to as leavers). The second objective was 1o developa
statistical model that could determine if the leavers were statistically different in terms of
productivity in the labor force from the stayers.

DATA,

The data set used for this analysis was the 1991 Survey of Doctorate Recipients Longitudinal
File,” which was generated from the longitudinal survey of science, engineering, and humanities
doctorates funded by several federal agencies and conducted by ¢he Nadonal Research Conneil.
The sarvey began in 1973 and has been conducted every twe years. The sample changes every
two years as the oldest cohort is dropped and a cohort of new graduates is added. Until 1989, the
sample included Ph.D.s who had graduaied during the prior 42-vear period. However, in 1991,
the criterion for being dropped from the sample changed from Ph.D. vear of more than 42 years
past to age of 76 or older. The sampling frame for this survey is compiled from the Doctorate
Records File, which 13 an ongoing census of all research doctorates earned i the United States.

The sample used in this chapter is a very small subset of the Ph.D. data file described above.
Based on a valid response to the survey in 1987 and 1991, the sample was selected to include
only those Ph.D. recipients from January 1, 1981 throngh June 30, 1986 whose degree field was
cither science or engineering (humanities were excluded), who were temporary residents at time
of degree, and who were residing m the United States in [987. This resulted in a sample of 264
persons of which 241 stayers were still residing in the United States in 1991, and 23 leavers
were residing outside the United States.

)




COMPARISON OF MEASURABLE CHARACTERISTICS

The first objective of this analysis was tc summarize and compare measorable characteristics for
Ph.D, recipients from ULS. institutions who were on temporary visa status at the time of Ph.D.
completion. Descriptive information was caleulated for the group as a whole, and for the groups
called leavers and stayers. Looking at these characiteristics was the first step in establishing
patterns among these types of foreign students who remained in the United States afier degree
completion compared with those who tended to work for a few years and then leave. The data
for cach of these grovps are provided in Table 2-1 that follows.

Comparisons of annual salaries in {987 and 1991 suggest that these who chose to leave the
United States in 1991 were on average making lower salaries. Not onby were average salaries in
1987 lower among those who did leave, salary growth for this group during the period was
slower. At first, it appears that perhaps those foreign students who remained in the United States
wers more desirable to employers since they appear to have received higher salaries on average
when comipared to those who left after a few years of working. Caution should be taken with
this salary comparison, however, because the 1991 average salary for leavers is based op 12
observations and converted from foreign currency to U.S. dollars.

Two key factors, choice of Ph.D. field and type of employment after graduation, could explain
somne of the obgerved avepage salary differences. Ph.D. field differed between the two groups.
Leavers were more likely than stayers to have studied earth/environmental/marine sciences, and
psychology/social scisnces. They were [ess likely to have studied engineering. This distribution
of degree fields could explain some of the difference in mean salary between the two groups.
Regardless of productivity, market conditions cause salary differences across fields.

Employer types in 1987 were also different for stayers versus leavers. The largest difference in
1987 was in the percentage who were employed in tenured or tenure-track academic positions.
Sixty-five percent of the leavers and 63 percent of the stayers were employed in academics in
1987, but the percentage without tenured or tenure-track positions was much higher for leavers
versus stayers, 48 and 34 percent respectively. Over the four-year period from 1987 to 1991,
stayers shifted out of nontenured into tenured posiions as well as into business/industry. For the
leavers, the percent employed in businessfindustry remained unchanged over the period, as did
the percentage in tenure-track positicns, but many of those in noatenured positions in 1987
shifted to government or nonprofit firms in 1991, Both the distribution across job types in 1987
and the change in this distribution in 1991 could explain differences in average salaries for
leavers and stayers.
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Table 2-1. Descriptive Information for Foreign National Respondents to the SDR

