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Introduction
In the modern world, it is of great importance for any country to have an
adequate supply of highly-trained scientists and engineers; in a country like
the United States, an adequate supply of well-trained graduates of engineering schools is widely believed to be a very significant element, not only
in national security and economic competitiveness but also in ensuring a
satisfactory standard of living and quality of life of the country's citizenry.
In developing countries the issue is often not the need for engineers but
how and where they may most appropriately be trained.
For the United States, it is very important to have a sufficient supply of graduate engineers, and there is considerable support for the position that the
current and projected total supply falls short of meeting demands. It is quite
clear that there is and will very likely continue to be a shortage of U.S. citizens with advanced engineering degrees, particularly at the doctoral level.
These advanced degrees are essential for effective research in industrial
laboratories and for teaching and research in engineering schools. Therefore, it is of some consequence that there now appear to be too few U.S.
citizens who take the advanced degrees required to staff most positions in
academia and certain positions in industry. The slack is being taken up by
foreign nationals who obtain these advanced degrees from U.S. engineering schools. One telling statistic is that in the mid-1980s, half of all assistant
professors in U.S. engineering programs younger than 35 years of age were
not U.S. citizens.1 (See References, page 55.)
In the 1980s, the annual percentage of foreign graduate students in U.S.
engineering programs had exceeded 40% and the proportion of doctorates
awarded to non-U.S. citizens had consistently exceeded 50%. From the
point of view of U.S. engineering schools, this influx of foreign graduate students is certainly a plus. As Barber and Morgan have shown elsewhere,2,3
the flow of foreign students is perceived by chairpersons and faculty of U.S.
engineering programs as an asset: with fewer foreign students, it would be
impossible to sustain research and instruction at existing levels. Many foreign graduate students are of high quality and perform essential roles as

research and teaching assistants. Their English language competency
causes some communication difficulties and their strong orientation to theory may not be congenial to all faculty, but still they are deemed to be indispensable assets.
The resulting composition of the graduate student population does, however, cause some uneasiness in many quarters, largely because of the extent
to which engineering schools and the engineering labor market have become dependent on the continuing influx of foreign students. A large majority of these students come from India, Taiwan, and the People's Republic
of China. It should suffice to allude to the recent upheaval in the PRC and
its potential for disruption of the continuing inflow of Chinese students to
appreciate the validity of concerns about such dependence.
There are various possible remedies. One is to reduce the number of engineering graduate programs, perhaps eliminating the weaker ones. This
option is not being prominently discussed, partly because the very idea of
eliminating programs causes great uneasiness, and partly because such
a drastic measure might well exacerbate the projected shortage of engineers. The second remedy, less frightening but so far elusive, is to significantly increase the number of U.S. citizens in graduate engineering programs.
If the proportion of U.S. graduate students, particularly doctoral candidates,
is to be increased, it is first necessary to understand the reasons why U.S.
engineering undergraduates decide to be or not to be graduate students.
Further, it is necessary to understand the reasons why those, U.S. or foreign, who do go to graduate school in engineering decide to become candidates for doctoral degrees. An adequate flow of U.S. citizens through the
pipeline into faculties of engineering schools or into industrial laboratories
will come about only if appropriate numbers of students in particular disciplines, female as well as male, minority as well as white, make the necessary academic choices. If these choices were better understood, appropriate interventions might be designed to increase the likelihood of positive
choices. Put another way, if science and technology policymakers knew the
reasons why foreign students frequently make positive choices and U.S.
students do not, appropriate interventions might be fine tuned. And these
interventions might be adjusted even more delicately if more were known
about the motivations of underrepresented groups, i.e. women and minorities within the U.S. population of engineering students.
The most common explanation of the decisions by U.S. students with baccalaureate degrees in engineering nof to pursue further training is couched
in economic terms. The explanation goes like this: a first degree in engineering is generally sufficient for the recipient to get a well-paying job; the
vi

income foregone or deferred by graduate study is not recouped by the higher earnings that an advanced degree permits. These economic arguments
are surely cogent; there is indeed evidence of their cogency in the higher
enrollments in graduate training that occur at times of declining job opportunities. To the extent that these economic arguments are important, there
may be economic measures that could increase graduate enrollments:
larger fellowships and higher salaries for those obtaining advanced degrees. The question remains whether there are also other important factors
influencing decisions to be or not to be a graduate student or a candidate
for a Ph.D. A significant percentage of U.S undergraduate engineering students do continue their studies in engineering and many foreign students
with B.S. degrees pursue advanced engineering degrees.
If economic reasons alone were so compelling, why would anyone go to
graduate school? What other factors might be involved? We hypothesized
a number of factors which we assume affect different kinds of undergraduates in different ways. These include:
• the educational experiences of some undergraduate engineering students and especially the possible "burn-out" phenomenon attendant on
very demanding undergraduate programs;
• the process of recruitment into graduate engineering programs, and a
lack of encouragement by faculty and of adequate information about academic offerings and financial aid;
• the negative perceptions some undergraduates have of graduate study
and especially of doctoral study in engineering;
• the career aspirations of certain undergraduate engineering students and
the role that graduate study plays in their fulfillment;
• the perception, especially but not only by women, of engineering as a profession for white males;
• the sense of some undergraduates that the engineering profession lacks
glamour and visibility and that the work is not challenging or socially fulfilling;
• the lack of support for graduate study that some undergraduate engineering students receive from their families;
• the attractiveness to some graduate students of employer-financed graduate study to the master's, but not the doctoral, level.
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Methodology
To find out more about the pertinent decisions of engineering students we
conducted two nationwide surveys in the spring of 1988, one of full-time
seniors, the other of full-time graduate students* in U.S. engineering programs.4 We obtained agreement from 479 chairpersons of chemical, civil,
electrical, and mechanical engineering departments to distribute the questionnaires either in a classroom setting or individually. The sample was
stratified according to three variables: discipline; governance of the institution; and the quality and/or research intensiveness of the department. With
regard to this last variable, two strata, namely QRI-1 and QRI-2, contain departments that were rated in the top and bottom halves, respectively, of a
1982 assessment of U.S. research-doctorate programs in engineering.5 A
third stratum, QRI-3, contains departments that were not included in the
1982 assessment but were listed in the most recent American Society for
Engineering Education (ASEE) compilation of engineering research and
graduate study6 or were added as undergraduate programs accredited by
the Accreditation Board for Engineering and Technology (ABET). Thus,
QRI-3 departments tend to include either new departments, those that
produce relatively few doctoral degrees, or those that offer no graduate programs; they tend to be less research-intensive than QRI-1 or QRI-2 departments, but their relative quality is harder to gauge.
For our survey we randomly selected a number of departments within each
stratum and asked chairpersons of the departments to survey all of the students in them. This was deemed the most efficient and least expensive
method of conducting the study.
We oversampled several kinds of departments: those in the top-20 engineering schools, as rated by engineering deans in 1987; those that were
the top-20 Ph.D. producers in 1986; the top-20 producers of bachelors degrees in engineering in 1986; and the top-20 producers of bachelors de* We did not survey part-time students; in engineering, they are not of considerable
importance, particularly at the master's level.

