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Foreword

The large and increasing percentage of graduate students in U.S.
engineering schools who are foreign-born is a noteworthy development of
the last decade. Opinions differ widely as to whether this phenomenon is
beneficial to engineering schools, to the U.S. engineering profession, or
to the nation. This study by Drs. Barber and Morgan contributes valuable
data and analysis to the discussion of this issue.

There are some who consider the willingness of U.S. graduate
schools of engineering to accept large numbers of graduate students,
post-doctoral fellows, and visiting faculty members from foreign countries
an act of folly. Their position is sometimes summarized in the phrase 'We
are educating our competitors."

There are others who feel that the ability of U.S. engineering
schools to attract foreign graduate students is a tribute to their quality.
From this point of view, the appropriate concern is that U.S. engineering
schools continue to maintain a position of global leadership.

From a nationalistic perspective, the dependence of U.S. engi-
neering schools on the foreign-born to maintain an adequate number of
qualified graduate students and to supply the demand for engineering
Ph.D. recipients by U.S. engineering schools and U.S. industrial compa-
nies is of concern. If federal government policy-makers are concerned
about the nation's dependence on foreign sources of petroleum, should
they not be deeply concerned about a growing dependence on foreign-
born "brains" to supply our academic and industrial workforce require-
ments?

From still another point of view, there are those who attribute the
strength of U.S. engineering schools to their ability to attract top-caliber
students from all over the world. High quality graduate students and
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research assistants are essential to the creation of the lively intellectual
environment characteristic of front-rank graduate schools.

Other aspects of this issue merit consideration. What is the effect
on the country of origin of these students? If highly educated engineers
return and find appropriate employment, the effect is clearly positive.
Conversely, there may be a net loss to a country which has educated
talented students through the baccalaureate degree only to have them
emigrate and make their major contribution elsewhere.

Thus the issue of the large number of foreign-born engineering
graduate students in the U.S. has many ramifications. Thin report
examines a number of them and supplies significant data about the
experiences and attitudes of the faculty members and department chair-
persons who are the most directly involved.

F. Karl Willenbrock
Executive Director
American Society for Engineering Education
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introduction

Colleges and universities in the United States have for many years
welcomed foreign students with positive expectations concerning the
contributions these foreign students are likely to make to the quality of
education and with only vague concerns that the economic costs of
foreign students may outweigh the benefits. Since, verall, the propor-
tion of foreign students currently constitutes less than 3 percent of the
total population of students in U.S. institutions of higher education, it is
not surprising that, as documented by Craufard Goodwin and Michael
Nacht in their study, [1], students from overseas are relatively insignifi-
cant among the problems that preoccupy educators. Goodwin and
Nacht found that when campus officials or faculty do give some
attention to the issue of foreign students, they tend to assume that
foreign students add to the benefits imputed to diversity in student
populations more generally. In the 1980s, to be sure, with growing
economic constraints afflicting universities, the issue of coats has
acquired nc,w salience; educators are now increasingly on the defen-
sive with regard to the extent of the subsidies that foreign students
allegedly receive and the share of financial aid that is provided to
foreign students. At the same time, some efforts have been made
recently to conceptualize the costs that foreign students entail given the
present conditions in higher education generally as well as in particular
kinds of institutions and particular fields of study [2].

In U.S. graduate engineering education, especially, benign indiffer-
ence about the costs of toreign students and the "humanist presump-
tion" [3] in favor of the educational contributions they make are under
severe pressure because of the very high proportion of foreign gradu-
ate students. Although within the foreign engineering student popula-
tion the proportion of graduate students declined from 47 percent in
1969/70 to 29 percent in 1979/80, the proportion of foreign students (on



either temporary or permanent visas) among all students receiving
doctoral degrees in engineering almost doubled during the same
period. In 1981, according to National Science Foundation
statistics,this proportion topped 50 percent, and it has remained above
the 50 percent ! Net ever since [4].

The uneasiness about engineering education that prevails these
days among engineering educators has a number of sources, but it may
be related at least in part to the role of the foreign students. In a recently
completed study by the American Society for Engineering Education
(ASEE) on the quality of engineering education [5], major attention was
focused, among other things, on the poor condition of equipment and
laboratories and on the weak design content of curricula. It is possible
that tendencies toward the neglect of laboratories and of design may
have been reinforced by the theoretical orientation of foreign graduate
students %Mich we shall discuss in a later section of this report. Yet the
tilt toward the theoretical occurred prior to the recent strong increase in
the proportion of foreign students. In any ovent, those favoring a
stronger theoretical orientation are likely to look with favor on foreign
graduate students while those favoring a stronger practical and design
orientation are likely to be "concemed" about the high proportion of
these students.

The situation in engineering education posed by the high proportion
of foreign graduate students is of more general interest to policymakers
and practitioners in the field of International education because it
constitutes the limiting case for testing assumptions about the impact
of foreign students on U.S. higher education. Most immediately,
however, the very high proportions of foreign engineering graduate
students have been of growing concern to policymakers in government
and higher education not simply because If consequences for the
character and quality of engineering program, but also because of the
significant role that engineering plays in underpinning the industrial
strength of the United States. We shall deal with these concerns under
the fv !owing rubrics:

(1) Access to graduate engineering education. The high proportion
of foreign graduate students has caused concern about the extent to
which these foreign students are "displacing" well-qualified U.S. stu-
dents. At the undergraduate level, indeed, this concern led to the
decision of the University of Illinois, in 1984, not to admit any more
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foreign students to its B.S. program; and in California, the legislalue
has periodically asked engineering departments to justify enrollments
of foreign students that exceed 25 percent. Our study will explore the
state of applications for admission to graduate engineering programs
as perceived by those most directly involved in graduate education,
namely, departmental chairpersons and faculty. It attempts to answer
the question: Does the presence of large numbers and proportions of
foreign students have negative consequences for the quality of degree
recipients? Are foreign graduate students displacing well-qualified U.S.
graduate students !n graduate engineering programs?

Access involves not simply admission to graduate e.gineering pro-
grams but also the necessary financial resources to pursue graduate
studies. 1 here are concerns about the extent to which foreign students
are being subsidized through tax monies in public institutions and
through private contributions in private ones. Our study will help
illuminate the nature of the financial support provided to foreign
students at the graduate level.

(2) The process and content of engineering education. In the last
25 years, there has been continuing discussion of the extent to which
U.S. engineering graduate programs are capable of adjusting to the
needs and expectations of foreign graduate students especially those
who expect to return home. As the question is frequently put, are U.S.
engineering curricula "relevant" to the needs of students from develop-
ing countries? For the most part, in spite of much discussion and
argument about modifying U.S. engineering programs to provide a
more relevant, responsive academic environment for foreign students,
such modifications have generally not been made nor are they gener-
ally deemed desirable. Yet, as the proportion of foreign graduate
students has grown, perspectives on the relevance issue have shifted
drastically. Some engineering educators now voice concern about the
possibile intrusion of developing-country problems into the training and
research in U.S. engineering schools. The present study will shed
some light on the extent to which foreign graduate students have, in
fact, affected the process of teaching, the content of what is taught , and
the characteristics of the research that is done.

(3) The quality of engineering education and research. There are
various ways in which, potentially, the large proportion of foreign



graduate students may affect the quality of engineering education. This
may result, in part, from difficulties experienced by U.S. undergradu-
ates who are taught by foreign teaching assistants with limited lan-
guage facility; it may result, also, from the admission of foreign students
with inadequate qualifications; or it may result from the burden that
foreign graduate students place on the administration and the faculty
of engineering schools. The study will show how these threats to quality
are perceived, and if and insofar as they exist, what efforts are being
made or suggested to deal with them.

