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ABSTRACT

This paper discusses current trends in graduate engineering enrollment and the number of
graduate engineering degrees awarded. It explores some reasons for these trends and includes a
large number of references. It is hoped that this information will encourage a well - informed
debate of the issues involved.

INTRODUCTION

Last fal, in his President's Message to ASEE Members, Gerry Jakubowski, ASEE’s current
President, identified a need to increase the number of domestic students getting graduate degrees
in engineering and challenged the Society to take an active role in the process.

Hereiswhat he said.:

ASEE needs to increase its efforts in promoting research and graduate education.
There is the perception that ASEE is involved only in promoting and improving
engineering education, specifically teaching, at the undergraduate level. We need
to change that perception by expanding ASEE activities related to research and
graduate education. Furthermore, there is a need to increase the number of
Americans seeking and completing engineering graduate degrees. Currently, the
number of Americans completing graduate degrees is alarmingly low, and as a
result, the United States needs to fill this void by importing them from foreign
countries. This has the potential of jeopardizing the quality of undergraduate
engineering education as well as putting the United Sates at a technological
disadvantage in comparison with other countries. ASEE needs to help promote
the importance of graduate level engineering education.

| hope that the Society will accept Gerry’s chalenge and find multiple opportunitiesin its
Councils, Divisions, and meetings to explore, debate, and formulate appropriate actions on this
important topic. However, any discussion needs to be well grounded in the data which concerns
thistopic. With thisend in mind, to stimulate discussion of the trends in graduate enrollment in
engineering and their causes, and specifically to dispel the preconceptions and questionable
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anecdotal information that tend to creep into such debates, | have written this paper.

In an attempt to provide as complete a picture as possible, | have sought to include data relative
to historical trends in engineering enrollments and degrees awarded as well as the factors which
are generally regarded as influencing these trends. These factors include such issues as the
economy, the demographics of the U.S. population, the number of undergraduate degrees, the
number of international students, the role played by gender and ethnicity, and the barriers to
enrollment and degree completion for under-represented groups. Finally, if strategies are going
to be developed for dealing with these issues (which, after all, are a desirable purpose of any
discussion) then information on “best practices’ needs to be included as well.

Thisis clearly an ambitious project. Honesty therefore compels me to subtitle this paper A
Primer. The dictionary defines primer to be “giving the first principles of anything” and that is
al | can possibly do here. There is much more information on this topic that | could possibly
include in such a paper. Thisisonly a beginning.

In the coming year, | hope that the readers of this paper will begin their own investigations into
this topic and share the insights which they acquire with me and with one another. | will be
asking the Graduate Studies Division to set up a web site to provide access to this information.

In this paper you will find references, including web site addresses in many cases, where much
of the available data on this topic can be found. | will keep my own interpretation of the datato
aminimum and rely on documents accompanying the data to provide this. After all, itis
discussion which | am attempting to provoke here, and we all know from our teaching
experiences how damaging it can be for the instructor to dominate the conversation.

| understand full well the complicated nature of identifying the factors which influence human
behavior. Thisis, from afundamental perspective, what we are dealing with here when you
consider the choices which an individual must make in electing to pursue a degree in engineering
either as an undergraduate or a prospective graduate student. | will limit my comments to
introducing the topic and offering what | think are the most obvious connections, realizing that in
some case, | might be guilty of oversmplifying the situation or even overlooking an important
factor. In such cases, | hope that | will hear (and learn) from you. Y ou can contact me at my
email address which | have included at the end of this paper.

Data on graduate education is no different from data on practically any other topic. | have found
that, in some cases, the data from various sources, and even various publications of what would
appear to be the same data from the same organization differ--sometimes by significant amounts.
Care must be taken not to mix data coming from different sources. | have tried to be careful and
so should you. Inany event, | have tried to provide sufficient references to the data that | have
presented so that any one who is determined to resolve these differences will have the resources
available to do so.

