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noted among social scientists. After controlling
for field, the unemployment rate for women re-
mained twice that for men. For recent (1980 and
1981) science and engineering graduates at the
bachelor’s level, 7.7 percent of the women and
5.1 percent of the men were unemployed. Among
recent master’s degree graduates, 7.3 percent of
the women and 2.3 percent of the men were also
unemployed. 18

Underemployment

The term “underemployment” is used by NSF
to describe the combined effect of involuntary em-
ployment outside of science and engineering and
involuntary part-time employment where full-
time employment is sought. The “underemploy-
ment” rate for women scientists and engineers in
1982 was 5 percent; for men it was 1 percent. Part
of this difference was due to the greater concen-
tration of men in engineering, where full-time em-
ployment is more the rule. But when only scien-
tists are compared, women are still twice as likely
as men to be “underemployed. ” NSF reports that
underemployment rates for women are higher in
every field of science except for computer spe-
cialists, where the rates are essentially equal. This
is true also at the doctoral level, where underem-
ployment rates for women are above those for
men in all major fields of science and engineer-
ing. 19

Rank and Tenure

According to Betty Vetter:20

Among all academically employed doctoral
scientists and engineers in 1983, 65.6 percent of
the men, but only 39.2 percent of the women,
were tenured. An additional 14 percent of men
and 21 percent of women were on the tenure
track, while 8.4 percent of men and 19.9 percent
of women were neither tenured nor in tenure-
track positions. . . .

The National Research Council (NRC), in 1981,
reported on the results of a survey of Career Out-
comes in a Matched Sample of Men and Women

IS women and Mjnorjtje5  jn Scjence and Engineering (Wash%
ton, DC: National Science Foundation, January 1984), pp. 18-21.

191bid.
20 Betty M, Vetter, “Women in Science and Engineering, ” type-

script, p. 10.

Ph. Ds. It found that for men and women with
degrees in the same field, in the same year, from
equally prestigious universities, significant gen-
der differences could be found in employment,
rank and promotion, and salary. Specifically,
NRC found that:’1

Among the academically employed Ph.D.s who
were surveyed 20 or more years past the doc-
torate, 87 percent of the men were full professors
compared with 64 percent of the women.

For a given pair of one woman and one man
with matched characteristics [10-19 years past the
Ph.D.], the man is 50 percent more likely than
the woman to have been promoted to full pro-
fessor.

Among 1970-1974 Ph. D,s one-third of the
women, but one-half of the men held senior
faculty posts. In every field, the distribution by
rank was less favorable for women than men,
based on their greater concentration among as-
sistant professors and nonfaculty appointees.

Female salaries at major research universities
are significantly below the estimated salaries for
men with similar characteristics.

Salary differences between young male and fe-
male Ph. D.s in academe still exist, even after con-
trolling for type and quality of doctoral training.

Lilli Hornig reports that only 79 out of approx-
imately 4,200 faculty positions in the 171 Ph. D.-
granting physics departments in the United States
are held by women. Women hold only 188 of the
4,4oo faculty positions in chemistry departments
that grant the doctorate. 22 This situation exists de-
spite the fact that, according to NRC, there are
more than 3,600 women doctoral chemists in the
U.S. labor force. ” Vivian Gornick, in her book
on Women in Science likens the situation of
women in chemistry to that of “Jews in Czarist
Russia. ”24 She reports the following statement
from an anonymous woman chemist at a “great
research university ’’:25

z INancy  C. Ahern and Elizabeth L, Scott, Career Outcomes in
a Matched Sample of Men and Women Ph. D.s —An Analytical Re-
port (Washington, DC: National Academy Press, 1981 ), pp. xvii,

. . .
Xvlll.

ZZHornig,  op. cit., P. 41.
Z~Betty  D. Maxfie]d  and Mary Belisle,  Science, Engineering, and

Humanities Doctorates in the United States: 1983 Profile (Wash-
ington, DC: National Academy Press, 1985), p. 28.

Iqvivian  Gornick,  W o m e n  in Sc ience (New Y o r k :  Simon  &

Schuster, 1981), p. 98.
zsIbid,, p p .  102-103.
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The chemistry department here doesn’t adver-
tise. It’s illegal now, but they still do it that way.
Somehow they consider it a “shame” to advertise.
They write to their friends. And of course their
friends are men who have only male graduate stu-
dents. But even so, some awfully good young
women get through the system and come up here
for interviews. It’s always the same. They look
at these excellent young women and they say,
“She’s very good but she lacks seasoning. Let her
go off somewhere else for the year and then we’ll
consider her again. ” Of the young men just like
her they say, “We’d better grab him before some-
one else does. ”

Implications for Women’s Participation
in Science and Engineering

Of the many factors that reduce the participa-
tion of women in science and engineering educa-
tion and employment, the discriminatory prac-
tices discussed in the preceding section are perceived
by many to be the most serious impediments to
the goal of equality of opportunity. Those prac-
tices are thought to violate the equity principle
most directly, because they affect people who
have established, by virtue of obtaining an ad-
vanced degree, the right to pursue a scientific ca-
reer based solely on the quality of their work,
Their effect on women who have made the long
and arduous investment in training for a scien-
tific career can be devastating. Vivian Gornick de-
scribes discrimination against women in science
as:

. . . the kind of experience that becomes lodged
in the psyche: both the individual one and the col-
lective one. It may go unrecorded in the intellect
but it is being registered in the nerve and in the
spirit. It means sustaining a faint but continuous
humiliation that, like low-grade infection, is
cumulative in its power and disintegrating in its
ultimate effect [emphasis added].26

The differential treatment of women in the
science and engineering work force is beIieved to
have a significant effect on female students in the
educational “pipeline. ” A woman student in a
physics or chemistry department where no women
have achieved tenure, or, perhaps, even been
hired to a tenure-track position, is not likely to
form a positive picture of her likely future em-
ployment prospects. Nor will she experience the

kind of role model which the literature on equal-
ity of opportunity suggests is desirable to assist
a young woman in identifying herself with her fu-
ture profession. These two factors will consider-
ably decrease the motivation for such a student
to make the sacrifices required to stay in gradu-
ate school and complete her Ph.D.

Finally, the discrimination, higher attrition
rates, greater unemployment, and underemploy-
ment experienced by women as compared to men
in science and engineering are seen by many to
be a serious waste of human resources that have
been cultivated and prepared at considerable ex-
pense to the individual and the Nation.

The two avenues for dealing with this problem
appear to be strict enforcement of existing affirm-
ative action laws, and leadership from within the
scientific community. As Lilli Hornig writes :27

Despite the widespread nonenforcement of
“affirmative action, ” laws against explicit bias
have opened up much broader access to educa-
tion and careers for women. Universities dis-
courage most of the more obvious forms of dis-
crimination against woman and point with pride
to equal access and success for women students
. . . . The most effective way to deal with [less
explicit disparities] is probably not by external in-
tervention but through the leadership of adminis-
trators and senior faculty. MIT took this ap-
proach more than a decade ago and has had
considerable success in recruiting women as both
students and faculty, even in fields that have
traditionally “had no women. ”

The National Academy of Engineering, in its
report on Engineering Education and Practice in
the United States,28 has taken such a leadership
role. It finds “anecdotal” evidence that “female
engineering professors are not obtaining tenure
at the same rate as their male counterparts” and
“a perception of discrimination against female
faculty members in assignment of teaching respon-
sibilities and in selection for research teams. ” It
recommends that college administrators “make a
candid assessment of the negative aspects of
campus life for women faculty members” and,
where these are found, “take firm steps to elimin-
ate them. ”

2 7  Hornig, op. cit, p. LII.
l~h~ationa]  Research  Counci],  Engineering &h.Kation and prad;~e

in the United States—Foundations of” Our Techno-Economic  Future

(Washington r DC: National Academy Press, 1985], p. 9 4 .



MINORITIES

Minorities represented 9.7 percent of the science
and engineering work force in 1982, up from
about 5.5 percent in 1976, but substantially less
than their 18.0 percent representation in the gen-
eral working population. Blacks constituted 2.6
percent of the Nation’s scientists and engineers,
as compared to 10.4 percent of the general labor
force. Hispanics represented 2.2 percent of the
scientific and engineering work force, as opposed
to 5.5 percent of the total labor force. On the
other side of the coin, Asian-Americans’ 4.5-
percent share of the scientific work force was
nearly triple their 1.6-percent share of the work-
ing population in the United States.29

In the educational “pipeline,” minorities’ dif-
ferential experience in science and engineering
from that of white males is also quite dramatic.
As table 5 - 230 shows,  blacks ,  Hispanics ,  and
American Indians receive degrees in quantitative
fields at less than half the rate of whites, while
the rates for Asian-Americans are more than dou-
ble that of the white population. The numbers in
the table represent the ratio of the percent of quan-
titative degrees awarded to the particular group
to its percentage representation in the age-relevant
population. For example, blacks received 4.1 per-
cent of the quantitative B.A.s in 1978-79, but were

“Vetter and Babco, op. cit., p. 96. See also Statistical Abstract
of the United States, 1985 (Washington, DC: U.S. Department of
Commerce, Bureau of the Census, 1985), pp. 391-392.

3 0  Berryman, 1983, op. cit., p. 21.

Table 5-2.—1978/79 Representation in Quantitatively
Based Fieldsa Relative to Representation in
Age-Relevant Population by Degree Level

and Racial and Ethnic Group

Degree level

Professional
Racial and ethnic group B.A. M.A. Ph.D. degrees

Whites . . . . . . . . . . . . . . . . 1.13 1.12 1.12 1.12
Blacks. . . . . . . . . . . . . . . . . 0.32 0.21 0.16 0.35
Hispanics . . . . . . . . . . . . . . 0.55 0.29 0.21 0.47
American Indians . . . . . . . 0.43 0.50 0.33 0.50
Asian-Americans . , . . . . . . 1.93 2.79 2.71 1.58
aQ”antltatlvely  based  fields for the B.A M A , and Ph D. are defined to Include

the physical sciences, mathematics, computer sciences, biological sciences,
englneerlng,  and economics For professional degrees the f!elds  are blologl.
cally  or physically based and deftned  to Include med!clne,  dent! stry, optometry,
osteopathy, podtatry  veterinary medicine, and pharmacy

SOURCE Sue Berryman,  Who VVlll Do Science (New York The Rockefeller Foun-
dation, 1983), p 21

12.9 percent of the age 22 population, leading to
a ratio of 0.32 in the table.

The very low ratios for blacks, Hispanics, and
American Indians are, in fact, the product of two
factors: the tendency of these groups to receive
higher education degrees at far lower rates than
whites, and their tendency, as well, to major in
nonquantitative fields. These two factors are dis-
played in tables 5-3 and 5-4.3’ Blacks, Hispanics,
and American Indians are 50 to 62 percent as
likely as whites to obtain a baccalaureate, and 30
to 66 percent as likely to receive a Ph.D. Among
those who do obtain the two degrees, the three
minority groups under discussion are 62 to 88 per-
cent as likely as whites to have majored in a quan-
titative field at the undergraduate level, and 39

..——
‘ibid., pp. 18 and 20.

