
Human Capital Needs for Graduate Training 

The topic I am discussing today is somewhat mistitled in the 
program. Rather than human and capital means, I want to 
talk about human capital needs. So “human” is a modifier of 
“capital” and that is the thrust of my talk. I must talk a little 
about the nature of graduate education. We can divide this 
very generally into two tracks. One track is what I call the 
professional track and is dominated by Master’s degrees, 
which are important indeed and sometimes required in our 
society for professional advancement and development. The 
Master of Business Administration, the Master of Social 
Work, the Master of Public Health. I could actually go on and 
name over 600 special degrees that are really an intricate 
part of professional development and professional life in the 
United States. The other aspect of graduate education is that 
which leads to research degrees, primarily the Doctor of 
Philosophy degree, but there are some other doctor’s de- 
grees which are also involved. 

What I want to talk about today is primarily the human 
capital needs that relate to the research requirements of 
American and other societies. All modern societies depend 
heavily upon research because modern society creates 
problems and demands which can only be addressed by 
systematic research. We can see many examples of this in 
our everyday life. The development of the AIDS epidemic is 
an example, and literally billions of dollars will be poured into 
research to try to deal with the plague over the next decade 
or so. The energy area is another. As resources and reserves 
of fossil fuel decline, there has to be an enormous research 
effort on secondary and tertiary recovery of petroleum, the 
development of alternative energy sources, etc. 

The Research Establishment 
In the United States, the research establishment which is 

required to address these problems, both in the more pure 
aspects and the more applied aspects, is an integral part of 
our universities: and graduate students with graduate educa- 
tion are a very important part of the process. This is different 
than is found in many other countries. If you go to the Soviet 
Union, for example, and look in the research establishment, 
you will see the Soviet Academy of Sciences with many 
institutes and laboratories in which there are tens of thou- 
sands of holders of Ph.D. degrees from the Soviet Union, 
working their entire lives as researchers in the various Insti- 
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tutes of the Academy of Sciences. 
We have in the United States very little research which is 

like that. Instead we incorporate our research to a very 
considerable extent into our universities and tie it in with 
graduate education. For example, if you look at the federal 
government’s expenditures on research, look at the budgets 
of the National Science Foundation, the Department of Agri- 
culture, The Department of Energy, The National Institute of 
Health, you will see a very large proportion (and in some 
cases the vast majority) of the research money for these 
agencies is given to universities in grants and contracts to 
address very important research problems. 

Graduate students, of course, are intimately involved in 
this process since much of the research which goes on today 
is done in teams of professors working with groups of 
graduate students. The general problems are defined and, 
within those general problems, graduate students begin to do 
research in relation to course work and finally Ph.D. disserta- 
tions which would inspect and solve the problem. 

We have the development of solutions to some of the 
important problems that our society faces and then there is, 
of course, the very important problem of technology transfer. 
How the results of this work, the information and the technol- 
ogy, gets into the larger society where it can be effective and 
address these problems to a group like this goes on in the 
tradition of Agricultural Extension. I certainly don’t have to 
talk about technology transfer. 

Agricultural Extension 
The Agricultural Extension system in the United States 

has been one of the great social inventions of mankind in the 
past 100 years. Its beneficial effects stretch far beyond just 
agriculture and beyond the United States into all aspects of 
society in the world. But it is the important relation between 
this transfer of technology into the larger world and the basic 
research establishment that I want to talk about a little bit. I 
want to do this with some historical perspective, because 
sometimes these problems to which systematic research can 
be addressed are looked upon as a product of the second 
half of the 20th century, but if you go back to the beginning of 
the development of systematic education at the university 
level and research in agriculture, you see a very interesting 
picture and a picture also from which we can learn from 
today. 

