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an education in science or engineering.
• The growing financial pressures on

colleges and universities have increased
tuition far faster than inflation. The de
cline in the real value of financial aid,
combined with increased reliance on loans,
has exacerbated the problem. Many mi
nority youths have chosen not to enroll
in higher education at all; others have
chosen lower-quality institutions. Stu
dents considering graduate school face a
long-term decline in federally funded
fellowships and traineeships; at the same
time many have already assumed a large
debt burden from their undergraduate
education.

• Financial considerations have con
tributed to an increasing polarization of
the college population in different types
of institutions. Few students can afford
expensive colleges, and many elite insti
tutions are under substantial financial
pressure to select increasing proportions
of high-income students. As a result,
many of the colleges that have the strong
est undergraduate programs - indeed,
those with the environment that the spe
cial programs noted above attempt to

replicate - are growing less accessible
to low-income students. This polarization
is compounded by the fact that low-in
come and minority students are increas
ingly attending community colleges, at
least in part because of costs. Only a
small proportion of low-income and mi
nority students who attend community
colleges go on to receive bachelor's de

grees.
• There has been a long-term trend for

colleges and universities to give lower
priority to undergraduate teaching and

greater attention to research and a range
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of other prioritie At the same time,
research evidenc suggests that the in
stitutional environment, especially the
time that faculty members spend with stu
dents, can make a major difference in

minority students' achievement and reten
tion in science and engineering programs.

These trends affect both the access
of minority students to science and en

gineering education and their decisions
about majoring in science and engineer
ing and attending graduate school. In
deed, any changes in access and reten
tion can make a noticeable difference in
a relatively short period of time. A re
cent report from the Office of Technolo
gy Assessment put it this way:

If the nation wants more scientists
and engineers relatively quickly, then

retaining college and graduate stu
dents in science and engineering is the
most useful policy strategy. Many able
students leave science during college,
after earning baccalaureate degrees,
and during graduate school. Only about
30% of baccalaureate science and engi
neering graduates enter full-time grad
uate study, and nearly half of science
and engineering doctoral candidates
never eam Ph.D.s. Some loss is inevi
table and, indeed, beneficial to other
fields. but those who leave unwilling
ly and prematurely are a rich resource
that could be tapped. Because attrition
rates are so high and the population of
research scientists and engineers is

relatively small (only 4% of American
workers), slight improvements in re
tention could increase significantly the
number of scientists and engineers in
the work force. I

This article considers, first, the recent

trends in minority enrollment in science
and engineering education and presents
some examples of programs that have
shown gains. And second, it analyzes the
policies and priorities that appear to hin
der continued progress in increasing the
enrollment of minorities in science and
engineering programs.

TRENDS IN
MINORITY ENROLLMENT

Societal and economic changes in re
cent decades have led to significant gains
in the participation rates of minorities in
some fields of science and engineering
education. Many of these gains have oc
curred in less than a single generation.
While the number of minorities in sci
ence and engineering fields remains small
and while some trends are disturbing
(e.g., the declining college attendance
rates among minorities), most indicators
suggest that the potential exists for sig
nificant future increases in minority par
ticipation. However, the environment is

fragile, and public and private policies
with respect to institutional priorities and
financial aid can play an important role
in encouraging - or blocking - future
gains.

UNDERGRADUATE EDUCATION

Between 1977 and 1987, even though
overall college participation rates lagged,
the number of minorities who received
bachelor's degrees in several key science
and engineering fields increased, both in
absolute numbers and as a percentage of
the total degrees awarded in these fields
(see Table 1).: The largest gains were in

TABLE 1.