Table 5-3.—1978/79 Representation Relative to
Representation in the Age-Relevant Population by

Degree Level and Racial and Ethnic Group

Degree level

Racial and A s s o c i a t e Profess ional
ethnic group degree B . A .  M A .  P h ,  D , d e g r e e

Whites ., . . . . . . . 1.04 —1.11 1.10 1 11 1 14
Blacks ., . 0.70 0.51 0 5 8  0 . 4 1 0.35
H l s p a n l c s  . . .  . ,  .  . 0.86 0.62 0.36 0.31 0.45
American Indians . . . 0.86 0,57 0.66 0.66 0.50
A s I a n - A m e r i c a n s  . 1.27 1.13 1,05 1 3 3 0.95

SOURCE Sue Berryman,  kVbo VVfll Do Scferrce  (New York The-Rockefelle~  Foun
datlon,  1983), P 21

Table 5-4.—1978/79 Representation in Quantitatively
Based Fieldsa Relative to Representation in

Total Degrees by Degree Level and
Racial and Ethnic Group

Degree level

Professional
Racial and ethnic group B.A. M.A. Ph.D. degrees

Whites . . . . . . . . . . . . . . . . 1.02 1.02 1.01 0.99
Blacks. . . . . . . . . . . . . . . . . 0.62 0.36 0.39 0.98
Hispanics . . . . . . . . . . . . 0.88 0.80 0.69 1.04
American Indians . . . . . . . 0.75 0.75 0.50 1.00
Asian-Americans . . . . . . 1.71 2.65 2.04 1.67
aQuantitatlvely  based fields for the B A , M A , and ph D are defined to Include

the physlcai  sctences,  mathematics, computer sctences,  biological sciences.
engineering,  and economics For professional degrees the fields  are biologi-
cally  or physically based and defined to Include  medlclne,  dentistry, optometry,
osteopathy, podiatry, veterinary medlclne,  and pharmacy

SOURCE Sue Berryman,  Who W(I1 Do Scferrce  (New York The Rockefeller Foun.
datlon,  1983), p 21
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to 69 percent as likely to have majored in a quan-
titative field on the graduate level. The ratios in
table 5-2 are the product of the ratios in tables
5-3 and 5-4 for each racial and ethnic group and
each degree level.

Asian-Americans are about equal to whites in
their likelihood of obtaining higher education
degrees. However, they are more than twice as
likely to select quantitative majors in college and
graduate school. This picture for Asian-Americans
may, however, be deceiving. Robert Suzuki claims
that 85 to 90 percent of the Asian American scien-
tists and engineers are non-U. S. citizens, or
naturalized citizens who immigrated to this coun-
try to pursue their college education. This indi-
cates, according to Dr. Suzuki, that:32

American-born Asian/Pacific Americans of
second, third and even fourth generation who
bear the legacy of 130 years of racial oppression
and who generally trace their ancestry to poor im-
migrant peasants are probably not over-repre-
sented in science and engineering and, indeed they
may still be underrepresented, although I know
of no definitive studies on this subject.

On the other hand, most of the foreign-born
Asian/Pacific Americans in science and engineer-
ing come from the more affluent classes in their
countries of origin and represent perhaps the top
one-hundredth of 1 percent of their country’s pop-
ulations. Consequently, these persons have not
suffered the historical discrimination experienced
by their American-born counterparts. Moreover,
they generally represent an elite class, the cream
of the cream, who are likely to do well even as
immigrants.

Dr. Suzuki is undoubtedly overstating the case.
However, because the high participation rate
among Asian-Americans in science and engineer-
ing education and employment does not consti-
tute a problem in equality of opportunity, we will
use the term “minorities” to refer exclusively to
blacks, Hispanics, and Native Americans in this
chapter. Asian-Americans will be discussed sep-
arately, where appropriate.

Due to limitations of time and space, differences
between blacks, Hispanics, and American Indians,

“b’ S. Congress, House C{~mmittee  on Science and Techno]og},
Subcommittee  on Science,  S}’mpo.sium on )$linor](ies and 11’omen

In S(  fence and i’_echnolt)A~}’  ( llrash i n.gton, DC: U.S. C,(~vernmen  t
I’nntlnx  C)tt]ce, ]ul}r  1%32  I,  p ,  12,

between men and women in each minority group
and between the different Hispanic subgroups can-
not be discussed in this technical memorandum.
The omission of a discussion of these differences
is not meant to imply that they are insignificant.

The quality of academic preparedness in sec-
ondary school is cited by many experts as the
greatest factor affecting minorities’ academic per-
formance and baccalaureate attainment in college.
The greater attrition levels in the sciences of mi-
nority groups correlates very highly with meas-
ures of academic preparedness, such as high
school grades, aptitude test scores, quality of
study habits, rigor of the high school curriculum,
and perceived need for tutoring. Of those factors,
Alexander Astin found that grade average and
class rank were more important predictors of un-
dergraduate grades and persistence than were
standardized test scores .33

Unlike some other disciplines, it is essential to
begin the science course sequence at an early stage
in the high school curriculum. Fields such as
chemistry, physics, and engineering require ex-
tensive preparatory coursework. Students in pri-
vate high schools who have greater access to col-
lege preparatory curricula, including advanced
mathematics and science courses, than do students
in public high schools, tend to choose mathe-
matics and science majors in larger proportions.
The poor quality of mathematics and science cur-
ricula in many inner-city high schools has been
found to be a contributing factor to the low rate
of selection of science and mathematics majors
among minorities. It has been found that a higher
percentage of black students from predominantly
white high schools choose mathematics-based
majors than blacks from predominantly black
high schools. 34 In a study of 474 juniors and
seniors at Wayne State University, where one-fifth
of the students are black, it was found that:35

Over 70 percent of the white science majors felt
their high school training was adequate while less

“Alexander W, Astin,  Minorities in American Higher Education:
Recent Trends, Current Prospects & Recommendations (San Fran-
cisco, CA: lossey-Bass,  Inc., 1982), p. 180.

“Thomas,  op. cit., p. 8.
“Maureen A. Sic, et al,,  “Minority Groups and Science Careers, ”

Integrate Education, vol. 16, May-lune  1978, pp. 44-45: quoted in
Nleyer L4retnberg,  The Search for Quality Integrated Education: Pol-
ic~’ and  Research on .$linorit>,  Students in School and College (West-
port, CT: Greenwood Press, 1983 ), p. 288.
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than 50 percent of the black science majors did.
Sie and her colleagues found that a number of
black students had taken advantage of special op-
portunities in secondary school: Of the twenty-
four black science majors, thirteen went to Cass
Technical High School where science is em-
phasized.

Because of the high-level of preparation re-
quired for the sciences many minorities opt for
other fields of study. Astin’s study revealed that
with the possible exception of Puerto Ricans, dur-
ing their senior year in high school minority stu-
dents already show a strong preference for an edu-
cation major and a tendency to avoid majors in
the physical sciences and mathematics and in engi-
neering. This was attributed in part to the stu-
dents relatively poor academic preparation at the
secondary school level.36 Sue Chipman and Veron-
ica Thomas report that “a survey of high school
students who were seniors in 1980 indicated that
black, Hispanic, and Native American students
were only about half as likely to have taken ad-
vanced math courses as white students, whereas
Asian-American students were about twice as
likely to have done sO. ”37

The educational level of the minority student’s
parents plays an important role in determining
whether the student will be enrolled in an engi-
neering or science curriculum. Students whose
parents have obtained college or graduate degrees
are more often enrolled in quantitative majors
than are students who have less well-educated par-
ents. Sue Berryman found that “being second gen-
eration college not only increases, but also equal-
izes, the choices of quantitative majors across
white, black, American Indian, Chicano and
Puerto Rican college freshmen. ”38 (Asian-Ameri-
can students select quantitative majors at much
higher rates than any other group whether their
parents have a college education or not. ) College-
educated parents apparently tend to assume their
children will also attend college, and therefore en-
courage them to enroll in the required prepara-

3’Astin,  op. cit., pp. 73-74 .

“Susan F. Chipman and Veronica G, Thomas, “The Participa-
tion of Women and Minorities in Mathematical, Scientificr and Tech-
nical Fields, ” commissioned by the Committee on Research in Math-
ematics, Science, and Technology Education of the National Research
Council Commission on Behavioral and Social Sciences and Edu-
cation, September 1984, p. 49.

jfl Berryman,  1985, op. cit ~ I P. 17”

tory courses. College-educated parents also ap-
pear to be better informed about the importance
of pre-college training, and expose their children
to a greater variety of career options.

The financial resources available to the minor-
ity college student play an important role in de-
termining academic success and attrition rates.
Minority students typically experience difficulty

in financing undergraduate study. They must rely
more on scholarship, work-study, and loan pro-
grams in contrast to nonminority students, who
receive greater family support. In 1975, black and
Hispanic college-bound high school seniors esti-
mated that their parents would contribute about
$200 a year toward college expenses, while the
median figure for whites was over $1,100. That
same year minority students comprised one-third
of the persons assisted through the major U.S. Of-
fice of Education aid programs. Upon graduation
from college, immediate employment opportuni-
ties may appear more rewarding than advanced
study in view of the prospect of further financial
difficulties, the academic risk of graduate study
(about half of all doctoral candidates fail to com-
plete Ph.D. degrees), and labor market uncertain-
ties. 39 Associated with these financial difficulties
are the problems of the working student in gen-
eral. If a student must hold down a full-time job
while in college he or she is less likely to com-
plete his or her baccalaureate .40

Factors such as poor academic preparedness
and inadequate financial support provide a sur-
face-level explanation of why minorities tend to
participate at lower rates in higher education in
general, and science and engineering in particu-
lar. Underlying these factors are the deeper issues
of culture and social class. Sue Berryman describes
the importance of these factors as follows:41

Racial and ethnic differences in mathematical
achievement that we observe at grade 9 appear

— — — —
“National Board on Graduate Education, Minorit y Grou p Par-

ticipation in Graduate Education (Washington, DC: National Acad-
emy of Sciences, 1976), p. 8.

‘OAstin, op. cit., p. 109.
“Berryman,  1985, op. cit., pp. 14-17, the studies cited by Berry-

man to support her conclusions are the following:
● J. D. Coleman, et al., Equality 0[ Educational Opportunity

(Washington, DC: U.S. Department of Health, Education, and
welfare, 1966).

● R. H. Dave, “The Identification and Measurement of Environ-
mental Process Variables That Are Related to Educational



at grade 1, [with] blacks, Chicanos, and Puerto
Ricans starting school with mean scores on ver-
bal and non-verbal tests of achievement below the
national white average.

Two momentous factors contribute to the rela-
tionship between ethnicity and mathematical per-
formance at each educational stage: culture and
social class. Both affect family behavior patterns
which in turn powerfully affect children’s school
performances.