As you all know, the Morrill Act was passed in 1862 to 
teach such branches of learning as are related to agriculture 
and the mechanical arts. That was the beginning of our great 
experiment in federal and state cooperation which is known 
as the land grant system. In the state of Minnesota, the 
legislature in 1869 designated the University of Minnesota 
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which had been founded some 14 years earlier to be the land 
grant college in the state of Minnesota and starting at that 
time there was a development of four-year degrees in agri- 
culture. The process, however was very slow. The first per- 
son did not receive a four-year degree in agriculture until 
1882 and over a period of the next 14 years, into the 1890’s, 
there were only three people who graduated from the Univer- 
sity of Minnesota with degrees in agriculture. Their careers 
were interesting; one of them became a lawyer, one of them 
became a journalist and the other one died young, so there 
was no record of his career. In 1888 there was a significant 
change in the college of agriculture: three holders of doctor’s 
degrees were hired, Olaf S--------?, who had a Doctor of 
Veterinary Medicine degree from Germany, Otto Luger, who 
had a Ph.D. in entomology and botany and Dean Harper who 
had a Ph.D. in Agricultural Chemistry. In 1888 there were 
certainly less than 1000 (perhaps less than 500) holders of 
Ph.D. degrees in the entire United States and at that time 
they began to come into the agricultural college of the 
University of Minnesota. This is the beginning of systematic 
research in agriculture at the University and the integration of 
that systematic research with the teaching process. 

The results were interesting; it look about four years for 
the first students to get their degrees. If you look at the 
number of degrees granted in agriculture between 1895 and 
1905, you will find something which I find absolutely out- 
standing. Of those 35 students, 10 ended up as professors in 
American universities, (they went on and got advanced de- 
grees), 4 others pursued life-long research careers in the 
Department of Agriculture. There were 35 degrees granted 
over a 1 0-year period: 40% of them ended up in research and 
teaching careers and provided some of the human capital 
that was necessary to develop the important agricultural 
research base in this country. 

The first Ph.D. in an agricultural field at the University of 
Minnesota, was granted in 1899. It went to somebody who 
received his degree in botany and got minors in animal 
biology and chemistry. In just 11 years after the first people 
with Ph.D’s were hired at the university, they were beginning 
to reproduce their own kind. I point to the fact that the 
legislature established the extension division of the Universi- 
ty in 1909. By the time that extension formally organized at 
the university, they had already produced a number of Ph.D’s 
in the agricultural field. They had also produced undergrad- 
uate students who had gone on to fill important positions in 
the agricultural research centers of the country. Think of the 
percentage of graduates that really went into preparing for 
the future, rather than addressing the nearer and specific 
problems that existed in those important early decades of our 
century. 

About The Future 

That’s the past, what about the future? Look at the human 
capital needs of this country and look at the nature of this 
research establishment in United States which combines 
graduate education and research. There are a number of 
issues with which all of us must be concerned. Some of these 
are demographics. Let me talk a little bit about the problems 
that I see on the horizon simply because of demographic 
situations. You all have heard of the phenomenon of declin- 

ing enrollments. We saw, a decade ago, the closing of 
elementary schools in American cities and suburbs because 
there simply weren’t enough children to fill the schools. The 
declining enrollment struck our high schools, our undergrad- 
uate colleges and now that core age group from 21 to 28 
years, from whom we recruit most of our graduate students, 
is declining in size and will continue to decline until about 
1996. There may be an increase in the percentage who go on 
to college and universities, but the total number in that age 
group is declining and will continue lo decline. That is going 
to have some major effects upon the recruitment of graduate 
students and some major effects upon the continuation and 
the health of this basic research establishment that I have 
talked about. 

Graduate school is something different from elementary 
school, high school or even undergraduate institutions. It is 
possible to open and close institutions in relation to the 
demand, but when you talk about graduate education, par- 
ticularly with emphasis on research, you will see there is a 
continued demand for those research products. Therefore, 
there is a continued demand for graduate students who can 
be in the laboratory working on these kind of issues, but the 
supply will be declining and will be in decline until well into the 
next decade. 