Recipients of Bachelor's Degrees in Science and Engineering
By Field and Racial/Ethnic Group: 1977 and 1987

Total, U.S. CItizens Native
Field And Permanent Residents White Black Asian American Hispanic

1977 1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 1987

Physical sciences 22.038 19.027 20.417 16.653 692 823 377 894 68 72 484 585

Mathematical
sciences 13.977 15.506 12.602 13.265 712 834 316 1.034 26 52 321 321

Computer sciences 6.161 35.943 5,508 29.181 361 2.820 163 2.455 15 112 114 1.375

Lile sciences 131.430 101,085 119.442 86.858 5.860 5.251 2.578 4,107 424 420 3.126 4.449

Psychology 47.297 41.,248 41.494 35,761 3.221 2.451 807 1,154 167 180 1.608 1.702

Social sciences 116.622 91.,347 100,191 78.940 10,360 5.746 1.664 2.853 474 449 3.933 3,359

Engineering 46.093 85.134 42,072 71.866 1.385 3.420 1.211 6.378 135 283 1.290 3.187

Source: Women and Minorities in Science and Engineenng Washington. D.C.. National Science Foundation. January 1990), po. 136-37
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TABLE 2.

Recipients of Master's Degrees in Science and Engineering
By Field and Racial/Ethnic Group: 1977 and 1987

Total, U.S. Citizens Native
Field And Permanent Residents White Black Asian American Hispanic

1977 1987 1977 1987 1977 1987 1977 1987 1977 1987 1977 1987

Physical sciences 4,689 4,271 4,363 3,834 94 79 142 227 21 9 69 122
Mathematical

sciences 3,328 2.331 3,048 2.012 133 73 90 183 12 3 45 60
Computer sciences 2,432 5,848 2.208 4,717 67 207 108 779 3 22 46 123
Life sciences 22,327 20,961 20.262 18,687 914 888 595 663 72 68 484 655
Psychology 8,149 7,493 7.201 6,698 506 376 95 113 26 35 321 271
Social sciences 14,013 7,867 12.364 6,979 969 390 275 234 36 22 369 242
Engineering 12.695 15,947 11,444 13,239 240 433 737 1.692 23 63 251 520

Source: Women and Minorities in Science and Engineering Washington, D.C.: National Science Foundation, January 1990), • 144-45.

engineering and computer science, but
small gains also occurred in the physi
cal and mathematical sciences. Degree
patterns for minorities generally follow
those of the student body as a whole.
Thus there has been a trend toward en
gineering and computer science and away
from life sciences, psychology, and the
social sciences, which is consistent with
overall patterns for the entire population.

A recent report by the National Action
Council of Minorities in Engineering
shows that the rate of increase of minority
enrollments in undergraduate engineer
ing programs continues to outstrip the
rate of increase for the student popula
tion as a whole. In 1988, 11,754 black,
Hispanic, and Native American students
enrolled in undergraduate engineering
programs, up from 10,325 students in
1987 for an increase of 13.8 % . The cor
responding increase for the total fresh
man population in engineering was only
2.7%.3

GRADUATE EDUCATION

The trends for minority students in
graduate schools are consistent with those
for the student population as a whole:
minority students generally earned more
graduate degrees in engineering and com
puter science in the late 1980s than they
did 10 years earlier, and they earned few
er graduate degrees in several other sci
entific fields (see Tables 2 and 3).4

In the case of minorities, however, the
numbers were so small to begin with that
percentage increases do little to alleviate
the basic problem. For example, the in
crease in engineering doctorates between
1978 and 1988 meant that blacks went
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from 13 engineering doctorates in 1978
to 31 in 1988; Native Americans, from
two to four; and Hispanics, from 32 to
63. For other fields, such as mathemat
ics, the extremely small number of doc
torates awarded to minorities in previous
years has now been reduced even further.
However, recent reports about increased
graduate enrollments in these fields are
encouraging. For instance, about 600
more black U.S. citizens enrolled in sci
ence and engineering programs in doc
torate-granting institutions in 1988 than
in 1987. The gains were spread over all
fields except mathematics, which con
tinued to exhibit a decline. Nonetheless,
the societal trends that have discouraged
U.S. students from pursuing doctoral
degrees - cost, length of time to earn a
doctorate, competing job opportunities -
will be especially damaging to minorities
and to the society as a whole, if there con
tinue to be only very small numbers of
minority professionals in science and en
gineering to serve as mentors or role
models.