Combined
Characieristics Stayare and Leavers Stayers Lezvarg
H 204 241 23
Mean Salary in 1981 855,200 $55,500 $42,800
Maan Salary in 1987 36,600 %36,800 35,100
Mean Age in 1981 Rt 38 a7
Year of Ph.D. Degree;
1981 12% 13% 5%
1982 13% 13% 13%
1953 15% 16% 7%
1954 16% 17% 9%
1885 5% 23% 43%
1985 18% 18% 26%
Yaar of Bachelor's Degree;
Frior 1o 1972 25% 25% 10%
14974 S % 10%
1872 12% 12% 18%
1878 12% 131% g%
1577 12% 13%: 0%
1878 1% 10% 14%
1870 9% a% 19%
1980 8% 8% 19%
19581 or 1982 1% 1% %
Jones-Lindzey Reputailonal Rating of Ph.D. Deparimant (mean) 3.30 3.27 373
Tima lo Ph.D, = Year of PR.D. Minus Year of Bachalor's (maan years) 85 B.5 BO
Femalgz 2% 26% A%
Marred in 1831 &% FOU% 43%
Married in 1087 £3% B4% BT%
Hawve chidren in 1991 Fa% % 8%
Hawve children in 1087 42% $3% A
Ph.D. Fislds:
MathvEtat istinsiCompatar Sciencas 11% 11% 13%
PhysicsfAsironamy &% 5% A%
Chemisiry 8% 8% A%
EanhEnmvironmentalMarnine Sciences 4% 3% 13%
Enginesring A% 6% N
Lia Sciences 21% 8% 18%
Psychology/Social Sciances 13% 129% 1B
Ermplover Types In 1991
BusinessAndustry a1% 2% 22%
Acadamic—Tenured or Tenure-Track 7% ageh 17%
Academbc—MNontenured 1% 16% 22%
Govamment or Norprofit 15% 13% 8%
Empkyyar Typas in 1387
Pusinesafindustiy 25% 25%. 2
Academic—Tenurnzd or Tenure-Track 28% 29% 17%
Academic—MNonterured 5% Ad% 48%
Gaoverrmant of Nonpraflt 12% 129 134%
Participated in Prstdoctoral Appolmhmant in 1951 2% 2% 0%
Participated in Posidectoral Appaimiment in 1987 18% 18% EE%
Participated in Posidoctoral Appoiniment in any year sinse graduation 24% 24% 22%
Counlry of Cliizenghip at Time of Degras:
Eurcpe 14% 13% 25%
- Eastern Asia 5% 3484 23%
Wastam Asiz a5% 3% A%
CanadaMiexdcd 12% 12% 17 %
Alfrica 4% 1% A%
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Salary differences might also be explained by the rate at which students in each group
participated in postdoctoral appointments, which were more likely to have lower salaries. For
both groups, approximately one in five stadents participated in a postdoctoral appointment
1987,

While both choice of Ph.D. field and employment after graduation seemed to explain the average
salary differences between these two groups, information on the quality rating of an individual's
Ph.D.-granting department provided contrary information. Quality of Ph.D.-granting department
was measured by arating of the scholarly quality of department facualty calculated from the
Jones-Lindzey Study in 1981 by the National Research Council. [See Jones, Lindzey and
Coggeshall.] This stady asked faculty members to rate departments on a scale from 0 (not
sufficient for doctorate education) (o 5 (distinguished) and a mean rating was then calculated for
sach departmment. By this measure, leavers attended departments which were, on average, of
higher quality. The average Jones-Lindzey departmental rating for leavers was 3.73 versus 3.27
for stayers.

This quality measure was also calculated for all foreign students included in the “1991 Survey of
Doctorate Recipients Longitudinal File” receiving degrees between 1981 and 1586 who were on
ternporary visas af the time of degree. This group was referred to as the total group of foreign
students. This total group ditfers from our group of leavers and stayers in that a response to the
survey in 1987 and 1991 was not required for this group. The mean Jones-Lindzey rating for this
total group was 3.14. From this total group, a subset of people who were known to be in the
United States in 1991 was generated. The mean Jones-Lindzey for this group of foreizn studenis
located in the United States in 1991 was 3.17. Since these two means, one for the group as a
whole and one for the subset knows $o be in the United States in 1991, had almost the same
average quality rating, it could be inferred that there was no superiority of the subset known to be
in the United States when based on quality rankings of Ph.D. depariment. A mean Jones-
Lindzey quality rating was also calenlated for all U.S. citizens and permanent residents who
received their Ph.D. between 1981 ard 1986, This value was 3.19, again not significantly
different from that for the total group of foreign students.

Comparison of demagraphic characteristics of the stayers and leavers provided information
about the type of individual who was most likely (o leave or stay afier degree completion. The
two groups were about the same age on average, but the leavers obtained more of their
bachelor’s and Ph.D). degrees in later years. While they might have obtained their degrees later
m life, leavers complteted them more rapidly. To measure the time required to obtain the Ph.D.
degree, the difference between year of Ph.DD. and year of bachelor’s degree was calculated. For
stayers, this was an average of 8.3 years versus an average of 8 vears for leavers. Among the
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leavers, the country of citizenship distribution was weighted more towards European or
Canadian/Mexican descent as opposed to Asian descent. Only 53 percent of the leavers were
Asian, which compares to 71 percent of the stayers. There was a slightly higher percentage of
females among the group of leavers. Both in 1987 and 1991, leavers were less likely fo be
married or have children.