A study of verbal, reasoning, numeric and spa-
tial achievements among Puerto Rican, Jewish,
Chinese, and black children at grade 1 shows clear
racial and ethnic differences in the patterns o f
these abilities and subsequent studies suggest that
ethnic differences in ability patterns at grade 1
persist through elementary and secondary school.
More important, although social class has impor-
tant effects on the level of abilities of each group,
it does not alter the basic pattern of abilities asso-
ciated with each group.

At the same time, the study shows that middle-
class children from the various ethnic groups re-
semble each other to a greater extent than scores
of the lower-class children from the different
groups . . . . Social class has a particularly pro-
found effect on the performance of black children,
lower class status depressing performance more
for these children than for children from the lower
classes of other ethnic groups.

Social class seems to be a proxy for family char-
acteristics that affect school achievement. For ex-
ample, an American study showed that charac-
teristics such as the family’s press for achievement,
language models in the home, academic guidance

●

●

●

●

●

●

Achievement, ” University of Chicago, unpublished doctoral dis-
sertation, 1963.
R.L.  Flaugher, Project Access Research Report No. 22—Patterns
of Test Performance by High School Students of Four Ethnic
Identities, Research Bulletin RB-71-25  (Princeton, NJ: Educa-
tional Testing Service, 1971 ).
C. Jencks,  et al., Znequa)it~-A  Reassessment of the Effect ot
Famil-v  and Schooling ~n America (New York: Basic Books,
1972).
G.S. Lesser, “Cultural Differences in Learning and Thinking
Styles, ” lnditiciuality in Learning, S. Messick  (cd. ) (San Fran-
cisco, CA: Jossey-Bass,  Inc., 1976).
G.S. Lesser, et al., A4ental  Abilities of Children From Ditfer-
ent Social-Class and Cultural Groups, Monographs of Society

for Research in Child Development, Serial No. 102, vol. 30,
No. 4, 1965.
K. Marjoribanks,  Ethnic Families and Children Achievements
(Sydney: George Allen & Unwin,  1979).
K, Marjoribanks,  Fami l ies  and Thei r  Learn ing Env i ronments

(London: Routledge  and Kegan Paul, 1979),
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provided by the home, indoor and outdoor activ-
ities of the family, intellectuality in the home—
as represented by the nature and quality of toys,
games and hobbies available to the child, and
work habits in the family together correlated at
0.80 with children’s achievement scores.

An analysis of 1972 data on blacks’ choice of
and persistence in a science major found that fam-
ily socioeconomic status affects blacks’ choice of
a science major. Higher family socioeconomic sta-
tus increased the rate of choosing science majors,
the effect operating by increasing the mother’s
educational aspirations for the student and the
student’s high school mathematical achievement.
When white and black students were equated on
the intervening variables, blacks had a higher
probability of choosing a science major than
whites [emphasis in the original].

Sue Chipman and Veronica Thomas find that
“lower educational and career aspirations asso-
ciated with lower socio-economic status may un-
dermine minority students perception of the util-
ity of mathematics . . . .“ She adds that it is “quite
possible that minority students, again because of
their socio-economic status, have still less knowl-
edge of the relationship between mathematics and
particular occupational goals than do students in
general. ”42

Betty Vetter reports on a study carried out by
the National Opinion Research Center in 1980 for
the Departments of Defense and Labor .43 It iden-
tified a nationally representative sample of nearly
12,00016- to 23-year old men and women, and
administered to this group the Armed Forces
Qualification Test (AFQT), a general measure of
trainability and enlistment eligibility for the armed
forces. The test showed that youths from higher
socioeconomic groups scored higher than those
from lower socioeconomic groups; that white
youths generally did better than black or Hispanic
youths; but the strongest single predictor of both
the AFQT score and reading ability was the
mother’s educational level. Later analyses sug-
gested that the measured correlation of mother’s
education with test performance approximated the

“’Chipman  and Thomas, op. cit., p. 50.
“Betty M. Vetter,  “The Emerging Demographics—Effect on Na-

tional Policy in Education and on a Changing Workforce, ” contractor
report prepared for the U.S. Congress, Office of Technology Assess-
ment, May-June 1Q85,  p. 50.
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combined measured correlation of the four vari-
ables usually used to determine socioeconomic
status: mother’s education, father’s education,
average family income, and father’s occupational
status.

The differences were substantial. Youth whose
mothers had completed eighth grade or less scored
in the 29th percentile on the tests. Those whose
mothers had completed high school had an aver-
age percentile score of 54. Those whose mothers
were college graduates or more averaged 71.

The effect of socioeconomic status or class on
minorities’ persistence in the science and engineer-
ing educational pipeline is a cause for optimism
among some, pessimism among others. Sue Ber-
ryman paints the optimistic picture :44

In the short run, specially designed interven-
tions can increase minority shares of quantitative
degrees by targeting those who have the capaci-
ties to respond to these interventions, but who,
in their absence, would probably not pursue a
quantitative training program and career. In the
long run, the trends favor increased minority
representation in the quantitative fields. The
growing number of second generation black and
Hispanic college students will bean important fac-
tor in increasing the representation of these groups
in the nation’s scientific and engineering labor
force.

Betty Vetter makes the more pessimistic case.
She points out that 44 percent of all black house-
holds and 23 percent of Hispanic households are
headed by single women. Nearly 72 percent of all
black families and 46 percent of Hispanic families
with incomes below the poverty level were main-
tained by single women. Seventy percent of all
black children are being brought up in poverty.
She concludes that:45

We can anticipate an increasing school drop-
out rate among Hispanic and black children,
growing up with young, single mothers who, be-
cause they have too little education themselves,
are unlikely to be able to provide the incentives
that may be required to keep their children in
school and learning . . . . If present trends con-
tinue, we can anticipate that more of [the baby
boom echo group] will drop out of school or out

of math and science classes at earlier stages, and
far fewer of them will obtain the educational prep-
aration required for professional participation in
quantitative fields.

In reality, both pictures may be true. An in-
creasing number of minority students with middle
class, college-educated parents, will undoubtedly

enroll in higher education and major in science
and engineering. However, an even larger num-
ber of black and Hispanic students from poor,
single-parent households will find a college edu-
cation and a science or engineering career difficult
to achieve due to poor academic preparedness.

Differential Treatment
in the Work Force

As was the case for women, minorities have a
somewhat different experience from that of whites
in the science and engineering work force. Recent
NSF data4’ indicate that unemployment rates
among black and Asian-American scientists and
engineers were significantly higher than those of
whites: 4.6 and 3.3 percent, respectively, versus
2.1 percent for whites. The unemployment rate
for Hispanic scientists and engineers, by contrast,
was about the same as that of whites, while Na-
tive American scientists and engineers had sub-
stantially lower unemployment rates. Black,
Hispanic, and Native American scientists and
engineers were somewhat less likely than whites
to be employed in science and engineering (81 to
83 percent versus 87 percent), Asian-American
scientists and engineers were somewhat more
likely (90 percent) to be so employed.

Blacks and Hispanics reported significantly
lower salaries than whites in science and engineer-
ing. The average salary for whites in all science
and engineering fields was $34,200; that for blacks
$30,100; and that for Hispanics $31,500. The sal-
ary differentials varied from lows of $5OO between
white and Hispanic environmental scientists and
$900 between white and black computer special-
ists, to highs of $9,800 between white and His-
panic mathematical scientists, and $7,OOO between
white and black environmental scientists. Asian
and Native American scientists and engineers re-

id Berryman,  1985, op. cit., P. 4.
dsvetter,  1985, op. cit., P. 7.

dbwomen  and Mjnorjtjes  in Science and Engineering, op. cit., pp.
viii, ix, 20-24.
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identical to those of their not report strong evidence for discrimination in
the work force against minority scientists and

Despite these differences in salaries and unem-
engineers.

ployment rates, analysts consulted by OTA did

EFFECTIVENESS OF PROGRAMS TO PROMOTE PARTICIPATION
As shown in the preceding sections, many of

the factors that inhibit participation in science and
engineering by women and minorities are related
to pre-college experience, both academic and
nonacademic. These factors include overall poor
academic preparedness (for blacks and other mi-
norities); lack of exposure to the needed science
and mathematics sequence (for minorities and
women); socialization factors that underempha-
size the desirability or appropriateness of a scien-
tific or engineering career (especially for women);
poverty and inadequate financial resources (espe-
cially for minorities); and family characteristics
that affect school achievement. To some degree,
it appears that these early factors can be over-
come, or at least compensated for, by special pro-
grams designed to facilitate access to science and
engineering education for disadvantaged cultural
groups.

In 1983 the Office of Opportunities in Science
of the American Association for the Advancement
of Science (AAAS) conducted an “assessment of
programs that facilitate increased access and
achievement of females and minorities in K-12
mathematics and science education” for NSF. 47

The assessment was based on a survey question-
naire to the directors of more than 400 pre-college
intervention programs for women and minorities,
and site visits to more than 50 exemplary projects
in different regions of the United States. Time and
budget limitations precluded AAAS from carry-
ing out formal evaluations of the programs it sur-
veyed, but the results of such evaluations, where
they had been performed independently, were re-
quested from program directors in the survey.

‘“Shirley  Nl, Nlalcorn, et al., ,Equity and Excellence: Compatible
Goals (Washington, DC: American Association for the Advance-
ment of Science, December 1984).

AAAS found that “the primary feature of suc-
cessful programs for minorities and females seems
to be that they involve the students in the ‘doing’
of science and mathematics and convey a sense
of their utility. ” Such “exemplary programs” are
“sensitive to the group or groups they are intended
to serve and address these audiences’ fundamen-
tal needs for academic enrichment and career in-
formation :48

Exemplary programs for minorities recognize
the deficiencies in performance many students are
likely to have and stress rigorous academic prep-
aration in mathematics, science and communica-
tions . . . . Projects for females focus heavily on
career awareness—on the utility of mathematics
and science to whatever they might want to do.
Young women are encouraged to take all the
courses available to them in high school. They are
shown models of science and engineering profes-
sionals and students who “are making it” in these
fields.

In general, AAAS found that these programs
“have demonstrated that there are no inherent
barriers to the successful participation of women
and minorities in science or mathematics, ” if these
groups are provided with “early, excellent, and
sustained instruction in these academic areas. ”
AAAS also found that:”

Successful intervention programs are those that
have strong leadership, highly trained and highly
committed teachers, parent support and involve-
ment, clearly defined goals, adequate resources,
follow-up and evaluation. For the positive effects
to be sllstained, these programs must eventually
be institutionalized, that is, made part of the
educational system . . . .

Scientists and engineers from the affected
groups must be involved in the planning as well
as in the implementation of projects . . . .

4FIbid. , pp, vii-viii.
“’Ibid., p. viii.
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Intervention programs must begin early and
must be long-term in nature; “one-time” or short-
term efforts do have a place for motivational, in-
formational, supplemental or transitional purposes.