INDICATORS OF FUTURE GROWTH

However, there are indications that the
student pool from which many science
and engineering majors are drawn will
grow. Given the high correlations be
tween such indicators as parental educa
tion, family income, and achievement,
the continued growth in the number of
middle-class minority families could be
expected to exert strong intergenerational
effects on the educational attainment of
minority children as a group. Indeed, as
a result of the major increases in college
attendance for minority groups during the

1970s, the children of these college stu
dents could be an important source of en
rollments in science and engineering pro
grams during the next two decades.
While the number of potential science
and engineering students will certainly in
crease, the reality is that institutional pri
orities and public policies with respect to
financial aid will influence how many of
these students actually choose to enter
and remain in science and engineering.

One indicator of the gains that have
already been made is the significant im
provement in the test scores of minority
students on a range of tests, including
the National Assessment of Educational
Progress (NAEP), the Scholastic Apti
tude Test (SAT), the American College
Testing (ACT) Program, and the Grad
uate Record Examination (GRE).° In
creased scores have occurred at all age
levels, both in absolute terms and rela
tive to the test scores of whites. Despite
the continuing gap, the overall trend for
minorities is clearly upward. It must be
noted that the comparisons do not con
trol for family income and level of paren
tal education - two variables that are
highly correlated with test scores and
that are substantially lower for minor
ity groups than for the population as a
whole. For instance, in 1985, 68% of
blacks who took the SAT came from
families with annual incomes of less than
$24,000, while only 27% of whites came
from families with annual incomes at that
level. Thirty-four percent of the black
students came from families with annual
incomes of less han $12,000.7

It is likely that a number of factors have
contributed to these achievement gains
including the emphasis over the past 20



years on supplemental academic pro
grams for disadvantaged children. None
theless, the increasing proportion of mi
nority children growing up in middle
income families has clearly played a
role, even though this proportion remains
small compared to the middle-class popu
lation as a whole.

SOME SUCCESSFUL PROGRAMS

Some programs that provide academ
ic support to encourage minorities to en
ter or to continue in science and engineer
ing have shown positive results. These
programs are sponsored at precollege,
undergraduate, and graduate levels by
government and by the private sector.
Virtually none have been formally evalu
ated. Nonetheless, the statistics from a
few of the programs, along with anecdo
tal evidence from a number of others,
suggest that the programs can serve an
important purpose. However, they are
not likely, by themselves, to result in ma
jor shifts in the rates of participation by
minorities in science and engineering.
They provide on-site support and cannot
be expected to compensate for broader
policies that affect much larger numbers
of students.

A full description of the wide range of
these programs is beyond the scope of
this article. However, as examples of the
potential benefits, I note two programs
that have achieved especially dramatic
results.

Philip Treisman's program at the Uni
versity of California, Berkeley, which
has been replicated at a number of other

institutions nationwide, has received wide
spread publicity. The program uses a

cooperative-learning workshop model to
teach calculus, a course that has tradi
tionally presented a major barrier to the
retention of students in science and en
gineering programs. The workshop par
ticipants earn an average grade that is

essentially the same as that earned by all
students enrolled in calculus. In some
years the workshop participants exceed
ed the course average. Furthermore, they
typically earn between three-quarters of
a grade and a full grade higher than oth
er minority students in comparison groups
who have similar SAT math scores. In
deed, the average grade (2.2) of work
shop participants with the lowest SAT
scores (200-460) is higher than the aver
age grade (2.0) of nonparticipating mi
nority students with the highest SAT
scores (550-800). Retention rates are also
considerably higher for the workshop
participants than for comparison groups.
For example, 44% of the black students
who took part in the workshops graduat
ed from Berkeley in math-based majors,
compared to 10% of the black students
who did not participate in the workshops.

