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EXECHTIVE SUMHARY

This report describes the representation of women and five racial
and ethnic groups among B:A., M.A., and Ph.D. degrees; both total

CURRENT REPRESENTATION
Relative to whites, Asian-Americans dre overrepresented substan-

itd American Indidns are underrepresenited, aspecially at the Ph.D. level:
Blacks are the most severely unde=rrepresented among quantitative degrees
at all degree levels. For example, in 1979, a randomly selected Asian-

Americdn was 17 times more likely to earn & quantitative Ph:D. than a
randomly selected black from the appropriate age group, and a randomly
solected white was 7 times as likely to do so.

Women are also underrepresented amonig quanticative degrees at all

thani a randomly selected woman to receive a quantitative Ph:Db:

LOOKING AT TRENDS

representational trepds. Minorities and women may be changing their
representation among quantitative degroes at rates which, projected
forward, would gain them proportionate representation in the 1980s. In
that case; the decision to invest resources il cOrFecting represenitis
tional imbalapces depends on whether tlie projection is plansible and
the projected time to secure proportiomnate représeiitation is accaptable.

Ciirrent onrollment data suggest that sn the early 1980s blacks and

© *The Juautitative disciplines include the biological sciences,
Bhivsicil sciefices; computer sciences, mathematics, and engineering.
I § <«

11



Asian-Americans may show an increase in their shares of B:A. degrees
greater than increases in their shares of the age-relevant population:

shares of the age-relevant population, an incressing fraction of asso-
ciate degrees are going to whites; decreasing portions, to minority
groups. Whites evidence a siight decline in their shares of total B:A:,
M.A., and Ph.D. degrees, but ro real change in quantitative B.A., M.A.,
and Ph.D: degrees. Asian-Americans show gains in their shares of total,
as well as of quantitative, B:A:; M:A:, and Ph:D. degrees, even ghen we

take into dccount increases in their shares of the age-relevant popula-
tion. Blacks, Hispanics, and American Indians show little variation
across time once changes in their age-relevant population shares are
considered.

The trends for womeii are strong and positive. In the last decade,
womer carned an increasing percent of the degrees conferred at every

lovel--associate; B.A.; M.A., Ph.D.; and professional. They are still
underrepresc:..ted among Ph.D. and professional degrees, but if their

rates of increase continue; by 1990 the percentage of Ph.D:. degrees and
professional degrecs carned by women should approximately cqual their
representation in the age-relevant population. Women also show increases
in quantitative degrees at each degree level; but growth in their

shares of these degrees was much smaller than that for total degrees.

LOSSES FRON THE EDUCATIONAL PIPELINE AND FIELD CHOITES

At any given degree level, a group's share of guantitative degrees
refiects two factors: persistence in the pipeline and field choice. To
AS5055 persistence; we traced the progress of cohorts through the educa-
tional pipeline. All subgroups lose members as they progress through
the system; the issuc is whether, at particular points in the process,
a siubgroup loses more or fewer than all other groups.

We found that underrepresentation of blacks, Hispanics, American

Indians,; and women among quantitative Ph.D. degrees is partly attribut-

12
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able io their underrepresentation at the Ph:D:. level itself. Interven-
tions that aid retenticn in the educational process should therefore
increase the represcentation of these groups among quantitative PH.D.'s.
However, the groups have differeont dropout patrterns, indicating dissim-
ilar needs:

For blacks, the losses are dispersed dcross tlie pipeline. For
Hispanics, they are concentrated earlier: at high school graduation and
college entry:. For American Indians,; they occur at least between
college entry and the B.A. dogree. If we had adequate data for this
high school graduation and college entry: However,; this subgroup does
not show disproportionately high losses after the B.A. degree. For
women, the losses are concentrated at the end of the pipeline: at the
Ph:D. level:

When we examine field choices, we find that ficld choices also
contribute to blacks' underrepresentation among quantitative B:A:; M:A:;
and Ph.D. degvees. Blacks lose "field" ground just as they lose attain-
ment ground: 4t several points in the process. At the B.A. level, the
percent choosing quantitative fields is 60 percent of the national aver-

At the B.A. level, Hispanics' underrepresentation is attributable
primarily to higher losses from the pipeline; not to field choices.
Although field choices contribute to their underrepresentation at the
M.A. level, disproportionately high attrition pricr to the M:A: has more
effect. Both pipeline attrition and field choices account for their
underrepresentation at the Ph.D. level.

For the American Indians, higher pipeline losses; not field
choices; cause their underrepresentation among quantitative B.A. and
M.A. degrees. At the Ph.D. level, both factors account for their
underrepresentation:

Although higher persistence diring the educational process partly
explains the overrepresentation of Asian-Americans smong quantitative
B.A.. M.A., and Ph.D. degrees, their field choices dre the driving force.

Relative te whites, they choose quantitative fields at the rate of 2 to
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1 at the B.A. level; 3 to 1 at the M.A. level, and 2 to 1 at the Ph.D.
level. For example, in 1980, 6C percent of the Asian-American Ph.D.
graduates earned their degrees in quantitative fields; relative to 30
percent of white Ph.D. graduates.

The ficld choicés for women are startling. The increased percents

solves, not to changes in their Yield choices. Unless women begin to
change their field preferences, further increases in their shares of
quantitative degrees will depend on an increasing percent of women at
cich degree level. It is not clear that we can expect majdr percent
ilicreases at the lower degree levels:
SCIENTIFIC TALENT POOL: EMERGENCE AND CHANGE

To increase a Subgréﬁp;é representation among quantitative degrees;
policymakers have two choices. They can try to increase the group's
any increase in its attrition from it, or try to reduce the group's
attrition from the pool by more than any ducrease in its share of the
initial pool. In either case, policymakers need to know when action can

school: It emerges strongly before the Sth grade and is essentially
complete by the 12th. The ; ol appears to reach its maximum size prior

to senior high school and subsequently declines in size through graduate
school.

Bofore the 9th grade, membership in the pool is defined more by
quantitative interests than by skills., Children whose career interests
require college differ in their substantive interests but mot in their
mathematical, verbal, and scientific skills. However, by the 1lth

Iq
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through 12. However, after high schoul migration Is almost entirely ont
of, not into, the pool. As a consequence, those who obtain quantitative
doctorates or have quantitatively oriented careers a decade after high

THE CAUSES OF UNDERREPRESENTATION
We assessed the effects of subgroup characteristics and edicational
institutions on women's and minorities' underrepresentation in quantita-

ive field

when we look at the subgroups themselves, we can say:

-

s
tout women and blacks than about the other subgroups; (2) fore

—~

P et
[Ty

1y
iy

about choices made in the high s:hool senior year and in college than

capabilities and preferences than about information.

Gender Effects

For women the pattern is clear:
e  Although 9th-grade boy- and girls do not differ significantly
in average mathematical achievement, the girls like mathematics
less and are less apt to choose mathematically related careers
than the boys.
¢ Preferences for quantitative careers strongly affect parti-

cipation in high school elective mathematics courses.

,f-\
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matics achievement scores are primarily attributable to
differences in their participation in elective mathematics

* Mathematics ability and career interests strongly predict men's
and women's choices of a science major in college.

e Mathematics ability, career interests; and the initial choice
of a science major strongly predict persistence in 4 Stiéﬁté
major.

* High mathematical achievement at grade 12 predicts realization

*  Those who had not planned a gquantitative career at grade 12 and
switched into a quantitative carcer by age 29 had high mathe-

matical achievement at grade 12.

The key for women seems to be familiar motivational factors that
shift girls' interests away from sex atypical careers and the high school
mathematical sequence associated with quantitative postsecondary trazin-
ing: During adolescence; individuals are under simultaneous pressures

Ligli school training required to pursue their prefercnces: Scientific
career interests and investments in high school mathematics are ccasis-
tent with the development of masculine, but not feminine, identities.
Although we do not know what effects foundation-stimulated inter-
Ventions might have on preferences, strong preparation in high sclicol
mathematics preserves the options of entering a college science major
and a postcollege quantitative career. Currently, the high school
tradition of offering more advanced mathematics as clectives interacts
with women's lesser interests in mathematically related activities to

Racial and Ethnic Effects
Analysis shows that the causms of minority underrepresentation are

different from women's. Since the literature contaizs little information
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st 1981, The data base had adequate samples of wlites, blacks; American
indians; Chicaiios; Pierto Ricans, and Asian-Americans. Our purpose was
Lo dse0ss caises of variations in choice of qﬁdhtitativé college majors.
The causal possibilities that we examined included racial and ethnic
origit; being second rather than first-generation college; scholastic
jilistitution at which the student was enrolled.

(ur major intérest was in assessing the effect of parental ediica-
tion: defined as the highest educational level ittained by eitlier parent.

ctudent was fivst or second-generation college. Information on the
dynamics of the scientific/mathematical pool and on the causes of women's

second-generat ion college might be key to equalizing disciplinary choices
among the racial and ethnic subgroups. Our reasoning was as follows:

1. Early college tracking. Parents with at least some college are
more likely to assume that their children will attend college, and the
ciiildreni of such parents are accordingly more likely to assume early in
tiieir schooling that they will go to college:

2. Required pre-collegiate training. Parents with college know
more about the early training investment that children must make to
ent or college and to pursie career interests; especially scientific/
ithematical interests. Precollegiate students plan their education
¢4¢r less than school requirements, parents, and teachers plan it for
them.

3. Quantitative career optlions. Secoiid-getieration college

cindents are more likely to have grown up with the wider occupat ional
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horizons available to tiic white collar mainstream. Movemecit from
socially marginal positions, whether lower-class white or minority
group, into the mainstream appears to occur via a limjted set of
occupations. Groups have varied in the nature of their "tickets out.”
(For example, the Irish used public-sector jobs, such as the police
forces; Jews, entertainment; business; and the professions:) If the
"tickets out" for a particular group do not happen to include quaatita-

second-generation college students should have grown up with thie wider
sot of career options associated with the mainstream position secured
by their ancestors.

college into six levels of parental education, we find that the equali-
»ition among non-Asian-American subgroups occurs when parental rducdticn
Jhifts from no college to any college. Parental education does not
affect college major choice of Asian-Americin freshmen. Although we had
ot sxpected parental education to equalize Asian-American and
white freshmar. major choices, we had not predicted that Asian-American
chicices would be insensitive to variations in parental education.

The analysos show that parental edurdtion affects choice of a
quantitative major through its effects on high school performance and

postsecondary educational plans: However, our exploratery analyses did
not tell us if parental education has an effect on the choice of college
major in addition to its effects on these intervening factors. If it

does, the success of policies to increase minority representation among
quanititative majors could be limited by parental educational attain-

ments. Even if parental education does not have an independent effect,

i

I
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thie success of jolicivs targeted oii the intervening factors still

in parental education.

The difforont sidii-Asian-Americail tinorities scem to behave simi-
larly with tegard to choice of college major: As their families assim-
itate inte the white collar mainstream, indicated by the presence of at
least cie parent with collége, they boliave like white college frestimen.
However, thie Asian-Americans do not behave cither like other minority
groups or like whites. They choose quantitative majors &t double tlis
White rates, and their choices are inscusitive to variations in parentsl
odiication. Each level of parental education transiates into higher
high school grades and postsecondary educational expectations thzn i9r
the other freshmen groups. Each lavel of high school perforwance and
ing quantitative majors.

Other analyses of the caises of blacks' choices of science majors
are consistent with our results for blacks and the other non-Asian-
American minority groups. However; these analyses also assess the
retention of blacks in quantitative majors: They find that obtaining
a quantitative B:A: degree or being enrolled in a quantitative major

four years after college entry is primarily a function of gquantitative

a e

choice at college entry.
The nature of the causes of women's and minorities' underrepresen-

tation implies that structural changes already underway in the society

doctordtes. As the society decreasingly defines achievement by women
and social approval of them as conflicting, as the association between
masculinity and "hard" science careers breaks down; and as families
recognize the economic need for daughters to plan careers, we should
sec more girls choosing careers that require quantitative training.

We should aiso see them make these choices in time to take thie neces-

tional attainment and quantitative career choicc- should increase.

Joa
&
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Passage into the mainstroam seems to be occurring fairly rapidly, at
ledst for families with longer residence in the United States. For
example; by 1989; black adults of ages to have children in college (35-
44 yeidrs old) will have halived the differeiice in college attendance

that existed between black and white 35 to 44 year olds in 1969.

Institut ional Effects
The literdture indicates that differences among educational insti-
titions produce differences in student outcomes, but that thes .ffects

ire limited. 4wy appdrent institutional effects are in fact attribut-
ibl¢ to differeiices ini thie students that various schools attract: For
example, our analyses foumd that members of diverse rdcial and ethnic
groups attending the same kind of college (e.g., two-year colleges) were
tlie same racial and ethnic group attending different kinds of colleges.
The nature of the quantitative Ph.D. cducationdl process suggests
that the carlier years of this process are the most cruciai. This
raises the question of how elementary and sccondary schools might affect
girls' and minorities' quantitative interests and skills: Our schools
cotitrol the amount of time that students spend on different subjects;

including high school graduation requirements. As studies show, time-

does affect their involvement in the subject; standards do affect how
liird they work and; in high school, what courses they take.

It general, the public schools do not seem to serve any students
particularly well in mathematics and science. Between the third and

positive attitudes toward science. Most school districts require only

one year of high school mathematics and one year of science to graduate,

ics; only a fifth with thiree years of science:

Ironically, our attempts to give students more curricular choice in

20
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Ligh school have resulted in redicing their postsecondary trdiiiing and
wireer options. Simply increasing matliematics and science graduation
requirements--as some states have already done--would pireserve them;
although such a move would exacerbate the shortage of qualified mathe-
matics and scierce teachers already faced by the nation's liigh schools:
The isstes for postsecondary schools are effects on college entry;
ditimate edicatiomal attainment; and field of training. For minorities,
the most crucial institutional issue associated with college entry would
seer to be finances. The literature does not answer the specific ques-
tion oi whether 1ack of aid prevenis college entry (and retention) of

quantitative fields represent the most ible students in every racial and
othhic subgroup. The literature does suggest that able, needy students
dre the most ilikely to seek out and receive fimancial help.