At the same time, there has been concern about the consequences
of the large proportion of foreign students for thn quality of the research
carried out in engineering schools. This problem may manifest itself in
variou.; ways: through the research skills and proclivities of the foreign
students; through their relationships with engineering faculty; and
through their restricted access to research that has national security
implications. This study will address these concerns.

(4) National and economic security Issues. The question has been
raised in various quarters [e.g.,5] whether the education of foreign
graduate students, as well as their participation in research, is conso-
nant with U.S. foreign policy and economic objectives. The once-
prevalent presumption that education in this country will enhance
fruitful friendly relations with people in other countries and prove to be
politically and economically rewarding has been partly replaced by
concerns that there are risks in permitting foreign nationals access to
scientific and technical information. This study does not attempt to
assess the larger consequences for the generation of new knowledge
of permitting or restricting the free flows of information [6], but it does
reveal the extent to which research in engineering schools is affected
by government c;. industrial concerns about the negative conse-
quences of free flows. It does attempt to answer the question: Does the
presence of foreign graduate students cause a significant problem for
faculty involved in research projects that carry certain restrictions on
grounds of national security or competitiveness?

Under the above four rubrics, the study explores the extent to which
changes in the nature and quality of engineering education have taken
place that can be attributed to the high proportion of foreign graduate
students. Before this study was carried out, speculation was rife and
facts were few about the impact of foreign graduate students. We can

i2



now provide information about the perceptions of the relative perform-
ance of U.S. and foreign teaching assistants and of the extent to which
the presence of foreign graduate students affects the operation of U.S.
engineering programs including defense-related research. Our data
permit, then, some conclusions about the effects that these foreign
graduate students have on the quality of instruction that takes place in
engineering schools and on the characteristics of engineering re-
search.

(5) The core%,sItIon of faculty. It is not only among the graduate
students in U.S. engineering programs that foreigners are crnspicuous
for their numbers and proportions. Among the faculty also there is a
high proportion of individuals who are either foreign citizens or who
were not born in the United States. In carrying out our study, we
obtained some valuable data on the quantitative role of foreign-born
faculty as well as some indication of the roles of these faculty members,
primarily as they interact with foreign graduate students but also with
regard to such matters as the extent of their involvement in externally-
sponsored research.
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Study

design

In order to understand the perceptions of key staff of engineering
schools, departmental chairpersons and faculty, in the fall of 1985, we
surveyed these two groups with mail questionnaires. The chairpersons'
questionnaire was sent to all chairpersons of departments or other
entities that administer graduate degree programs in chemical engi-
neering, civil engineering, electrical engineering, and mechanical
engineering. Out of a total survey population of 651 chairpersons, 441
or 67.7 percent returned usable replies. The faculty questionnaire was
sent to a probability sample estimated to be 14.6 percent of all faculty
within the departments or other entities whose chairpersons were
surveyed. In all, 1757 faculty questionnaires were mailed and 943, or
53.7 percent, usable responses were received. These response rates
are high, overall; there was some variation among engineering diaci-
plines, in that 47.2 percent of electrical engineering faculty responded,
compared with 60.1 percent of chemical engineering faculty.

A two-stage probability sampling procedure was used for the faculty
survey in which each individual faculty member had an equal probabil-
ity of being selected. The faculty population was stratified along three
variables: (1) the engineering disciplinechemical (ChE), civil (CE),
electrical (EE), and mechanical (ME); (2) the form of university admini-
stration or governance (public/private); and (3) the institution's quality
and/or research intensiveness (QRI). This latter index was developed
as follows: two strata, QRI-1 and QRI-2, consisted of faculty in depart-
ments or programs that were rated in the top and bottom halves,
respectively, of an assessment of U.S. research doctorate programs in
engineering carried out under the aegis of the Conference Board of As-
sociated Research Councils and published by the National Academy
Press in 1982 [71 A third stratum, QRI-3, was made up of faculty in
those departments that were not included in the1982 assessment but
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were listed in an American Society for Engineering Education (ASEE)
directory of graduate programs published in March, 1985 [8]; their
exclusion from the 1982 rankings could have been due to a number of
factors, like the lack of doctoral programs, an insufficient number of
doctorate recipients, or the recency of programs. In general, the QRI-
3 programs are likely to be less research intensive than the QRI-1 or
QRI-2 programs; it is difficult to make any judgments about the quality
of the QRI-3 programs.

The questionnaires sent to chairpersons and faculty covered, in part,
the same ground; both groups were surveyed with regard to the use of
full-time foreign graduate students as teaching assistants and research
assistants, the extent to which these foreign students are unable to
participate in certain kinds of research ',amuse of security considera-
tions, and the general issue of the extent to which foreign graduate
students constitute an asset or a liability. In some respects, the two
surveys were different, reflecting the different roles of chairpersons and
faculty. Information and opinions were obtained from chairpersons
about applications and admissions criteria and policies, student f:han-
ciasl aid policies, and the rate of completion of degree programs of
foreign and U.S. graduate students. Department heads also provided
specific data about the number of foreign and U.S. graduate students
in their departments (foreign students to be defined as full-time stu-
dents on P:lher temporary or permanent visas), the countries or places
of origin of the foreign students, and the patterns of financial support of
both the U.S. and the foreign group.

Faculty were questioned with regard to their experiences in teaching
U.S. and foreign students and the extent of their continuing contacts
with each group of students after degree completion. The faculty ques-
tionnaire contained a section designed to obtain a profile of faculty
respondents.

I C:
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Survey

results

(1) Admissions and financial aid. Some 86.5 percent of the chairper-
sons of graduate departments or programs indicated that during the
four years previous to our fall 1985 survey, t,iere had been either a
shortage of, or few if any, U.S. citizens applying for admission as full-
time graduate students. Conversely, 86.1 percent reported a surplus
or an adequate number of foreign applicants. These results vary some-
what among quality/research intensiveness strata but not dramatically
so. Looking ahead to the next four years, 46.9 percent of the chairper-
sons expect no change in the number of U.S. applicants, 33.9 percent
expect fewer, and 16.4 percent expect more. The judgments by
chairpersons suggest that to maintain cohorts of well-qualified gradu-
ate students, it is essential to accept for jn citizens, and that there is
no question of these foreign citizens "oisplacing" U.S. citizens.

Only a small percentage of all chairpersons, 14.9 percent, indicated
that their department, school, or university has a policy that limits the
percentage of foreign citizens admitted for graduate study to a specific
maximum. In the case of QRI-1 chairpersons, the percentage reporting
a "cap" was higher (32.1 percent) than in the other QM categories, and
in private institutions, only 7.1 percent of chairpersons reported an
upper limit. This suggests that the highest-quality institutions are
somewhat better able to recruit more high-quality U.S. students, and
that there is less pressure in private than in public universities to limit
the enrollment of foreign students. The mean limiting maximum per-
centage cited by the respondents is 30.5 percent.

The financial relationship between foreign students and their univer-
sities has two main aspects: the tuition and/or fees they are (or are not)
charged and the extent and kinds of financial aid they receive. A small
minority of institutions, 8.2 percent, charge foreign engineering stu-
dents more than out-of-state U.S. students, and all the institutions that
do so are public ones.
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As regards financial aid, only 13.2 percent of chairpersons reported
a policy limiting the amount or percentage of the total available financial
aid that may be awarded to foreign graduate students. The restrictions
varied: 39.3 percent of those reporting such a policy give some priority
to U.S. citizens, and 24.6 percent will not support foreign citizens during
their first year. Yet as indicated in Table 1, 44.3 percent of chairpersons
indicated that an applicant's citizenship is a criterion of considerable
importance in making financial aid awards. Indeed, when the chairper-
sons were confronted with the following hypothetical question, "If two
graduate student applicants for financial aid from your department were
judged to be of equal quality, and one was a U.S. citizen and the other
a non-U.S. citizen, which one would be given preference?", the re-
sponses were as follows: 87.1 percent would give preference to the
U.S. citizen, 11.3 percent would give preference to neither, and 0.2
percent would prefer the non-U.S. citizen. When the wording of the
question was changed so that the non-U.S. citizen was described as
having "slightly better qualifications for graduate study than a U.S.
citizen," 56.9 percent would give preference to the U.S. citizen, 26.5
percent to the non-U.S. citizen, and 13.3 percent had no preference.