Raymond Landis of California State
University, Los Angeles, has developed
a similar program for engineering stu
dents. 9 The program emphasizes coop
erative learning and community building
and has also produced dramatic gains in
student learning and retention in en
gineering. Not only are the retention rates
for minority freshmen who participated
in the Minority Engineering Program
(MEP) higher than those of minority stu-

dents who were not in the MEP, but they
are also higher than those of the student
body as a whole.

FINANCIAL RESOURCES AND
INSTITUTIONAL PRIORITIES

The priorities set by government and
by institutions of higher education have
important effects on the access of minori
ties to science and engineering education.
While these decisions affect the student
population as a whole, minorities are
particularly vulnerable to changes in pub
lic policies or institutional priorities. In
deed, three interrelated factors affect stu
dent participation and retention in science
and engineering education: 1) the costs
of attending college and graduate school,
2) the polarization of higher education,
and 3) the choices that colleges and uni
versities make with respect to allocation
of their own resources, both financial and
human.

COSTS:UNDERGRADUATE

Financial considerations play a crucial
role in the size of minority enrollments
in undergraduate education, and they can
in turn be expected to affect rates of en
trance to and retention in science and en
gineering programs. Indeed, there has
been a recent decline in total college par
ticipation rates among minority young
people.1o Between 1976 and 1988, the
participation rate for low-income black
high school graduates dropped from
39.8% to 30.3%, while the rate for mid
dle-income black students declined from

TABLE 3.

Recipients of Doctorates in Science and Engineering
By Field and Racial/Ethnic Group: 1978 and 1988

Total, U.S. Citizens Native
Field And Permanent Residents White Black Asian American Hispanic

1978 1988 1978 1988 1978 1988 1978 1988 1978 1988 1978 1988

Physical sciences 2.161 2.231 1,750 1.922 37 33 179 137 4 6 20 62

Mathematical
sciences 666 384 563 331 13 3 43 33 1 2 5 4

Computer sciences 90 326 77 265 0 2 4 44 0 0 2

Earth. atmospheric.
and marine sciences 540 537 466 495 4 3 25 15 0 2 5 8

Life sciences 3,707 3,920 3.188 3,472 66 68 188 200 7 12 39 97

Psychology 2,858 2.700 2.524 2.421 100 100 28 47 3 7 51 93

Social sciences 2.448 1,700 2.076 1.436 76 66 87 90 4 9 47 57

Engineering 1.,586 2.144 1,169 1,651 13 31 272 332 2 4 32 63

Source: Women and Minonties in Science and Engmneenng Wasnungton, DO.C.. National Science Foundation. January 1990), p. 151-54
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long wth
decreases in the
real value of stu
dent grants, there
has been a shift

in emphasis from
grants to loans.

52.7% to 36.2%. The corresponding de
clines for low-income Hispanic students
were from 50.4% to 35.3% -- and for
middle-income Hispanic students, from
53.4% to 46.4%.

Although the number of minority stu
dents receiving bachelor's degrees in en
gineering and computer science has in
creased, the overall trends in college par
ticipation rates could have serious impli
cations for any future gains in science and
engineering fields. It is counterintuitive
to expect that the declining participation
of minorities in undergraduate education
will be "compensated for" by increased
rates of enrollment in science and en
gineering. It is more likely that the over
all trend will soon be reflected in declin
ing undergraduate and graduate enroll
ments of minorities in science and en
gineering.

There are a number of reasons for the
low undergraduate participation rates
of minorities. Clearly, many minority
youths come from low-income families,
grew up in high-crime areas, and attend
ed poor schools.' Nonetheless, a major
factor contributing to the overall decline
is the increasing cost of higher education,
which threatens minority representation
in all fields, but especially in science and
engineering.