There is little careful literature on the effécts of postsecondary

,,,,,,,

institutions on educational attainment and field of training: What

Llack two-year and four-year wolleges redice persisteiice in college.
Pareiits, students, taxpayers, and policymakers constantly raise ques-
tions about issues such as these. They seem importamt enough to warrait
the intellectual investments required to determine how different kinds

fields of our students' training.



1. INTRODUCTION

This paper describes trends in and causes of minority and female
ropresentation among quantitatively-based doctorates. These doctorates
ire defined to include degroes in mathematics, tlie computer Sciences,
pliysical sciences, biological sciences, engineering, and economics:

Our immediate purposes are to answer the following questions.

those careers that require quantitatively-based doctorates?

Do trends in enrollments and degrees suggest fitire changes in

: female and minority access to these careers?

«  When does the quantitative talent pool begin to form, and what

are the migration rates in and out of this pool during the
ediicational process? What do these dynamics imply for the
timing of strategies to increase women's and minorities’
mcmbership in the pool?

«  What causes the underrepresentation of differcnt subgroups. and
how do they differ by subgroup?

¢  What do these causes imply for strategies to increase the

representation of the different subgroups?

In the process of answering these questions the paper sheds light
on two other issues of social concern. Do women and minorities have
access to quantitatively-based careers that require degrees Jess than
the doctorate? And what are the trends in the nation's productiom of

This paper is the result of a three-month project that relied on
published statistics; specific and limited analyses of existing data
bases: and published analyses. It is organized into three sections:
Section II issesses the current represcntation of minoritjes and women
among the quantitatively-based docterates;, treiids in that representa-

tion: and the extent to which underrepresentation is at-ributable to

N
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§sction 11t describes the taleut pool from which the quantitative

doctorates come: when it first emerges during the educational process

afid how it changes across time: Section IV describes the individual
and institutional! factgrs that produce the observed representaticnal

trends.
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IT. 71HE REPRESENTATION OF NINORITIES AND WONEN
AMONE QUANTITATIVELY -BASED DOCTORATES

This section describes minorizies’ and women's representation among
professtonal degrees); Within the limits of tiie available data, it
answers {OGr guestions:

1. What is the repressntdtion of minorities and women today among
the quantitatively-based degroes?

2. Does a projection of postsecondary enrollment and degree trends
imply changes in their repressnication in the nsar future, either at
particular degres levels or among the quantitative disciplines?

3. For subgroups underrépresented among quantitatively-based
Ph.D.'s, where in the educationil pipelirie does the underrepresentation
begin to occur?

4. At each degree level, how much of the underrepresentation among
quantitative degrees is attributgble to the subgroup's field choice, as

opposed to underrepresentation at the degree level itself?

CURRENT REFRESENTATION OF BINOKITIES AND WOMEN
Tables 1-7 show the current representation of minorities and women

degree level. Table 1 shows the percent of each kind of degree that went
to each racial and ethnic group in 1978/79. Thus; for example; blacks
earned 6.6 percent of all B.A. degrees awarded in 1978/79. This table
shows that blacks, Hispanics, and American Indians had larger shares of
the associate degrees swarded in 1978/79 than of any other degrees con-
ferred im that year-~B.A.; M.A., Ph.D., or professional degrees.

Table 2 gives ©s a basis for judging whether a group's share at
each degree level is representative. It shows us the ratio of the
group's degree share to its share of the age-relevant population.® A
~ 'We defined different age-relevant populations for each degree
level: 21 year olds for the associate degree, 22 year olds for the B.A.
degree, 25-29 year olds for M.A. and professional degrees; and 30-34



Table 1

RESENTATTON OF RACIAL.AND ETHNIC

P CIA
GROUPS BY DEGREE LEVEL?

B Degree Level o
Racial ——— —
and Fthnic Associate ) o Professional
Croup  Degree B.A. M.A. Ph.D. Degree
Total 100;0 100:0 100.0 100.0 100.0
Whites 83.3 88.1  B8.5  90.8 91:2
Blacks 9.1 Hi6 6:9 4:d 4,3
Hispar ic s 5.1 3.3 3.0 1.6 2.5
American Indians 0.8 0.4 0:4 0:4 0:13
Asian-Americans 1:9 t:7 2.0 2,8 1.8
Agee Tables 9-11
Table 2

Degree Level

_ Racial _ — ——

and Ethnic Associate o Professional

_Croip  Degree B.A. M.A. Ph.D. Degree
wEites 1.04 1.11 110 L1l 1:14
Blacks 0.70 0;51 0.58 0.4l 0.3%
Bispanics 0. 86 0.62 0.36  0.31 0.4%
arerican Indians 0.86 0.57  0.66  0.66 0.50
Asian-Americans 1:27 1:13 L.os 1,33 0.95

acsurce: Tadles 1; 17-21.
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ratio of 1:00 for a given degree level implies that the groiup has a
degrée share cqual to its population share: For example, the median

age for attaining the B.A. is 22 years. In 1979; 12.9 percent of the

22 year olds were black, but only 6.6 percent of the B.A. degrecs awarded
in that year went to blacks; yielding a ratio of B.A. degrees to popula-

tion of 0.51. Relatlve to their shares of the age relevant populat:ons,

Table 3 shows for each degree level each gtbﬁp s share of the

quant itat ively-based degrees at that level: For example, in 1978779

Table 3

1974/79 REPRESENTATION O} RACIAL AND FTMNIC CROUPS 1%
AUANTITATIVELY-BASED FIELDSA BY DFGREF LF.'\"'.Lb

Degree Level

Rac fal e ——
and rehrife o ] o Protfessional

Group B.A. M.A. Ph.D. Degrees
Total 100.L0 100, 100.0 100.0
Whites §9.8 90:2 9 an. 0
Blacks 4.1 2.5 1.7 4.1
Bispanics 209 1o 1.1 2.6
American Indians 0.3 0.3 n.e 0:3
Asian-Arericans 2.9 5.3 5.7 1.0

mzantitativel\ “based fields for the B.A., M.A., and
Ph.D. are defined to include the phvsical sefences; mathe-
matics, cofiptter sciences, biclugical sciences, engineering,
and economics. _For professivnal degrees the fields are
biclogically- or physicallv~bazed and defined to jiclude
medicine, denfistrv. optometrv, osteopathy, podiatry,

veterinary medicine; and pharrac\

Peovrce: Taklee 1013

year olds for the Ph.D: degree These ages or age groups represent or

encompass the median ages at which the partxcular degrée i§ awarded.

For example, the median age for the Ph.D. degree in 1978779 was 32
vears. Population percents for whites are always for non-Hispanic

whites:
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degrees. Black. Hispanic, and American Indian shares steadily decline
from the B.A. to M.A. to the Ph:D. levels. White and Asian-American
shares steadily increase:

Table 4 shows whether a subgroup's share of the quantitatively-
based degrees at each degree level is equal to its share of the total
degrees at that level. Again, a ratio of 1.00 implies equality of the

two shares. These ratios eliminate variations among subgroups in their
shares of the total degrees at each level:. Relative to their shares of
B.A., M:A., and Ph.D. degrees, blacks; Hispanics, and American Indians

At each degree level whites had about the same proportion of the

Table &
1978/79 REPRESENTATION 1% OUARTITATIVELY-BASED FIELDS®
RELATIVE TO REPRESENTATION IN TOTAL DEGREES BY

DECREE LEVEL AND RACIAL AND ETHNIC GROUP™

Degree Level

__Ractal e —
and Fthnic B . Professional
____ Groap

w
>

M.A. Ph.D.  Degrees

LNites 1.02 1.02 1.01 0:99
Blacks 0.62 0.6 0.39 0.aR
Hispanics 0.88 0.80 0,68 1.04
”””” 0.75 0.75 0:50 1.00

1 2.65 2.04 1.67

Asian-Americans 7%

~ 3guantitatively-based fields for the B.A., M.A,, and
Ph.D. are defined to include the physical scierces; mathe-
mat ics, computer sciences, biological sciences, engineering,
and economics. For professional degrees the fields are
biologicallv- or phyuically-based and defined to include
medicine, dentistry, optometry, osteopathy, podiatry,

veterinary medicine, and pharmacy.

bssiitce: Tables 1 and 3:
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quantitatively-based degrees Is of the total degrses at that level. At

the M:A: and Ph.D. levels; Asian-American shares of the quantxtatxvely-

Jl

bised degrees were at least double their shares of total M:A. and Ph.D.

dégrees.

Eigie S
1978776 REPRESELTATION IN QUANTITATIVELY-BASED FIELIDS?
FELATIVE TO REFRFSFIIATION IN ATFIRELEVANT POPLLATILM

EY DECREE LEVEL ASD RACIAL AND ETHNIC GROVPY

Degree Level

~ Facial — -
and Ethnic o o - Professicnal
Group B.A. MAL Ph. D Degrees

wiftes 1.13 1.12 1.12 1.12
Bracks 0.32 0.21 0.16 0:35
Hispanics 9:5% (29 0.21 n.at
American Indians  0.43 0.5 0.33 n, 50
isian-Americans 1. 93 2:78 N 1;58

Aguantitativelv-based fields for the BiA., M.A.; and

are defined to include the physical sciences, mathe-

matics, coripiter sciences; htnlo ical sciences; rngtneerin;.
and eroromics. For professional degree< the fields are

bxnlobicallv- or phvsicalli-based and defined to incluce
medicine, dentistry, Optomettv, ostespathyv, podiatry,

veterinar- medicine, and pharﬁar\

-
I

b\ource Tahle !, -

Table S shows for each degree level a subgroup's share of the
quantitatively-based degrees relative to its share of the age-relevant
population. Again, a ratio of 1.00 indicates proportional representa-

tion. Whités and Asian-Americans are ovotroptescnted at each degree

iévci' cspééiéiiy iﬁé léttéi grbup Blacks. Hispanics; and American

ire most underrepresented; and the black and Hispaniic shares decrease
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from the B.A. to the M.A. to the Ph.D. For example, in 1978/79, rela-

tive to a randomly selected black from the appropriate age group,

likely to have received a quamtitatively-based Ph.D.

Table &

1679,86 PERCENT FEMALE BY DFGREE LEVEL®

Percent level to_Percent Female of

Degree level Female ) Age-Relevant Population

High $Schasl Degree 51 1

Associate Degree” 54 1.
B.A. i3 0.
S 24 n;
R i i

Professional Deyiee 27 O,

7;5;

dSource: Tables le=lit, 22

M1he data for this degree level are for 1978/79; n:

lLater data are not vet published.

1979780,

Table 6 displays the same information for females as Tables 1 and 2

showed for the racial and ethnic groups. In 1979/80 women got about
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associate degree levels; equally represented at the-B:A: and M:A: levels;

and underrepresented at the Ph.D. and professional degree levels. A

"y

ess
andomly selected male was over twice as li?eiy to have received a

or a professional degree in 1978/80 as a randomly selected female of
thé égé:féléVéﬁt gféﬁﬁ.

6tﬁhie groups. Column 1 of Table 7 shows that from fthe m A. to the

Table 7

ST PFRCENT FRMALF IN GUANTITATIVELY-BASED FITLDS® BY DEGRFF UPvEL”

.t

. N . o L. B i'—il i\; 0} b'r;rtr:‘i rr-
Pet »nt Fermale Faris of Per.ent Fe- Ma
in uantita-  male in Muantitativelwv- 33‘°¢ Figlqs to Percen'

Dedry - tx\cl\-uased Based Fields ro Percent Ferale of Azge-Felevar+

level _ Fields  Female 0f Tuigl n;;i;;s __ Population
- 25 0,51 0,50
MoAL 1= 0,37 0.3
B D, 15 0, 50 0, 30
Prn}tk\iﬁhdi 25 h.ﬂi C;Sh

legtee

'xndnx:lat.velx-kaa-d fields for the BLA., MA,, and Ph.D. an de‘Xn(d to

frelnte the pA:51x11 sCiences, na!?v’atlln; 1nﬂpulcr s iences,; hioXoflral sci-
ehves erpineering, and econormic s, For cpefedsional degrees the fields ate
Siolopicallas or phivafcally-based and detined to inolude redicine, dentistrs,
Storetryy osteopat v pedlatey; veterinary rmedicine and pharmacy,

) o . _ .
Scurce:  Tables ¢, 19«01, 0,

to females. Thus, women receive only 15 percent of the quantitatively-

based PH.D.'S. Column 2 of this table assesses tHEii representdtion

As Table 6 showed,; women receive only 30

eachi degree level itself.

2

ntat xon Bt

percent of all Ph.D. dégiéés.

Given that a woman receives a Ph.D. ii

any field,

she is only half as likely to obtair. that degree in a quanti-

tative field as a man who receives a Ph.D.

Women's underrepresentation

3u
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among quantitative Ph.D. degrees thus reflects the joint effects of their

underrepresentation at the Ph.D. level itself and among guantitative

fields at the Ph.D. level. The third column of Table 7 tells ws that in

1979780, a male randomly selected from the age-relevant populanion was:

*  twice as likely as a randomly sclected female to have received
a quantitatively-based B.A. or biologically-/physicallly-based
professional degree: and

*  three times a» likely as a randomly selected female to have

PXOJECTED REPRESENTATION

I sum, certain minorities and women are currently underreprescrited
among the quantitatively-bised disciplines at all degree levels, espe-
cially at the Ph.D. level: However; the policy importance of their

underrepresentation depends on the bibjéttéd féﬁfcsentétibﬁai trends for
these groups. They may evidence rates of change in the 1970s that; pro-
jactod forward, would acliieve their proportionate representation in the
19805 Tn this case the decision to invest resources in reducing repre-
sentational problems depeiids on whetlier the projection is plausible and
‘e projected time to secure proportionate representation is acceptable.