With regard to references, | have given them aletter and number designation. The letters are
keyed to the categories into which | have divided the references, and the number refersto the
reference in that section. You will also see that in some cases | have listed two URL’s. In most
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cases the first refers to the complete document and the second to the actual source of the data
used. There are also references without numbers. | have chosen not to refer to themin this
paper, but in most cases they contain interesting and relevant information which should be
consulted by those who wish to develop a comprehensive understanding of the issues involved.

A fina comment about references—the most comprehensive current reference on the topic of
engineering degrees awarded and data related to the general area of research and education in the
sciences and engineering is Science and Engineering Indicators 2000, published by the National
Science Foundation (SEI 1).

Graduate Engineering Degrees Awar ded

Figure 1 comes from the American Association of Engineering Societies (EDH1). This data and
much more, including detailed data by discipline and institution can be found in their yearly
publication entitled Engineering & Technology Enrollments. Similar data, including institution-
specific information is available from the American Society for Engineering Education (EDH2).
You will seethat | have provided separate MS and PhD plots and have disaggregated the degrees
awarded into the categories of total, US citizen, international, women, and men.

Fig. 1 Engineering Doctorate Degrees '91-'00
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A clear peak in the number of engineering doctorates awarded is seen in 1996 with subsequent
yearly declines with the exception of 2000 where it again increases, due to a strong upturn in
international degrees. The number of domestic (U.S. Citizen) degrees awarded continues to
decline with the year 2000 marking the year when the number of domestic and international
degrees awarded was equal. The number of degrees awarded to men continues to greatly exceed
the number awarded to women, although there are steady increases in the latter. It isinteresting
to note that if similar data from the Survey of Earned Doctorates (EDH?3) sponsored by the
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Nationa Science Foundation and othersis plotted, similar trends will be seen; however, the
number of degreesin al categories will be somewhat |ess.

The plot of masters degrees awarded, Fig. 2, shows similar trends, but with the peak in degrees
awarded occurring about a year earlier than the peak in doctorates awarded. Similar to the
doctoral degrees, steady declines are seen in the masters degrees awarded with a dight upturnin
2000 again due to a strong increase in international degrees. Men greatly outnumber women
again, but by a smaller margin than for the doctorate degrees. (Note the change in the vertical
scale compared with the previous plot.)

Graduate Engineering Enrollment

This can be looked at as a predictor of future graduate engineering degrees, and is amore
sensitive indication of annual trends. This data again comes from the American Association of
Engineering Societies (EDH1). Looking first a the doctoral enrollment, Fig. 3, the upward trend
in 2000 is much sharper than the increase in doctoral degrees awarded shown in Fig. 1 and is
made up of the expected increase in international enrollment, accompanied by a rise in domestic
enrollment, ending atrend of decreasing domestic enrollment which began in 1993. Note that
1996 marked the year when the number of international students enrolled equaled the number of
domestic students enrolled.

Fig. 2 Engineering Masters Degrees '91-'00
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Masters enrollment, Fig. 4, shows similar trends with sharp increases in enrollment in 2000.
Traditionally the domestic masters enrollment has exceed the international enrollment. This
situation was reversed in 2000.

We have been looking at full-time graduate enrollment up to this point. Let’s have a brief look
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at part-time masters and doctorate enrollment from the same source for the same period which
appearsin Fig. 5. (Thisinformation might be of importance for institutions which are interested
in attracting the “mature learner.”) The results are surprising. Despite the upward trends visible
particularly in full-time masters enrollment, the trend in part-time masters and doctorate
enrollment is steadily down at an average rate of amost 2000 students per year.

INFLUENCING FACTORS

It is useful to speculate on the factors which play arole in influencing these annual trends. This
isespecialy true in terms of deciding what the Society can influence and what it cannot.
Certainly one example of the latter is the demographics of the US population. An example of the
former is the undergraduate engineering enrollment. Let’s begin with enrollment.