Tuition costs have outpaced inflation.
There have been decreases in the real val
ue of student financial aid as government
grants have declined as a percentage of
the total cost of education.12 These
trends, which affect educational choices
for low- and middle-income students,
have had unintended consequences for
minority enrollment in higher education.
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These are the very groups whose real
after-tax income has declined or failed to
keep pace with the gains posted by those
in higher-income groups. Moreover, col
leges increasingly set their tuition rates
based on the applications of upper-middle
and high-income students, whose fami
lies have had recent and substantial after
tax benefits. Under these circumstances,
many minority youths cannot attend col
lege at all. Others may choose lower-cost
colleges or two-year rather than four-year
colleges. And many minority youths do
not have an opportunity to attend many
of the institutions that specialize in sci
ence and engineering education.

A recent study by the National Acade
my of Sciences concluded that the reduc
tion in the real value of financial aid was
the major factor contributing to the de
cline in college enrollments for blacks af
ter the large upswing in enrollments in
the 1970s, which was fueled in part by
increases in financial aid. The enrollment
decline has occurred even though high
school graduation rates and average test
scores for minority students have ris
en. 1 This study also noted that increas
es in military enlistments might have
contributed to an enrollment decline
(which has been especially severe for
black men), but it concluded that possi
ble interactions between military enlist
ment and college enrollment decisions are
not clear.

Under the circumstances, the enroll
ment decline among minorities is not sur
prising. It is estimated that almost one
third of low-income students of all racial
and ethnic groups would drop out of
school if grants were eliminated.' In
deed, a recent study found that students
were taking longer to complete their un
dergraduate degrees - or were dropping
out - in part because they could not
afford to meet their college expenses.""
While minorities had the lowest college
completion rates, the study found lower
dropout rates for students who received
grants. Ninety-three percent of both
whites and blacks who received grants to
attend private colleges were still enrolled
after their first year, compared with 77 %
of white students and 66 % of black stu
dents who received no grants.

Along with decreases in the real value
of student grants, there has been a shift
in emphasis from grants to loans. In 1985
almost half of all federal student aid
was in the form of loans, up from only
17% in 1975. As one analyst put it, "In
a single decade, loan programs intended

originally for the convenience of the mid
dle class have become the major funding
mechanism helping needy students gain
access to college. Recent estimates show
that half of all undergraduates will fin
ish their college careers with some
debt. "16

The increased reliance on loans has
been especially troublesome for minori
ties. Understandably, debt burdens have
been found to have a greater impact on
the college attendance rates of minorities
than on those of whites because of the
continued discrepancies between minori
ties and whites in expected earnings and
because of the large differences in the in
come and wealth of their families."7

COSTS: GRADUATE

It is not surprising that graduate school
enrollments for U.S. citizens in some
fields of science and engineering have
been relatively low. For instance, there
is little financial incentive for young en
gineers, who are paid well by industry,
to enroll in costly doctoral programs and
to accept lower-paid positions in univer
sities.'» Graduate programs in science
and engineering have also felt increased
competition in recent years from such
fields as business and law.

The relatively long time required to ob
tain a doctorate in some fields of science
and engineering results in unnecessary
costs and delays the entrance of students
into the science and engineering work
force. 19 The time needed to earn a doc
torate serves as a disincentive to students
who might otherwise choose science and
engineering, attend graduate school, and
complete a doctorate. The average time
for completing a doctorate in all fields is
about 6.9 years, up from 5.5 years in the
1960s. Engineering doctorates at 5.8
years and doctorates in the physical
sciences at 6.0 years, while below the
average for all doctorates, clearly entail
an investment of time and money that
many potential graduate students do not
find productive.

In addition, reductions in federal sup
port for graduate fellowships and trainee
ships during the past 20 years have con
tributed to lower enrollments in science
and engineering among U.S. students."o
However, the reductions in fellowships
and traineeships have been partially off
set by increases in federally supported re
search assistantships and by federal fel
lowship programs for minority students,
e.g., the National Science Foundation's
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Source: Women and Minontes n Scence and Engineering Wasnington, DO.C.. National Scence Foundation. January 1990), D. 107-8.