TABLE 1

CRITERIA USED BY CHAIRPERSONS IN MAKING FINANCIAL AID AWARDS

In making financial aid awards to all graduate student applicants, on a five-point scale from
"strongly consider (1) to "do not consider at all" (5), the following percentages of the total response
incficated 1 or 2 for the following criteria:

CRITERIA

PERCENT
OF TOTAL

RESPONSE

GRE Scores 60.0
Undergraduate performance (grades) 93.9
Letters of recommendation 63.5
College or university where students did
undergraduate work 72.3

Compatibility of applicants' research skills, etc. with department 70.9
The applicants' financial need 24.1
The applicants' citizenship 44.3

11



12

It would have been interesting to obtain responses to a hypothetical
choice between a foreign student with markedly superior qualifications
and a U.S. student. In any event, the responses we did obtain suggest
that there is a certain disposition in engineering departments to use
financial aid resources to encourage graduate study by U.S. students.

(2) The process and content of engineering education. According
to surveyed chairpersons, 48.8 percent of full-time graduate students
in the fall of 1985 were foreign, and faculty respondents estimated that
they had, in the last four years, an average of 43.6 percent of foreign
graduate students in their classes. In dealing with this high percentage
of foreign students, 39.3 percent of faculty said they spent more time
advising and assisting the typical foreign student :han the typical U.S.
student, and almost half of the faculty respondents made special efforts
to accommodate the foreign students' difficulties in oral comprehen-
sion. A high proportion, 87.0 percent, had the same expectations for
both foreign and U.S. students, and an even higher proportion, 96.5
percent, said they used the same standards in grading their graduate
students, foreign or domestic.

Not only did faculty treat all students, foreign and domestic, the same
in judging their performance, but faculty did not to any great extent take
the national composition of their graduate students into account in
defining the content of the subject matter to be taught. Only a very small
proportion of faculty, 10.3 percent, indicated that they had tried to make
teaching examples relevant to foreign students' backgrounds. Rather
more, (20.6 percent), utilized foreign students as resources to illustrate
iilternationalkomparative aspects of problems in classroom escus-
sions. Yet these relatively small percentages indicate that, for better or
worse, the high proportions of foreign students have not significantly
affected the content of graduate engineering instruction.

(3) The quality of engineering education and research. Those who
have misgivings about the impact of high proportions of foreign gradu-
ate students in engineering programs could very well be concerned,
among other things, about changes in the quality of these programs.
The findings of our study suggest that there are certain specific causes
for concern, but that the overall situation is reassuring.

The responses obtained about admissions to engineering schools
indicate that foreign students are absolutely essential to maintaining
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the quality of the student population; but for the availability of these
foreign applicants, it is highly lik3ly that U.S. applicants of lower quality
than a particular institution normally accepts would have to be admitted.
It is also clear from faculty responses that, by and large, foreign
students are perceived as being competitive in most respects with U.S.
students. As noted previously, most faculty have the same expecta-
tions of both groups and use the same standards in grading both.
Three-fifths of faculty respondents, 60.6 percent, reject the idea that
there is a specific maximum percentage of foreign students in a
graduate course that should not be exceeded if their teaching is to be
most effective. Among the minority of faculty who felt that some
maximum is desirable, 55.3 percent set this maximum at 30 percent
and another 37.0 percent felt that the maximum should be in the 31 to
50 percent range. These preferences, in the light of current actual
enrollment figures, suggest that a significant minority of faculty have
higher percentages of foreion students in their graduate-level courses
than they consider optimal for effective teaching.

It is interesting to note here that U.S.-bom and foreign-born faculty
(the latter constitute 30.6 percent of all faculty) responded rather
differently when asked about the amount of effort required to teach
foreign students, the need to accommodate to their language difficul-
ties, and the expectations of foreign students and standards used in
judging U.S. and foreign students. Only 16.1 percent of foreign-born
faculty felt that the teaching effort required for a foreign student was
greater than for a U.S. student compared with 47.8 percent of U.S.-born
faculty. Only 25.8 percent of foreign-born faculty, compared to 45.3
percent of U.S.-born faculty, indicated that, on average, they spent
more time advising or assisting a typical foreign student than a typical
U.S. student. Again, with regard to making special allowances for
foreign students' language problems, 28.7 percent of foreign-born
faculty thought this to be necessary compared to 38.7 percent of U.S.-
born faculty. Hardly any U.S.-bom faculty, 2.1 percent, indicated that in
evaluating the work of foreign students, they expected more of them
than of U.S. students while 14.9 percent of foreign-born faculty ex-
pected more of foreign students. Also, foreign-born faculty were less
inclined to set a limit to the proportion of foreign graduate students in
their courses.

These differences require cautious interpretation. They may have to
do with the greater extent to which foreign-born faculty are able to
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identify or communicate with foreign students and with the foreign
students' greater rapport with them, or with foreign-born faculty's
greater disposition to be patient with the problems of foreign students,
or with the greater ability of foreign-born faculty to appreciate the con-
tributions of foreign students. At the same time, they may reflect a
degree of ethnocentrism or racial bias on the part of U.S.-bom respon-
dents. Whatever the reason or reasons for the differences in judgments
may be, such differences indicate that, at least in some respects, there
is no simple and definitive assessment of the quality of foreign graduate
students as students. They surely require a certain amount of extra
instructional effort on the part of many faculty members, but there is
nothing to suggest that the outcome of the greater teaching effort
required for foreign graduate students is ultimately different from the
outcome of the lesser effort required in some cases for their 1'.S.
counterparts.

It is in two other areas, the instruction of undergraduate students by
foreign teaching assistants and, to a lesser extent, the carrying out of
research, that the high proportions of foreign graduate students appear
to have some negative consequences.

(a) Foreign graduate students as teaching assistants. Teaching
assistantships have two major purposes in graduate programs: they
relibve faculty of some of the more routine instructional tasks, and they
constitute a source of financial aid to graduate students. In engineering
schools, therefore, teaching assistants (TAs) are used, whether or not
there is a shortage of faculty. The recent shortage of full-time engineer-
ing faculty, which has been espedally acute in electrical engineering,
has led to greater than normal reliance on TAs. Among the chairper-
sons reporting a shortage of faculty, 31.6 percent indicated that they
were hiring moro TAs than they would prefer, and insofar as depart-
ments needed to rely on TM, only 22.6 percent of responding chairper-
sons reported a sufficient pool of U.S. greiate students to meet
departmental needs for TM. This latter percentage was considerably
higher for QRI-1 departments (38.9 percent) than for QRI -2 depart-
ments (17.1 percent) and slightly higher for private (26.4 percent) than
for public (21.1 percent) institutions.

Large numbers of departments, then, must use foreign TAs. During
the past four years, according to the chairpersons, the mean percent-
age of teaching assistantships awarded to foreign citizens was 46.7
percent; QRI-1 and QRI -2 programs had means of 40.2 percent and
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51.6 percent, resoectively. For those faculty who reported using teach-
ing assistants at all, the mean percentage of teaching assistants who
were foreign was 53.4 percent. For QRI -1 faculty, it was 50.0 percent
compared with 59.5 percent for QRI-2 faculty; faculty in public institu-
tions reported slightly larger percentages of foreign TM than those in
private institutions (54.0 percent vs. 52.0 percent) and mechanical
engineering faculty somewhat larger percentages than chemical engi-
neering faculty (56.7 percent vs. 47.5 percent). In 60.3 percent of the
responding departments or programs, the foreign students who serve
as teaching assistants are required to demonstrate English language
proficiency above that required for admission; some 22 of 76 depart-
ments indicated that they do not award teaching assistantships to
foreign students in their first year.