MODEL FOR MEASURING PRODUCTIVITY DIFFERENCES

Comparisens of these two subsets of foreign Ph.D. recipients provides insight into the value to
the U.S. workforce of educating foreign science and enginéering students. However, determining
the value of education of foretgn students necessitates a measure of productivity. If wage or
salary information can be used as a measure of productiviiy in the workforce, then these data, as
described above, can be used to analyze the value of educating foreign doctoral students, There
are modeis in the literature that have been used to examine the value of educating foreign
students. The brain drain theory asserts that the best students leave thetr country to gt an
ecucaticn and never return. This can result from the fact that the country educating the student
has a better idea of the student’s true productivity than his home country; this is reftected in the
wage offers. This model would imply thai foreign students with above-average productivity stay
in the United States. [See Kwok and Leland.] Another study by George Borjas [1989] found
that earnings of immigrant scientists and engineers who eventually returned to their home
country were about 11 percent lower than of those who stayed. However, this smdy examined
persons who immigrated prior to 1970, These findings might not hold for more recent
immigrants as substantial immigration law and regulation changes occurred during the late
1960s.

Table 2-1 indicates that average salaries of stayers were higher than those of leavers. If salaries
can be used to measure productivity, then it might appear that stayers were the more productive
group. However, observed salary differences between these two groups could result frem
differences between the two groups in other salary-determining characteristics as also measured
and discussed above. Several factors, such as Ph.D. field and employment type, indicated that
stayers would be expected (o earn more than leavers, even if they were no more productive.
Quality measures of department ranking provided contradictory information; while leavers
earned less on average, they tended to come from highar-ranked departments. Thus, while the
descriplive statistacs derived from this data set provide interesting comparisons, they alse provide
contradictory evidence. From these measures alone, one cannot conclude that stavers were more
preductive simply becanse they had higher salaries on average. It is necessary to control for
measurable differences between these two groups and take into account the relationship among
these important explanatory variables.
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In order to test the hypothesis that leavers were more productive than stayers as measured by
salary differences, a simultaneous equations mode] was estimated to take into account the
simtltaneons determination of salary offers and the decision to eimigrate, controlling for all
measurable characteristics available in the data set. The mode] estimated included three
equations, which allowed estimation of the effect of past productivity, salary in 1987, on the
decision 1o teave the United States by 1991, as well as estimation of other factors affecting
emigration. The final equation estimated current productivity, salary in 1951, controlling for
self-selection into this sample, in order to measure the important influences of productivity
ameng those remaining in the United States.

The primary hypothesis concerning productivity of leavers versus stayers can be fested with the
first two equations in this model, The third equation relating to 1921 productivity for stayers
was estimated to increase the understanding of determinants of productivity of foreign Ph.D.s
wha appear to have long-term plans to remain in the United States.

The model estimated is as follows:

Equation . In(Salary in 1987) = f(gender, age, Ph.D. year, Jones-Lindzey Rating, Ph.D.
field, employer type in 1987, postdoctoral participant in 1987,
receive government suppori, country of citizenship)

This aquation is estimated for leavers and stayers combined.

Equation 2. Probabilicy of leaving in 1991 = f{salary in 1987, gender, age, marital status,
children present, father's education, employer type,
postdoctoral participant in any year, receive government
support, country of citizenship}

The dependent variable in this equation is coded as a 0 or 1 depending on whether
an individual stayed in or left the United States by 1991.

Equation 3. In{Salary in 1991} = f{sex, age, Ph.D. year, Jones-Lindzey Rating, Ph.D.
field, employer type in 1991, postdoctoral participant in 1991,

receive govemnment support, country of citizenship)

This equation is estimated for stayers, after controlling for self-selection into this
1991 salary sample.
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In the above model, the decision of foreign persons educated in the Urited States to leave the
country after several years of employment depended on the expected gain from such a location
change. This expected gam depended on a comparison of opportunities in the Urnited States to
opportunities in the home country. Under the assumption that the wage measures the
productivity of labor, opportunities in the United States can be reflected by salary offers in the
recent past. Thus, a significant factor in predicting the probability that an individual left the
United States should be salary in 1987. This salary offer was not exogenous (o the decision to
leave. Many of the same factors, both measurable and unmeasurabie, such as motivation and
culture, affected jointly the decision to leave and the 1987 salary offer. This implies that, in
cstimating Equaticon 2, it is not sufficient to use the 1987 salary variable as an explanatory
variable since it is likely to be correlated with the error term,

A two-step procedurs was nsed to estimate Equations 1 and 2. First, ordinary least squares
estimates were used to generate predicted 1987 salary offers. In the second stage, the predicted
1987 salary was then used as an instrumental variable in the estimation of & probit medel which
estimated the probability that an individual leaves the country. The results of this two-step
procedure are shown in Tables 2-2 and 2-3.