Rows do not add to total because racal/ethnic categories are not mutually exclusive and because total includes ''other' and "no report.'
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dents' interest in science and engineering.
Lewis and Kingston conclude:

Although the evidence that middle
income students have "traded down
because of a new inability to pay for
an expensive selective college or uni
versity is still mostly anecdotal, pub
lic encouragement for increasing op
portunities for the less economically
privileged at these institutions appears
to have waned. . . . Little suggests that
as matters now stand the public interest
is being served.""

At the same time that the highly se
lective institutions are enrolling a larger
proportion of high-income students, the
low-income and minority students are in

creasingly attending community colleges.
While some states have developed artic
ulation" programs between two- and four

year colleges, the overall proportion of
community college students who obtain
bachelor's degrees has been decreas
ing. 26 It is estimated that only 10% to
15% of all community college students
and only 20% to 25% of those who in
tend to transfer to a four-year institution
actually go on to receive bachelor's de
grees. Moreover, black, Hispanic, and
Native American students are less likely
to transfer than are white or Asian-Amer
ican students.

The issue is not whether community
colleges serve an important function.
Clearly, many students are helped to
make the transition to four-year colleges,
and many others receive vocational/tech
nical training that would otherwise not be
available. The concern is for the students
who attend community colleges only be-

comes under $32,500 in 1980 dollars
were eligiblefor Pell grants. In 1986 that
$32,500 income would have been worth
just over $41,000 in 1986 dollars, yet the

ceiling for eligibility for Pell grants was
reduced to $28,500. The irony is that, as
more minorities enter the middle class,
they are being squeezed from two direc
tions, as financial aid packages disappear
and as colleges and universities seek in

creasing numbers of students from quite
affluent families.

A study by Lionel Lewis and Paul
Kingston documents the fact that the
increasing cost of higher education in
the 1980s has increased the homogeneity
of the student body in highly selective
private institutions." Although the stu
dent body remains more diverse than it
was 20 years ago, these institutions are
enrolling an increasing proportion of
high-income students. Between 1980 and
1986 the proportion of students with fam

ily incomes above $100,000 increased
from 10% to 25% -- a large increase in
a few years that is only partially ex

plained by inflation or real growth in

family income.
The proportion of middle-income stu

dents (defined as students from families
with annual incomes between $35,000
and $49,999) enrolled in highly selective
institutions is small; that proportion fell
from 4.5% in 1980 to 2.5% in 1986,
again a reduction only partially account
ed for by inflation. As that trend con
tinues, minority students from low- and
middle-income families will find it in

creasingly difficult to afford to attend
many of the institutions that have been

especially effective in encouraging stu-

Field Total" White Black Asian

Physical sciences 28.700 25.700 300 2.600

Mathematical sciences 13,000 11.600 100 1,200

Computer sciences 5.400 4,900 500

nronmental sciences 7.400 6,900 100 400

Life sciences 64.700 58.200 1,000 5.000

Psychology 22.000 20.700 600 400

Social scences 44.400 40.200 1,300 2.400

Engineering 23.600 19.600 300 3.600

TABLE 4.

Doctoral Scientists and Engineers on the Faculties of Four-Year
Colleges and Universities, by Field and Racial/Ethnic Group: 1987

THE POLARIZATION OF
HIGHER EDUCATION

Along with financial pressures for stu
dents to choose less expensive institu
tions, colleges and universities also have

pressures to choose students who can af
ford to pay. Many institutions actively re
cruit minority students who are "super
stars," but well-qualified students from
families just entering the middle class
may be eligible neither for recruitment
nor for financial aid. Indeed, changes in

eligibility requirements mean that large
numbers of middle-income families are
no longer eligible for federal grants.">
For instance, in 1980 families with in-

Minority Graduate Fellowships Program.
The lower average family income and

lower expected earnings of minorities
make it especially difficult for them to
consider graduate school. Under the cir
cumstances, the size of the debt incurred
during undergraduate school is more like

ly to deter minority students from attend

ing graduate school than to deter the
general student population.?'