Projections are a risky business, especially in policy areas such
as this that lack credible dynamic models of choice. However, an
whether recent hisStory £ives us amy redson to expecl represcntational
problems to resolve themselves:

In interpreting the trend data; it is important to keep certain
facts in mind. First, we have postsecondary enrollment data by race;
stlinicity, sex, and field from 1968: For degrees conferred by field we

have a long time series for women; but only a short one for minorities:

professional degrees. To compensate for this problem, we pivce together

data on high school graduation, college freshmen etirol lments, and post-
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secondary degrees to get some idea of whether the eduzational attainsent
probabilities of different subgroups shifted in any dramatic way across

substantial in-migration during the 1970s: Trends for these two groups;
especially for Hispanics, have to be interpreted differently than those

for groups with little in-migration (whites, blacks, and American

Indians). Substantial in-migration complicates trend interpretations in

two ways. The most obvious is that the age-relevant bise population

chinges in size across time. Periodic Census Bureau surveys of the

il il ol e e s

changes for this subgroup. However, no such survéys exist for Asian-
Americans, and we cannot make population corrections for this group:
Substamtial in-migration can also mean major compositional changes
in the educational propensities of the subgroup. If a subgroup is
adding large numbers from social classes or countries with low levels of
educational attainment, we have to ask what represents attainment
success for that subgroup in this country. For the newly immigrant

major achievement. However, if the total subgroup has a sizatle
component of such individuals, we will underestimate the postsecondary
achievement for established residents of the subgroup. It would be
proforable to assess postsecondary treénds for established residents

only, but we do not have the data to make this distinction.

Trends for Racial and Ethnic Groups

With these caveats in mind, we can now examine enrollment aid
degree data for the racial and ethnic groups.

Enrollment trends. Table 8 tells us the perceuts of different

years. If a particular group shows a substantial increase in enroll-
monts at the B.A:. or graduate level in the late 1970%, we might expect
that group's share of the degrees conferred to increase in the first

hilf of the 1980s. If a group's underrepresentation among the quanti-

ERIC
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tatively-based ‘cgrees is attributable partly to its underrepresentatibn

at the degree level 1tse1f we mxght also expecc that group's share of

thé<¢uéﬁtitéti9619-ha$éd degrees to increase:

Table 8
1M PoSTSECUNDARY EXROLIMENTS EV RACTAL
GROUP, DECRCE LEVEL, AND YEARD

(19%8 1979)

Racial and Ethnic Group (Percent)

Pegree Year I o American  Aetin
B tevel Toral Whites Blacks Hisparnics Indiane< Aswericar
_ Uridet 1968° 190:0 90.9 11 1.7 8.5 0.7
) Cratuate - qan© 0.0  89.3 6.9 201 0:3 1.0
1972¢ 1020 876 8.3 2.3 0.5 i.0
1974° 100.0  #4.5 9.0 2.8 0.6 1.1
1976 1W0.0  *2.7  i0:4 I 6.7 1.8
- 1978 100.0 81,9 10.4 5.1 0.6 2.0
¢ “ 1979 160.0 8.3 10.3 5.2 0:6 23
cradoate 1972°¢ 0.0 90.8 5.2 1.% 0.% 2.0
‘%“'“"ﬁé“‘i 1976¢ 100.0 9.8 5.5 1.5 0.4 1.8
' 1976 100.0  89.2 5.8 2.9 0.3 2.2
1978 100.0 888 5.6 2.6 0.4 2:8
379 1009 877 5.8 3.0 0.5 2
Professional  1972° 100.6  92.2 &7 1:4 0.2 1.3
Pearee o4 1970 1000 98 4.9 1.6 0.3 1.3
1976 j00.5 90.6 .6 2.5 06 1.8
1978 100.0  90.4 o5 2.7 0.4 ».6

Thv percent distributicns for fuiit(nf and px?ttimé enrollments and for fulltime

entullments only by ractal and ethnic Eroup #re clither the same or differ by no more

than ope- of two-tentiis wf a percentage polnt. Hince we have. a longer time seTies

tor felliime than for toral envollments, we have yzed the fulltime statjstics.

bS\urma‘ prartment of Health, Eaucaticn. ana Hei(are. Ofttco for Civil Rights,
I Tret latr A Inesliar e LOF e Do T werles fnr

v )

fall 1963, 192, 1972, and 1974, U.S. Government Printlnn Of(ice. vashington, D.C.

Natfonsl Centsd for. Educational Statistics, ~: ' fir “Triiy D . o
series for Fall 1976, 1978, and 1979; 1U.S. Sovernment Printing Offirp Ra&hingt“n. noes

PULATOI

“Ihe mambe#s for these yearn include non—rtnidcnl aliens:
dThe data mources for 1968 and 1970 413 not report enrollments separately for

graduate and professicnal schools.
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Fros 1968 to 1979, American Indian undergraduate enrollment
remiined steady, and the white share decreased. Th= black,; Hispanic,
ind Asiin American shares increased, but these groups also had increased
shares of the college age pcpulation, as the result of in-migration

Incredses in the Hispasic enrollment shire are commensurate with
increases in their share of the college-age population. However, for
reasons discussed earlier, these numbers may mask an incregse in
enirollment shares for the residentially established Hispanic population.

Increases in the black and Asian-American enrollment shares seem
lirger than increases in their population shires, indicating that their
sinires of the B.A. degrees awarded may increase in the early 1980s. As
Tibles 1-5 showed, black underrepresentation at t » B:A. degree level
iiself accounts partly for their underropresentation among quantitatively-
based B.A. degrees. Thus, blacks may also show some increase in their
share of quantitatively-based B:A. degrees, relative to their share of

Again, as Tables 1-5 indicated, Asian-American overrepresentation
imong quantitatively-based degrees is attributable to their overrepre-
sentation both et the degree levels themselves and among the quantita-
tively-based degrees at each level: Thus, increases in their share of
undergraduate enroliments may show up in the early 1980s as an increase
ifi thoir share of total B.A. degrees and an even larger increase in
their share of quantitatively-based B.A. degrecs.

Whitos show declines in enrollment shares greater than declines in
their shares of the college-age population: These declines may show up
in che 1980s as decreases in B.A. and quantitatively-based B.A. shares,
rolitive to thoir shares of the college-age population: American

age population shares, suggesting little change in their early 1980s

stiires of B.A. degrees or quantitatively-based degrees:

? Tables 17-21; below; show the changes in shares of the collvges
age population across the 1970s for each subgroup.

34
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Relative to changes in their age-relevant populations, all groups
Show relirive stability in their graduate enrollments from 1972 to 1979.

8luck graduate enrollment shares may not be keeping pice with increases

in their shares of the age-relevant pepulation.

Dégréé trends. We can now look at trends in degrees conferred for
the raciil and ethnic groups--Tables 9 to l. These tables contain a
great deal of information; but we confine our discussion to trends in

Table 9 shoes trends in associste degrees from 1975776 to 1978779.

increases im their associate degree shares ijre Jess than increases
in their age-relevant populations; for whites, decreases in their asso-
ciate degree shares, less than decreases in their age-relevant popula-
tions. Thus, relative to their age-relevant populations, associate
degrees are going increasingly to whites and decreasingly to minorities.
Table 10 shows trends in total 3.4. degrees and quantitatively-
hased B.A. degrees for 1973/74 to 1978/79. The data source for 1973/74
1975/76 should be interpreted cautiously. For this time period the
white share of B.A. degrees declines more than their share of the age-
degrees declines; the decline is less than that in total B.A. degrees
and roughly commensurate with their reduced share of the age-relevant

since 1975/76.% Thus, nothing in the dogree (as opposcd to enrollment)
data suggests a 1980s increase in the black shares of B:A. and quanti-
titive B.A. degrees, either relative to other groups or relative to
their share of the age-ralevant population.

"7 As we noted earlicr, this shift from 1973774 to 1975/76 may be
simply an artifact of different data bases.

3.
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.m.u wlsy \mhlauh asslstance,
._l’;n-r"; hanival and engineering ﬁ'i'?iiiiiii\'i'\ii'si iiiv‘ iiiiii"i; for i‘mmpiv; architectural dratting, welding, Hii'i‘iiikﬁi', ii»ii“i'; auc loar techaolopivs,
',\;;;-,mi clonre tectolngies inchudes, for examnie, agrivaltare, forestry and Wikl te, hom coononlcsg marine and aceanogtaghiv: stufivs,
El{lCi« wivice techaologies I luden, fat exanple, police and law enforcement, tire control, public adainistratim ifd wanagewent .

3;
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Table 10

REPRE-ERI4TL08 oF FACIAL S FTHNL (ROCPS IWANG B4, WRORTES B 0F &b FIEED A0 VERK (197075 10 t;a95

i S
Fields (oot

(uatitat o iR i L

Kicial Totgl e s e e , -
] o fthoic BA 0 ehysical Compater Siolegical Social A
Year TP Degrees Total Sciences Mathematics Scivnces Sciences  Tnpineerieg Sebemies Banifiess fduwation TRt

1971/ Total (%989;2000  100.0 1.0 100.0 190.0 b 100.0 4 1008 100 100.0

Wites P2 e G 419 b 5007 %y %09
Macks R S b b i 1.4 bt 3
Hispanles R R, 0. b 1.1 e 14 1.2
ferlen Wndtans 05 02 02 0.1 b 0, 0.4 0. 0.1

XS Lan-Rmet L ans 0.9 16 LI 17 b 1 15 0.3 1.4

i tul ROI0E 000 W00 1000 W0 WG 1 A el I

Vhites TR Wee oo wid s Wi W
Blacks TN ] I L i o
Hispaalcs 29 Ln 18 30 K L X 13 14
Jetlcan 16d1as 0.4 603 0.4 i 0.1 0.3 0.3 0:4

Astan-Anericans R R X 0 L L 12 I
W67 Toral (NAW,AM7 1000 10000 160 om0 lomn 1o W 1800 100,
Wites B 9L 94 0 W0 S 0o K1 B
Mlacks b5 w0 Nl 5.1 %9 ab (KR R %

Hispanies hJ% I T B W 1.6 1. 1.9 30 I 17
Speriean 1ndIAE 0.4 0:) 0.) 0.2 0:) 0:1 01 0.4 0
Asian-Anetcans LS a1 2.3 Il LS L) 1S .8

18779 Total (%163 100.00 1M 100.0 [61.0 100,06 Hn.0 1,0 1000 100.0

100;0
5.}
%1
21
0
0.6

1000

100.0
3.2
i
L
0.3
0.9
100,0
4

-
Jee

Whites T R W W RN WA B0 M A M
Hacke Wi Al ] S IS A A A
ifspanies NSRS R 1y )1 i O 10
Merfian ndtans 0 0p 0.3 0.4 0,1 0} 0.} nh 9.) 0.3 0; 0.4
Windmerlans L] L9 19 LK X X R R YR K
iomron: Tt ot WY1 come fron the Anrtean Comel1 an Beatony 1 Fiv fo o b Elaution, 4, 190, Tble 06005,

J Data for 1475/Th came {rom the Department of firalth, Fducation, and Wollare, Office Tot UIVI Rights, hied om Lame

1 v ymeey Conferned from

ettt oy B Eaation by Rawy Ktieit Gty Aasimis T o 1ii- By 1R, fata fof 197611) cone [Fom the DepartRent af
Education; National Center for Fducatiomal Statistics, Digeat of Edavatioml seatfatlen, 1980, Table 111, Date for 1973/79 come {rom the
© “wiaetment of Flueatfon, 0fffce for Civil Rights; data on Fapned Veamen comferned bi gttt fone of Higher Edacation by Riov, Fthwietty,

ERICH o, Aubis fear 1078123, 198,

Computer ncfence B,Aon are {ncladed {n mathematics,




O

ERIC

Aruitoxt provided by Eic:

L
e
]

'n generdl; HiSpanics show an increase in their share of B.A: and
quantitative B.A. shares. In any given year their share of the quanti-
tative B.A. degrees is less than that of total B.A. degrees, and the
gdp bitween the two does fiot closeé across time. Increases in their BiA:
age-relevant population:

American Indians sheow steady shar . of B.A. and quantitative B.A.

dvgrees across time. Asian-Americans show increases in both shares

not zliange across time.

Table 11 sliows the trénds in M.A. degrees for 1975/76 to 1978/79.
iiring this short period we see little, if any change; in black; His-
panic, or American Indian shares of M.A. and quantitative M.A. degrees.
Thi~ ldck of change was commensurdte with the lack of any significant
chatige in ithese groups' shares of the age-relevant population., We see
quantitative M.A. degrees. Again. however, these changes are approxi-
mately commensurate with changes in their shares of the age-relevant
population.

Tible 12 stiows the Ph.D. trends from 1975776 to 1979/80. Any
marked shift from 1978779 to 1979780 should he interpreted cauticusly
becdiuse the data soiirce for the last vear is different from that for the
first three years. Whites show a decrease in their shares of Ph.D. and
quantitative Phi.D. degrees slightly greater than the decrease in their
igeerelevait popilation share. Blacks and Hispanics show little shift

with no change in share of the age-relevant population. However, theéir
whare of quantitative Ph.D. degrees did not change. Across the four

yiirs Asian-Americans doubled their shares of both Ph.D. and quanti-

iU
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REPRESTS ATTON 0F RACTAL 0D ETINIC CROUTS ANONG .0, DLCKERS Y DCRLE FLELD AW EM 197376 1o 19TRI79)"

L T L LI T T T e e ek T PR et s arerd v
i . Ty o0
Fields (Peicing)

I T L

Quant tat ivelv-Based DiseIplines

Raclal Tola]  rtrememor s e e e e -
and Fthnic WA .. TPhystal . Computer Blological . Seefal Al
St G Ueifes Totd) Seloices Mithwdtics Selefices Sclefces  igffeerify Seliiied Bisiess Bleation Ouler

ST Total (90000 N0 IOGD G300 0O 0 T e 00 100 1000
Whites .3 90 94 [ TR TR 9.9 Wl 9 B9 90.2
Blacks by 21 D SR K 9 58 W RS
H{spanfcs LYLh b L X, 1S K NI 11 16
herlean Indlans 0.3 0.1 0.2 0, 0.1 0,3 0, 0.1 02 03 0)
Wli-Gerigas L6 W1 % R RN X S R § BN
Totdl (e208;322) 100 10O:0 1000 00 100 e 10 000 1.0 1000 00D
Wiites RS 9.6 93 9,7 90,h 93,1 R Y vk e 83
Blacks A L Y R A BN L ¥ RS
hispantcs L0 b 12 Bon KR B A W R X
Anerican Inddans 0.1 0.7 0.9 0,6 0,1 0,7 6! 0 o) 0.6 .8
Wl-Berlais 17 &1 %1 11 6% 2 B0 L7 21 nE L