Based on the responses of faculty, it seems fair to say that the use of
foreign TAs is not without problems. Faculty utilize both foreign and
U.S. graduate students to perform a variety of TA functions, and for
most of these functions, they prefer U.S. TAs c, er foreign TAs (see
Table 2). The functions excepted from this preference are grading
homework assignments and grading exams, for which "no preference"
was the strongest response. In engineering courses, both of these
functions are generally less highly dependent on the TAs' fluency in
English than the other, more communication-dependent tasks listed in
Table 2.

TABLE 2

FACULTY PREFERENCE FOR USING FOREIGN OR U.S.
TEACHING ASSISTANTS.

Prefer
foreign TAs

Prefer
U.S. TAs

No
Preference

Do not
use TAs

( %) (%) (%) (%)

Grading homework 3.2 24.2 67.7 4.8
Grading exams 1.3 14.6 33.2 50.6
Giving lectures 1.0 39.3 11.7 47.4
Leading

review sessions 0.8 43.0 31.4 24.8
Advising students 0.3 22.6 17.7 59.2
Conducting labs 1.3 46.5 36.2 15.6

15
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When faculty were asked to compare the overall performance of U.r).
and foreign graduate students as TAs, 59.6 percent responded that it
was about the same, 32.5 percent thought the U.S. students performed
better and 7.6 percent thought that foreign students performed better.
Yet here again, there is a considerable difference between the judg-
ments of foreign-born and U.S.-bom faculty. Overall, 73.0 percent of
foreign-born faculty considered the performance of foreign TAs to be
about the same as that of U.S. TAs; 15.2 percent said the foreign
students performed better and only 11.3 percent said they were worse.
These responses differ substantially from those of the U.S.-born faculty,
43.2 percent of whom felt that the performance of foreign teaching
assistants was not as good as that of U.S. TAs. These disparities raise
the same kinds of cr..estions as those suggested by discrepant judg-
ments about foreign graduate students as students: Is the quality of
performance as a teaching assistant to a significant extent a relative
matter, dependent on certain characteristirs of the faculty who are
judging it? Does the quality of performance in fact vary, depending on
the compatibility of faculty and teaching assistant?

A high proportion of faculty, 74.1 percent, thought that the main
problem faced by foreign graduate students as TAs is that of English
language proficiency. Other problems that also come up more fre-
quently when foreign TAs rather than U.S. TAs are used are their lack
of understanding of the U.S. undergraduate culture; their lack of
familiarity with academic norms, for example, what constitutes cheating
and plagiarism; and their inability to tell undergraduates what is ex-
pected of them (see Table 3).
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TABLE 3.
Problems encountered by faculty more frequently with foreign

thin with U.S. teaching assistants.

Responses Problem

305 They have problems communicating with undergraduates
about their performance.

244 They do not understand U.S. undergraduate culture.
189 They are not familiar with academic norms, for example, cheating,

and plagiarism.
179 They have pro'c!erns telling undergraduates what is expected of

them.
155 Undergraduates have complained about grades.
153 They have problems with laboratory sections.
150 Their expectations of undergraduates are too high.
124 They are too authoritarian with undergraduates.
119 Undergraduates have asked to be transferred out of their sections.
60 They are too permissive with undergraduates.
28 Their expectations of undergraduates are too low.

Totzd number of responses was 532.

More than half of the respondents thought that foreign TAs from
Taiwan, the Peoples Republic of China, and India, in that order, were
especially likely to encounter one or more of these problems. When
asked the inverse question, almost 40 percent of faculty respondents
indicated that their most effective TAs were likely to come from India, a
strong first, followed by Taiwan and the United Kingdom. The fluency in
English of TAs from India may give them a substantial advantage. This
conclusion is suggested by the fact that when both faculty and chairper-
sons were queried in a more general way about the problems presented
by foreign students, the problem mentioned most frequently by both
groups was, by a large margin, language and communications (see
Table 4).
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TABLE 4.
Summary of responses regarding problems with foreign

graduate students.

Chairpersons

Number Percent

Faculty

Number Percent

Language; communication 323 34.32 714 44.15
Finances 149 15.83 121 7.48
Program; academic performance 130 13.81 269 16.63
Social/cultural 99 10.52 207 12.80
Lab, mechanical, design skills 63 6.69 115 7.11
Admissions 61 6.48 62 3.83
Departmental operations 45 4.78 32 1.98
No problems 24 2.55 55 3.40
Employment 24 2.55 21 1.29
Visa 23 2.44 21 1.29

TOTALS' 941 99.9T* 1617 99.96

*Includes up to three responses per individual.
**Percentages may not add up to 100 due to roundoff errors.
Compiled by R. Tors trick

(b) Foreign graduate students as research assistants. Research
assistantships are another important source of financial support for
engineering graduate students, who play a very important part in
research productivity. In engineering schools where faculty are able to
maintain a flow of research grants and contracts, the doctoral research
of the graduate students and much of the research carried out by
candidates for master's degrees tends to be closely related to the
research activities of the faculty. The skills of the graduate students as
researchers and their compatibility with faculty, are likely to be important
factors in the carrying out of research projects.

Information obtained from chairpersons indicates that, in the last four
years, 48.5 percent of all research assistantships were awarded to
foreign students; in QRI.1 institutons, the proportion was 44.7 percent
and in QRI-2 institutions, 50.9 percent. Over 75% of the chairpersons
reported that there were not enough U.S. graduate students to meet
their departments' research assistantship needs. According to faculty,
the shortage is even more acute. Overall, 87.6 percent of faculty
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reported a shortage of U.S. graduate students to serve as research
assistants (RAs); even higher proportions of faculty in QRI-2 institutions
reported shortages (93.2 percent, as against 84.0 percent for QRI-1 in-
stitutions) and by electrical engineering faculty (89.4 percent, as against
82.1 percent by those in chemical engineering.) Given this necessary
heavy reliance on foreign RAs, it is important to ascertain whether, as
perceived by faculty, they are more or less interchangeable with U.S.
RAs or whether the use of these foreign RAs has any special advan-
tages or disadvantages.

Many faculty do see differences between foreign and U.S. research
assistants. In some respects, they attribute research interests to foreign
RAs that differ from those of U.S. RAs. For example, 61 percent of
faculty think that foreign graduate students are more theoretically
oriented in their interests than U.S. graduate students, whereas less
than 1 percent consider their research interests to be more experimen-
tal; only 4.3 percent believe them to be more oriented towards practical
problems, while 33.4 percent see no real difference. There is some
minor variation in these responses according to discipline: only 27.4
percent of chemical engineers and 27.7 percent of mechanical engi-
neers see "no real difference," compared to 36.5 percent of chemical
engineers and 40.0 percent of electrical engineers. Some 66.0 percent
of chemical engineers and 67.8 percent of mechanical engineers find
foreign students to be more theoretical, compared with 55.0 percent of
chemical engineers and 57.0 of electrical engineers. We did not ask
engineering faculty to provide us with judgments about the respective
merits of the practical versus the theoretical orientations of U.S. and
foreign graduate students, so it is not possible for us to come to
conclusions about the extent to which the typical orientation of a U.S.
student compared to a foreign student is likely to be congenial to faculty
in specific disciplines or to engineering education in general. A further
study will be required to probe these questions.
When faculty were queried about the specific research skills of U.S.

and foreign RAs, their responses confirmed their judgements about the
students' orientation on the theoretical practical continuum (see
Table 5).
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TABLE 5

RESPONSE BY FACULTY TO THE QUESTION: FOR EACH OF THE
FOLLOWING, WOULD YOU SAY THAT, IN GENERAL, U.S. STUDENTS HAVE

MORE OF THE SKILLS NEEDED AS RESEARCH ASSISTANTS, FOREIGN
STUDENTS HAVE MORE OF THE NECESSARY SKILLS, OR THERE ARE NO

DIFFERENCES BETWEEN THE TWO GROUPS?