Fig. 3 Engineering Doctorate Enrollment '91-'00
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Fig. 4 Engineering Masters Enroliment '91-'00
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Fig. 5 Engineering Masters+Doctorate Enroliment--Part Time '91-00

o
k73
B
g —#— Engineering, total
< —e— U.S. Citizens
é —24A— International
3 -~ % - Women
—%— Men

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Year

“ Proceedings of the 2002 American Society for Engineering Education Annual Conference & Exposition
Copyright O 2002, American Society for Engineering Education”

92121 L 9bed



Under graduate Engineering Enrollment

The datain Fig. 6 again comes from the American Association of Engineering Societies (EDH1).
The trend in undergraduate enrollment has been more or less flat for most of the past decade
until 2000 when, as in the case of graduate enrollment, we see a sharp increase. Thisincrease
amounts to 25,000 students and unlike the situation for graduate enrollment is made up entirely
by an increase in the number of domestic students.

Fig. 6 Engineering Bachelors Enroliment '91-'00
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Economy and Population

Unlike undergraduate engineering enrollment, the economy and the population are factors about
which the Society has no influence, but must nevertheless be understood and taken into account.
The data which | have plotted below comes from the National Science Foundation (EDH4), the
Bureau of Labor Statistics (IFE1), and the US Census Bureau (IFD1).

The solid lines, Fig. 7, are similar to the degree awarded data which | presented before. Note
however, that this data is from EDH4 and not EDH1. Thisis because | wanted to give a 30-year
picture. Thefirst of the broken lines (read the right scale) is the trajectory of the 20-24 age group
over the past three decades and the second broken line is the annual unemployment rate.
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Fig. 7 Engineering Degrees Awarded Compared with Unemployment Rate and Demographics
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There appears to be some correlation between degrees and demographics. It could be argued that
the long-term rise in the 20-24 age group from (at least) 1970 to 1982 produced the spectacular
rise, nearly a doubling, of undergraduate engineering degrees. And notice since that time the
number of undergraduate engineering degrees and the size of the “college-age’ population have
both decreased. Isn't it surprising that this doesn’t seem to have influenced the number of
graduate degrees awarded, though?

And then there is the matter of the economy. Look at the unemployment rate, the lower broken
line on the plot. Thereisan “urban legend” that when the economy is bad, graduate education
booms. Well, at first glance, thisis hard to see. There doesn’t seem to be any long-term
connection. But look carefully at the masters degrees awarded in thel994-96 period. You seea
small peak in the number of masters degrees awarded, and in the three or four years preceding
this you see a period of rising unemployment. Why the connection in 1994-96, but not in
previous years? This might be aworthy topic for further study.

Resear ch Funding
Figure 8 comes from the National Science Foundation (IFRF1, and IFRF2).

Whether you look at engineering research funding in terms of data provided by the federal
agencies (federal obligations) or the amount of research funding spent by universities coming
from the federal government (university expenditures), there have been increases (considerable
increases when you look at university expenditures) over the past several years. Thisruns
counter to the level or decreasing trends in graduate enrollment and degrees with the exception
of 2000. Istheincrease we are seeing in 2000 just the lag in the time required to recruit the
additional students which these increases should make possible? Again, further investigation is
required to sort this out.
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Fig. 8 Federal R&D Funds Obligated to Universities and University R&D Expenditures Reported As
Coming From Federal Funds
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The connection between research obligations (both federal and private) and engineering
enrollment in the various engineering disciplines is the topic of arecent National Research
Council report (IFRF3) which bears reading. Thereis clearly alarge difference between
obligation and expenditures as the previous plot points out. Care therefore needsto be taken in
drawing conclusions based exclusively on either set of data. My co-author (MMR) is chairing a
multi-society task force which is currently looking into this matter. It will shortly be publishing
an article on their findings. Meanwhile, it might be helpful to read pages 2-52 and 2-53 of
Science and Engineering Indicators 2000 which seeks to sort out some of these issues.