076/71

(98119 Total (Ne2BL:465) 1003 100100 OIS 1000 100 1060 L0 100.0 1000 1000
Whites 8.5 9.2 928 9.5 £9.9 9.4 A1 89,2 .7 fh.2 896
Blacks 9 1Y LA I T S A A IR
Hispanics AR LN L 1.0 LR 1.9 2.4 1.6 h S
ol Tdias 06 01 Dk I S I S B R T S R
T e o X S N ¥ S B K IR ¥ KT B R T A

depurces: Data for 1915776 eome f rom_the_Dvparteent of Health; Education; and Welfars; 0ffice for Clvi) Rights; Mits on_Camed
I i e o Ditifation of i Faeation 4 Race, EVGoi0s, Gul o, Rt o 197527, 198, it fat 19611 e
(ron the Department of Fducatfon; Nattonal Ceater for Fducational Statisifes; Dinest of Fdiatioma] Statierios, Tudle 111,_ Data for
[918/79 cege ftom the.Depattwenit of Edacation, 0ffice for Civil Rights, Vb or Eamied Dorees Conformed b Jesitintions of Higher
Bastion by By Etinieite, ] Sz, dsadonds fooe 10081074, 1981,
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Table 12

S RSENIAT I O KA ARG TR GRS RO DL DLRELS BY GERTY VUL AR YOS (197776 To 1970780y

- H1N~llu«m)
o Qnmﬁiﬁﬂiwiy%huwiﬁiulpluwa
Ractal Total i T emee emmmemssims e e e o -
and thale hil Phvsical Comater Riologleal — Secial Al

Megrecs Total Svivnces Mathematics Seiwnces Sciences  Engincering Sclences Business  Fdueation Other

.- o

Year (roup

e e o e o A i e ol & e R h g 8 8 ek ks = R e e m

1975/76 Total (Ne29,730) 00,0 Jon.o (00,0 1.1 10,6 100-0 1n.n S Kl j0.0 g
Wiites 0.1 9Lk 9l ke TR R R B IR
Hlacks RN K i, 7 L p 2 90 %l
Hispanics 6 L0 L 11 n5 0.9 0.9 Lh i3 i3
wotlcan tndtans 0.3 0.2 053 0.1 0.5 0,1 0.2 0.2 0.9 05 0
Astn-doericans 2.0 Bk bl 12 Xl X bb 2y b Lb
WG Total (3 Bh) 100 006 1L L0 T o0 000 1000 100.6 1000 1000
Wil tes 9.6 w6 9k .Y 4.6 93,5 §.9 05 %S B4 9
Blacks L1 L R N R L R L
lispantis LE L3 L 2 0.0 120 L) 0 1.0 HERE.
merlean Indlans 023 0% 0.2 iy fh,h 0.3 i1 ﬂ.i 0;6 0;4 0.3
Mia-Aeideans 00 & S 15 5.1 X . Lh 23 L0 L
Vitkp e fotal DR, DIED QL6 dd.G i, IR T AR R X I U L R LI
Whiltes W96 9y il.b §i.1 §i, i S, K 9.0 9k A5 9L
fiacks AR RN ol 5 Ly wk b e S
isjanics Lh L L 10 0.5 Li i Ly U Ly 1
Anerican Indlans e 0. b i i.i 0,2 01 ns o 0 0.6 0.2
Sln-meticns  0F S WA S0 @ e TR T LA A
e Tetal (21100 1000 WD 000 l0a T 16 Lo oaen b0 1000 100.0
dhites WA KL YLD ol el 9L TR B3 90
Hlavks G L b wi K L1 K9 b IR
Nispas fes Lk L L 0.0 0;6 0.9 1.7 ig b 21 Nk
ferican ndlane 0 02 00 0.0 6.0 0.3 0.2 63 b 08 LT
\sig-eticans w0 AL 1 R 5.0 iH 17:1 24 b i

Yata ior 147 S/?h come from the Dcpartmnnt of Hmalth. fducation, and Ghlfaru. O{fitb {6 Civil Rights; Data on Eamed Degrees mferned
S riatos S e Bl STy Famelt g o vy poihm v.ir l; =7, ata for 1976]17 comes from the Departaent of
of F et e r" 1980, Table 111, Data for 1978719 cone from

}du\mon, Kat ional flnm for Educat ioml Statistics, u'_: :

th I\epartmnt of Edccation; Offfce for Civil Rightsy ute o Bam {amed 1 [7" prvd B PLettulion M‘ I thor Edusation by e,

eL, At "'.'"v- wap (021075, 1981, Data for 1979780 come from the Natlmal hcademy of Sclences and Natinnal Sciemce

N an

‘o hmn\lmon, r'u' e pt JORD, Jostemte feviriemts from Mwited States imirepet e, 1980, .
EKC briiv data sgurce for 1919780 fnclades business fn all othcr fields. 41}
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tative Ph.D. degrees; share increases greater than increases in their

jiopulation shiares.

of miliority trends in quantitative Ph.D. degrees. A substantial percent
of professional degrees (e.g., medicine) reflect scientific interests
and training as much as some of the quantitative Ph.D. fields. We would

ititerpret the smaller shares and flat trends in black, Hispanic, and
American Indian quantitative Ph.D: §héfes differently if we saw that
they had: €1) larger shares of scientifically-based professional
degrees than of quantitative Ph.D. degrees, or (2) sizable increascs in
their shares of these professional degrees:

We find the second for none of the three groups. However; we
certainly find the first for blacks and Hispanics. Relative to the

Ctiiei gioups, blacks and Miszpani

(3
(28]

chose a scicntifically-based profes-
sional degree more frequently than a quantitative Ph.D. degree. In other

words, the scientific professional degrees "drain off" more of the sci-

their B.A. shares beyond increases in their shares of the age-relevant
populatiori. The graduate enrollment data give is no reason to expect
much change in the early 1980s in any subgroup's share of the graduate

degrees.

shares,; increasing percents of associate degrees will go to whites;

decrvasing percents, to minority groups. Whites show a sliht decline
in their shares of B.A., M.A., and Ph.D. degrées; but no real change in
their shares of quantitative B.A.; M.A:; and Ph.D. degrees. Asian-

,,,,,,,

shares are considered.

o 45 .
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Table 13
RVPRESENTATION OF KACIAL AND ETHNIC CROUVPS AMONG PPOFESSIONAL DECREES
4Y DECREE FIELD AND YEAKR (1975/76 TO 1978/79)3

Fields (Percent)
 Racial Total Other Physically- Other non-Pliysically-
. and Ethaic Professional = or Biotogically- ot Biologlgallv-
veat GCroup Degrees Medicine law Based Fieldsd  Based FieldsC
1975776 Total (N=60;141) 100.0 1 ) IR ivu.0 RANE
whites T 3 vlla ol I
Rlacks - 5.3 .t 2. i
Hispanics 2.3 2.3 2o 1.4 1.
Auerican Indians 0:13 0.5 0.2 n.4 pLs
Astan-Americans 1.3 1.2 1.0 3.5 .4
1976777 “otal (N=63;252) 100.0 100:0 1o 100,10 ERGN
“hites 924 90:7 9255 63,0 el
Blacks 0 3.5 o A v
Hispanics 1.7 i MY Pt 1.2
American Indians 03 0.2 0 0.4 i,
Asian-Amerfcans Lo 2.0 1.2 3.0 00
1978/79 Total (N=66,679) 100.0 TR IR L AT 100.0 o
Whites 91.2 I 91.5 1.
Blacks 6.2 5.1 2 2.7 -
Higpanice 2.5 3.0 2o 1 A
American Indians c:3 0.3 .3 0.5 not
Asian-Americans 1.8 2.5 ol 37 0.

3sources: Data for '675776 come Eiéi ‘the Department of Health, Education, and Lexfare,,
Oftice for Civil Rights, 22 o» L Tovferped Trom Ineriene it Lo
nd Tex; 4cz;ew:c ’*'r 1. ~E-", 1978, Data for 1976/77 come from the De-

e 2 RN -

N -
MeFIN, Tealial

- - "‘.'.~0'—,~ -~
.

éiitment of Educatxon. \atiaﬁal Center _for Educational Statistics, J'jecs o2 Faie ov il

+'silre, 1980, Table 111. Data for 1978/79 come trom the Dejartment of Education; Office for

Ceadly
.
o3e .-

Civil Rights, -‘,3 on :4*;. -c*rves Tony ezﬁvf Ej naeleasi ma S figher Tiierelow iy

..
””7”750the1 phivsfcally- or biologicallv-based professional degrees fnclude degrees in: dentistry;
optometrv, uvsteopathy, podiatey, veterinary medivine; and pharmacy.

7”W”V§§Eﬁéi éé§~pﬁystcally- or biologically '--sed professional degrees include apkreVs in
theology oznlw.
Trends for Women
The trends for women are strong and positive. As Tables 14-16
show, in the last decade women earned an increasing percent of the

degrees conferred at every level--associate, B:A.; M.A.; Ph.D.. and

N
JL

O
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Table 14

PEACENT FERALE FOR ASSOCIATE DEGREE OKCUPATIONAL FIELOS BY YEAR (1970/71 0 1978/9)°

a v m— L ]

o Helds (Percent Female)

Total Do o= emm e SR
e o lealth aod Parae Mechanfcl wd

Porciiit i lrieds aid Data Procasging  Medleal Tech-  Engiueering  Natural Sclence Public Service

Wear N Fenale  Gomerce  Technolegles  noloples  Tecinaloples  Technologles  Technologles

. ——— -

9IGT 15359 éb § % 0 X 2 3
IR % T W L " n
ORI L N8 'iés i 13 3 T

il

D
B

915176 0N 49 5 i Mo 14
WK B 56 % B 1.9 i W
I S0% 4 08 4] B 6.1 B 1

R b N B8 6.0 1 il

 &urcer LS, Iepartoent of Health, Education, and Welfare i epartment of Education, Natdonal Center for Bdici-
tonal Statistics, it of statietien serfes, 1912-1981,

"otal mumbers do mot corvespand to AMbee in Table 9 becaise ibe 4 it > werien Tl assorfte -
cupatlonal degrees sinlv, 1t excludes the arts and science and general progran degrees; which represest about 4 third of
the total assoclate degrees,

ERIC *
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Tibte 19

FERCTNT FRFALE BY TECREE LEVEL WD YERP (1959770 10 197974)

B p— iy a—

Heldq (Pmrnt Femm)

e et

Total ﬂ%iibbé o Oﬁiﬁtitativelv Baced ﬂisciplfnvs
ogree Petcet Physteal Computer Molag:c;i - Socfal i
eyl Year N Female ‘Total Sclences Mathematics Sclences Sciences anlneerlng rionmtcs Sclences Bustness Education Other
YR UTS TR L LS (O S B it 1 3 % 1 1t 0 9 15 5
1o/t 839,730 43 1 1 18 14 2 1 12 A 9 T 5
CT VIR TY IO} N R VR N 14 ” ! it 0 10 wooon
1912/17 922,382 4 18 19 Th) 15 i ! 14 1 1l [ )
CIRAL K L T U ol 1 )} 2 1% i 13 noo9
WI6/15 92,93 & 2 18 @ 19 1 2 17 b 16 ) 5
WISITh 986 WS R 19 il 2 3} ) 2 & 20 noooN
WSS % 2 20 4] % % 5 7 i by n 3
W 906 41 2 2 il 2 [ ! 2 50 1 n o1
LRI 921,390 W % | , 2% 40 8 N 82 1 1 5
1O74/80 940,291 49 25 % Y, 30 4 g 10 5 % N 80
v R0 88 W N 1 1 9 it ! 12 % b % 5
Lol M0k o B D 29 10 B i_ 1 n 4 w0
g osey oW W w S
CE AN L 1S Y SR € B i 1 30 2 13 ) 5 W
CTRT RIS 3 NS R PR U i 1 10 2 16 % ! o
TGS 292,450 45 1 14 1 1 il ! 15 1 N b2 ]
CLTALIN AU 1 S T L BN % 1 K G 1 i 1 MoooR
G ue @ 1 % 17 e § 18 4l 1 LI
W R0 81 17 34 19 % S 0 6 1l h %
WL W 18 % 19 3 f 10 e 19 A
I R T 1 ¥ 2 1) ! n WA n i 5
Ll 10 29,866 1 ; 5 8 : e 1 ! 19 2 0 19
W w6 1k ] ! th 1 ! " ol
wyn e w8 1 B ? 1l i ¥ ]! ! %o
W %I w9 ! 10 B 20 2 k) 2% b 25 1y
CIRTE I SN R LI ! 10 5 20 2 1n 2 5 ] 2
IEVECTE 0 N U (R I ! " : 9 h ¢ooon
i e 0§ i g 2 2 I 2 .
CHTEHAE S B TR V. 10 1 9 )| 3 1l n h oD
LR I 15 8 2 ? i % L oo
e w1 oMW 1S 1! 11 13 % 3 13 ¥ 1 W 3
980 e 1 1? 14 1 2 b 15 18 1% 4 i

. .

oarce: Natignal {witi 7 for Fducational Statistics.  Moect c;?‘i_l?i;5.%_i§§;;: Statistics seties, 1??!_!981 Dcpar(mnt of Hnllh
buration, and Welfare, and Department of Education, The data reported in the :wnt come from the National Center's kamied bejrees
e o dara series tor [99%-70 to 1979-An,

13
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professional. Today women are still underrepresented at the Ph.D. and
professional degree levels. However, they showed large incrcases in

both of these degreo categories in the 1970s. If these féiéé ééhiiﬁﬁé;

BY YEAR (1969/70 TO 1979/80)a

Fields (Percent Female)

Total Degrees — —
Cther Pjsically< Other non-Physicalle-

B B Percent ) or Biologically or_Biologicaliv-
Year N Female MeatfiﬁéA,EE?, Based Vieidsb o Based Fi@l@;c
1969/70% 34,918 5 8 5 3 2
1970771 48,137 8 9 7 10 7
1971772 54,617 8 9 7 1 7
972773 63;170 9 9 8 12 9
1973/7% 67,403 12 11 11 14 11
1974775 69906 15 13 15 16 13
1975776 75; 855 18 16 19 18 1%
1976777 79,296 20 19 22 20 17
1977/78 80,935 23 21 26 23 19
1978779 83,020 25 23 29 25 21
1979780 83,666 27 23 30 27 22

~ ?Scurce: National Center for Education Statistics. Eamd Derrees Oove
Soeev [ series, 1969-70 to 1979-B0. Department of Health, Education, and Welfave

and Department of Education

degrees in: dcntistrv. optbmétr\, Os_eopath\ podiatry, Veterinar\ medxcine
and pharmaC\

d - - - -
Data fbi73969770 Go not inclade pharmacy and architectore Jegrees:

In 1970/71 these two fields accounted for 10,171 degrees, or 21 percent of

the total professional degrees. Both of these fields have relatively high
femile proportions.