U.S.
students

(OM

More skills

Foreign
students

( %)

No
difference

(%)

.,

No
judgement

( %)

Design equipment 63.1 3.6 23.1 9.7
Run experiments 62.2 3.4 25.0 9.4
Record data 19.2 9.6 62.1 9.1
Analyze data with computers 19.5 18.4 56.1 5.8
Develop models 13.5 36.3 47.3 3,3
Write reports 72.0 3.2 23.0 1.8

Almost two thirds of the faculty attributed to U.S. students more of the
practical skills needed for the tasks of designing experiments and
running them. A total of 36.3 percent considered foreign students better
at developing analytical and/or conceptual models, compared with only
13.5 percent who considered U.S. students to be better. Over half of
those surveyed could see "no difference" between the skills of U.S. and
foreign RAs in carrying out tho tasks of recording data and analyzing
data with the use of computers. As might be expected, the language
problem surfaces again in regard to the skill in writing up research
results: 72.0 percent of faculty think that U.S. students do this better.
Since all the tasks mentioned above are important for getting research
done, we might conclude that a certain mix of foreign and U.S. studer is
is conducive to enhancing research productivity. But without entering
the debate about the nature of engineering research and the balance
between theory, experiment, and design, no clear conclusion can be
drawn from our data about the optimal mix of foreign and U.S. students.

In some respects, faculty opinions about foreign RAs present a
complex picture. Overall, 66.6 percent of the faculty respondents make
a positive judgment about the assiduity of foreign RAs; they think that
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these RAs work harder than their U.S. counterparts. With regard to the
substantive contributions of foreign RAs, about 30 percent of faculty
see them as bringing fresh perspectives to problems, and about one-
quarter indicated that foreign students had provided ideas for research
areas. (We did not find out, unfortunately, to waat extent faculty think
they obtain such new perspectives and ideas from their U.S. RAs.) On
the more negative side, about 30 percent of responding faculty think
that it is more difficult, because of cultural differences, to establish a
good working rapport with foreign students.

in these various judgments, yet again, there is some divergence
between foreign-born and U.S.-bom faculty; foreign-born tend to be
more favorable than U.S-born faculty in assessing the research skills
and performance of foreign graduate students. Thus, 83.2 percent of
foreign -born faculty feel that foreign students work harder than U.S.
students, o 'pared with 57.9 percent of U.S.-born faculty; only 15.8
percent of foreign-born faculty feel that it is more difficult (because of
cultural differences) to establish a good working rapport with foreign
students, compared with 39.5 percent of U.S.-born faculty; and 91.7
percent of foreign-born faculty responded that foreign students have
been either very important or somewhat important in their research
over the past few y aars, while the corresponding percentage was 73.0
for U.S.-born faculty. It would be necessary to know mo- about the kind
of research that faculty in each group are typically involved in to
understand whether these differences have their basis in cultural
identification and congeniality or in the substantive nature of the
research.

Regardless of the differences between U.S.-born and foreign-born
faculty,' the judgments expressed by faculty in general, which point
partly in positive and partly in negative directions, do not permit the
simple conclusion that foreign research assistants are direct substi-
tutes for U.S. research assistants. Each group appears to have
advantages and disadvantages. If there were an adequate supply of
each, what combinations of foreign and U.S. RAs would faculty in
different engineering disciplines put together to optimize research
roductivity?
(4) National and economic security issues. From the perspective of
this study, it is important to find out the extent to which the high
proportion of foreign graduate students creates difficulties for carrying
out research that is "sensitive" for reasons of U.S. national security or
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U.S. economic competitiveness.
In quantitative terms, the effect of the exclusion of foreign students

from certain projects seems relatively modest. About 12.6 percent of
the chairpersons reported that in 1984 and 1985 some foreign students
were unable to participate, on grounds of national security, in research
programs available to U.S. graduate students (see Table 6). This
percentage is higher for ORM departments (14.2 percent) than QRI -
2 departments (11.4 percent), for public (14.6 percent) than for private
(7.8 percent) institutions, and for electrical engineering (19.0 percent)
than for chemical engineering (7.4 percent) departments. Restriction of
students on grounds of possible damage ti, economic competitiveness
is even less common. In all the categories mentioned above, fewer
than 10 percent of respondents answered affirmatively.

Some of this variation in the response rates to the question about the
exclusion of foreign students on national security grounds might be
related to the differential willingness of departments (or schools or
universities) to accept contracts or grants for classified research, but
this is a matter of speculation. Roughly a third of the respondents
indicated that their acceptance of grants or contracts is governed by a
policy that prohibits classified research. In ORM programs, the propor-
tion declining classified research is as high as 55.9 percent, and the
proportion of private institutions adhering to this policy is higher than
that of public ones (45.3 percent as compared to 27.0 percent). A very
small percentage of departments (1.1 percent in total, 2.7 percent in
QRI -1 institutions) have turned down research contracts because
foreign students would not be able to participate in the research.

Among faculty, 12.4 percent reported that foreign graduate research
assistants are either frequently or occasionally barred from access to
laboratory equipment or information; 17.6 percent said that some
funders prohibited them from using foreign students in research; and
about one-quarter reported that some funders discouraged them from
using foreign students (see Table 7). Some differences in these
percentages appear across strata: for example, restrictions seem more
prevalent in electrical and mechanical engineering than in civil and
chemical engineering. Overall, 8.9 percent of faculty responded af-
firmatively when asked if the above restrictions or limitations had
proven detrimental to their own research activities. Slightly higher
percentages of QRI -1 (10.0 percent), private (10.2 percent), and elec-
trical engineering (10.5 percent) faculty responded affirmatively to this
question.
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TABLE 6

CHAIRPERSONS' QUESTIONNAIRE: RESTRICTIONS ON FOREIGN
ENGINEERING STUDENTS.

In 1984 and 1985, have any foreign graduate students in your department:

Been denied access, on grounds of national security, in any research programs available to U.S
graduate students?

Total
Response aRl -1 aRl -2 Public Private EE ChE

( %) ( %) (%) (%) ( %) ( %) (%)

Yes 3.7 7.1 3.8 4.2 2.3 51 1.0

No 95.9 92.9 96.2 95.5 96.9 94.0 98.9

Been unable to participate, on grounds of national security, in any research programs available to
U.S. graduate students?

Total
Response aRl -1 QR1 -2 Public Private EE ChE

(0/0 ) ( %) (%) ( %) ( %) ( %) ( %)

Yes 12.6 14.2 11 4 14 6 7.8 19.0 7.4

No 86.5 85.8 88.6 84.7 90.7 79.3 92.6

Been unable to participate on grounds other than national security (economic competitiveness,
proprietary restrictions) in any research programs available to U S graduate students?

Total
Response aRl -1 QRI -2 Public Private EE ChE CE

( %) (%) (%)
(%) (%) (%) (%) (%)

Yes 5.8 7. 2 7.6 5.2 7.0 6.1 8.6 18
No 94.2 92.8 92.4 94.8 93 0 93.9 91.4 98.2

Hate the above restrictions of limitations proven detrimental to your own research
activities.