AAAS reported on a number of specific inter-
vention programs that could document their suc-
cess. An evaluation of the Mathematics, Engineer-
ing, Science Achievement (MESA) Program of the
Lawrence Hall of Science in Berkeley, CA, which
includes 16 centers, 131 high schools and about
3,4oo students, found that:50

Of recent MESA graduates, 90 percent have at-
tended a college or university and approximately
66 percent have pursued a math-based field of
study. MESA seniors performed significantly
higher than college-bound seniors of similar ra-
cial/ethnic backgrounds across the nation. MESA
seniors at sampled schools did not differ signifi-
cantly on SAT performance from the total popu-
lation of college-bound seniors . . . . despite the
fact that the sampled schools were among the
lowest-achieving schools in the state.

The Summer Science Enrichment Program at
Atlanta University provides summer instruction
in mathematics, science, and communication to
high school juniors, most of whom are black. All
338 of the students who have participated in this
program since its inception in 1979 have gone on
to college, and 95 percent of them have majored
in a quantitative field. It should be noted that this
program selects students with demonstrated in-
terest and performance in science and mathe-
matics.

The Philadelphia Regional Introduction for Mi-
norities to Engineering (PRIME) is a consortium
of more than 34 businesses, 14 government and
civic organizations, and 7 universities and pub-
lic schools which has operated in the Philadelphia
area for more
— -— —— --

501 bid., p. 56.

than 9 years. It is a supplementary

program in science and mathematics which be-
gins in seventh grade and takes students through
high school. Of the more than 820 high school
seniors who have graduated from this program
since 1977, more than 60 percent have chosen
careers in engineering and/or technology. In addi-
tion, the number of minority students in the Phil-
adelphia area enrolled in academic-track high
school programs has tripled during the years of
operation of the PRIME project, with one-third
of those students in the PRIME project.

The Professional Development Program (PDP)
of the University of California, Berkeley, is a
faculty-sponsored program which recruits sopho-
mores from 45 public and private high schools in
eight districts to participate in special summer aca-
demic programs and Saturday classes during the
school year, Over 60 percent of the students are
women, and 75 percent are black or Hispanic. Of
the 421 students from 60 local schools that have
completed the program, “90 percent have gone
on to college and a substantial number are in
quantitative fields.’’” The average SAT mathe-
matics scores of the 1981-82 PDP senior class was
598.

These projects illustrate the general point made
by AAAS that intervention programs at the pre-
college level can be effective in increasing the par-
ticipation of women and minorities in science and
engineering education. A far more systematic and
thorough evaluation would be required to docu-
ment the extent to which changes observed can
be reliably attributed to the effects of the programs
themselves. It should be noted that participation
in these programs is voluntary, so those affected
by the programs tend to be students who are al-
ready somewhat motivated toward science and
engineering.

“Ibid., p. 56.

POLICY IMPLICATIONS
The AAAS report on Equity and Excellence: specifically targets large sectors of our societv

Compatible Goals, cited above, states that “the .“. . .“ The NSF Authorization Act of 1981, Sec-
magnitude and complexity of the problem” of tion 35(a), required the President to submit to
equality of access to scientific and engineering Congress, by January 29, 1982, a report “propos-
careers requires “a large and continuing effort that ing a comprehensive national policy and program,
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including budgetary and legislative recommenda-
tions, for the promotion of equal opportunity for
women and minorities in science and technology. ”
That report has neither been prepared nor trans-
mitted to Congress. Therefore, there is, at this
writing, no national policy or program to pro-
mote equal opportunity in science and engineer-
ing for women and minorities.

The Director of NSF did submit a report to
Congress on December 15, 1981, in conformity
with Section 34(b) of the 1981 NSF Authorization
Act which required “a report proposing a com-
prehensive and continuing program at the Foun-
dation to promote the full participation of minor-
ities in science and technology. ” However the
report contained neither budgetary nor legislative
recommendations as required by the Act, and
contained little more than restatement of existing
policies and programs. 5 2  I n  f a c t  t h e  r e p o r t  a t -
tempted to rationalize budget cuts in a number
of programs that were created in the 1970s, in-
cluding the Minority Institutions Science Improve-
ment Program (MISIP), the Resource Centers for
Science and Engineering Program (RCSE), the Stu-
dent Science Training (SST) Program, the Oppor-
tunities for Women in Science Program (OWS),
and the Visiting Professorships for Women Pro-
gram (VPW),

In the absence of executive branch leadership
in this area, the AAAS study recommended that
the following steps be taken by the Federal Gov-
ernment: 53

Federal support for programs to improve the
quality of pre-college education in science, math-
ematics, and technology should require that
proposals specifically address themselves to plans
for serving women, minority, and disabled stu-
dent populations.

Federally supported programs for teacher train-
ing and retraining should require that teaching
methods and career and equity aspects be in-
cluded, along with a rigorous focus on improving
competence in subject content.

The Federal Government should support dis-
semination of models previously shown to be

“National Science Foundation, “Proposals of the National Science
Foundation to Promote the Full Participation of Minorities and
women  in Science and Engineering, ” typescript, December 1981 ~ggl

“klalcom,  op. cit., p. 30,

effective in improving science and mathematics
education for women and minorities, including
technical assistance on management and evalua-
tion systems . . . .

. . . . previously supported programs that had
a strong positive educational impact on women
and minorities should be reexamined for possible
reinstitution. Of particular interest in this regard
are the RCSE and SST programs.

In order to better understand the policy impli-
cations of the problems experienced by women
and minorities related to participation in science
and engineering education, OTA sponsored a
panel discussion among experts54 in this area on
July 2, 1985. The findings of the panel are pre-
sented below:

Issue l—Keeping Options Open

1.

2 .

3.

4.

The self-perception of women and minorities
of their inability to succeed in science and
mathematics courses is frequently reinforced
by the system’s perception of their inability
to do science and engineering.
Opportunities should be provided for this
population to experience success in science
and mathematics courses prior to grade 9 as
weIl as opportunities for them to perceive the
variety of career options and lifestyles that
are based on these disciplines.
The Federal Government should support im-
provements in the training of junior high
school science and mathematics teachers, the
development of counseling programs involv-
ing teachers and parents and the identifica-
tion and funding of model programs which
enhance the self-perception of students.
Tests should be developed that are better in-
dicators of the potential of women and mi-
norities to succeed in science and mathe-
matics careers.

Issue 2—Reducing Attrition

1. The graduate student pipeline should be en-
larged by providing long-term support for
promising minority and women students
who are satisfactorily progressing toward the

“The panel consisted of Lloyd Cooke, Michael Crowley, Maria
Hardy, Shirley Malcom,  Shirley McBay,  Denis Paul, Willie Pear-
son, Luther Williams, Allan  Hoffman, and Jerrier  Haddad.
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2.

3.

4.

5.

.

Ph.D. degree in science and engineering with
identification and support beginning at the
junior year in college.
The circumstances which lead to the success
of women and minority students in science
and engineering should be studied, and the
knowledge obtained applied to improving
the retention of less successful students.
Opportunities for early experience in re-
search should be provided for minority and
women students beginning at the undergrad-
uate level. Existing efforts at the graduate
level should be strengthened.
The Federal Government should disseminate
and encourage programs and operating con-
ditions which demonstrably facilitate the
retention of women and minorities in science
and engineering.
Federal Government affirmative action
guidelines for recipients of Federal funds

should be extended to protect against the fol-
lowing:
. sexual harassment of women students, and
● bias of some foreign professors whose cul-

tures hold women in low status.

In addition to the above options for increasing
the pool size and reducing attrition, it is probable
that further gains might be realized if more were
known about how different minority subgroups
respond to different options. For example, differ-
ences may exist:

● for blacks, American Indians, and Hispanics;
. within the various Hispanic subgroups (e. g.,

Chicanos, Puerto Ricans, and Cubans); and
● for minority

This suggests the
this issue. Further
pendix B.

and nonminority women.

need for support of studies on
suggestions are provided in ap-
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Appendix A

The Education and Utilization of
Biomedical Research Personnel

Introduction

As a nation, we spend $300 billion per year on
health care, or 10 percent of the gross national prod-
uct (GNP). National attention to biomedical research
and its potential for health benefit has been consist-
ently strong since World War II, driven by the hope
that science will provide us with longer and healthier
lives.

These early beginnings lead to a relatively high level
of Federal support for both research and training in
the biomedical sciences in comparison to other dis-
ciplines. The Government, through the National In-
stitutes of Health (NIH), made an early commitment
to the training of biomedical research personnel
through the establishment of the NIH training and fel-
lowship programs. In addition, Congress has ensured
a substantial and consistent level of support for bio-
medical research through favorable appropriations to
NIH, the parent agency for federally funded biomedi-
cal research programs. As a result of this two-pronged
Federal approach to the biomedical sciences through
support of both research and training programs, the
biomedical research field has suffered few of the criti-
cal personnel shortages and/or surpluses found in
other scientific disciplines, It is, therefore, worth exam-
ining the Federal program for training and support-
ing biomedical research personnel in some depth. It
is an example of a continuous and mostly successful
Federal personnel policy in an important scientific
field.

Basic Biomedical Research Personnel
[Ph.D.s]

Training

The higher education training system in basic bio-
medical research consists of at least two, and often
three, stages. Virtually all biomedical scientists obtain
a doctorate, although exceptions do exist. In addition,
the Institute of Medicine (IOM) estimates that 60 per-
cent of Ph.D. recipients in the basic biomedical sciences
go on to postdoctoral appointments. Postdoctoral ap-
pointments are considered by some to be a holding
pool for the Ph.D. population in search of employ-
ment. Recently, it has been suggested that postdoctoral
training is also an essential educational experience for

the biomedical scientist, and essential to success as an
independent investigator. I Rapidly developing areas
of research, it is argued, require more intensive and
extensive training.

IOM estimates that of the postdoctoral population
with doctorates from U.S. universities 30 percent are
women and 10 percent hold foreign citizenship.2 For-
eign scientists have comprised approximately one-third
of the total population of biomedical postdoctoral ap-
pointees since 1975.

The typical biomedical researcher spends 4 years in
undergraduate work, 5 to 7 years in graduate school
to receive the Ph. D., and 2 to 4 years in a postdoc-
toral appointment. Figure A-1 illustrates the doctoral
training system in the biomedical sciences.

Figure A-2 shows the distribution of primary sources
of support for graduate students enrolled in Ph. D.-
granting biomedical science departments, in 1975 and
1981. In addition to Federal sources of support, bio-
medical science students rely on teaching assistantships
and self-support. NIH is the major source of support
for postdoctoral training in clinical research, supply-
ing nearly 90 percent of all training funds.3 The Na-
tional Science Foundation (NSF) provides for approx-
imately 45 predoctoral fellowships per year in the
biomedical sciences.4

It is only in the past 12 years that Federal programs
for biomedical research training have been centralized.
In 1973, the Nixon Administration proposed phasing
out all training grant and fellowship programs of NIH;
the Alcohol, Drug Abuse, and Mental Health Admin-
istration (ADAMHA); and the Health Resources Ad-
ministration (HRA). Congress responded, in 197’4, by
passing the National Research Service Award (NRSA)
Act (Title I, Public Law 93-348) that consolidated pre-
vious research training authorities under the Public
Health Service Act. The NRSA Act is the only exist-
ing authority under which NIH supports training for
biomedical and behavioral research careers. Threats
to the NRSA program have appeared in every admin-

IInstitute of Medicine, Personnel Needs and Training for Biomedi-
cal and Behavioral Research: 1983 Report (Washington, DC: Na-
tional Academy Press, 1983).