O
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profossional. However, theéir rates of increase for the quantitative
dégtrees were much lower than for the total degrees. As we show later;
the increases that we do observe are contirely attribuitable to incredses
in tlic percont of total degrees tliat go to women, not to changes in
their field preferences. Thus; unless women begin to change their
field preferences, further increases in their percents of quantitative
dugroes depend on increased perceiits of women at each degree level:

It is not cles: that we cam expect major percent increasss at the lower

degree levels:

required for the average student to move from liigh school tmedian age 18
years) to the Ph.D. dogree (median age 32 years). The base cau be of
three kinds: (1) a long cross-sectional time series that lends itself
to coliort analysis: (2) longitudindl (panel) Studies with long time
frames; or (3) retrospective studies that measnre educational histories.
The second and third kind of data bases vxist; but do not adeguataly
sample either the minority groups or taose who obtain graduate degrees.
As we have already pointed out, the cross-sectional time series is good
for men and women and very limited for minoritics. For minorities the
availablé cross-sectional time series do not let us estimate persistence
from hiigh school praduation to the Ph.D. for even one compléte cohiort.
The first year for which we have B.A. degrec data is 1973/74: If we
assume that B.A. graduates were 22 years old in that year, we meed Ph.D.

{1983/84) to observe persisterice.

However, we can observe retention of one group relative to another

O
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for parts of the pipelinc, cspecially for women relative to men. For
axample. if we assume four years from college entry to the B.A. dégree
aiid three years from the B.A. degree to the M.A. degree, we have the
data points to follow the college freshman class of 1972 through the
B.A. (1976) and th~ M.A. (1979). The discussion in this section assumes

tlie following clapsed time between pairs of events:

#
[}

High s-liool graduation = College entry years

s

College entry ==———— B.A. degree yedrs

e M. A. degree years

B.A. degree

i
LW

5 years

B.A. degree = Professional Degree

B:A: degree > PLi.D. degree = 10 years

A1l sibgroups lose members as the total cohort progresses through
thie pipeline: Here the question is whetlier 4 subgroup losses a smaller
or larger perceiit at each point than all other subgroups: Tables 1722

show the following about each subgroup's losses from the pipeline.

s Relative to all other groups, mon-Hispanic whites have greater
persistence at each pcint in the pipeline except from the B.A.
to the M.A. degree (Table 17). The cumulative effect of their
lowetr losses can be seen by comparing their percent of all 18
year olds with their percents of B.A. degrees four years later,
M.A dwgrees 7 years later, or professional degrees 9 years
later. For example; they represented 81.5 percent of all 18
vear olds in 1972 and 89.5 percent of the 1976 college graduates.

s Relative to ron-blacks, blacks have less persistence at each

stage of the educational pipeline except from the B.A. to the

M.4. degree (Table 18). The cumulative effects of their higher

los§ rates can be seen by noting that in 1972 they represented

12.7 percent of all 18 year olds, 10.5 percent of ail 1972 high

school graduates, 8.7 percent of all 1972 college freshmen. and

6.5 percent of all B.A. graduates. They represented 12.3

percent of all 18 year clds in 1970 and 4.2 percent of all

professional degree graduates in 1979:




Liblie 17

FERCTST SOS-NISPARTC SHETE AT POINTS IN THE EDUCATIONAL PIPELINE ui‘iMi'vi‘ 7O THE 1 RCENT

KON-RISPANTC WHITE O ACEZRELESANT PORUIATIOND BY YEAK (1970 10 1980) —

S v N we )
B T e TF VR TR Y T
Year Yedt ”Idf,,,frad“jt““ Prvslm«n Year O1ds Utgrvis Year Olds  Degrees ﬁbiibb\____" \1ﬁy;£ﬂﬁkL_P£grrv
193 RN 891" NA
TR TI C T
Wi kL, R 8.3
19/ il A, 885
1974 7.1 w:2° 88,6 81.3 :
197 TR A8 6 A, §1.2
b e it e T R T T TS
1477 78,4 Al Ab. Y il ] N4, % 8.3 NRZ9 02;4 B2.4 91.4
14 8,4 RO AR, 5 74,3 §0.3 #2.1
Juri N N #h. § T X1 80.3 T 9.7 81,7 411
{gKii .1 M B30 77:5 18.3 80.0 R9.8

T

i
- sourrces: The pereent non- Hp-;\anh white for B.A., M.A., Ph.D. and professionsl degrees comes from Tahles 1 to 1),
IN& u.r.\nr w“-ﬂx~~|nt‘ M\l!l for Sigh sehool yradnates comes from the Natiomil fenrer tor |du<'llunn1 ”¥'ll'!lpfl o
i e ep e 197141982, The percent non-Rispanic white for 'nllm' Lreshmen comes from the

tunb. rat.vv Institut jonal Resrarch Program at the Un%wrsit\ of California Los Angeles; The wrioan Freshmmy
s Vo geries trom 1971 to 1980,

hbbﬁitbﬁ .S, Burean of thQ Census, Ciir rent Populatinu Reports. Series B~29, No, 917, !?t Lmznarg f ti imites ol the
o N L BT 1, Ay Gepy md Rreer 100 te ]340, UGS Government Prtntlng 0ffice, Washington, D.U.

.
A T m,v

l¢“‘;r” hur.\u ol the l\ﬂ\U\, 1980 Cetisus of the Populatxdn Supplementary Report, PCAO-SL-), Alﬁ,rg{r. race, md
et b feome, Divieions, and Itares TG VLS. Supe ‘tintendent of Documenis, Washington,

ot N n
LRI P'...,'A : ’O VR PRV RN I

l;( . . o
“ata va the ounber of Hxspanic high jchiool graduates by year do not exist hefore 1977, Ve are unable to determine . __
the prreent of non-Hispanic white high w nwol graduates for the yeats 1971-1976; 1f the percent Hispanic graduates for 1%77-
1usi v begeneralized to earller vears, the percent. of white high schonl praduates should be reduted hetween 4 and 5

percentage points to vield the percent of non-Hispanic white graduates for the vears 1971-1976,

A iiiilli‘izi' fi’i'ﬂiﬁi&‘h’ feters 1o first-time and tull-time freshmen in college.
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Tahle 18

DERUENT BIAUY 51 POTRTS IN THE ERUCATIONAL PIPIII"F“ RELATIVE T0 THE PERCERT
BLACK 0 ACE-RELEVANT POPITATIOND BY YFAR (1970 T0 1980)

S e e s 5 kL e b o

‘ e

bercent Blak

——

. AILI diigh Sehool - Tollege NIT22  BA ML N=09 M, peofessional ,\1130.34 phLD
CYear  Year 0lds  Craduates  FreshmenC Ymr 0}ds JDEgr_Po_s Year Olds Degrees  Degrees Year Olds Degrees
1970 12,1 9.7 NA
91 b2 b3
o 1N W 8.7
1971 10 19:3 1.8
197 1) 10,5 1.4 11.9 %3
1979 13,4 10,1 9,0 12.1
@ik g i 8.4 23 kS g b 3 i i
W7 I 10 .8 1.6 65 RS 00 04 6
W D00 81 13:9 1.7 10.5
1979 13:9 10:0 9;2 12:9 h.6 119 6.9 62 10.7 b4
1980 14,1 1.9 4,2 12.9 12,1 10:9 6.0
Surces: The percent black for B.A,; M.A.; Ph.D, and professional degrees comes from Tables 10 to 13;  The pertent

back tor Wigh scliool graduates comes from the National Center for Educational Statisties, Diyest of Fducational Statigties
series, 1971-1982, The percent black for college freshmen comes from the Couperative Institutional Research Program at the
University of Califoriiia Los Angeles; The dvapiami Fredlian: Natiodal Nows seties ffom 197) o 1980;

) lﬂoumw If, 3 Buteau of the Census, Current Populatfon Reports, Series P-25, No. 917, Pz‘elwnary Estimtes of the
Porialativm off #he i Ctatis b Ade, Tozy and Rave: 1970 to 1981, V.S, Government Printidg Office, washingtor, D.C.,
1982 L.5. Bureau of the Census, 1980 Census of the Population Supplementary Report, PC80-S1- 1, Age, Sex, Race, and
oo e b 'u!aru'n b X Iw:wm, Dzvmonc and States: 1980, V.S, ﬁupedntendent of Documents, Washingten, h.C.

f’l‘ﬂ

mllm troshmen”™ refers to hrbt ~time and full-time freshmen in college.
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e As Table 19 shows, we have no data on the percent of Hispanic
high school gfaaaatés from 1776 thraugh 195&. Aithbugh thé
that, relative to non-Hispanics, Hispanics have higher losses
at each étégé in the pipeline thtaugh caiiégé eéntry. Once

losses. For exaﬁplé’ they represent 4.4 percent of the 1972

18 year olds, 2.1 percent of the 1972 college freshmen, and 2
percent of the 1979 M.A. degrees.

The American Indian data displayed in Table 26 indicate that,
relative to their percent of all 18 year olds, they enter
college at higher rates than ail non-Indians. This is unlikely;
either the Census population ésiiﬁéiés are low or the estimates
of Indian collégé freshmen hxgh If we accept the college
freshamen estimates, American Indians have very high losses
between college entry and the B.A. degree. Their losses are
two-thirds greater than those of non-Indians. Eveu if we
reduce the c—anege freshmen estimates sy a third, th’éy stiii

non-Indians. After the B.A. their losses stabilize, bexng
average or only somewhat higher than those for all non-Indians.

Table 21 shows that Asian-Americans enter college in

approximately equal proportion to their percént of all 18 year
olds: After college entry their losses from the educational
pipeline are Jower at each stage than those of non-Asian-
Americans. For example,; thiey represent 1.1 percent of the 1972
college freshmen, 1.2 percent of the 1976 college graduates,
and 2 péttéﬁt of the 1979 M.A. graduates.

s As Table 22 reveals,; relative to men; women had stable and

lower losses at the hxgh school degree level from 1970 to 1980.

“ Brown and Stent (1977) noted the same discrepancy that we
observed: They concluded that the Bureau of the Census had

underestimated the size of the American Indian population. For their

reasoning, see pages 21 through 27 of their publication.
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Table 19

PERCENT HISPANIC AT POINTS IN THE EDCCATIONAL PIPELINE® RELATIVE T0 THE PEPCENT
u!cng!r e;‘ M_Jﬂ NM ‘A‘"wb !V Vrr’h (1020 J !’1%6}

Percest Higpaaic

Al 18 RighSchool College A2 BA AN A Professfonal AL 30N MRID;

Year  Year Olds Craduates  ‘reshmen®  Year Olds Degrees  Year Olds Degrees  Degrees Year Olds Degrees

,m

W 43 W

1971 65 XA 1.3

1972 4o XA 21

91 b7 A 1.7

9% 60 W 2.1 51 1]

1975 5.8 X 24 5.0

1975 5.8 ) 2.2 5:4 2,9 50 2.2 2.3 5.5 1.4
wn 5.8 5.0 2.3 53 21 5.0 2.0 17 5.0 1.8
1978 5,8 % 1.9 5.8 5.7 5.4 1.6
s b0 49 2.2 3 1 55 2.0 2.5 0 1.8
9 15 k2 3.0 .3 1,0 .3

Aoutces: The perceﬁi hispanic for ki; Mik:; PiDs and praimionli degrm come fron Tables 1613 1); T_kpnmi
Hlapanic for nigh school graduates comes from the Natioul Center for Educational Statistics, Digest of Edweationa) Sta-

t18¢ise serfes; 1971-1582; The percent Htspantc for college freshmen comes from the Cooperative Institutions! Resesrch
Progm at the Univeraity of California Los Angeles, The Anericen Preatmai: Kational Worms werdes frem 1971 to 1980,

 Poources; 1.5 Buresu of the Census, Curtent Population Reports, Series P-23; ¥o. 917, Preliminamy Fatimates of the
Populanon of the Imited States by Age, Sez, and Race: 1870 to 1981, V.S, Government Printing Office, Washington, D.C.,

1982; U.S, Bureau of the Cengus; Current Population Reports; Series P-10; Nos, 250; 264; 290, 329, 339, and 354, Pereoms
of *‘;amh Orizin in the Wited States dats sertes for che years 197L; 1972; 1973, 1975, 1977; 1978 and 1929, U.S, Gove
ernment Printing Off{ce, Washington, D.C.; U.S, Buraeu of the Census, 1980 Cmus of the Population Supplementary Repore,

PC80-S1-1; Age; fex; Race; and Spanish Origin of the Population by Regions, Divieions; and States: 1940; U.S. Supetinten-
dent of Documents, Washington, D.C.

U “lege freshmen” refets to first-tine and full-tine {reshnen n college, o
A 53
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Table 20

PERCENT AMERICAY INDIAN AT POINTS IN THE EDUCATIONAL PIPELINE? RELATIVE TO THE PERCENT
RMERICAN 1NDIAN OF AUE-RELEVANT POPITATIOND BY YEA: (1970 T0 1980)

Percent Aserican Indtan

A118 High school College. _ AL22 _BA,  MI2FN WA, Professional AU -3 D,

Year Year Olds Craduates Frestwen®  Vear Olds Degrees Year Olds Tegrees  Degrees Year Olds Degrees

1970 0.7 X
ten] 0. 0;9

1972 0.6

£ F F B

1973 0.6

0.3

£
<
-
[
~~

1974 0.7
g 0.1 Nk 0:9 0:7

1976 01 A 0:9 07 O 0.1 6.3 6.3 08 0.3
W wl NA 0.8 67 0. 6.7 5.9 0.3 0.6 0:3
1976 0.1 NA 1.1 0.7 0.6 0.6

1979 0.8 A 1,0 07 0 0:6 0:4 0:3 0.6 0.6

1980 0.8 NA 0;8 0. 0.6 0.6 0.4

bources: The percent Aserican Indlan for B.A,, M.A., Ph.D. and professional degrees comes {rom Tables 10 to 13,

The percent Ametican Indian for high echool graduates comes from the National Center for Educational Statistics, Digeat
of Eisationd] Ctitisties setles, 1971-1982, The percent Amerfcan Indian for college freshmen comes from the

Cooperative Institutional Research Progran at the Univeraity of Calitornla Los Kngeles, The American Freshman:
Vitimal Wome series from 1971 to 1980;
 DSources: U.S. Mureau of the Census, Current Pepulation Reports, Series P25, Mo, 917, Preliminary Estinates of the
Popmlation of the "wired Ttates by dge; Sex; and Race: 1970 to 19615 U.S, Coverment_Printing Offfce, Washington, D.C.,
1982; U.S. Buredu of the Census, 1980 Cehaus of the Popilation Supplementary Repote, PCRO-SL-1, Aye; Sex, Race; and
Sanieh rigin Jf the Population by Regioms, Divisions, and Jtates: 1330, U.S. Superintendent of Documenta, Washington,
D.C.