Total
Response QRI -1 aRI -2 QRI -3 Public Private ChE CE EE ME

(%)
(%) (% ) (%) (%) (%) (%) (%) (%) (%)

Yes 8.9 10.0 9.3 7.0 8.2 10.4 10.0 7.0 10.5 8.3
No 88.4 88.1 87.2 89.8 88.8 87.4 86.3 87.3 88.4 90.2
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Interpretation of these findings is complicated. The proportion of
faculty who see their research as being impeded by restrictions on
foreign graduate students seems quite low and suggests that faculty
are able to move their RAs around ir such a way that it is the U.S. RAs
who work on the restricted projects. But this may mean that the RAs
best qualified to be involved in a particular project are not able to
participate. Furthermore, though damage to some of the work of 8 to 10
percent of faculty seems a fairly limited amount, such a quantitative
indicator does not provide insight into the importance of the research
that cannot be carried out. Finally, our statistics cannot reveal the extent
to which restrictions on the free flow of information lead to inhibitions on
scientific and engineering creativity: if a particular line of investigation
may be troublesome in that adequate research assistance may not be
available, why not go in a different, but perhaps less valuable, direc-
tion?

TABLE 7

FACULTY RESPONSES TO THE QUESTION; HAVE YOU HAD ANY OF THEFOLLOWING EXPERIENCES DURING THE LAST FOUR YEARS IN CONNECTION
WITH YOUR USE OF FOREIGN GRADUATE STUDENTS AS RESEARCH

ASSISTANTS? (CIRCLE THE APPROPRIATE NUMBER FOR EACH STATEMENT):

Yes, Frequently, Or Upnn Occasion

Total
Response QRI -1 QRI -2 QRI -3 PUBL PRIV CHE CE EE ME(%) ( %) (%) (%) (%) (%) (%) (%) (%) (%)

Restricted
Access 12.4 8.21 3.0 18.1 12.0 13.3 8.9 6.0 13.6 18.0

Funding
Source
Prohibition 17.6 17.0 16.7 19.5 19.71 2.9 18.6 13.1 16.4 22.3

Funding
Source
Discourage-
ment 24.9 23.7 26.5 24.6 26.9 20.1 23.5 20.2 26.1 28.1
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(5) The composition of engineering faculty. We have shown above
that the judgments by foreign-born faculty about foreign graduate
students suggest that the interactions between these two groups are
rather more positive than the interactions between the foreign graduate
students and U.S.-bom faculty. There are other findings as well that
indicate that there are certain differences in the characteristics of
foreign-born faculty and U.S.-born faculty; their impacts on engineering
education and research may, therefore, be somewhat different also.

Some 30.6 percent of faculty were born outside the United States; this
percentage is slightly lower in QRI-1 institutions (29.0 percent) and
QRI-3 institutions (29.6 percent) than in QRI-2 institutions (34.5 per-
cent). For faculty at private institutions, the mean percentage is J3.1
percent, as against 29.5 percent for public universities. Breaking the
data down by discipline, chemical (24.8 percent) and civil (28.8 per-
cent) engineering faculty have smaller proportions of foreign-born
faculty than electrical (33.1 percent) and mechanical (32.0 percent) en-
gineering faculty.

The mean age at which foreign-born faculty came to this country was
24.6 years while only 20.5 percent of foreign-born faculty indicated that
they received their undergraduate education in the United States, at
least 66 percent indicated that they received their graduate training in
this country. This very high proportion of advanced degrees from U.S.
institutions suggests that many foreign-born faculty are thoroughly
familiar with U.S. graduate engineering programs, both their substan-
tive requirements and their expectations of the appropriate roles of
graduate students as teaching and research assistants.

Foreign-born faculty tend to be younger (mean age 44.2 years) than
U.S.-born faculty (mean age 47.5 years). They also tend to be more
research-intensive: 54.3 percent of foreign-born faculty devoted 26
percent or more of their time to externally sponsored research over the
past three years compared with 41.7 percent of U.S.-born faculty. All
apart from any special affinity between foreign-born faculty and foreign
graduate students related to their common "foreignness" or to lingering
faculty memories of what it is like to be a foreign student, it seems likely
that the extent of involvement in research of foreign faculty requires
their development of positive relationships with members of the large
pool of foreign RAs.

3:
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Overall

assessments

The significance of the participation of foreign students in U.S. higher
education is often unexamined, as was shown by Craufurd Goodwin
and Michael Nacht in their study of academic policymaking with regard
to foreign students [11 Although Goodwin and Nacht argue persua-
sively that the issue of foreign students deser.= more attention on the
part of academic planners and policymakers, such attention tends to
emerge only in certain situations. One such situation exists when
significant numbers of foreign students come from countries that are
openly hostile to the United States as was the case with Iranian
students a few years ago. Another situation occurs when in certain
fields of study, like engineering or mathematics and computer science
at the undergraduate level, foreign students compete directly with U.S.
students for scarce places; in this situation, measures may be taken by
at least some public institutions to limit severely the admission of
foreign students or to exclude them altogether. Finally, it may happen
that foreign students come to dominate enrollments in a particular field
of study because a quite limited number of U.S. Wizens are enrolling:
that is the current situation in graduate engineering education. When
foreign students approach parity with or even outnumber U.S. students,
this is a quite unusual state of affairs, and there is a strongly felt need
to assess its various consequences. Our study is an attempt to do so.

Our particular focus in this study has been on the consequences of
high proportions of foreign graduate students for engineering educa-
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tion and research, and for this reason, we have sought judgments from
those most qualified to provide information and opinions about these
particular consequences, the departmental chairpersons and faculty of
engineering programs. We found that both chairpersons and faculty
report varied experiences with foreign graduate students: in some
respects, many chairpersons and faculty perceive foreign and U.S.
graduate students to be more or less interchangeable, while in other
respects, the "foreignness" of the foreign students is of some signifi-
cance. This foreignness, in turn, has both positive and negative impli-
cations.
On the positive side, chairpersons attest to the immense importance

of foreign graduate students in maintaining the quality as well as the very
viability of programs; given the current limited supply of well-qualified
U.S. students, the supply of foreign graduate students appears to be an
essential element. Faculty, similarly, acknowledge the important contri-
butions that foreign graduate students make to their research; and some
even derive a kind of personal satisfaction from teaching foreign
students that differs from the satisfaction of teaching U.S. students.

But there is also some evidence that, even if quality is not a factor,
chairpersons do not regard foreign and U.S. students as interchange-
able in the admissions process; they express a certain preference for
awarding financial aid to U.S. students, even if these students are not
quite as well qualified as the foreign ones. Chairpersonsalso generally
consider foreign graduate students to be a greater administrative
burden than U.S. students. Similarly, faculty tend to find that teaching
foreign students requires greater effort and they appear to parcel out
teaching assistant tasks in such a way as to take into account the
potential impact of the heterogeneous backgrounds of foreign TAs, i.e.
their language problems and cultural differences, on the undergradu-
ates with whom they are in contact. There is, certainly, a negative side.
How serious the negative impacts of foreign graduate students are
remains a matter of debate: perceptionsvary, depending on the national
origin of the faculty members whose judgments we solicited.
Overall, from the point of view of both chairpersonsand faculty, foreign

graduate students are more of a boon than a bane. To put it another way,
foreign graduate students, at the present time, appear to be a solution
to the troubles that afflict engineering education, rather than a problem.
Given the acute dearth of U.S. graduate students, the substitution of
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foreign for U.S. students makes it possible for U.S. engineering schools,
in the aggregate, to pursue their objectives, namely instruction (at both
the undergraduate and graduate levels) and research, at steady or even
growing levels and in a reasonably predictable manner.
As indicated by our data, foreign graduate students are a satisfactory

substitute for U.S. students, but not an exact equivalent. They are less
effective in some respects, especially because of communications dif-
ficulties. They are more effective in other respects, partly, perhaps,
because c"heir cultural backgrounds, which appear to dispose some
of them tc. Jat diligence, and partly because of their educational
backgrounds, which provide in many instances a high level of theoreti-
cal sophistication. When asked to strike a balance, roughly two-thirds of
chairpersons believe that foreign graduate student have positive
effects on their departments. When the quest on was put to them
whether foreign students were an asset, 54.2 percent said that they are,
while only 7.9 percent considered them a liability. When faculty were
asked to make such an overall assessment of foreign graduate stu-
dents, the breakdown of their opinions was very similar to that of
chairpersons; roughly two-thirds indicated that they saw positive ef-
fects, while only one-third thought that the presence of foreign graduate
students had some negative effects on their departments. When the
quEstion was couched in terms of assets vs. liabilities, about 59 percent
of faculty felt that foreign students are an asset; only 10.7 percent
thought that they are a liability. QRI-1 faculty (66.2 percent) were more
favorable that QRI-2 (49.7 percent) faculty, and faculty in private
institutions (64.0 percent) were more favorable than those in public
institutions (56.8 percent).