‘Ibid., p. 61.
3Thomas  E. Malone, “Assuring the Supply of Clinical Investiga-

tors” (typescript), National Institutes of Health, 1981.
‘Personal communication with Terence Porter, Science and Engi-

neering Education, National Science Foundation, March 1985.
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Figure A-1 .—Doctoral Training System in the Biomedical Sciences

(Est. size in 1981: 60,900)

NOTE’ Estimates represent the average annual number of Indlvlduals  followlng particular pathways during the 1973-81 period No estimates have been made for
Immlgratlon,  emigration, or reentry Into  the labor force

SOURCE IOM Report on Personnel Needs, 1983.

istration budget between 1978 and 1985 only to be
relieved by Congress.

NIH devotes 10 percent of NRSA appropriations to
special programs in minority access, the Medical Scien-
tists program leading to a combination M. D./Ph.D.
degree, and short-term training programs in medical
schools. Predoctoral training accounts for 35 percent
of the NIH NRSA program. The program’s major em-
phasis, however, is on postdoctoral training, which
receives 55 percent of NRSA funds in the belief that
changing national needs can be most quickly met by
a large and well-trained postdoctoral pool.

Funds are awarded for predoctoral and postdoctoral
stipends through a system of individual fellowships
and institutional training grants. Institutional training
grants must survive peer review in national competi-
tion, and require a substantial commitment on the part
of the institution to share in the maintenance of a train-
ing environment. They are limited to those institutions
with the tradition and history of producing high-
quality investigators and the financial resources to ac-
cept the necessary cost-sharing burden. Institutional
training grants provide the program director with a
number of full-time training positions. Individual fel-
lowship awards, on the other hand, allow the appli-
cants to develop a research training project under the

supervision of a sponsor. The individual fellow tends
to be further along in the training process than the in-
stitutional fellow (i.e., at the postdoctoral level). In
1985, the average annual stipend for the predoctoral
fellowship is $6,552; the range for postdoctoral awards
is $16,000 to 30,000 per year.

By 1971, NIH training grants and fellowships sup-
ported or assisted 37.3 percent of the Nation’s full-time
graduate students in the medical sciences and 1 per-
cent in the life sciences. s Between 1961 and 1972, NIH
programs furnished financial assistance through fel-
lowships and institutional training grants to more than
30,000 graduate (predoctoral) students in the health-
related disciplines. In addition, more than 27,000
biomedical scientists received postdoctoral support
through NIH programs.6 Since 1972, individual awards
for predoctoral students have been eliminated and the
numbers of predoctorals on training grants have been
reduced. Between fiscal years 1969 and 1980, the num-
ber of predoctoral students receiving NIH support
dropped by about 50 percent (see figure A-3). Never-
theless, between 1973 and 1983, more than one out

‘Malone, op. cit.
bNational  Research Council, Office of Scientific and Engineering

Personnel, Survey of Earned Doctorates, 1920-81.
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Figure A-2.— Distribution of Primary Sources of
Support for Graduate Students Enrolled in

Ph.D.-Granting Biomedical Science
Departments, 1975 and 1981
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Figure A-3.— Number of Predoctoral Trainees and
Fellows Supported by NIH, Fiscal Years 1967-80

‘ “ ’o ” ~

9,000

Tota l  predoctora ls

3

2

1

67 68 69 70 71 72 73 74 75 76 77 78 79 [

F iscal  year

SOURCE IOM Re~ort on Career Achlevemenfs, 1984

of every three Ph.D. recipients in health-related fields
had received some NIH training support while in grad-
uate school. 7

Allocation of Resources Between Predoctoral
and Postdoctoral Training

The tradition of postdoctoral training in the bio-
medical sciences is a long one, possibly because NIH
training programs are the oldest of their kind. The bio-
medical research system shows great sensitivity to the
supply and demand for individuals in both groups.
The amount of support available for postdoctoral v.
predoctoral training has a definite effect on the sup-

‘Institute of Medicine, Report  of a Study; The Career Achieve-
ments of NIH Predoctoral  Trainees and Fellows  (Washington, DC:
National Academy Press, 1984).
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ply of manpower in the biomedical sciences. Starting
in the early 1970s through 1981, the number of post-
doctoral appointments increased 9 percent per year.’
(See figure A-4. ) During this same period, Ph.D. pro-
duction was fairly constant. Most of the postdoctoral
expansion has occurred in medical schools, which em-
ploy 65 percent of the postdoctoral scientists in bio-
medical sciences. In fact, most of the growth has been
in the 20 largest universities. g

Steady growth in the postdoctoral population may
be a combined result of an increase in the numbers of
new Ph.D. recipients and an increase in the length of
time spent in postdoctoral appointments. IOM believes
that the prolongation of apprenticeship has been a ma-
— . . —

aInstitute  of Medicine, Persornel Needs (Washington, DC: Na-
tional Academy Press, 1983).

‘National  Science Foundation, Academic Science: R&D Funds
1975-1983, Surveys of Science Resource Series (Washington, DC:
U.S. Government Printing Office (annual)).

Figure A-4.— Estimated Growth in the Numbers of
Ph.D. Awards, Academic Postdoctoral Appointments,
and First”Year Postdoctoral Apppointments in the

Biomedical Sciences, 1973-81
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SOURCE IOM Report on Personne/ Needs, 1983

jor factor in the expansion of the postdoctoral pool
in the biomedical sciences. 10 The reason for the ex-
tension of postdoctoral training is not clear. A 1976
survey revealed that more than 40 percent of the post-
doctoral had extended their appointments because
they were unable to find a desirable position .11 In 1981,
the last year for which data was available, the National
Research Council estimated that the postdoctoral
group constituted 18 percent of the full-time equiva-
lent bioscience research personnel in Ph.D.-granting
universities. *2

A particularly unique system of assessment and
feedback in the area of biomedical and behavioral re-
search personnel needs was established through law
in 1974 when Congress passed the NRSA Act. This
Act mandated that the National Academy of Sciences:

. . . establish (A) the Nation’s overall need for biomedi-
cal and behavioral research personnel (B) the subject
areas in which such personnel are needed and the num-
ber of such personnel in each such area, and (C) the
kinds and extent of training which should be provided
such personnel. 13

In 197’5, the committee on a study of National Needs
for Biomedical and Behavioral Research Personnel was
formed under the aegis of the Commission on Human
Resources, and later transferred to IOM. During its
first 9 years, the committee published seven reports
projecting the near-term demand for research person-
nel in biomedical and behavioral research.

The potential influence of this committee is impres-
sive, as it is mandated to make recommendations to
the Federal Government on the size of federally spon-
sored training programs for biomedical and behavioral
scientists. It also makes recommendations for alloca-
tion of traineeships between predoctoral and postdoc-
toral students. To a large degree, the agencies have
been responsive to these recommendations. The dis-
crepancy between the level of support recommended
by IOM and the actual funding level set by NIH has
been small in recent years. Decisions regarding distri-
bution of traineeships and fellowships, however, are
left to the agency.

In recent reports (1981 and 1983), the committee has
recommended that the agencies change the allocation
of training grants from predominantly predoctoral
training to predominantly postdoctoral. This recom-
mendation was made in response to the growth of the

——-
1OInstitu~of  Medicine, Personnel Needs, op. cit.,  p.  60.

I Ip. E, Coggesha]],  et al., “Changing Postdoctoral Career Patterns
for Biomedical Scientists, ” Science, vol. 202, Nov. 3, 1978, pp.
487-493.

12 Nationa] Rewarch  council,  Postdoctoral Appointments and Dis-
appointments (Washington, DC: National Academy Press, 1981 ).

I ~U  s Congress, Title  I of the National Research Act of 1974  (pub-

lic La”w”93-348),  Section 473.
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predoctoral population that occurred in the 1970s. The
higher levels of Federal support for predoctoral train-
ing relative to levels of support for postdoctoral train-
ing which occurred in the 1970s contributed, in part,
to the current slight surplus of biomedical Ph.D.s.

Harrison Shun, former Chairman of the Commis-
sion on Human Resources of the National Academy
of Sciences, believes that the agencies should use their
ability to shift funds quickly between predoctoral and
postdoctoral support as a means of responding to a
fluctuating job market. Postdoctoral funds can be in-
creased when the supply of new Ph.D.s is high and
demand is low; when supply is insufficient to meet de-
mand, funds can be shifted the other way, towards
more predoctoral support. This “fine-tuning” mecha-
nism can work only if the supply of traineeships is con-
trolled and steady .14

Demographics and Employment Outlooks
for the Biomedical Ph.D.

The number of doctorate degrees awarded annually
to bioscientists has been relatively constant since 1972.
Bioscience baccalaureate degrees have been declining
since 1976, and bioscience graduate enrollments peaked
in 1978. In the long term, the attrition rate from the
active pool of researchers will increase in the 1990s as
the population ages, creating more academic positions.
If graduate school enrollments continue to decline as
the size of the college-age population declines, there
could be a small decline of Ph.D. output in the late
1980s and 1990s. If this decline does, in fact, occur,
there could be a temporary shortage of biomedical re-
search personnel in the next decade.

The key factors influencing potential shortages or
surpluses in this market are Federal funding for bio-
medical research, and graduate and medical school en-
rollments. If Congress continues to appropriate a
steady level of funding to NIH, then, in a sense, the
demand is set. Should the Federal Government sud-
denly increase or decrease its level of research support
in the biomedical sciences, shortages or surpluses could
occur.

The total biomedical Ph.D. labor force approached
70,000 in 1981. Half of these individuals were em-
ployed in academic institutions whose population has
been growing at a rate of 4 percent per year. Employ-
ment in the industrial sector has been growing at a rate
of 8.5 percent and self-employment at a rate of 24.7
percent (see table A-1 ).

Next to academia, the industrial sector is the sec-
ond largest employer of biomedical scientists. Most

14 Harrison Shun, “The Ph.D. Employment Cycle—Damping the
Swings, ” The National Research Council in 1978: Current Issues
and Stucfies  (Washington, DC: National Academy of Sciences, 1978),
pp. 149-163.

biomedical Ph.D.s in industry are employed by chem-
ical and pharmaceutical manufacturers. Recently, the
biotechnology industry has shown rapid growth, and
it is possible that some areas of commercial biotech-
nology may experience temporary shortages, as in-
vestigators attempt to catch up with the latest devel-
opments in a new field. A collaborative survey of
biotechnology firms conducted by IOM and the Of-
fice of Technology Assessment in 1983 revealed that
one-third of the respondents had experienced short-
ages in one or more specialties. The three specialties
most often cited were bioprocess engineering, recom-
binant DNA molecular genetics, and gene synthesis. ’5

Emerging fields will experience temporary shortages
of trained personnel as new research opportunities be-
come available. It is the view of some that the post-
doctoral pool will be the critical element in ensuring
an efficient and timely transition to steady-state sup-
ply, for postdoctoral are the most skilled in research
methods and problem-solving and can most easily
adapt to new concepts and new tools.