Look at some other issues that are being created by the 
demographics of the circumstances. Starting about 1994, 
there will be massive retirements from among the faculties of 
American universities. Let me give you a few figures that will 
illustrate this with data from the University of Minnesota. If 
you went back to 1980 and took the faculty that existed in 
1980 and projected retirements up to the end of the century 
and, assuming retirement comes at the age of 70, you find 
that in 1984 there will be about 10 or 12 retirements, in 1988, 
13 or 14 retirements. But the actual numbers differ from that 
because some people retire early, and some had died, etc. 
When you get up to 1994, the number of retirements each 
year goes up to 60. Then retirement goes up to 80 and, until 
the beginning of the next century, there will not be a year in 
which at least 65 members of the faculty will be reaching the 
mandatory retirement age of 70. Even though that has been 
changed by federal law, it still gives you a vision of what the 
age composition is in our present faculties. 

Starting about 1994, there is going to be a considerable 
need for the graduates from our graduate schools to meet 
the needs of replacing those professors who will be retiring. 
That is complicated by another demographic fact. You have 
all heard of the so-called echo of the baby boom, the baby 
boomers who stuffed our colleges and universities in the 60’s 
and 703,  in turn began to have their own children and the 
first echo of that baby boom will begin coming to our colleges 
and universities in 1992. That year will be the year in which 
the demographics will contribute to an increase in our college 
population. Just about the time that there will be those 
massive retirements from our faculties, we are going to see, 
for demographic reasons, an increase in enrollment at our 
undergraduate institutions. Those facts are well set; every- 
body who is going to be in college in 1992 has already been 
born. Those who are going to retire in the 1990’s are already 
on faculties. 

Let us now look a little bit at the process of getting a 
doctor’s degree. How long does it take? Well, let’s take 6 
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years to be optimistic about it. A group that is entering 
graduate school in the fall of 1988 will be in the position to 
accept university positions in 1994, just when they are need- 
ed; but for the next 5 or 6 years we will be trying to recruit 
people into the graduate schools from a declining enrollment 
segment of the population. We can clearly see the significant 
human capital needs at our colleges and universities in the 
1990’s. We should clearly understand that there is an in- 
creased demand for the research products of American 
universities; and if we are going to meet these demands, we 
are going to have to find ways to increase the attractiveness 
of graduate school to our best undergraduates, in relation- 
ship to other kinds of opportunities they might have. 

Other Issues 
There are a couple of other issues that we have to give a 

great deal of thought and attention to. One of the things that 
we have seen in American graduate schools over the past 
four or five years is an increase in number of foreign 
graduate students. This creates a valuable opportunity for 
our colleges and universities. It enriches the cultural and 
intellectual level of our graduate schools. It is one way in 
which the United States can meet what I feel are some of its 
necessary obligations to third-world countries. There are also 
some questions that I raise about this. The future of the 
American system of education, primary, secondary, and even 
undergraduate education, does not seem to be developing in 
American students the kinds of quantitive skills in mathemat- 
ics and related fields which are comparable to those in other 
countries. 

One of the effects of this is that there are great shortages 
of graduating seniors with qualifications in mathematics and 
the quantitive skills to go into the graduate programs that 
require these skills. If we look at the graduate population in 
the fields of mathematics, statistics, economics, in the United 
States, we find that they are heavily dominated by foreign 
nationals. At the present, 50 percent of all the Ph.D. candi- 
dates in the engineering fields combined are foreign 
nationals. If we look at the mathematics departments and 
look at their Ph.D. programs and the students in those 
programs, a majority of them across the United States are 
foreign nationals. Indeed, one can almost rank the quality of 
American mathematics departments by the percentage of 
students who are foreign. 

This has some considerable implications. If we look at the 
human capital needs that we will have in this country in the 
1990’s in the various research and education fields, we will 
be forced to look very seriously about the way in which we 
handle some aspects of our mathematical education in pri- 
mary and secondary schools, and undergraduate colleges. 