“oliege fresinen” relers to firat-tine and full-tine freshaen in collefe.




Tasle 21
PERCEVT ASTAN-APERICAN AT POINTS 1§ THE EDUCATIONAL PIPELINE? RELATIVE 10 THE PERCENT
ASIAN-AMERICAN OF ACE-RELEVANT POPULATIOND BY YPAR (1970 TO 1980)

Percent Asian-Apericin

Rizh School College - M.A.  Professicual

Year ~ Craduates  Frestmes B.4. Dejrees Degrees  Degrees Ph.D, Degrees

Petcent of 1970 age-. .o . oo o e n1l (1898 ' TENTTRY tag: 0-9)]
[ ::§:gi£: ﬁbﬁiii:%;ﬁl [18 year olds: 0.6) (22 year olds: 0:7)  [25-29 jear olds: 0.8]  [30-34 year olds: 0.9)

"::;::nffpz:ﬁ‘l’.g;‘] 18 year olds: 1.5]  [22 year olds: 1.S] 12529 yeir ofdi: 19]  [30-3 year slds: 2.1)
’ 1970 X A
1971 N 0:5
1972 XA 11
197 NA 1.1
1974 NA 0.9 0.9
1975 ¥ i
1976 NA 2.0 1.2 104 155 2:0

i977 NI II i;5 i;7 1.6 2

Lot

1978 NA 1.0

|
2.
.

|

1979 NA 1.4 1.7 2.0 1.

1560 NA 1.3 40

dositces: The percent Aitan-Awerican for 8:A:; Mik:; PhiD; and professional deprees cones from Tables 10 to 13,

The percent Asian American for college freshmen comes from the Cooperative Institutional Research Prograr at the University of
Callfornia Lod Angeles, The Amerioim Freshman: Natiomal Norma serles {fom 1971 to 1980,
3,5, Bureau of the Cenaun, Current Population Reports, Series P-25, No, 917, Preliminamy Eotimates of the Population of

th? tmited States bu A, Sex; and Rase: 1970 to 1981, U,S, Government Printing Office, WasRington, D.C., 1982: U.S. Bureau_
of the Census, 1980 Census of the Population Supplementary Report, PCBO0-S1-1, Ase, fex, Rase, and Spanish Origin of the_Popula-

tion by Realms, Divisiona, and Ctates: 1980, U.S. Superintendent of Documents; U.S, Bureau of the Census, Census of the Fopu-
latiom: 1970, Subject Reporta, No. PC(2)-1C, Japacese, Chinase, and Filtpinos in the United States, U.S, Government Printing
0fflce; Washir :lon; D.C., 1873, - -

 “There was substantial Asfan {mmigraticn fnto the United States from 1970 to 1980, However, we have.no population esti-
Rates for this group between the 1970 and 1980 decennfal censuses. Therefore, we can only give percent of age-relevant groups
fo "0 two polnts In time, -
LI\ 1age freshmen” refers to first-time and full=time freshmen in college. 5\’




title 22
SERCINT FENALE AT POINTS IN THE EDCATIONAL PIPELINEA KELATIVE 1O THE PERCENT
FEMALE OF ACE-RELEVANT POPULATIOND BY YEAR 11970 T0 1980)

_ Percent Femle

Vear  Caduates frestoent B.A. Degrees Degrees  Degrees

Ph.D. Degrees

(Percent female
RO s 31 Gy e 00150 e et 1] 3 g ol 04
all years]

i &0 s i3

P
ol

1970 51

.
L
4
o
£~
[
Iy
L4
o8
ot
Ll

197)
1977 5 s % 4 ] 16
§ 9] i 4 g 18

Va4 g3 i " 4 1 19

1971
1335 53 3 45 45 19 1
1976 $2 i 45 4
1977 93 It 4
1978 3
1479 8 51 i8 49
1980 1 52 i 49 7 10

Aources: The percent female for B.A., M.AL, Ph.D. and professional degrees comes from Tables 15 and 16, The percent
fesale for high schiool graduates comes from the National Center for Educational Statistics; mggig__é[_g@@gi@_l__Static-
tios werien; 1971-1682, The percent female for college frestsion comes {rom the Cooperative Institutional Research Program
3t the Usiverstty ot California Los Angeles, Thie Americd Fregiman: Mational Korms series from 1971 to 1980,

" bgreer .6, Rareau of the Censis, Current Population Reparts, Sertea P-25, Mo, 911, Prelininary Eatinates of [
papatard o f the mitel Mates by Age, Sex, wil Rare 1970 to 1981, U.S. Government Printing Office, Washington, D.C.;
19K,

Cicollege Freshmen” refers to first-time ard full-time frestmen {a college,

5h
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Their losses irom the educational pipeline subsequent to high
school changed across time. LUp to 1979 they had higlier losses
than men from high school to college entry: Their losses from
college eritry to the B:A: degree were only slightly higher than
men's and stable dcross the decade. For most of the decade
their iosses from the B.A. to M.A: degree were lower than men's
and increasingly lower as the decade progréssed. Their losses
from the B:A. to a professional degréé--and probably to the
Ph.D. degrec--were higher than men's but decreasingly so across

the decade.

Indians, and women among quantitative Ph.D. degrees is partly attribut-
able to their undérrepresentation at the Ph.D. level itself. Interven-
tively-based Ph.D.'s. However, the groiups hiave different patterns of
pipeline losses tliat precede their ultimate underrepresentation at the
PL.D. level. These different loss patterns imply that subgroups differ
in their needs at different points in the pipeline. For blacks the

losses are dispersed across thie pipeline: For Hispanics: they are

ettty and the B.A. degree. If we had adequate data for this subgroip,

we probably would also find disproportionitely high losses at high

clivo! graduation and college entry. However; this subgroup does not
shoiw disproportjonately high fosses after the B.&. degres. For women the

lossey are concentrated at the ond of the pipeline (from B.A. to Ph.D.);

but decreasingly so.

FIELD CHOICES

This scction describes ﬁnbgrédbs; ficld choices; given a particilar
lovel of educational attainment. It complates oiir attempt to separate
bersistence from field effccts on subgroup shares of quantitative Ph.D.

degrees.
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Mirority Field Choices

Associjre degrees. Associite dogree fields are relevant to the
Ph.D. issue in two ways. Theoretically, the arts and sciences curriculom
at the associate level parallels the first two years of the R.A.
acgree. Thus, we can regard the percent of each subgroup with an
dsscaiate degree in this major as an wpper limit on the percent cf the
g?éﬁﬁ;s associate degree graduates that might transfer into a EB.A.
trdck. Table 23 shows that aboit 4 third of all racial and ethnic
groips (and men and women) select this field.® Hispanics and American
‘ndians select it somewhat more frequentiy than the other racial and
¢thinic groups, biut the différences ars not large.

(iccupational curricula at the associate lovel also vary in their
science orientation. [If a subgroup underrepresented among quantiras
tively-based Ph.D. dogrees over-choosss scientific associate degree
curricild; we might expect their percent in the more scientifically-
based B.A.. M.A., and Ph.D. dogrees to incrodse as their educational
Jttdinment increases. Unfortunately, curricular citegories encompass

mixed collections of subfields:® It is therefore not clear
which curricula might presage an incredse in quantititive degrecs as

chioose tliem at almost twice the national average; whites and Hispanics;
at aboit the national averdge; American Indidns, at about BD perent of
the national average; and blacks, at about 60 percent of the national
average, or at the rate of ! out of every 10 B.A. students.

These data fndicate that MHispanic dnd Ameritan

oot

Bdian undetrresite-

to highoi losses from the pipeline; not to field choice. For blacks

* We report tield clioices for 1978779 only becdise calculitions tor
all three years (19757765 1976777, and 1979780) showed little diftference
across time for the racial and ethnic groups. o )

¢ For example, the natural s ience category includes agriculture,

food services,; home cconomics; generai natural sciences; marine and

vceanographic sciences;:

Cy
-
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197819 DISTRIALTION OF ASSOCTAE JECREE CRADUATES 31 FIEL, RACE AYD ETBICITY, 40 S
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Gogp asd  Asoclate od  Data Processtng Medical Tech-  Englneering  Mataral Sclence Poblfc Serviee  and Cemen!
Sex Degrees Total Comerce Technologles nologles ~ Technologles  Technologles  Techsologles  rogram

Ll G505 w0 B0 b 1) 13, X 4 i
iies wEs S mE 1] 159 i) , Lt
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Hipled BH0 0G0 B 1S 14 16 L 1 %4
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Wi el G0 00 B4 i IL4 i 4 £ i
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Table 2%

TREVIS 18 DISTRISUTION OF 3.4, CRADATES RY FIFLD; SEY, BACE AND ETWMIFITY (19133 10 1978/79)°

Fields (rercent) B

- Nt L3 Liely-Kaset Disciplines
faclai — e
#é Erknle Tota} Physical forpater Blologleal = Sectal Al
Sx  Crowp  Year BAa Total Total Scleaces Mathesaties Scleces Sciemces fngineering Sclesces Busimess Eucatfon Other
Mal Bl 906 SO0 1000 N3 S R U S R
1915726 312,000 100:0 15 2 ? 0.6 6 ; 19 15 17 )]
96T 99,08 00 16 2 S A S
1976179 911,637 100.0 16 b l 0.9 S 6 16 1% % %
Gites 1907 S0 100 3 ) A S SRS (R TR
195126 811,072 100.0 16 2 ? 4 b S 19 13 n e
96 W1 100 D) S A s 8 w81
1978/79 802,665 0.0 17 ] ] 0.9 $ H 16 i) 14 15
Maks I 2,00 100 9! S S R R |
1975706 59,180 1000 9 ! ! 0.4 4 b i 1t 2 )
WSS S 9 I C R S I A
1978/19 60,201 100.0 10 l 1 .8 4 i by 19 19 )|
Mpmics  1O7/% M0 1000 15 ) T I N
197576 16,220 1000 1Y I ) v b ) b 13 1Y) 2
W MG W00 K2 b s S (R
197823 28,719 100 18 ? 1 0,1 6 ! 19 ] 16 1
el I L6 0 K S I N
Indiang 1975776 3,496 1000 12 ? P 0! 4 ¢ 30 I} i 1
DL S E R TR I CE T R N
1978/7 410 1000 13 . ! n,) 4 5 b 18 9 b1
i O 900 1000 B ] ¢ % ® wo o ow 7o
Ipeticans 197876 11,323 1000 26 ) ) i 1 9 ] 16 ! 1
N LS mo & A 5 O R I
197879 15,%2 100.0 28 1 l §.] § n 19 i b i\
Nien Wi D050 W8 100 B 4 N X S N N N B
1978179 18,271 100.0 24 q 1 1)) b I 16 ) ! b}
Viks W6 0 Tond % g TR S R R Y
1978179 24,005 1000 1S 2 1 11 p b n i) 1 2
Mipaases 19787 13,3% 1000 19 2 ! 0 b 9 TR -
197879 1601 00 N b | [ ! 10 n b)) 10 ]
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0y S oo won
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Wl SN LW B3 T S Y RS R
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fales Shttes  1ONNTH WION U0 & 0 Lo el WS ) D6 MW
B9 Me86 1000 &8 1D L 0:9 X1 I 1t I oW

IR ) ) A S T S 1 R SRS R ¥ B! SRS NS S |
LTI N30 X S TN S N SIS SN TSN B S U

Mapmles 1006 ILR§ M0 8 0 K 58 A R

g 1508 00 9 0.8 0.9 M 5] 0.4 8 1] . )
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We can conclude that for American Indians their greatér attrition
Lrior to the M.A. degrée; not field choice at the M.A. level itself, is
respinsible for their underrepresentation among guantitative M.A. degrees.
Fiild chwice contributes to Hispanics' underrepresentation, but dispro-

portionately high attrition prior to the M.A. level has more effect:

For bLliiks both pipeline attrition and field choice at the M.A. level
cortribitte To their underrepresentdtion among quantititive M.A. degrees.

Ph.D. degriwes. Of all U.S. citizens who earn Ph.D. degrees, 3 out
of overy 10 choose quantitative fields {Table 26). Asian-Americans

again clicose them at twice the national average. In 1979780, for

thirds of the national average; and blacks, at about a third of the
wiat ional average; or at 1 out of cvery '3 Ba.5. degrees,

Thus, b ldck, Hispanie, and American Indian underrepresentation
amrng quantitativeiy-based Ph.D. degrees js attributahle to attrition
from the pipeline and field choice offects. Blacks lose "field" ground
jlist a8 they lose attainment ground: at several points in the process.