Clinical Biomedical Research
Personnel [M.D.s]

The application of scientific advances to maintain
good health and prevent and treat disease is the goal
of clinical, as opposed to basic biomedical research.
For the purposes of this report, clinical investigation
includes research on: 1) patients or samples derived
from patients as part of a study of the causes, mecha-
nisms, diagnosis, treatment, prevention, and control
of disease; or 2) research on animals by scientists iden-
tifiable as clinical investigators on the basis of other
w o r k .l6

In general, clinical investigation requires the partici-
pation of an investigator trained in the clinical sciences
and possessing a degree in medicine (M. D., D. V. M.,
D. D. M., D.O. ). It is usually conducted by physician-
investigators working in a clinical department of a
medical school or in a clinical division of an institute.
In general, clinical research is applied research, in-
tended to ameliorate disease in the near term. Tradi-
tionally, it is the clinical researcher who applies the
scientific and technological skills acquired through
basic research to the vital tasks of medicine.

Both basic and clinical biomedical research person-
nel are critical to the biomedical research endeavor be-
cause of the skills and perspectives they bring to their

“U.S. Congress, Office of Technology Assessment, Commercial
Biotechnology: An International Analysis (Washington, DC: U.S.
Government Printing Office, January 1984).

lbThiS definition is the One adopted by the Committee on National
Needs for Biomedical and Behavioral Research Personnel of the In-
stitute of Medicine, National Academy of Sciences.
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Table A-1 .—Current Trends in Supply/Demand Indicators for Biomedical Science Ph.D.s

Growth rate Latest “
from 1975 to annual

1 9 8 0  1 9 8 1 latest year change

Average annual
change from 1975 to

latest year

54

Fiscal  year
1975 1976 1977 1978 1979—

1. Supply indicators (new entrants):
a PH. D. production
b Percent of Ph. D s without specific

employment prospects at time of
graduation

c Postdoctoral appointments
d B A degrees awarded

3515 3.578 3,465 3,516 3644 3823 3,838 1. 5%

– 2  4 %

6 9%

– 3  2 %

3 .1%

3 8%

4 8%
2 .2%

5 3%

4.3%
7 . 0 %

3 0%

6 2%
9 3%

14 .3%

6 3%

n/a

1 6%
2.9%

– 1 9%

– O 8%

o 4%

14 .6%

5 .O%a

–8 .O%

–o 9%

4 .2%

–O 8%
6 3%

5 1%

4 .1%
8 5%
3 2%
1 3%

6090
24 7%

4 .1%

9 .7%

– 2070
2 o%
3 o%

2 5%

6 4%
5,484

50,493

6 3~o

n/a
52,642

7 .2% 6 O% 5 .2%
6,403 n/a 7419

51,783 49,701 47717

4 . 8 % 5 . 5 %

n[a 8,185
45106 41,476

–o 2%
450

– 1,503

2. Demand indicators (R&D  funding):
a National expenditures for health-

related R&D ( 1972$ bill )
b Biomedical science R&D

expenditures m colleges and
universities ( 1972 $, bill )

c NIH research grant expenditures
(1972 $, bill )

d Ph. D. faculty/student ratiob

3. Labor  force:a

a Total
b Academic (excluding

postdoctorates)
c Business
d Government
e Hospitals/clinics
t Nonprofit

g Self-employed
h Other (Including postdoctorates)c

I Unemployed and seeking

$370 $3.81 $397 $4.13 $431 $4.48 $444 $0123

$119 $126 $127 $1.34 $135 $1.43 $149 $005

$005
0002

$0.944
n/a

$100 $1.06 $1 17
C. 056 n/a O 063

S1. 20 $1 19
0067 n/a
( est. )

n/a 69076

$0.897
0058

40,698 55167 n/a 62590 5063

1 360
552
147
141
144
171
496

52

n/a

28.339
6,645
4,522
1,950
1,221

836
6,667

518

30,390
6,918
4,567
2,296
1,544

864
8.642

810

33,687
8,461
5,075
2,272
1. 854
1 197
8,899

690

n/a 36,497
n/a 9,957
n/a 5,406
n/a 2,798
n/a 2083
n/a 1860
n/a 9.644
n/a 831

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

4. Biomedical enrollments:
a Graduate
b Medical and dental schools
c Estimated undergraduate
d Total biomedical graduate and

undergraduate enrollment

39.322
77,011

439,946

39,260 43,787 43,378
79,279 81,934 84,761

425,863 406,373 374,869

42969 42,117
86502 88,254

386,236 n/a

38314
74,222

424.539

634
2,339

-7661

-4274537,075 556,279 544,402 532,094 503,008 515707 n/a
aslnce labor force data are nof available for 1980 latest annual change represents average growth rate from 1979.81
bRallo of academically employed  ph D ~ t. a 4.year  Weighted average  of total graduate  and  undergraduate en(o[lmer,[s (Wsl where (wS), = 1 /6(S1  + 2$ _ , + 2S, _ ? + S1 3)
cAlso Includes  FFRDC  laboratories
dEs[lma!ed  by the formula u, = (Al +2,BI + *)C, where u, = b,~medlcal science “fl~e(grad@e  enrollrnefll  (n year  I Al  + ~ = OIUIIIC~,C~l ~CEWP  IJaccalaurale degrees awaraed  In year I + 2 (excludlng

health professions} B - z = Iolal baccalaureate degrees awa,ded  [n year I + 2 C, = total undergraduate degree-c reoll  enrollment In year I (excludlng  hrst  professlonalj

S O U R C E  Instlfute  of Medlcme  Persorme/  Needs Jrrd Tramg  (or 13/orned~ca/  and 8e/rawora/  Research ~983 p 52

work, However, the training of, supply of, and de-
mand for clinical investigators present different issues
than those of basic biomedical research personnel.

Recruiting and Retaining Physicians for
Research Careers

It is the view of many in the medical profession that
the clinical investigator is the critical link between the
laboratory bench and bedside, While the basic bio-
medical scientist is well versed in the processes and in-
tricacies of individual biological subsystems, and may
have better training in research methods and tech-
niques, it is the clinician who sees the whole system
and recognizes the clinical manifestations of the under-
lying disease process. Thus, research initiated by
physician-investigators tends to be more health-
related, in general, than that of Ph.D. biomedical
scientists,

In recent years, there has been concern that the
country is facing an insufficient supply of well-trained
physician-researchers, as fewer medical school grad-
uates enter research careers and apply for research

funds. This prospect is of concern because of the ex-
pense of allowing a prolonged lag time between the
acquisition of knowledge and technological skills, and
their application to medical care.

Currently, NIH supports almost 90 percent of all
postdoctoral training in clinical research. The number
of physicians seeking research training has declined on
average by more than 6 percent per year since 1975
while the number of medical school graduates has risen
from 12,716 in 1975, to 16,347 in 1985.1718 Accord-
ing to NIH, 47 percent of 5,680 individuals seeking
postdoctoral research training in 1975 were holders of
clinical degrees. By 1980, only 36 percent of 5,321 in-
dividuals seeking postdoctoral training held clinical
degrees. *9 NIH cites several possible reasons for the

~TInstitute  of Medicine, Personal Needs, oP.  cit.
18Anne  E. Crow]ey,  et al., “undergraduate  Medical Education, ”

Journal of the American Meai”cal  Association, vol. 254, No. 12, Sept.
27, 1985, pp. 1565-1572.

“Thomas E. Malone, “Report on Recruiting and Retaining Phy-
sicians for Research Careers” (typescript), National Institutes of
Health, 1983.



decline in the number of physicians seeking research
training. Young physicians may be discouraged from
entering research careers because of the increasing dif-
ficulty of staying current in two fields (clinical and re-
search). There may be too little exposure to research
in medical school because of the competing demands
of an increasingly overloaded curriculum. Young phy-
sicians, incurring a high degree of indebtedness after
medical school, may not be willing to face the tra-
ditionally lower pay of research positions versus
practice.

At the same time that interest in research seems to
be declining among medical students, demand for
faculty in the clinical departments of medicine remains
strong, possibly because of the increase in professional
fee income as a growing source of revenue. Fishman
and Jolly have noted that the expansion in the num-
ber of medical schools over the past 30 years led to
a greater than 25-fold increase in the full-time clinical
faculty at American medical centers.20 As of 1982,
IOM reported that the market opportunities for clini-
cal investigators continued to be favorable: Medical
school faculties are still growing and providing places
for young physician-investigators interested in research
careers. 2 1

However, after more than 30 years of continuous
growth, there appears to be a decline in medical school
enrollments that could continue as the college-age pop-
ulation declines. These declining enrollments could po-
tentially reduce the demand for physician-investigators
at medical schools, the principal employers of NIH-
sponsored clinical researchers. Thus, although there
is a recognized and widespread realization that the
physician plays a critical role in clinical investigation,
and current demand is fairly high, opportunities for
this population could diminish.

Another factor that affects the demand for physi-
cian investigators relates to the sources of revenue for
medical schools. The abundance of Federal support for
biomedical research since World War II created a con-
tinuous demand for trained biomedical research per-
sonnel, and provided a sizable source of income for
medical schools with active researchers on their fac-
ulties.

Although research funds are intended primarily for
the conduct of research, they also enable medical
schools to expand the size of their faculties, and sup-
port graduate students, research assistants, and fel-
lows. Federal research support grew from 11 percent
of medical school income in 1947 to nearly 30 percent
in 1969. 22 However, in recent years, this proportion
has diminished, as medical schools rely increasingly
on other sources of support. In 1983-84, Federal re-

20A. P. Fishman  anci H. Paul Jolly, “Ph. D.rs in Clinical Depart-
merits, ” The  Ph},siologist,  vol.  24, 1981, pp. 17-21.

“Institute of Medicine r Personal Needs, Op. cit.
2’National  Academy ot Sciences, Institute of Medicine, Costs  of

Eiiucation in Health Professions (Washington, DC: National Acad-
emy Press, 1974 ).
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search funds comprised only 14.4 percent of medical
schools’ restricted revenues. 23 The uncertainty Of rely-
ing on competitive grants as a source of revenue, com-
bined with a larger population in competition for
limited funds has led medical schools to seek more
reliable and controllable sources of revenue. Funds
from professional fee income have grown at an annual
rate of 25 percent between 1968 and 1981.24 The con-
tribution of professional fee income to medical school
revenues is now 32 percent of total funds as compared
to 12.2 percent in 1970-71. 25 More recently, research
funds have become available from nongovernmental
sources. As Jolly and his colleagues note in their 1985
report on medical school finances:26

The growth of private, nongovernmental funding for
health research and development is a phenomenon of
rather recent origin, It may owe a part of its growth
to the investment tax credits legislated in the early 1980s
for increases in research and development by industry
and the rapid expansion of research investment by the
pharmaceutical industry related to rDNA technology,
a part of which involves medical school performers.