Ay Table 2-2 shows, the primary factors that affected 1987 salary offers were Ph.D. year, degree
ficld, and type of employer. These variables had the expected signs. For the degree field
variable, the omitted category was engineering; thus, relative to engineers, persons in every other
field classification, with the exception of persons in math/statistics/computer sciences, earned
lower salaries. For the employer type variable, the omitted category was govemment or
nenprofit firm. Relative te this omitied group, persons emploved in business/induestry earned
more and persons employed in nontenured academic positions eamed less. As expected, those
graduates who were employed in a postdoctoral position in 1987 eamed substantially lower
salaries. Factors which appeared 1o have no explanatory power included gender, age. the Jones-
Lindzey department reputational rating, and country of citizenship. Predicted 1987 salary was
generated from this equation and used as an instrumental variable in Equation 2, which estimated
the probability of leaving the country.

Equation 2 was estimated using a probit model. The dependent variable in this model was equal
to one if an individual left the country and equal to zero otherwise. This model assumed that this
probability of leaving was determined by the factors listed sbove in Equation 2. These results
are presented in Table 2-3. The most important result here is the ingignificance of the predicted
1587 salary vanable. One of the two primary cbjectives of this chapter was 1o test whether
leavers were statistically different in terms of productivity, Assuming that productivity is
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reflected in salary offers, finding that the predicted value of the 1987 salary offer was
significantly different from zero in terms of explaining the probability of leaving would satisfy
this objective. The t-ratio on this variable indicated that we could net reject the hypothesis that
the effect of this variable was zero.

Table 2-2. OLS Regression of 1987 Salary Equation

Dependent Variable: In {1987 Salary)
Dapendent Variable Mean: 10.45

Explanatory Variable Coefficiant Estimate teratio*
Constant 12.5600 Td.89*
Giender [Female = 1) {10063 -0.21
Age ~{L{H032 -0.82
Jorws-Lindzey Raputational Raling -0.0045 -0.14

{Cummy = 1 if average rating for department iz » 3.5)
Ph.D. Year 002197 =229
Fh.D. Field Dummy Varlables:™
Math/Statistics/Computer Scignees 00635 -1.25
Physics/Astronomy 0. 13085 -zt
Chamistry 02302 -3.97
Eanh/Environmental/Marlns Sciences (12061 251"
Life Sciences ~3.1942 -4.60"
Pyychology/Social Sciences L1085 219"
Employer Type Dumimy Vardables:™"
Business/Ingrstry 01543 ayer
Academic — Tenured or Terura-Track 0.0568 04
Acadenic ~ Montenursed -0.1958 =75
Recalves Govamment Suppert Dummy -0.0053 .10
Pegtdors Panicipation (in 1987) Dummy -.2963 -5 43"
Country of Gtizenship Dummy Yariables:™
Europa 00078 017
Westem Asia -.0158 -3 465
CanadaMexkeo 0.0562 1.18
Africa, -0.0833 -1.1&
Adjusted AP = 06380

F Valus = 23 635
Etarmdard Error ol Estimate = 0.2079
N=245

Sigmificant at & = .05 level

= Far Ph.D. Fleld, ehgineering is the excluded categonr
For Employver Type, govermmenl/ronprofit is the excluded category.
For Country of Cilizenship, Eastern Asia is the excluded category,
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Table 2-3. Probit Model Estimating the Probability of Leaving

Dependent Variable = 1 if leaver
= ) if stayer
Dependent Varlable Mean: 0.09

Marginal
Coefiiclent ) Effects

Explanatory Variable Estimate t-ratic* [percentage powits)
Coenstant 15427 1.75
1467 Prodicted Salary -1.171 -1.52 -1
Gender {Female = 1) -0.a4e -1.08 -3
Age -0.068 167 -0
Marisd Dumrmy . 709 -1.83 il
Ghadren Present Dummy -0.175 (.47 -1
Father's Edvcation Dummy (College Graduats = 1) 0.458 1.54 4
Employer Type Dumimy Variables:™*

Ausinesafindustry -1.318 -3.18* ]

Academic = Tenured or Tenure-Track -1.163 -3.00* a3

Acedemic — Montenured =1.022 2,317 -G
Recuives Government Support Dummy -0.753 -2.25" -7
Postdes Participation (in &y year} Dumnmy -0.705 -1.46 B
Coundry of Citizanzhip Dummy Variables:""

Europe 114 o.28 1

Wesslarn Asia -0.198 .58 -1

LanadaMexico {.152 0.34 1

Afnca 0181 -21 -1

Log-Likelintod = -57. 92175
N = 264

= Significant at o = .05 leval
For Employer Type, govarmnmentinonprefit s the excluded category.
For Country of Citizanship, Eastam Asia ig the excluded cateqony.

The only explanatory variables that were significant were the employment type variables and the
governmment support variable. They all had the expected signs. A foreign national Ph.D. was
less Jikely to Jeave the country if employed in any of the employer types relative to the omited
category, which was again government or nonprofit firms. He was also less likely to 1eave if he
was receiving government support in his wotk.