It seems very likely, for reasons that will be dealt with further below,
that, in the best of all worlds, in which there is an abundant supply of well-
qualified U.S. graduate students, both the chairpersons and faculty of
engineering programs would be disposed to diminish the proportion of
foreign graduate students. But the fact that high proportions of foreign
engineering students are considered anomalous, while high propor-
tions of U.S. students are seen as "normal," may lead to a certain
inclination to focus on the problems caused by foreign students in
engineering.
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Policy

implications

The high proportion of foreign graduate students in engineering
programs raises policy issues of several different kinds. At the simplest
level, perhaps, there is the question of the effective operation of these
engineering programs as educational and research enterprises. Be-
yond this, there is the question of the role the graduates of advanced
engineering programs play in the human resource needs of the United
States and of other countries. Further, there is the question of the use
and usefulness of the knowledge generated in engineering schools in
the military and commercial efforts of the United States and of the many
countries in the world with which it has either friendly or antagonistic
relationships. Our study provides policy guidance with regard to some
aspects of these issues.

(1) Implications for engineering education and research. The incli-
nation on the part of some chairpersons of engineering departments
and of a good many faculty to prefer U.S. graduate students may be,
to some extent, a matter of avoiding certain administrative burdens: the
need to ensure compliance with visa requirements by foreign students,
to deal with their communications problems, and to surmount the
problems caused by their ineligibility to participate in defense-related
research. It is simply easier to run engineering programs when there is
a clear sense of the students' ability and eligibility to participate in
instruction and research. However, this preference may also have
other sources. It may be based on real concerns about the effects
foreign graduate students have on the quality of education both at the
graduate and the undergraduate level; it may be related to the sense
that foreign graduate students, by virtue of their research interests,
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exert a certain undesirable pressure on the direction of the research
carried on in engineering schools; it may be due to concerns, real or
imagined, about the effects of the large proportion of foreign students
on the dispositions of those who make decisions about the funding of
engineering training and research; it may be due to realistic concerns
about the stability of the flow of graduate students into engineering
schools; and finally, it may be due to nationalistic sentiment in a world
of nation-states.

Each of these concerns deserves scrutiny by policymakers and
practitioners (in this context, chairpersons and faculty are key practitio-
ners). With regard to the question of the quality of engineering educa-
tion, our study suggests that foreign graduate students are quite
satisfactory as students, but that they may be somewhat less satisfac-
tory as teaching assistants and may, therefore, have a negative impact
on undergraduate engineering edu ;ation. This problem may be dealt
with in various ways: by closer scrutiny of the language capability of
foreign teaching assistants and remedial language instruction for those
who need it; greater efforts to sensitize foreign graduate students to the
norms of the academic culture of U.S. universities in general and
engineering schools in particular; and perhaps by some attempts to
give undergraduates the sense that, on the one hand, their difficulties
are real and legitimate, while, on the other hand, they also may be able
to ease these difficulties by focusing on the positive qualities of their
teaching assistants rather than on the impenetrability of their accents.

The question of the effect of the research orientation of foreign
graduate students on the research enterprise of engineering schools
and, therewith, on the overall health of U.S. industrial activity, is a more
elusive one. To understand this effect more thoroughly, it would be
desirable to go beyond the scope of our study and to explore in greater
depth the characteristics of the research being carried on by engineer-
ing faculty in general and by faculty in different kinds of schools and in
different disciplines. Such an exploration would make it possible to
come to conclusions about the extent to which the theoretical orienta-
tion of foreign graduate students is congenial with faculty research
interests or goes against the grain. It might then be possible, also. to
match more closely the research orientations of faculty and of those
students, whether U.S. or foreign, who are admitted for graduate study
in a given field. A recent article in the Technology Review[10] indicates
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that there are certainly some engineering faculty who find the increas-
ingly theoretical orientation of engineering education and research an
unfortunate development. If, in fact, as Kerr and Pipes argue, engineer-
ing graduate education has become too theoretical, and if it were
desirable to move in a more "hands-on" design direction, some adjust-
ments would be required of foreign graduate students.

From the point of view of chairpersons and faculty of engineering
programs, the legitimacy of their activities in the eyes of those who
provide financial support is, of curse, of great importance. Our study
provides little direct evidence about the extent to which the high
proportion of foreign graduate students damages this legitimacy. Yet
the preference shown for U.S. students may well indicate a sensitivity
to the fact that in a world made up of nation-states, it is not unreasonable
for student-citizens of the country in which institutions of higher educa-
tion reside to be viewed as the primary clients to be served and
supported. Some universities serve regional or U.S. state roles which
further focus their priority clientele. It is certainly extreme to resent all
subsidization with taxpayers' monies of foreign students or even of
students from out of state, but it is not extreme to be concerned that the
funding sources (those whose mission is not explicitly targeted towards
the development of poor countries) might become alienated if financial
resources are used primarily to train foreign students. The high propor-
tion of foreign students may well come to jeopardize the support of
teaching and research activities by legislators, trustees, and public or
private funding agencies that are responsive to the sentiments of those
who give priority to national and local interests. Yet decisions about the
desirable composition of this particular graduate student population go
beyond the educational sphere; they affect the supply of needed
professional personnel to U.S. industry and U.S. academic institutions.
At the present time, at least, both industry and engineering education
would suffer severe personnel shortages if engineering schools were
not training foreign graduate students, a high proportion of whom,
roughly half according to a study focused on the 1980-82 time period,
ultimately obtain employment in the United States [11].

Finally, in the educational sphere, there is the question of the stability
of engineering education which depends centrally on the supply of well-
qualified graduate students. Our study shows that the supply of U.S.
students alone would be far from sufficient to permit engineering
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programs to continue in their present form or perhaps for some to
continue at all. (We shall suggest below some possible reasons why
U.S. students are not, at the present time, pursuing graduate studies in
engineering.) Foreign students are essential if tne training of under-
graduates is to be possible, since at the present time, there are simply
not enough U.S. teaching assistants. They are essential, likewise, if
research is to be done at current levels, since there are not enough U.S.
research assistants. Yet this situation might well move policymakers to
consider ways to increase the supply of U.S. graduate students in
engineering. The present stability of engineering programs, dependent
as it is on foreign students, may be precarious. What if these large
student flows were to diminish? A large percentage of foreign graduate
students come from three places: Taiwan, India, and the People's
Republic of China. It is at least possible that these Asian students may
find it increasingly attractive to study elsewhere; for Indian students, it
may become increasingly possible to obtain high-quality training in their
home country. In any event, a sudden, or even a gradual, reduction in
the influx of students could cause considerable difficulty.