Effectiveness of Federal Programs

In 1984, IOM, in consultation with NIH, examined
the extent to which NIH-supported graduate students
have been successful in their pursuit of careers in bio-
medical research.27 They reported that former NIH
predoctorals have outperformed individuals receiving
no direct NIH support in terms of several measures.
More than two-thirds of the NIH-supported group
completed their doctorates compared to less than 50
percent of those receiving no support. In addition, the
NIH group were more likely to have received NIH
postdoctoral support and become involved at later
stages in their careers in NIH-sponsored activities.
They were more likely to have applied for and received
NIH research grants. Last, former NIH trainees have
written more articles and have received more citations
than their biomedical colleagues who received no
support.

Establishing cause and effect in any program evalu-
ation is difficult. The success of the NIH-supported
group may be due to the assistance they received, but
it might also be due to the higher levels of motivation
and intelligence which caused them to be selected in
the first place. If so, there was a selection bias from
the start and this group might have achieved the vari-
ous accomplishments without Federal support. Whether
.-. .-

“H. Paul Jolly,  et al., “U.S. Medical School Finances, ” lourrwl
of the  American Medical  Association, VOI.  254, No,  12, Sept. 27,
1985, pp. 1573-1581.

“Institute of Medicine, Personal  Needs, op. cit.
“H. Paul Jolly,  et al., “U.S. hledical  School Finances, ” lourndl

of the American ,$ledical  Association, vo].  252, No. 12, Sept. 28,
1984, pp. 1533-1541.

‘“1oIIY, et al., 1985, op. cit., p. 1577.
“Institute ot Medicine, Career Achie~rements, op. clt., 1984.
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they would have been able to complete the Ph.D. with-
out Federal financial assistance is the critical question.
It appears that the likelihood of completion has, in
fact, increased.

Summary

Consistent Federal support for biomedical research
in terms of funding of research and training has pro-
duced both a substantial supply and demand for in-
vestigators. This has had a largely positive effect. It
has created a steady-state system in which there have
been no major surpluses or shortages of biomedical
personnel, However, it is a large system that would
be difficult to reduce in significant ways without ma-
jor dislocations. Unlike many fields of science, there
is an institutional feedback mechanism between NIH
and IOM that ensures a periodic assessment of the sta-
tus of biomedical research personnel. This represents,
to some extent, informed decisionmaking in the im-
plementation of research training programs. The cur-
rent number of trainees is quite close to the number
recommended by the IOM committee,

Virtually all biomedical investigators have com-
pleted training to the doctoral level. Nearly 60 per-
cent of them go on to postdoctoral appointments, com-
pared to 28 percent of the Ph.D. cohort in science and
engineering in the aggregate. Allocation of Federal sup-
port to either predoctoral training or postdoctoral
training is a method of fine-tuning that can potentially
be used to control the supply of biomedical investiga-
tors. This mechanism is exploited only in the biomedi-
cal sciences.

There appears to be no short-term shortage of basic
biomedical scientists, although there may be some tem-
porary shortages of special personnel in biotechnol-
ogy. As industry innovates in biotechnology, there will
be temporary shortages of highly specialized biomedi-
cal research personnel, such as bioprocess engineers,
molecular geneticists, and genetic engineers. In some
areas of biomedical science, there may be a surplus
of trained Ph.D. scientists. While some Ph.D. biomedi-
cal scientists may currently be having problems in ob-
taining academic appointments, there is evidence that
the rate of growth in industrial employment and self-
employment may partially compensate for the surplus.
Academic employment has been increasing by more
than 4 percent per year, industrial employment is in-
creasing by 8 percent, and self-employment is grow-
ing the fastest, at nearly 25 percent. While the post-
doctoral appointment has increasingly compensated
for the lack of academic appointments, it is a short-
term solution to the academic surplus that requires
more extensive examination. Postdoctoral appointees,

do, however, conduct significant and important re-
search in U.S. research institutions.

There is, however, evidence that the Nation is fac-
ing a potential shortage of clinical investigators, as
fewer physicians pursue research careers. As fewer
physicians enter into research careers, the potential for
a widening gap between the direction of basic biomedi-
cal research and the treatment of recognized disease
states becomes greater. NIH has implemented fellow-
ship programs to encourage medical students and new
physicians to pursue research careers.

Table A.2.—Federal Manpower Legislation Pertaining
to Biomedical and Medical Personnel

1930
1937

1944

1963

1965

1965

1966

1968

1971

1972

1974

1976

1981

Ransdell Act: created the National Institutes of Health.
Amendments to the Ransdell Act: established the Na-
tional Cancer Institute which established the first Fed-
eral biomedical research program.
Amendments to the Public Health Service Act: grants
authority to NIH for extramural research programs.
Hea/th Professionals Education Assistance Act: estab-
lished matching grants to assist in the construction of
teaching facilities for schools of medicine and health
professions, in response to the aggregate physician
supply concern. Initiated a student loan program.
Medicare/Medicaid: created new demand for medical
care, and further pushed the drive for increased biomed-
ical research.
Amendments to Health Professionals Education As-
sistance Act: extended the construction and student
loan provisions of original act. Established grants to
health professions schools that increase enrollments
(cavitation).
Allied Health Professionals Personnel Training Act:
authorized establishment of a health professions stu-
dent loan revolving fund.
Health Manpower Act: extended the construction, basic
and special improvement grants program, student
loans, and scholarship programs. Institutional grants
determined on a cavitation basis.
Comprehensive Health Manpower Training Act: estab-
lished four areas of authorization—construct ion grants
for teaching and research facilities, cavitation grants
with an emphasis on certain curricular components,
student assistance, and computer technology health
care demonstration programs.
Emergency Health Personnel Act Amendments: Pub-
lic Health Service and National Health Service Corps
Scholarships were established with awards contingent
on agreement to serve in a shortage area.
National Research Service Award Act: abolished and
consolidated previous research training authorities un-
der the Public Health Service Act.
Amendments to the Comprehensive Health Manpow-
er Training Act: cavitation contingent on federally de-
termined proportion of residencies in primary care.
Omnibus Reconciliation Act: budget cuts in education
in the health professions, elimination of cavitation
grants.

SOURCE Office  of Technology Assessment



Appendix B

Responses to an OTA Survey on
Information Needs Related to Minorities

in Science and Engineering

The literature on the factors that affect minority par-
ticipation in science and engineering is not nearly so
well developed as that for women. To supplement the
few comprehensive studies on this subject to date,
OTA sent a questionnaire on “information needs re-
lated to minorities in science and engineering” to 40
recognized experts in the field. Respondents were asked
to present their views as to the causes of and remedies
for problems in minority participation in science and
engineering; the effectiveness of existing intervention
programs to promote such participation; and the need
for further research, additional information, and pol-
icy actions. Responses received from 18 individuals are
summarized below, by question.

1. What do you believe to be the principal factors that
influence minorities’ decisions to participate and con-
tinue in science and engineering careers? Are there spe-
cial factors that discourage minorities from partici-
pating?

The negative factors most commonly mentioned by
respondents were:.

●

●

●

●

●

●

●

●

lack of academic preparedness in elementary and
secondary school (literacy and necessary science
and mathematics courses);
lack of role models, mentors and teacher en-
couragement;
lack of parental support and encouragement;
lack of peer support;
inadequate career and academic counseling;
lack of confidence and perception of self;
financial strains; and
lack of awareness of career opportunities.

Other negative factors included: -

●

●

●

●

●

●

societal emphasis on sports, rock stars, and
“quickie” models of success rather than a slow and
sequential model;
loss of interest or motivation;
poor study habits;
lower educational and financial background
(socioeconomic class standing);
dry unimaginative teaching;
lack of institutional commitment to minority
students:

●

●

●

●

●

●

●

●

declining number of qualified teachers and lack
of in-service training opportunities for teachers;
increasing remedial classes;
identity problems (one respondent believes this
is especially so for American Indians);
lack of summer jobs in science/engineering;
lack of cultural and society support for science;
type and environment of undergraduate insti-
tution;
lack of effective instructional programs to pro-
mote cultural awareness and development of
bilingual skills (especially Chicano, Puerto Rican,
and American Indian); and
lack of transitional instructional programs for stu-
dents with limited English language skills.

Positive factors for all minorities are:
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

competence in the English language;
early enrollment in math and science courses;
continuation of math and science sequence in sec-
ondary school;
basic interest in science and math;
intervention programs;
encouragement and support from mentors, fam-
ily, and teachers;
role models;
positive input from peer group with high expec-
tations;
availability of financial resources;
self-discipline;
good study habits;
continued success;
challenge;
good environment;
intellectual gratification;
opportunity to obtain research experience;
second-generation college student (for blacks};
awareness of careers and opportunities in science
and engineering;
starting salaries and possibilities for promotion;
and
one respondent said the perception of a science
or math career as an avenue for “escape” from
an undesirable environment.
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2. Are there major gaps in information and under-
standing relative to the factors which influence minor-
ity participation in science and engineering? If so,
please identify.

A majority of the respondents felt that more infor-
mation is needed on the experiences of minority stu-
dents who are successfully participating in science and
engineering. No major study exists on how graduates
succeed in completing science and engineering pro-
grams. Why not study those who made it, let them
explain why, how, and where they came from before
they completed a science or engineering degree? Study
every member of several black, Hispanic, and Amer-
ican Indian science and engineering societies to deter-
mine what they have in common, and what their
differences are,

We do not understand the relative influence of the
various factors that affect the participation of differ-
ent minority groups in science and engineering. Little
attention has been given to differences in cognitive
styles that might exist for different minority groups.
Many pieces of data, otherwise “available,” are not
broken down by race and by sex, so that it is difficult
to make full use of collected information.

Successful programs have not been evaluated to de-
termine how they work, why they work, and what
they have produced. Further research is required to
develop new strategies and programs that will en-
courage minority students to pursue careers in science
and engineering,

3. What new research initiatives would you recom-
mend to help provide the needed information or un-
derstanding relative to the factors influencing minor-
ity participation in science and engineering?

One of the most frequently cited recommendations
was the need to improve the quality of mathematics
and science programs at the pre-college level, includ-
ing improving basic skills. Improving the quality of
teaching was also highly recommended, and a need
was expressed for approaches that would motivate, up-
date, and retrain inner-city school teachers. Guidance
counselors should be retrained and attuned to current
opportunities in science and math.

Research is needed on the outcomes of programs
specifically designed to recruit and maintain minor-
ities in science and engineering. We know relatively
little about which programs have succeeded and why.
Previously supported programs that have had a strong
positive educational impact should be examined for
possible reinstitution.

Financial aid is still crucial to enable minorities to
attend and remain in college.

There is a need to track students through the educa-
tional pipeline; students who show an aptitude for

science and mathematics as early as junior high school.
Participants in pre-college special programs should be
tracked for 10 years after high school graduation to
determine the relationship between program partici-
pation and academic performance, retention in college
and career choice. The relationship between career
aspirations of minorities between grades K and 12 and
their decision to participate in science and mathematics
education should be examined.

Research on the effect of role models and early ex-
posure to science on career choice is needed.