Determining the influence of each explanatory variable on the probability of leaving using 2
probit model requires calenlating the marginal effects. These values are shown in the last
column of Table 2-3. Marginal effects measure the change in the probability of leaving resulting
from a one unit change in an explanatory variable, holding af! others constant; the marginal
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effects are calculated at the mean values of the independent variables.® For the 1987 predicted
salary variable, the unit of change was $4000 annually. All other variables are dummy variables
and the change was from a valve of one to a value of zero, Thus while the 1987 predicted salary
variable is nof statistically significant in this particular sample, a one percent decrease in the
probability of leaving results when annual salary is increased by $4000, While this is a smal]
change in probability, it should be compared with an overall probability of leaving of only 9
percent, as shown by the dependent variable mean. Those variables which were statistically
significant did impact the probability of Ieaving even more. Being employed in business or
industry, relative to government/nonprofit employment, reduces the probability of leaving by 9

percentage points.

Equations 1 and 2, which were used to test one of the primary objectives of this research, were
estitated with a sample of foreign students responding te the survey in both 1987 and 1991,
This resulted in a total of 264 students, 23 of whom |eft the country by 1991, or approximately @
percent of the sample. This sample of definite responders in both years can be referred to as the
pure sample. In ovder to detetrmine whether the insignificance of past productivity (predicted
1987 salary) in the decision to leave the country merely resulted from the smail number of
leavers, the same model was tested with what can be called an extended sample. This extended
sample utilized mformation from the 1989 survey for individuals who respended in 1987 bat not
in 1991, Individuals who either reported a foreign location in 1989 or had surveys mailed to
them in 1989 at a current address that was foreign and deliverable were added to cur group of
leavers. This increased the number of leavers from 23 in the pure sample te 64 in the exiended
sample. Equations 1 and 2 were estimated again, and the predicted 1987 salary offer was again
not significantly different from zere in predicting the probability of leaving the coantry,

Finally, 1991 productivity for stayers, Equation 3, was estimated to increase the understanding of
determinants of productivity of foreign Ph.D.s who appeared to have Tong-term plans to remain
in the United States. This equation was first estimated vsing a two-step estimation procedure
which utilized predicted peobabelities of leaving estimated from Equation 2 to correct for self-
selection into the 1991 salary sample. These predicted probabilities were nsed 10 calculate the
inverse Mill’s ratio (A) which was included as an explanatory variable in the 1991 salary
equation. The estimated cocfficient on A indicated the direction and magninede of the selectivity
bias (see Heckman, {979}, Selectivity bias can rasult from the nonrandom selection of
individuals into the stayer group. This procedure produced a coefficient on A that was not
significantly different from zero at an alpha level of .05 and, therefore, the estimates of Equation
3 shown in Table 2-4 resulted from an ordinary least squares regression.
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Dependent Vanabla: In (1997 Salary}
Bapendant Variable Moan: 10.88

Tabie 2-4, QLS Regrassion of 1991 Salary Equation

Explanatory Variabla Coeffliciert Estimate t-ratio*
Congtant 1430923 1602
Gendear {Female = 1} .09 0.04
Age -0.0193 -4.23*
Jonez-Lindzey Reputational Pating 0.0721 1.99*
(Ouwmmy = 1 i average rating for dapartment is » 3.5)
Ph.D. Year -0.0332 -3.11"
Ph.0. Flakd Dumimy Vardables:™
Meth/Statistiks/Compiter Sciences -0 055G -0.35
Physics/Askronomy -0.1533 233
Chemistry -0.0748 -1.01
Eant/EmvirenmentaliMarineg Sciences -0.1075 -1.16
Lide Sclences 0).6E3 -1.25
Faychokgy!Social Sciances <.0568 .54
Emptover Type Dumnmy Variables. ™
Busmaga/Indhustry 21742 kg
Academic — Tanursd or Tenura.Track 00112 -0 18
Academic = Nontenured .3978 538"
Recelves Governmen! Support Dummy 0.0674 2.23"
Festdos Participation (in 1881) Dummy 03037 2857
Country of Citizenship Dummy Vanables:™
Evrope -0.0T48 028
Wasteim Asia 0006 a.12
{CanadaMexico 01231 211"
Alncs 0.0580 Q.65
Adusted R = 0.47464

F VYala = 11,761
Standard Error of Estirmale = 0.2414
N= 223

¢ Signtficant at c = 05 level

™ For PhC. Feks, engiriesting is the sxcluded category.
For Employer Type, aovernmantinonprofit is the excludead categony.
For Country of Citizenship, Eastern Ssia is the exchxlad calegory.