Under-Represented Groups

Looking at the enrollment and degree plots which | have aready presented gives an indication of
the relatively small fraction of women who are seeking graduate degrees in engineering. It
depends on whether you are looking at enrollment or degrees awarded, masters or doctorate, and
year, but it varies between 10 and 20 percent. Figure 9 provides a more detailed look at
engineering doctorate degrees awarded to women as well as various racial groups in 2000. |
have plotted the number of engineering degrees awarded to women, men, and African, Hispanic,
Native, and Asian-Americans. It shows that women are under-represented in engineering
degrees awarded by aratio (percent of population divided by percent of degrees) of about three,
African, Hispanic, and Native-Americans by from three to four, and Asian-Americans over -
represented by approximately the same amount that women are under -represented.

Science and Engineering Indicators 2000 (SEI 1) contains a summary of some of the obstacles to
increasing the numbers of various racial groups in science and engineering and much has been
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written (and read by engineering faculty) on thistopic. In contrast, | believe that the issues
involving the obstacles to increasing the number of women in engineering are not as widely
known and appreciated. In IFBW1 | found this statement:

In our discussion we do not mean to imply that men do not have some of these
same experiences as well as different ones. However, the lack of social and
professional connections available to most women in academic science and
engineering departments, in concert with overt and covert gender bias as well as
differences in socialization, creates special and unique problems for women.

Fig. 9 Engineering Doctorates Awarded to US Citizens in 2000
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This problem is not confined to the United States (IFBW?2). But looking at the number of
women engineering faculty as an indicator, nowhere in Western Europeisit aslow asit isin the
US (less than 1 percent).

Other Considerations

Thisisonly apart of the picture. | have aready drawn attention to the increasing numbers of
international graduate students in connection with the enrollment and degree information which |
have presented. Foreign-born scientists and engineers now make up more that twenty percent of
the total science and engineering work force and more than thirty-five percent of the academic
workforce (SEI1). On one side there are those who believe that large numbers of international
students and faculty discourages US citizens from pursing carriers in engineering and, on the
other, there is ample evidence of the significant contributions which this growing portion of our
industrial and engineering workforce is making to our nation’s economy and research activities
(SEID).
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Are the best students attracted to engineering? Why aren’t there more of them? Dan Goldin,
NASA’s former administrator, provocatively poses these questions and relates thisto his
agency’s manpower needs in arecent article in the Atlantic Monthly (IFAD1). The issue of
quality is pursued in some detail in “Best and Brightest Part Two: Are Sciences and Engineering
Graduate Programs Still Attracting the Best Students?’ (IFAD2) Another way of framing the
guestion is to ask why students migrate to other disciplines. Some answers can be found in
Talking About Leaving: Why Undergraduates Leave the Sciences (IFAD3). Perhaps students
are not as well prepared for a career in engineering as they might be. What some view as the
sorry state of preparation in science and mathematics that is provided by our primary and
secondary schoolsin pursued in (IFQP1). This reference introduces yet another question: “Why
isn’t engineering as popular anong college-age students in the US asit is in other countries?’
Food for thought on this question can be found in IFIP1. Y et another perspective is provided by
studies of the perceived level of satisfaction of recent PhD recipients (IFLS1, 2) and disparities
between the nature of employment desired and achieved (IFL S3).

Finally, what are some best practices that have addressed some of these issues? Let me suggest
looking at: 1) the Program Development Fund website maintained by the Society of Women
Engineers (IFBP1) for some projects directed at increasing the number of women in engineering,
2) the Meyerhoff Scholar Program (IFBP2) for increasing the number of minorities entering
engineering, and finally, 3) the proceedings of the annual meeting sessions sponsored by the
Graduate Studies Division of the ASEE (IFBP3) for examples of effective graduate student
recruiting methods.

CONCLUSIONS

| hope that this information on graduate enrollment and degree trends in engineering and the

factors which influence them will stimulate the members of the Society to begin a vigorous and
knowledgeable debate of thisissue. | would be pleased to hear from any reader who has a point
of view or additional information to share with me and look forward to the possibility of posting

information of general interest on the Division’s website. Y ou will find my email address below.
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