Minority students are also less likely
to receive research assistantships, which- in addition to the financial implications- means that they are less likely to gain
the experience of being part of a research
group that might encourage them to con
tinue in science and engineering fields
and to serve as faculty role models and
mentors for the next generation of stu
dents. 22 Table 4 shows the serious un

derrepresentation of minority doctoral
faculty members in four-year colleges
and universities.



cause of financial considerations and who
therefore have significantly reduced their
chances of obtaining a degree in science
or engineering.

A recent study concludes that the net
effect of community colleges has been to
increase the separation of elite and non
elite institutions in the U.S. and of the
students who attend them:

The very real contribution that the
community college has made to the
expansion of opportunities for some
individuals does not, however, mean
that its aggregate effect has been a
democratizing one. On the contrary,
the two-year institution has accentuat
ed rather than reduced existing patterns
of social inequality. Indeed, in both the
social origins and the occupational des
tinations of its students, the communi
ty college clearly constitutes the bot
tom tier of a class-linked tracking sys
tem in higher education. As a growing
body of evidence accumulated over
more than two decades demonstrates,
the very fact of attending a two-year
rather than a four-year institution low
ers the likelihood that a student will ob
tain a bachelor's degree. Similarly, en
tering a two-year as opposed to a four
year college has a negative effect on
adult occupational status, even control
ling for individual differences in socio
economic background, measured men
tal ability, and other variables.

To be sure, the growth of commu
nity colleges has brought some in
dividuals into higher education who
would otherwise never have attended
college; at the same time, however,
this growth has also meant a diversion
to the two-year sector of large num
bers of students - disproportionate
ly of modest social backgrounds -
who would otherwise have attended
four-year institutions. Finally, a funda
mental (and by no means entirely un
intended) effect of the rapid extension
of community colleges has been to
enable public four-year colleges and
universities to tighten their admissions
requirements and thereby to exclude
on meritocratic grounds many students
who, in the absence of community col
leges, might have felt entitled to a place
in the freshman class of what are, af
ter all, public institutions."7

INSTITUTIONAL CHOICES

'The decisions an institution makes about
tradeoffs between such competing priori
ties as research, undergraduate teaching,
programs abroad, and the renovation of
aging facilities affect costs as well as
students' educational experiences. These
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experiences in turn can be expected to
influence academic achievement, per
sistence in science and engineering pro
grams, and occupational and graduate
school choices.

There is a growing body of evidence
that the undergraduate environment of
colleges and universities, especially the
time faculty members spend teaching and
advising students, plays an important role
in student achievement and retention in
science and engineering programs."
Mentoring by faculty members has been
found to be an important factor in keep
ing minority students in science and en
gineering fields. Indeed, one purpose of
the minority science and engineering pro
grams described above is to create a sup
portive environment for students within
the current structure of colleges and uni
versities.

The financial pressures and the em
phasis on research have driven many
institutions away from a focus on un
dergraduate education. Faculty members
often have little time for teaching and
mentoring undergraduate students or for
involving them in research. Freshman
and sophomore science and engineering
courses, which are most likely to in
fluence students' decisions about continu
ing in these fields, are increasingly taught
in large classes or by graduate assistants.
As one faculty member put it, "Students
are the weeds in the garden of academia."

Stephen Joel Trachtenberg, president
of George Washington University, de
scribes the disincentives for undergradu
ate teaching and their impact on the costs
of higher education:

[W]hat the American public itself has
done is to lay down the rule that the
pacesetters in higher education are the
world-class research universities where
the rules are that the higher you rank
as a faculty member the less you teach;
and that the more you charge as a
school the better you are. . . .

[T]he nationally established pecking
order for the universities you'd like
your son or daughter to attend has also
resulted in a pecking order that prevails
within those universities. With very oc
casional exceptions, the more a faculty
member is exposed to students and
to classroom teaching, the lower that
faculty member's standing within his or
her academic peer group.