The significant factors in explaining the {993 salaries of those in the stayer group included age,
quality of Ph.D. department rating, Ph.I}. year, Ph.D. field of physics/astronomy, employer type
of businessfindusiry or academic (nontenured), receiving government support, participation in a
postdectoral appointment in 199§, and a border country as country of citizenship. The negative
sign on the age variable is uncommon as age is generally thought to capiure werk experience in

many human capital models. In this sample of Ph.D.s, it is mare likely that relevant work




experience was captured by the Ph.D. year variable instead, which has the expected sign. The
simple correlation between age and Ph.D. year was not strong at -0.32. In this model, given the
fact the Ph.D>. year was resiricted to 2 five-year period, age was possibly capturing the effect of
obtaining a Ph.D. later in life. To the extent chat these clder Ph.D.s were less marketable or that
they were older becanse they took loniger to obtain their degree and were consequently less
productive than those who finished quickly, a negative coefficient on the age variable would be
expected.

CONCLUSION

This chapter has provided comparisons of characteristics and emigration decisions among a
sample of foreign students earning U.S. doctoral degrees between 1981 and 1986. Descriptive
information cormpared the group who was still residing in the United States in 1991, the stayers,
ta the group who was known to have emigrated by that year, the leavers. This descriptive
information indicated that leavers appeared to have eamed lower average salaries in 1987 and to
have stower salary growth during a four-year period. Leavers were also less likely to have
received a degree in engineering and more likely to have received a degree in the earth/
environmentat/marine sciences or in psychology/social sciences. Leavers, on average, came
from higher-ranked departments. A higher percentage of leavers were employed in academic
positions that were nonienure-track in 1987 and in government or nonprofit organizations in
1991. Fewer leavers were married or had children, and this was true in 1987 as well as 1991,

This chapter has also examined the effect of past productivity on the decision to emnigrate. A
simultanecus system of equations was estimated to capture the effect of predicted 1987 salary
offers on the decision to emigrate by 1991, This predicted salary variable was found to be
msignificant in predicting the probability that an individual dees emigrate. Thus, while a
comparison of the average salaries for lsavers and stayers may lead to the conclusion that leavers
are the less productive group, the model estimated in this chapter refutes this finding. The model
did however, confirm that foreign Ph.D. students employed m business/industry or academie jobs
are less likely to emigrate compared with those employed by government or nonprofit firms.

22




TECHNICAL APPENDIX

This appendix provides detatl zbout data and methods wsed to produce the results that are
described in Chapter 1 of this report.

SOURCES OF DATA

The data for Chapter | consist almost exclusively of a set of more than 100 groops of Ph.D.
recipients who received degrees from ULS. universities in 1954, 1587, 1988, and 19%). We first
discussed this project carefully with staff of the National Research Council, the Nationat Science
Foundation, and the Social Security Administration to make sore that the methods chosen would
comply with each organizations’ policy regarding the confidentiality of data regarding
individuals.

Our methed was to start with responses to the Survey of Earned Doctorates for the years of
interest. This survey is not a sample survey but rather a complete census of new doctorate
recipients in the United States, administered at or near the time that they complete their
doctorate. Among the questions asked of these persons are country of citizenship, degree field,
and postgraduation plans. We used answers to these guestions to define and identify groups for
which we wanted to eslimate a stay rate (e.g., temporary residents graduating in 1984 with a
degree in engineering). The Natiopal Rasearch Council then prepared a diskette containing the
birth years and social security numbers of the persons in each of these groups. In most cases, we
mcluded al] the persons with the traits used to define the group. However, a sample of 200 was
used in cases where the total in the group was greater than about 250 persons. In total, we
identified groups of forsign citizens containing a wotal of 11,219 persons, In addition, we
specified [2 groups of U.S, citizens containing a total of 2,400 persons. These were used to help
us make adjustments (o the raw data received from the Social Security Administration.