The responsibility of providing better education to our 
children in the different fields does not rest in the hands of 
professional educators, colleges or universities alone, it is a 
more general responsibility of our entire society. In a recent 
study that was done comparing the mathematical skills of 
high school students in the United States with those of Japan 
and Taiwan, indications were that students in Japan and 
Taiwan of comparable ages and levels of education were 
much more competent in mathematical methods and tech- 
niques than were their American counterparts. However, the 
American parents were much more satisfied with their chil- 
dren’s education in mathematics than were those in Japan 
and Taiwan. So we are no longer living up to the accomplish- 
ments of most other countries in these areas and it seems 
that parents of these students are, in fact, more satisfied with 
a less adequate performance. I mention these points be- 
cause the kinds of issues and concerns we have in graduate 
schools in relationship to providing human capital needs can 
only be dealt with and resolved at the graduate level. The 
strength and development of our graduate schools depends 
upon the proper kinds of foundations at the elementary and 
secondary schools and undergraduate colleges. 

As we look forward into the 199O’s, we see some other 
different changes that are occurring in graduate education 
and research. We are seeing graduate degrees more and 
more defined in multidisciplinary and multidepartmental 
terms. Indeed, if we look at the infrastructure of knowledge, it 
is almost impossible to provide some kind of structure with 
neatly partitioned knowledge into departments. We find that 
what was defined as agricultural chemistry around the turn of 
the century can no longer be talked about. Today it is part of 
a much broader field in the general arts and sciences col- 
lege. The challenge that we face in American universities in 
providing human capital is to develop the kind of 
multidisciplinary programs that are relevant to the scientific 
and applied problems that we will be facing. We must do this 
in such a way to maintain the quality control over those 
programs that is typically done in American universities 
through a department mechanism. We also must find ways in 
which we can transfer the technologies from our society for 
betterment of the society at large. Universities face a chal- 
lenge of strength through the core work in our basic arts and 
sciences to tie this knowledge into the activities of our 
various professional schools. When we see this problem in 
relationship to the demographic facts that I have referred to, I 
think you can understand that many universities face a great 
challenge over the next five or six years. The kind of life that 
we will have in this country over the next century is going to 
be dependent upon how creative and effective we are in 
dealing with these problems. 

Discussion 

J. Carpenter: We have time for some questions. Dean 
Holt has graciously consented to answer any questions that 
you have for him. 

W: Moody: What percentage of foreign Ph.D’s are going 
back to their home countries? 

R. Holt: That’s a hard question to answer because you 

really have to look at that over their life-time career. The 
number who go back immediately after receiving a Ph.D. is 
not a good measure of what that same group is doing 10 
years later. Some may go back immediately after getting their 
degree. A very typical pattern may be to be employed by a 
subsidiary of an American firm overseas and 10 or 12 years 
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later come back to this country. Others chose to do post- 
doctorate work, do some other things and, 6 or 8 years later, 
go back to their home country. Let me give you another kind 
of figure, because the number who stay and the number who 
go back varies greatly and is intimately tied to the employ- 
ment market in this country and what the demands are. I was 
talking to the vice-president of Honeywell Corporation the 
other day about foreign nationals in our graduate schools and 
he told me that if you look at the research divisions of 
Honeywell, 42% are foreign-born. 

Carpenter: Are there other questions for Dean Holt? 
R. Rogers: How do you educate administrators to under- 

stand interdisciplinary programs? 
Holt: I don’t have the magic answer to that. I spend a lot of 

time on that problem. It is a particularly difficult issue when 

the disciplinary program that you are interested in developing 
is not only multidepartmental but also multicollege. At the 
University of Minnesota, we have just completed our first 
graduate class for a Ph.D. in mineral science. The graduate 
faculty comes from 12 different departments in five different 
colleges. 

I? Lewis: Where are you getting your figure that 50% of 
the Ph.D. students are foreign? Are they foreign-born or just 
holding passports? 

Holt: These are the ones that are holding passports and 
are on some kind of student visa. I am not talking about 
people that are permanent resident aliens, they are not 
foreigners. 

Carpenter: Thank you very much for taking time from your 
busy schedule to speak to us, Dean Holt. 