Ttie percent clioosing quantitative ficlds decreases across degree levels:

At the B.A. lovel, 60 percent of the national averdge; at the M4,
percent of the national average.
Professional degrecs. At the professional degree level about &

loal
an

ERIC

Aruitoxt provided by Eic:
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Table 25

TRENDS 1N DISTRIBUTION F M.A. CRADUATES BY FIELD; SEY; RACE AND STHNICITY (19757 To 1o7878)"

Flelds (Percent)

_ Quantftatively-Based Disciplines
acial o —— —— *f -
o Ele Total CPysieal  Compater Bfologlesl  Seetl i
Sex  Crovp Year  MAs Total Total Sclences Mathematics Sclences Sciences Englneering Sclences Business Fdueatdor. Other
ol Tl W6 MMM B 2 1 g 2 4 % on @
1926/71 29,312 1006 10 2 1 0.8 2 ! ) i W )]
1978/79 281,465 100.0 10 2 | 0.9 2 b ] 16 i} 8
Vites L9506 20,80 000 10 2 S VN 6 S VR B
WM MW WO B 2 1 0 4 on w8
1978/79 249,092 100.0 10 2 1 0.9 ] & 1 1 18 3
Blacke 197576 20,351 1000 & 1 1 S ! 6 8 &
W6 200 1000 4 o 1 ) 1 i ] L. |
1978/79 19,397 100.0 ¢ 0.4 0.4 03 1 1 b It 5 2
L S 636 00 1 | S ¥ A T T R
197617 6,39 1000 8 ) I 12 1 4 1l 3 W
1978/79 6,459 100.0 ! 1 1 0.4 ? ] 1 12 4 i
wen W WO D1 1 03 9 s T TRY
mdts WM WO 1 2 1 03 g z TR T
1978/88 99 00,0 9 3 1 1.6 2 2 ! 11 i3 b
T 31 S 1 T S ST S A ST SR BB B
hetfoms 1906117 5115 00,0 H ) 2 N1 3 14 ; 18 BN
19819 5,518 1W00.0 2 } 2 2,1 A 15 b N 11 18
e Wiw WS B9 00 5 3 2 14 3 ; oon B
1978/79 123,776 100.0 16 ] I 1,5 j ! § i b2 15
Bae 9B WS i 1 1 o i ; R
1978179 7,066 100,0 7 ] 1 €. 1 T 9 2 k] %
Hpmle 9506 0500 B 2 1 i 2 I R T S
1998719 3,1 1000 11 ) 1 0.4 ! ) 9 19 n 0
Indlans 197879 95 1000 14 5 1 1:2 4 § bt 13 2
mE- I e N F 3 g 3 B I R
o Aneticans 1978/79 3,330 1000 ¥ 4 2 3.5 3 {3 $ N 19

.



Tahle 25 (cont fuued)

o—

Fields (Percent)

Muant ttat fvely-Based Disciplines

aid Eehle fogt _ _ Pysleal  Comuter Blologieal  Sochal Al
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Table 26

TRENDS TN DISTRIBUTION OF .0, CRADUATES BY FIELD, SEX, RACE AND ETWNICITY (1975776 10 1979/80)°
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Nationa! Ceater for Educatlonal Statisties, igest of Kdatioma] Statiatics, 1990, Table 111, _Data for 1978/79 cone from the Department

of Education, Offlce for Civil Rights, lata on Eamed Degrees Conferred by Inetitutions of Higher Ediow ion by Rdes, Ethmicity, ond S,
IRl YIr 1978-1879; 1981 Dat@ for 1979780 come feca the National Academy of Sciences and Nationa) Science Foundat{on, Swmry Report
8, Ctorate Reotpients from Ueited States Univereities, 1980,
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Tahle 27

TRENDS IX PROFESSIONAL DECREE GRADUATES BY FIELD, SEX; RACE AND FTHNICITYV (1%75/7¢ T 1472 e)?

Fields (Percent)
_Racial AL Other Physically- Cther non-Physically-
. aad Uthnic ~ Professtonal o . or. Riologlcallg- or_Biologically-
CSeR GEoiip Year Degrees Total Medicine law  Based Flelds®  ®ased rieids®
mtal  total 1975/76  #0,161  100.0 22 5 i R
1976/77 63,252 100.0 21 54 17 R
1978779 6,679 100:0 2 53 16 a
Ttes 1975716 54,989 100.0 22 54 16 9
19767717 5R,422 100.6 21 54 17 a
1978/79 60, R19 100.0 22 53 16 9
Alacks 1425/76 2,667 100.0 27 57 9 o
1916717 2,537 100:0 28 53 11
1278/79 2,R29 100.0 27 53 10 10
Yicpanics  1975/76 1,404 100.0 22 A1 12 5
1976777 1,076 100.0 21 62 10 b
1978/79 1,636 1000 28 11 i)
o o ) . ) ]
Anmerican 1975/7¢ 205 ol i i .
Indians 1376/77 196 13 A2 20 1
1978/79 210 18 58 2z i
Asian=  1975/76 904 100.0 25 35 35 5
Americans 1976/77 1,021 100.0 26 38 il S
1978779 1,185 100.0 31 33 32 4
Males  Whites 1975776 44,603 100.0 22 s1 17 :
1976717 47,177 100.0 21 51 19 4
1978776 46,677 100:0 22 S0 17 1
3lacks 1915716 1,992 100.0 2% 55 10 9
1976777 1,761 1on.n 27 51 12 e
1978/79 1,77 100.0 28 48 10 1.
Yispanics  1975/76 1,155 100.0 21 60 13 4
1976/77 . 893 100.0 21 62 11 h
1978779 1,22 100.0 27 54 2 s
. - J R - - ,
Amer{can 1975716 V7% 100:0 20 34 23 !
Indians 1976777 159 100.0 16 40 1 ’
1978/79 145 100.0 17 $5 25 3
Asian- 1975/76 699 100.0 25 1 3 4
Americans 1976771 176 100:0 28 “ 3
1978779 Ba2 100.0 31 30 g
females hires 1975776 ®,38  100.0 22 56 5
1.76/77 10,645 100.0 21 65 1 5
197879 14,142 100.0 21 64 bl s
Blacks 19757176 615 100.0 30 a2 5 1
1976777 776 100.0 i 57 9 3
1978/71 1,051 100.0 26 Al 9 -
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lable 27 (\untinu’i)

Racial All Othier Physically- Othec non=Fhysically-

and Fthnie Professional _ . ) or Blologically= or Biologically-
<ex (roup Year Negrees  Total Medicine Ulay  Based Fields Tased Ftelds‘

ilispanics  1975/7% 249 100.0 24 &S 8 4
1976/17 183 100.0 24 b7 7 3
1978779 4509 160:0 1 59 R 1
Ariet ican 1975776 29 100.0 I8 95 3 3
Indians 1976777 37 100.0 14 73 () a
1978779 65 100.0 20 63 1? 0
\sian- 1375776 205 10.0 2% &0 33 2
Ametricans 1976777 245 100:0 20 53 24 3
1978/79 343 100.0 31 41 27 i

dSources:. Data for 1975/76 come from the Departmcnt uf "ealth Eaucatlun and We itaro’ difice tor
i x»xl Rights, Jita Ezmied Jegrees comferre D from tratituziong ;f,A ghep Sheration Do El A
ey vrade~ld Tear 1370-76, 19/3 Data for 1976/77 .come from the Department of _ qucation. Nat LOHJA
citer 1ot Fducational Statistics, Ntyest .o Dluossiomal Jtizictiza, 1980, Table 1l rata ot 10 LY
come from the Department of Educatmon. Offize fnr Civil Rtghts, Sit: om Ruee d Zeee oo 7 e

Lep Edusatiom bu Bace, Exinisies, milex, Acilem’o Year 107 ~».J’J’ 1981,

L TR B >
-~ -4 - ew - LRIV

bwtaer ﬁn\sxrallv- or biologléally—ﬁised professtor4l degrees include degrees in: Jdentistry,

~‘[Uﬂttr . o:teopath&. podiatr . Veterinarv medxcine. and pharmac

ndi1an protessional degrees account for this peculiarlxy nigh perceu! .

lx Grge tigmber of male theology deg:ers in this year and the very sﬁaxl tot3l namber cf Amerf.

Femalé Field Choices
Amung B:4. degree graduates (Table 28); somewhat under 20 peroint©
ctioose quantitative tields. For the last decade 3 out of every 10 reu

chuse these fields; one out of every 10 women: Thus, the iﬁé?édSé in

Liitdblé to the increéased percent of women who obtain the B.A: dogrcw
{teelf. not to an increase in the percent choosing a quantitative field.
At the E.A. level (Table 29), 1.2 of every 10 M.A. studenits in

1979780 cliose quantitative M.A. fields, as opposed to 1:7 of every 10
‘. A. students in 1969/70--a 30 percent decline. Both male and female
students chose quantitative fields at lower rates, the decline for males

¢ Tables 26-31 show slightly higher percents in the quantitatively-
bised disciplines than the ricial and ethnic tables because they inciude
economics in the quan,xtat;ve fxcld to;als. Ropnrta of field data by
race and ethnicity subsumed economics in a generdl social science
category.
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SRS 1K THE DISTRIBCTION 7 A AND FEMALE BoA, CRADUATES BY FIELD (1989770 To 1979/0)
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VRS I T DLSTRIBUTION OF SATE AN FEAALE A, CRANATES BV FIELD (1989770 10 19797%0)
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THENIS IN THE DISTRIBUTIVS OF MALE AND BEMALL "D, GRADCATES £ <1025 (19h9/10 T0 1079/80)
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Table 3]

AP LISTRIBUTION 0F “ALF AND FRMALE FROFESSTONAL LFOREE
GEADUATES BY TIELD (1Gmv/70 T 1879 22

Flelds (Percent)

dthar Prizicalive

viar Tatal  Medicsie  tak
o ok - - - -
Dl AT §3,91F 100.2 i 33 17 i3
R RSS! 48,138 100,0 19 b 23 AN
Lty a,nl117 105050 17 ] 2t i
1972073 63,173 196.0 in 43 21 15
RERTRE w7403 TGO 17 4 20 1a
147/ LRI .0 18 X2 21 i
HEP R 152353 1w B 3 20 i
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RRRFRE 5,935 13,9 18 D a1 9
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1976777 n\ 135 1005 17 - 21 24
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female 19e0/709 1.8 1600.0 18 i 4 7
19779771 4,032 10'.0 2 I JH 19
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1973/ 24 1,908 100,49 14 3 -3 14
1973/ 10,566 100:0 th aa 2} 18
193377 13,397 160,10 18 &7 o0 1
1976717 165161 100,01 ) &7 | h
1977778 18,761 106,10 14 &4 20 ih
1974779 21505 100.0 1e < 20 16
1479780 22,309 10040 16 48 r 16

Csetlve, Dninod

“isiitce: National Center for Educatieon Statistlcs. o K
Departhont of Fdacati

to [979-99. Department of Health, Fducation, and Welfare

' T N Ty n - P T - N i - .
OtHer ph»q(«al)\- or htologtnlliy ~based Hrn' sslonal degrees include legrees ins dent.str
oxtum<tr\. o-tvo\athv. pod(atry, vetorinarv . dicino, ard phnrrat"

b ~r.)1'e(ture.

d1n 1979770 the d.ita on professional degrees did not include ar Ritecture or smarmacy.  .n

siubuejient vears thee: were relatively large catepories, toiRhlv equal In 8ive, il @lth rela-
degrees stuws the

tivwln hizh proportions of women. Thoir omiswslon [rom the 1968770 prefessi
tield cholre pervents rela.ive to later years, ésgf(i]l" foy w med:
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beiiig 20 percent and for females 17 percent: Again, the increase . the

femile percent of quantitative “.A. degrees 1is priwmarily attribotab
iicrednes in the percent of M.A. degrecs that go to womeil; not o
¢ hanges 1. their field choices. Across the decade the decline in the

gercwnt chiesing quantijtative M.A. fields was not mich Tower for v men
than, for men.
At the Ph.D. level (Table 30), in 1979780 a third of ail students

Chiose quantitative fields, as opposed to 45 percent in 1969/70--a

decline of 27 percetit. Both males and famales chose these fields at
lowir rates. the decline for males across the decade being 17 percent
i for femiles 23 parcent. Thus, the increase in the female percent of
quantitative Ph.D. degrees in tne last decade is entirely attributable
v the in.rease in the temale percent of total Ph.D. degrees.

T/, assess professichal field choice, the percents for 1969/ 7c
ssiild rie isrorwd for the reasons described in the foctnote to Table 31.
Yrom 1970771 to 1974/3C, anout 4 out of every 10 professional degire
ctudents chose medical and other bﬁﬁSitdl;yi/ﬁicidgicaiiy-83§é& fields.
Althiough an inctedsing pcreent of the degru.s in these field categor jes
sent to woren from 1970771 to 1979/60; the per<ents of women clioos g
the « two categories diei ‘ned noticeably across time. The percents
i men chonsing them cithes incrnased or declined oniy Ltizhitly.

In sum; the increoased percents of women IR quantita ive fields af
277 degree levels ire attributable to fucreases an the female perovnts

it each degree towel: not to changes in their field choices.
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[11. THE SCIENFIFICIHATEENATICAL TALENT POOL:
EMERGENCE AND CrANGE

POLICY 1SSUES
A c-hort of specialists represents the survivers of an igirially
1. gor pool of individuals who initidlly pursued the specidlty. A
ei:p's represontatjon within a specialist cohort can be increased in
zays: ') by imcreasing its share of the initial pool mrre tham any
Jcreise in its attrition from it: andfor (2) by reducing its attrition
trie 2ho porl by more thar. any decrease in its share of the initial pocl:
v 4ffect either the size of the initial pool or attrition from it
solioyrikers Wave te know when to target and what to torget. This
section addresses the question of timing by examining tue dynamics of
the scientific talent pool. The mext section addrssses the substantive

it i by identifying what drives people irnte and out of thc pool:

Hete we look at several quesciorns: shen goes a pool of those with
oCientific  nterests First emerge in the ¢ irational pipeline? When
dons Lhie pool seeém to reach {ts maximis size? What i-e the rates of
migration into and out of th: puol as it moves through the pipe}ina?
#hal relationships saist bet: «n sciestific f.eld interests and mat'e-
@ ivil dachieverents at different points in the pipeline?

The defirit i»on of the term, "scientific/mathematical talent pool,”
;

clijniges dccording to tlie stage in educatiosnal pitelina: Pulor to high

~ ool it consists of those indiv‘duals who express career i ~“orests
that require at least college traininmg '\ a guantitatively-based field.

¢ Lhfs stage individiais who identify such career interests do not

+ sossarily express college plans. Dur.ng liigh schon! it consists of
eriroll iv elective science and mathem 'tics courses: At the conclusion
of high schnol it consists of those who plan to attend college and to
Fijar in 4 quantitatively~based fleld.