Among those faculty members who
do, unfortunately, have to teach in or
der to receive their paychecks, addi
tional hierarchical distinctions prevail.
Those who teach graduate students and

an undergraduate senior-level honors
seminar rank higher than those who
teach only junior- and senior-level un
dergraduates. The latter. in turn, rank
higher than those who teach sopho
more-level introductory courses in their
academic specialties. And those poor
souls, in tum, occupy an Olympus that
towers far above the plains of drudg
ery where teaching assistants hand out
the basics on how to write decent Eng
lish and how to understand the cultur
al and historical foundations of our so
ciety.

For faculty members who have in
ternalized these standards, getting re
leased time from teaching and teach
ing as little as one can possibly man
age have taken on the value once as
sociated with the Quest for the Holy
Grail....

And requests like that are by no
means confined to the faculties of the
major research universities. They've
made their way down to the four-year
colleges and are probably scoring
inroads at the two-year colleges as
well.29

Given the financial pressures faced by
colleges and universities, occasioned in
part by their attempt to serve so many
constituencies in and outside the academ
ic community, these trends should not be
unexpected. Even elite institutions have
difficulty sustaining costly advanced re
search programs along with strong under
graduate liberal arts programs. As ex
penses exceed revenues, higher education
institutions are under increasing pressure
to raise grant money - pressure only in

part related to the merits of conducting
research and attracting top-flight faculty
members. For many institutions, the in
direct cost" component of grants has be
come a necessary prop to help support
overall operating expenses. Colleges and
universities also face growing pressure
to raise private funds; however, legal
restrictions prevent the use of most en
dowments for operating expenses, and
donors, especially corporations, are in
creasingly earmarking their gifts for pro
grams other than the liberal arts.

There are a number of reasons why the
costs of higher education have outpaced
the rate of inflation: a growing number
of exotic" programs across a wide range
of academic and nonacademic areas, tech

nological advances that have increased
the costs of undergraduate education and
of research, and increased institutional
contributions to student financial aid
(although these contributions cannot be
gin to compensate for the declines in the
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not simply "one-time" misfortunes for this
generation of young people - or for the
society at large. They have enduring im
plications for future generations.

real value of government assistance).o
These factors make it increasingly diffi
cult for institutions to give high priority
to undergraduate education.

The comments above are not meant to
detract from the important role that re
search plays in U.S. higher education. It
is generally acknowledged that no other
nation can match the range and qual
ity of research opportunities offered by
U.S. colleges and universities. As Jean
Jacques Servan-Schreiber and Herbert Si
mon of Carnegie Mellon University put
it, "For the first time in modern history,
one country seems to serve, in the ad
vanced sciences, as the university of the
world." However, there is a need for
caution about the growing pressures for
faculty members to conduct research and
for undergraduate colleges to shift from
their traditional teaching role to a great
er emphasis on research. These choices
have implications for the costs that soci
ety - and families - must bear and for
the quality of undergraduate education.
They have especially important conse
quences for the participation and reten
tion of minority students in science and
engineering.

The resource and policy trends ad
dressed here play a significant role in the
participation of minorities in science and
engineering education. While there are
a number of effective programs and while
there have been recent gains in minority
participation in some fields of science and
engineering, the situation remains frag
ile. At a time when increasing numbers
of minority young people might wish
to seek an education in science and en
gineering, the negative trends with re
spect to financial resources and institu
tional priorities have created unintended
barriers to the continuing progress of
minorities in science and engineering,
and these trends threaten to overshadow
potential gains and effective programs.
These trends, which affect the entire stu
dent population, are particularly trouble
some for minorities - and even more so
for those who are interested in entering
science and engineering.

The result is a personal hardship for
the students involved and a loss of tech
nical skills to the nation as a whole at a
time when U.S. competitiveness in the
international marketplace increasingly
depends on a highly skilled labor force.
Indeed, because educational attainment is

highly correlated with the level of paren
tal education, our educational losses are
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