It is not altogether clear what can be done to induce more U.S.
students who have obtained B.S. degrees to undertake graduate
studies in engineering. The conventional wisdom is that it is not an
economically sound decision for them to do graduate work, given their
access to well-paying jobs and the income they would have to forego.
It has been suggested also that the federal government's shift from the
support of graduate fellowships in engineering to the support of
research assistantships has made it easier for faculty to provide
financial assistance to foreign graduate students [12]. Furthermore, it
is possible that the attractive opportunities offered by industry for part-
time graduate study, at the company's expense, is deflecting some
young engineers from continuing on to doctoral programs.

The kinds of questions to be explored are then: Would generous
fellowships make an important difference? Would vastly increased
starting salaries for doctoral degree recipients make a difference? In
other words, how central are economic factors in the decisions to go or
not to go to graduate school. And how important may be other factors
like the kind of undergraduate institution the students attend or the
students' socioeconomic background. And if economic inducements
are not the answer, what else can be done to recruit more U.S. citizens?
(The authors of this report are about to undertake a further study that
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examines the factors in the decisions of engineering undergraduates
and of those who are already in graduate school with regard to the
perceived rewards, or lack of them, of advanced degrees, as well as the
characteristics of the students who do and do not choose graduate
study.)

(2) Implications for the supply of professional personnel. Although
our study focussed immediately on the impact of foreign graduate
students on engineering education, the relationship between education
and employment in engineering is so close that it is appropriate to give
at least some attention to the policy implications of the high proportion
of foreign graduate students for the supply of engineers with advanced
degrees to the U.S. labor market. We have suggested above that
engineering education might benefit in certain ways from a change in
the balance between U.S. and foreign graduate students. Should the
same issue be raised in connection with the flow of foreign recipients
of advanced engineering degrees into the U.S. labor market?

The research by Michael Finn of Oak Ridge Associated Universities
[11] shows clearly that foreign recipients of advanced degrees in
science and engineering are in demand by U.S. industry and U.S.
academia. In 1982, although only 6.0 percent of all employed scientists
and engineers with doctoral degrees and 5.3 percent of those with
master's degrees were foreign nationals, 50 percent of those on
temporary visas who obtained PhD degrees in engineering and com-
puter science in 1980-81 (and 62 percent of those on temporary and
permanent visas) were employed in this country. Given the cumber-
some bureaucratic procedures that employers have to go through in
order to demonstrate their need for these foreign citizens, it seems
highly unlikely that they would be hiring foreign engineers if they were
not, indeed, the best-qualified individuals for the available jobs. Accord-
ing to Finn, the largest number of foreign scientists and engineers are
employed in business and industry and the next largest number in 4-
Inar colleges and universities. Our own study indicates that currently
about one-third of engineering school faculty are foreign-born (we did
not find out whether or not individuals had been naturalized), and the
overwhelming majority of them received their advanced degrees in the
United States.

The obvious demand for these foreign recipients of U.S. advanced
degrees should lay to rest any concerns about the displacement of U.S.

33

3i



34

citizens. The more urgent question may be whether U.S. industry and
U.S. academia have become toc dependent on these foreign scientists
and engineers. Once again, as in the case of graduate programs in
engineering, it seems appropriate to ask: What if foreign natjonals
ceased coming? What if the economic situation in their home countries
changes in such a way as to make it advantageous for them to return
home? In industry, they constitute only 3.5 percent of all professional
employees, so that in quantitative terms, at least, they would not leave
a very large hole, but it has been suggested (for example, by Dr. Peter
Cannon, chief scientist at Rockwell International) that in qualitative
terms, in particular specialized areas, they are of very central impor-
tance [13]. In engineering schools, the ranks of assistant professors
aged 35 years or less would be reduced by one-half if those from other
countries suddenly disappeared [14], and our study shows that foreign -
born faculty (who tend to be younger than U.S.-born faculty) are more
involved in research. In engineering schools then, foreign faculty are
highly important both quantitatively and qualitatively [15].

It seems, then, that the high proportions of foreign graduate students
in engineering programs (and some science programs) has spill-over
effects in the U.S. labor market for highly-trained irdividuals, and that
policymakers might well consider appropriate ways of making the job
situations, whether in industry or academia, more attractive to U.S.
citizens who obtain advanced degrees in engineering.

(3) Implications for national security and commercial competition.
We shall consider, finally, what foreign engineering graduate students
mean for broader U.S. national interests especially with regard to
national security and U.S. trade. Engineering education and research
are in a very special position vis-a-vis the U.S. economy and other U.S.
national interests. While basic science may, in the long run, be just as
important if not more so to economic growth and national defense, the
results of engineering research are often more visibly and palpably
relevant to these crucial concerns, and, correspondingly, relevant also
to the economic and military objectives of other countries. Present
trends toward closer government-university-industry cooperation
could increase the real or apparent commercial or military value of en-
gineering research. In this situation, it may be especially threatening to
be heavily dependent on foreign students to keep engineering educa-
tion and research functioning effectively. Even if all of these foreign
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students come from "friendly" countries, they are not perceived to be
the same as U.S. students. In fact, they come, for the most part, from
countries that are at present time relatively friendly, but this situation
could change. And, as already noted in nonnection with the educational
and labor market implications of foreign students, there is always the
possibility that for political or economic reasons they might not come
here at all and leave the U.S. engineering research enterprise in sennus
difficulty.

PolicyrrAers must balance a number of considerations in dealing
with the implications of the participation of foreign students in research
that bears on national security and economic competition. They need
to weigh the importance of "secure" research against the importance of
open research, keeping in mind not only that openness is an essential
characteristic of U.S. universities and of effective scientific endeavors,
but also that many foreign students perhaps a majority of them
come here because they are attracted by the openness of our society
and the opportunities it offers as well as by the quality of our educational
institutions and may remain and become U.S. citizens making impor-
tant contributions. They have to consider the immediate obstacles to
ongoing research that are created by the exclusion of foreign students
in relation to the remote possibility that participation by foreign students
will damage U.S. national interests. They need to take into account the
advantages of having foreign students take our civilian technologies
back to their home countries and build ti...- a relations on such shared
technologies, as well as the risk that evelaually foreign countries msy
develop autonomous, competitive economies based on these tech-
nologies.

0 this area of policymaking, the large number of foreign students
makes the problem of security more visible though it may not really
increase its seriousness. Damage can be done and has been done by
one or a few committed individuals who have not been foreign students.
The high numbers and proportions of foreign graduate students should
cause more concern because excessive dependency on foreign stu-
dent 1,,, per se, not in the U.S. national interest, rather than because
of serious danger that open access to university engineering research
will be abused. However, should such research shift strongly towards
defense-related and economically proprietary activity, then the situ-
ation will require reappraisal.
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(4) Conclusion. High proportions of foreign graduate students are, at
the present time, essential to the operation of U.S. engineering pro-
grams, but they also render these programs vulnerable. This suggests
that energetic efforts should be made to shift the proportions between
U.S. and foreign graduate students towards a greater involvement of
U.S. students. To reduce dependency on foreign graduate students, it
's necessary to understand more deeply the reasons for the present
situation and especially the reasons why foreign students and U.S.
students, respectively, do and do not pursue graduate studies in
engineering.

We are not recommending any drastic steps to change the compo-
sition of the graduate student body in engineering programs. Foreign
graduate students and foreign-born faculty have clearly made invalu-
able contributions in this area and will continue to do so. Any effort to
restrict severely the entry of foreign students could have serious
negative consequences for engineering programs and to a lesser
degree for certain components of the U.S. labor force. Furthermore,
there are serious moral questions that arise should a country and a
profession that have relied upon and welcomed immigrants through the
years decide to change policy. We would like to indicate , simp!y, that
differences in language, differences in styles of research, and differ-
ences in primary national allegiance can become burdensome when
the proportions of foreign graduate students in engineering education
is very high. The advantages of a foreign component in the student
body may well be undermined when the proportion of foreign students
is one half or more [16].
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