Current information should be made available, bro-
ken down by race and sex. More efforts are needed
to sort out the relative weight of the different barriers
to minorities’ participation in science and engineering.

The whole web of cultural and social values should
be examined in order to understand why Asians and
Asian Americans as a group have successfully entered
quantitatively based fields in disproportionately large
numbers relative to their representation in the popu-
lation, in spite of numerous barriers. We need to iden-
tify factors at work in the case of individual non-Asian
minorities, who successfully enter science and engi-
neering fields.

One respondent suggested the following additional
studies: The family and educational backgrounds, and
career pattern and experiences of minority scientists
and engineers. Quantitative studies of high school stu-
dents experiences in mathematics and science courses.
The attitudes of teachers and parents regarding appro-
priate candidates for science/engineering. A study of
guidance counselors’ familiarity with opportunities for
blacks in science and engineering, More systematic
evaluation of intervention programs. A study of the
impact of the availability of financial aid on career
decisionmaking. A study of high school students’ ca-
reer awareness with respect to opportunities in science/
engineering.

As a final note, three respondents believed no new
research was necessary. What is needed is action.

4. In the recent past, a variety of programs and pol-
icies have been initiated, on the Federal, State, local,
and institutional level, to promote minority partici-
pation in science and engineering. How effective have
the programs and policies with which you are most
familiar been in achieving their goals? Can you cite
specific examples of success or failure?

Three programs were cited most often as successes:
The Mathematics, Engineering, Science Achievement
(MESA) program of the Lawrence Hall of Sciences in
Berkeley, CA; the Philadelphia Regional Introduction
for Minorities in Engineering (PRIME) program; and
the Resource Centers for Science and Engineering. The
Atlanta University Resource Center’s Summer Science
Enrichment Program was also mentioned. Only a few
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of the respondents had actual knowledge of the pro-
grams; most relied on hearsay.

In terms of actual experiences one respondent stated,
I created the first successful program to bring blacks

into engineering in circa 1965-1968 at Oakland Univer-
sity, Rochester, Michigan. In 197’3 I began a program
to bring women into Engineering at the University of
Virginia. We went from zero to the highest percentage
of women in the Nation in five years.
Another respondent reported first-hand knowlege

of the following minority programs sponsored by Fed-
eral agencies: Minority Research Initiation (MRI), Re-
search Initiation in Minority Institutions (RIMI), Mi-
nority Biomedical Research Support (MBRS), Minority
Access to Research Career (MARC), Research Center
for Science and Engineering (RCSE), and the Minor-
ity Institutions Science Improvement Program (MISIP).
Of the preceding programs, only the Resource Centers
were conceived and planned to be comprehensive in
approach. Through the respondent’s experience with
the Puerto Rico Resource Center, the respondent con-
cluded that the only effective way to upgrade science
education for minorities was to follow a holistic ap-
proach in which resources are optimized to address
different stages of the educational process. Most other
programs tend to be targeted, rather narrow, and
limited in scope.

The same respondent stated that the MBRS and
MARC programs have a strong overlap in goals, but
nonetheless have been extremely successful in en-
couraging and orienting students toward biomedical
research careers. The National Science Foundation
(NSF) should be encouraged to consider the possibil-
ity of creating equivalent programs in the physical
sciences, mathematics, and engineering. The MRI at
NSF has been particularly successful in starting young
minority scientists in their research careers. Competi-
tion for research funds is so keen that without the MRI
programs, many minority scientists might not be able
to establish themselves as regular faculty members in
research institutions. Lastly, the RIMI program has
been crucial in providing infrastructure for research
in minority institutions although the funds available
are not sufficient to remedy the seriousness of the
problem.

Other exemplary programs cited were: Project Act
101 (Drexel University), Project Yes (University of the
District of Columbia), Southeastern Consortium for
Minorities in Engineering (SECME), A Better Chance,
Inc. of Boston, National Action Council for Minor-
ities in Engineering (NACME), Phillips Academy, and
the Andover-Dartmouth Urban Institute intensive 4-
week summer mathematics program for secondary
school teachers.

The most successful programs have been those with
clearly defined goals; stable financial support and sta-
ble staffing; a range of support services; and strong
ties to parents, professional societies, the local schools,
and other community groups.

One respondent stated it this way: Most of the long-
established programs are quite successful, but most
suffer from inadequate long-term funding, inadequate
long-term assessment, little funding for transfer of suc-
cessful models, and the need to prove themselves over
and over again. The Resource Centers were a success-
ful program at NSF, but they are not being supported
in 1985 because of the lack of long-term Federal com-
mitment. The decision to discontinue the program was
made independent of the fact that it works.

Another expressed disapproval:
Most of the Federal, State, or local programs have

not been the most effective use of resources. Programs
have disappeared at the end of funding. Resources
duplicated existing programs. California’s investment
in MESA and Washington’s in the minority engineer-
ing effort, are examples of how to build results-oriented,
long-term programs that have multi-sector support and
work with educational institutions for the benefit of
parents. Many of the old NSF programs were effective
in training teachers, but they are ended.

5. What have we learned from these programs and pol-
icies; what specific factors appear to account for differ-
ences in relative effectiveness?

Evidence obtained to date from the many interven-
tion programs indicates that women and minority stu-
dents will do as well as white males when provided
with quality education and support for their goals. The
early identification of minority students with an apti-
tude for mathematics and science, followed by a long-
term enrichment and motivation program, has been
shown to be an effective approach.

Specific factors cited by one respondent as contrib-
uting to the success of such programs were:

● an effective liaison between primary and second-
ary educational systems and higher education;

● parental awareness and participation;
● length of enrollment in the pre-college program;
• adequate resources; and
• a career development component.
Activities with a large motivational content, where

students are exposed to role models and to nontradi-
tional ways of teaching science, were said to have a
profound and permanent effect in encouraging stu-
dents to continue careers in science. Special programs
to train kindergarten to sixth grade teachers in the pres-
entation and teaching of mathematical and scientific
concepts, and the development of quantitative skills
and scientific methods were cited as crucial if minor-
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ity students are to be oriented toward science and
mathematics programs in large numbers. Respondents
stressed the importance of continuity in minority pro-
grams. They must be comprehensive and maintained
over a sustained period of time.

One respondent stated that the principal lesson
learned from the Resource Centers was that a systems’
approach is crucial to establish a comprehensive and
coherent plan to develop minority institutions into re-
search centers and increase the number of students who
go on to become research scientists and engineers.

Other factors cited were:
● hands on experience;
● strong directors and able, interested staff;
• opportunities for in-school and out-of-school

learning experiences;
● community support;
• development of a peer support sytems;
● evaluation;
● long-term follow up; and
● careful data collection, and mainstreaming.

6. What additional information is needed to better un-
derstand the causes of success and failure in programs
and policies that promote minority participation in
science and engineering?

Most of the respondents felt that program evalua-
tion is the most needed supplement to existing in-
formation. This includes evaluation of intervention
programs and policies for promoting minority partici-
pation in science and engineering; all pre-college engi-
neering, mathematics, and science programs; and cur-
ricula of primary and secondary systems attended by
minorities compared to those attended by majority stu-
dents.

Further study and support of the following was also
suggested: The current and future role of predomi-
nantly minority institutions in the preparation of stu-
dents for quantitative fields, the presence and role of
minorities in arenas where major science policy issues
and decisions are being made, successful efforts at the
undergraduate level to recruit and retain minority stu-
dents in quantitative fields, specific ways to effectively
communicate with the minority community about the
importance of science and its applications in their lives,
and the availability of computers to minority students
and the ways in which they are being instructed to use
them.

Three of the respondents felt that no more informa-
tion is needed, only action; the implementation of rec-
ognized successful programs in education.

7. What actions, if any, would you recommend Con-
gress take to promote minority participation in science
and engineering, or to develop a better understand-
ing of the factors that influence minority participation?

Most of the actions recommended for congressional
consideration fell into three main categories: The estab-
lishment and support of special programs for minor-
ities in science and mathematics, strengthening the
quality of mathematics and science education in gen-
eral, and financial support for minority students.

Some of the types of programs cited as deserving
of support were: programs to promote curriculum de-
velopment in mathematics and science for minority
students at the primary and secondary school level;
programs that provide elementary and high school stu-
dents with hands on exposure to science and engineer-
ing; programs that encourage minority scientists and
upper level minority science students to participate in
minority science education; community-based pro-
grams that utilize outside expertise, but maintain con-
trol within local schools; programs aimed at increas-
ing the number of students completing Algebra 1 and
Biology 1 by the 9th grade, and the number of stu-
dents taking and completing 3 or 4 years of mathe-
matics, science, and English by the time they receive
their high school diploma; and the development of
magnet schools for the education of students with a
special interest in science. It was recommended that
the Government provide summer enrichment pro-
grams for minority students with talent and interest
in science and mathematics, and reestablish the Re-
source Centers program.

Associated with program support was the need to
improve instruction in science and engineering in gen-
eral. Pre-college science and mathematics instruction
in urban schools needs to be improved with an em-
phasis on involving both sexes. There should be in-
creased funding for research on effective teaching and
learning of mathematical and scientific concepts and
skills, with a reasonable proportion set aside to study
populations at risk for low achievement on the fun-
damental cognitive and conceptual level. We should
continue informing the very young of opportunities
in science and engineering, and educating the educa-
tors. Finally mathematics and science education in gen-
eral should be strengthened through special funding
for equipment and teacher training.

Financial support for minority students was sug-
gested via various means: Establishment of “congres-
sional scholars in science and technology” (a com-
prehensive 3- or 4-year program of undergraduate



support, research, and work experience to ensure that
talented minority students will not be lost to science
and engineering because they are unable to pay the
cost of first-rate college training in these fields), Two-
year scholarships could be awarded to a group of
minority high school juniors, and to a comparable
number of minority college juniors, who have dem-
onstrated significant interest in and potential for suc-
cessfully pursuing science or mathematics study at the
next educational level. (Consideration might be given
to targeting some of the proposed awards to students
interested in pursuing science/mathematics teaching
careers. ) Financial support to students could be in-
creased, especially support not involving loans. No-
interest or low-interest college loans could be provided
to students with strong mathematics and science back-
grounds who agree to teach mathematics and science
courses in economically disadvantaged communities.
A federally guaranteed, low interest loan program
could be established and specifically designated for mi-
norities who indicate an interest in becoming scientists
or engineers.
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Some respondents recommended an examination of
the Department of Education and NSF programs for
minorities to determine their effectiveness, and the
need for additional financial support. Continuity of
successful minority programs should be the guiding
factor in the determination of funding by Congress for
minority programs, in their view. Such programs
should be “mainstreamed” into the regular educational
process, where possible.

A number of respondents called for a centralized
organization to deal with the problems of minorities
in science and mathematics. A national conference or
hearing could be convened on minority participation
in science and engineering. A commission could be
established, composed of scientists and educators from
the underrepresented groups as well as representatives
from employers affected by the underrepresentation
(e.g., universities, industry, national labs). A national
office is needed, according to some respondents, to fa-
cilitate and conduct activities designed to increase mi-
nority participation in science and mathematics.
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