The Social Secunty Administration first checked to identify persons for whom the social security
numbers we provided were invalid. Also, they compared the year of birth we provided for each
social security number with the year of birth in the social security files for the person with that
numbet. They then excluded, from any tabulationis, persons with invalid numbers and persons
for whom the birth years differed by more than i year. The primary concera that led ns to this
birth year screen was the possibility that some social security numbers reported on the Survey of
Earned Doctorates might be incorrect yet would be treated by the Social Security Administration
as valid if it was identical to one of the millions of numbers in their system. By requiring the
birth year to match or be off by no more than ene year, we probably eliminated meore than
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935 percent of any such falze matches. We found that 3.5 percent of U.S, citizens and 5.7 percemt
of foreign citizens had birth years that did not match within one year. This is not surprising since
neither organization has 100 percent aceuracy recording birth year. As far ag the difference
between the United States and foreign citizens in this regard, we postulate two distinct reasons.
One is that foreign citizens sometimes write numbers differently or interpret questions
differently. Another is that some foreign citizens do not have a social security number but may
have reported a similar number 1ssued by their university to students who don’t have and don’t
want {o get soctal security numbers. Insofar as the second reason holds, the difference between
the UL.S. rate of false matches (3.5 percent) and the foreign rate (5.7 percent} conid be used as an
indication of false matches that made it through the screen. That is, persons whose birth dates
matched or were off by no more than one year were treated as having valid social security
numbers. Since there are about B0 possible birth years (e.g., 1901 to 192F) that describe nzarly
all persons in the social security system in 1992, we conclude that a social-security-like namber
or a fake social secerity number would make it through our birth year screen with a chance of
anly aboat 3 out of 90, i.e., a probahility of 1ess than 3 percent. However, the chance of an
invalid number making it through our screen is less than this. Many 9-digit numbers do not
match becanse that number has not yet been issued to a person as 2 unique social security
number. We did not carmy this further after concluding that the possibilify of false snatches in our
sample is quite small, surely less than 3 percent.

After screening out invalid social secority numbers and mimbers without a birth year that
matched (or were off by no more than one year), the Social Security Administration made an
initial set of computer tabulations by calculating for each group the proportion with eamings of
$3,000 or more in each of the years from 1986 to 1992, This produced several groups where
problems of confidentiality occurred. The practical application of the Social Security
Administrations confidentiality rules meant that they would report no proportion if the group had
a calculated proportion of 100 percent or O percent as this would permit the identification of
individuals by persons who could match the social secunty nembers with names {e.g.. the
National Research Couneil staff who prepared the groups sent to the Social Secarity
Administration}. Further, to be safe, the Social Security Administration wounld not calculate 2
proportion if atl but three persons in a group had eamings of $5,000 or more. Thus, for exarmple,
we produced separate estimates for 1987 and 1988 engineering and physical sciences graduates
from Mexico and Brazil. However, we ware forced to combine Mexico and Brazil with other
Ceantral and South American conntries to produce stay rates in social sciencesfpeychology, and
we were forced to cambine Brazil and Mexico for life sciences stay rates, For Japan, we could
not produce separate estimates for physical sciences and life sciences because of the
confidentiality restriction. In this case, we chose to combine the two disciplines, resulting in
identical stay rates for physical sciences and life sciences in Table 1-4. Combining separate
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groups of disciplines and reporting out the combined rate for each discipline was not judged to
be deceptive because the combined stay rate in 1992 was only 8 percent and represented only 5
persons who stayed out of & combined total of 2. The true rate for the physical sciences group
would be under 12 percent even if all 5 persons were physical scientists.

ADJUSTMENTS TO DATA: MISSING AND tNVALID SOCIAL SECURITY NUMBERS

One reason for missing or invalid social security numbers is data error. The respondent to the
Survey of Eamed Doctorates might fail to write down his or her number, or record his or her
number incorrectly, or the coder at the National Research Council might make an error. X we
were confident that other reasons were of no importaﬂce, we would not make any adjustments to
account for missing social security numbers. However, we belizve that sometimes social
security numbers were missing because the foreign graduate did not have a social security
number. The vast majority do have social security numbers, and this is not surpnising as these
are used by both banks and universities for identification numbers. However, it is possible for a
student ta go through graduate school without a social security number. Most universities will
1ssue a similar 9-digit ID number to foreign students if they don’t want to get a U.S. social
security number. These usually start with the number 2., a number which the Social Security
Administration never uses for the first digit of 2 true social security number. Many of our invalid
social security numbers started with a 9, so it appears the student was confused and thought it
was a social security number. But we also had a significant number of graduates for whom no
social security number was recorded by the National Ressarch Council. Among 1987 and 1988
graduates, the proportion with no social security number ranged from a Iow of 6.5 percent of
enginecring graduates to 16.4 percent of social sciences/psychology graduates. Further, there
was variation by country: countries with the lowest proportion missing social security numnbers
tended to be countries with kigh stay rates, and countries with the highest proportion missing
1ended 1o be countries with low stay rates. This suggests that a substantial nurnber of persons did
not get social security numbers because they did not intend to work in the United States after
graduation.

We made a low case assumption that all of the persons with missing or invalid social security
numbers left the Uinited States after graduation and did not retum to the United States in
subsequent years. However, this is obvicusly exireme. At the other extreme, our high case
assumption was that the persons with missing or invalid social security nuembers stayed to work
in the United States at the same rate as others with the same characteristics {year of gradunation,
degree field, country of citizenship). Our mid-case estimate is always the average of the high
and low cases. Thus, in the mid-case estimates, we are assuming that the stay rate for those wiih
missing numbers 15 half the stay rate for those with valid social security runmbers in the same
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group. It thms out that the mid-case iz not very different from the more extreme low case as the
groups with a relatively high proportion of missing sectal security numbers (e.g., social sciences/
psychology graduates from Canada and from Central/South America) are altmost always groups
for which the holders of social security numbers recorded a stay rate of less than 35 percent.

OTHER ADJUSTMENTS

Other adjustments were needed because our control groups of U.5. citizens were recorded as
earning $5,00( or more only about 90 percent of the time. To the extent this is 5o becatise they
are working in jobs not covered by social security or because they were out of work for most (but
not all) of the year, then the social security counts underestimate the number who are in the U.S.
workforce. Afew are missing because the person has died, is institutionalized, or i5 gut of the
labor force altogether. Of course, some ULS, citizens do leave the Unifted States for foreign
appointments, but our government ¢collects no statistics on such movements. We developed the
best data we could on each of these possible reasons for U.S. citizens not reporting social

security covered wages.

We estimated death rates of U.S. citizens by using the age-specific death rates recorded by the
TLAA insurance company,’ Wa found out that state government employment in three states
{Ohio, Massachusetts, and Alaska) is still completely exempt from social security taxes,
including the persons employed by state universities in those states.* We used the Survey of
Doctorate Recipients (SDR) to estimate the proportion of recent Ph.D.s in the sciences and
engineering who were employed at universities in those states. We used Department of
Education data to estimate the proportion among those smploved in education in these states who
were employed in public universities as opposed to private.” We also used 1991 SDR data to
estimale nnamployment rates, the percent who were out of the labor force, and the percent who
were employed part-time. 'We assurned that at least one-half of one percent of 1J.5. citizens are
workitg outside the United States {(after examining the proportion who reported to the SDR that
they had worked abroad for at least 3 months, and the proportion who reported that they were
waorking abroad at the time of the 1991 SDR).

We made assumptions based on the best data available for g]l these factors and ended up with a
set of adjustment factors that we judged would account for the 1.5, citizens who were working
in the United States or looking for work in the United States. These adjustrment factors were then
applied to the estimates of stay rates for foreign graduates as they too take employment in state
government jobs that are not covered by social security, and they experience similar rates for
death and unemployment or part-time empleyment. Daing this cansed us to increase the rates for
foreign national reciptents of engineering degrees by a factor of 1.047 in the mid-case. The
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adjustment factor for other disciplines in the mid-case were: 1.039 for physical sciences, 1.069
for life sciences, and 1.083 for social sciences. The higher adjustment factors for life sciences
and social sciences/psychology were due to the fact that, compared with engineering and
physical sciences, these fields had higher unemployment and part-time employment, and aiso a
higher proportion of the recent graduates were employed in universities located in Ohio,
Massachuseits, or Alaska.

The adjustinents For missing social security numbers lowered the raw rates we obtained from the
Social Security Administration. The other adjustments (e.g.. for persons employed in non-
covered employment) raised the rates. The net effect was that most stay rates reporied in the
mzin body of this report are very close to the unadjusted rates we obtained from the Secial
Security Administration when we asked for the proportion eaming $5,000 or more. For example,
for the 1984 graduoates, we reported the following 1992 stay rates in Table 1-1; 53 percentin
engineering (compared with an unadjusted rate of 55 percent}; 45 percent in physical sciences
(compared with 46 percent unadjusted); 33 percent in life sciences (compared with 35 percent
unadiusted); and 26 percent in social sciences (compared with 28 percent unadjusted).
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ENDNOTES

. For all tables in Chapter 1, physical scignces includes mathematics, computer sciences, and
physical sciences; social sciences includes psychology and social sciences.

. Anecdotal reports and the data shown here for 1991 and 1992 indicate that some postdocs do
not pay social security taxes, We made an adjustment for employment in jobs that aren’t
covered by social security (e.g., state universities in Ohio) for all of our estimates and are
confident that this is appropriate for the totals in each discipline. However, this general
adjustment may not be encugh for those who did postdocs since foreign nationals take
postdocs more frequenty than 1.8, citizens in the same discipline.

. These were published in National Resgarch Couecil, Biomedical and Behavioral Research

Scienrists: Their Training and Supply, Yolume: I, Washington, DC: National Academy Press,
1989, p. 114.

. Telephone conversation with Mr. Ken Sanders of the Social Security Administration, July
1994,

. National Center for Education Statistics, State Higher Education Profiles, Washington, DC,
15993 (NCES 93-169).

. The marginal effect of explanatory value x, on y, the probability of leaving, is

dyfdx, = [, (x'B) when: B is the coefflcient on x, reported in Table 2-3, f (x'B) is the standard
nc!rmal density, x'B = ,xl B., andX, is the mean valuve of each of the k explanatory values.
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