During college the pool is dafined to includin those enrolled in a

Liantitaively -basvd major. Amonig college seiions or B.A. graduates i:

£ of
-~
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orsists of those who plan to attiid graduate school in a quantitatively-
1d; during g:eduate school, of those actuaiiy enrolled in such

i

EMERGENCE OF THE SCIENTIFIC|MATHEMATICAL FOOL

The sc.ientific/mathematical pool first sppears in elementary
school. 1t emerges strcaely prior 1o grade 9 and is essentially com-
pléte by grade 12. 1n & major study of the career development of
scientists, Cooley {1963) fcund that by grade 5 (age 10) a third of
required at least a college degree in 1 quantitatively-based fivld.

Snelling and Boruch (1972) condiicted a retrospective study of
cience B.A. graduates' from 49 sclect liberal aris colleges for the
graduating classes of 1958-1967. They found that; depending on year:
(1} over a third to a half of &1l science B.A. graduates had selected
science as their major ficld of interest prior to grade $:2 (2) an addi-
{ional 40 to 50 percent chose science as their major field of interest
5 porcent. la sum, depending on the yvear, &9 o 95 percest had selected
science as their major field of interest by grade 12. Female science

8.A. graduates ifnded ta sc¢iect szience as their malor field of ‘nterest

omeutar later than their raie o -« -+ arts; but by grade 12 eien 99

setcent of the women had ¢ .. sci~nce as thei: major field of interest.’
Li we discuss in detai’ below, after grade 12 migration is almcst

entirely out of; not into; the talwnt pool. Thus, tlic pool frcm which

qu mtriacive Ph.D. students ultimarely derive is essentially formed by

the conclusion of high scliool.

! Scionce B:A. degrees were defined to include all degress in

biology. chemistry, mathematics; physics, and pre-wedicine.

2" Across this 10-year peziod an increasing percent oi those who
iile {isately obigined a scierce Bih. selected science =s theai- major field
of i-tirest irior to grede 9.

) Klt. sugh choice of science as the major Cield oY interest .

.ohitly occurs early in the oducatjonal process; Snelling and Boruc.
found tmat over 50 vorcent of those whe obtained -~ science B.A. egres
chose their speck?ic college milor du:i.g colle e: wost of them duriig
thie first and secord rears of college.

N
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The pool appears to reach s maxiaum size pricr to senior high
school, subsequently declining in size through praduats school. Cooley
(1903) tound that the quantitative career pool increased in size from
grades 5 through 7. [t appeared to reacli its maximum at gzrade 7,
declinisig in size in all subsequent years of junior ind senior high
school: At its height the pool approachied S0 percent «f the total
sample; diminishing to about 25 percent by grade 12, with the major
shdre 4f the decline wccurritiz between grades 11 ind 12.

The pool continues to decline in size s7ter high school. It louses
individuiis from the pipeliv: itself and Lo rion-science fields:. Since;

ds We ses below, migration is almost entirely ocut of, not into; the pocl

MIGRATION INTO ARD UUT OF THE POOL

Altknugh migration out «f the pcol during grades 9 to $2 js gragter
grades. Coolsy (1963) found tkst about half of those in <he pool in
arade 12 had entered during these jgrades. About halr of the ‘nelline
and Boriich sdmple of science gradudtes chu:s sciciice as their adj..

However. numerowns studies «!ow that artar high school migrot icw
alrost entiroly out of, not in.o, the pool. In other words, the pioba-
ity that an individual znot in the p .ol at the end of high schoot will
enter it during college »r graduaic school is close to zero. This if:w
versibility coincide: i{th the -uuclusjon of the high school mathemat: .al
seguence required for hesvily quantitative college majors.

In a siudy of University of Rochester s*ivlents, Cole (1958) found
that 4% percent changed their majors during college. Among the changers,

54 percent migrated out of science and technology fieids; 23 percent
among scierve ard technslugy fields, and only 3 percent from nonest;enice
ro science amd technology fields. O0f 192 Project TALENT males in grade

- .ulence wajor after iiigh school, but that 30 cr 16 percent had v igrated

st ef scieince majors. Dependirgz on the vear belween & and 10 percent



ot the Snelling and 3oruch simple =migrat-# i pece 3s their majer

L Ea

tsing data frcm th: Naficnal Long.:uicinal Siudv o] rin: #Igh

Sitden?

rlass of 1372, Dunteman et al. (1979) analyze< the 375 catcomesn af
those enroi.ed as nollege fresumen in 1972. A&: Tahle 22 shows, fout
years aftzr coilege ¢ntry; only 3.4 percant of the males not originally
enicolled in a science field had obtained a B.A: 5t were eurollad in a
science field. The percent was lower for females +1.5 percent).

By 1976 those initially enrolled in a Srience major were less apt

to have withdrawn from school without a B.A: degree than these origimally
enrolled in a non-science major: Howover; they were also less apt to
fiave obtained a B.A. or be enrolled in theitr initial fields: Of those
originally enrolled in 4 science field, only 37 percenr of the males and
30 percent of the females had obtained a sciencz B.A. or were enrolled
ini a science fisld by 1976, By this year 6] percent of the males aund
6% percent of the females imitially enrolled im a non-science fiald had
obtaimed a non-science B.A. or .vre enrolled in a son-science field:
Just as freshman science and mathematics majors are almost the sole
«oiirce of quantitative B:A: graduates; quantitative B.A. graduates are
almost the oniy ¢ durces of quantitative Ph.D. graduates. Table 33 shows

planned to obtain quantitative Ph.D. degrees. These individuals Lame
overwhe Imingly from cuancitative B.A. fiolds, erpecially tnhose planning
Ph.D. degrcos in engimeering and the physical sciences.*

National S-ience Foundation data on 1978/79 doctorates show about
85 pe-cent of ihwse who actially obtzimed doctorates fn each of three

gu-ntitative fields {sngineering; wathematics, and the physical scieaces®)

~* Those witth non-science B.A. degrees who plan & Ph.D. in the
violngical sciences come primarily from the health and applied o
biolcgical finlds: Those with non-science B.A. degrees who plai a Ph.D;
in matl ema ics come primarily from other humanitics and the social and
hohigvioral scierces. . -

' The bio.ogical sciences are not discusséd here because the dita
sourcée : ubsu@es these doctorates in a broad category of life scivnces.
The latter includes health €1 ‘ds,
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77777 Aithough this percent !o righ
and much higher than the per ent roi thé non-quantj.ative decto:sates,
it appears to allow some {n-migrition. However, we do not kno what

each of these fields came

percent of doctorates in

t.tive fields.

from other quanti-

who planned an

For example, among GRL tost-takers
engincering doctorate, 11 percemt had R.&: cegrees 1n mathematic: .nd
tlie physical sciences. Foreigh citizens alsh carn large percents of

¢ Tinle 123, Depa.iment of Education, Nigest of Educat ional
Stat ixtics, 19581, Governi =\t Printigg Ofi ‘ce, ""ashington, ..€.
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NTEFAFASUATE FIELD OF 19BD/81 (RE TEST-TAXFIS WHT
FYPETT TN OBTAIN A AVANTITATIVE P00
Tage.ted Bh.f. Ficld
: o o 5i{clogical PHe5ical
T dery raduate Field Scjences fngineering Mathematics Sciences
Cartirative Field 85.5 TR L w7
“en-Yantitatiwe Fiela G.0 2.1 10,5 22
o Response 1.8 Lk 1.7 1t
Total 10,6 160,92 IR 1onn
Yource: DA el T -
c e Sere Jurlel e s
friqcetin:
the guantitative doctorates. e do not know how comparable under-

gradoate fields in fﬁréigh universities are to those in American univer-
sities.

Finally, using Project TALENT data, Wise et al. (1979) found that
thoss ih mathe@atically-oriented careers at age 29 cose primarily from
the Stxéniific/ﬁaihtﬁiiiééi 5661 ii giﬁdﬁ 15— i €. fréﬁ ihﬁse who had

ach jevement scores. Very few who haa not plennmd a matliemav.ically-

roiated career in grade 12 had omtered one by uge 29. Those who switched

inte these caroers hac dramatically higher machematical achicvement scores

in grade 12 than their coumterparts who did not make this career chauge:

S[IhNFF iNTF%/STS AND NATHENATICAL SKILLS: EF?EC’” ON MICRATION
The issue here is .ow sciemtific and mathemutical interests and

1itjes affect entry ~*d retention in the pocrl. We raise this

Y

ab

T In 1978/79, joreign citizens earned almost Lalf of tha
engineering doctorates, atout a quarter of the mathematics Ph.D,

degrees; and a fifth of the prysical science doctorates.



~J
b

Giuesticsn agdin i Section IV, but in relaticn ts particular subgroups.
Entry and retention in the pool preswmmainly indiczte siciwutific and

Galwesitical interests; but the role of sciemtific and mathematical

dbilitie< in this process is less obvisus. What are the citsall rela-

tionship: between interests and abilities, and do these rellatiomships
charge . miing on the stages of the educational process? For example;
4s 1., 1. 1'#%in to name noh-stereotypi:z career interests im ellomemtary

sul e the mothematically most able cost likely to selecd scientific
Cii. a0 b, science interests emerge independently of abilities? If
. b tiiy rosdin independent of abilities, nr do they triggew fMivesl-

ments scianice ard mathematics courses that produce a pool whinae mem-

s

bers Adiffe: from non-members no. only in thiwir scisntific intérasts,
bist also it their mathematical abilitfes?

Uriterstanding how interests and shjtities affect carver choicws and
training investmonis az different poincs in the wilicational process gives
policymikers 4 better basis fvy choosiig among (ntorventioms that vory in
theit AlT~nlion 1o career dwareness varsius mathemitical skiils. Although
w40 nol kiow of stidies that diswsr thiese questions adeguately; certain
dita shed some light on them:
thoar o rherat jeal, verial, apd scionce achicrewments. This conclusion
iv il ed tentatively: it depends primarily on Cooley's results; which

whosi ¢li, . #id not. However, for boys whuse Career plans required
college, he fuund no achievement diffevences hetween those with nen-

Althiough her sample wat small and geographice’ 'y nonsropsrecentative.

Jacobox 2% 1 31) study of black eighth graders supseils Lo e, 's

' ror example, we might expect different rrsults for a somp 2 with
areatar variance {n smtelligenee .

| 9
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135, She foutid thaz stebents’ mathematical achiovements 4t erade
f=% -~

ta

e
:

-4
- Zere 1ot related to their gride of preferences for science careers.’
Those with hiph michesitical achievemert ar grade § show Increds:ny

ihtérest in guant frarive careers from grades 9 tc 2. In rew analyses

ot Projecy TalENT data, Wise et al. (1979) foiiiid--bioth for male aid
female studenis--that dur:ng high sclius! thie pacl of the mgthematically
i-1¢ ond the pool of tlicse with quantitative career interests facreds-

it oty conversed:  In other words, i.i; the end of high school members of
1 scLentific, mathemitical pool Aiffercd from ncn-mezmbers botl, in theif
. resr o interests snd mathematical abilities.

Sv1lible aoalvses do not till s the processes by chich this
Chieraetoe cccura. LU policy terfis &0 see too important clternatives
G ie thit those with scienice interests before grade 9 p.oduce the
cunver pence by investing more cffort in mathematics cour -5 than those

© A second glternative is that hose successtul

e

withaoul such interests.

Al U skills required to pursue bclvnllle‘vlshom‘tz .o interesi{s are

able to enater or stay in the wejentific/mathematical i rrest pool,
theraby g:uéujiiy incredsitg the proportici of the poo? thet has Ligh
sathemiti-r Y abilities:

OFviaualy; both proci-sses may operate:  HogeverD of dnterest.
1nitn4i23 (x viv o skLlls, it these in turn affect access to Jnﬁ Tetention

it scienes <o itp Lal i

Ihtervention. it stross earle career exposure; U Skitls diove intere
¢ota, either because we come to like what we do woil or because «e can
sitly pursue interests that reguire skills thit Ge possess, policymakers
2t Skills,

may want to consider early jfiterveRtions that stress mathemitic

whatevet thr | recess by which the sciontific/mithenatical interest

, " ft shoald be noted that re,ative sbite students, hlick ntne
devits | v;‘\p"‘nnd! p.an sre generally lv\s relited to thieir abilities,
1Y s we discuss in Section IV, tods hypothiesis is cotsis Tent with
tie Wise ot al  fiediess that: (1) grade 12 ditterences L. mathemitics
ichiovemetits betweets those with equal achievements in grade 9 dire
aztributable to diftferett lri\q'\tm"llt\ iv high school mathematic:.
conrses: and (23 diffeseniee in course lﬁVv\tmnnt\ dre attritwtable to

Gifferent cdroor interesos.

9.
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and achievement pools converge, t}. e wirh higher mathewalical and
vorbi! achieiements plan more educat-or than tdose with lower achieve-
¢ onts. Table %% siiows that; for the high school seénior classes of

1973 and 1980, as dchievement incr:ases, educational expectations
incroase. Amoing Graduate Record Examination (GRE) test-takers; those

hose graduite objective is the Ph.D. have higher verbal and quantita-

tive GRE scores than tliosé whose objective is less tham the Ph:D:'!

ETCURTIONAD B¥PFUTATIONT o
EUOLTYVIL o cowmEINTA U wrL

Graduate

R Aerind
Py i o EbLT AP PP: L
~w Achlevement RN (3 1., 7 1907 RIS
Ciaale R iiiemert| 100 iz 1504 14,3 B
- -t S .o . ; )
Pigt tLtieve ment 300, 0 1a.4 K. Sy.% Jew
\
!
S S--bh N - 3 e -
Livw Ar hieement AT v 15 ) 1
- _ _ I | 7777 5 - oo . _ - -
“iddle A ’v{?vt’.t"ﬂth .o Jel s 16w . 1.+
: - b e h . ; v 1.7
Hig" Achjevement 15,0 11. e, 1 wl.7

it Departnent of Tdioat ton, National Center
P ¢ 3 LA

§
Dienal Statdstics. TP T oo S Ederet 0 TN FATEL ng YLt
siotihment Trinting Off e, Wasaington, DO

f durE-

B o o el il e

(he a hieverent (ndex was based upon @ corpnaite siofe dn-
Catider acateric fests of voratlar o) realing lester groups, and
mal Lemat fo s,

T3 For example in 1980781, their combined vetbal and quantitative

GRE scores were, respectively, 1063 and 971 (Goodison, 1982).
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Azong thosé who ylini rore education, those with higher warhenmatical

achlevemernrs plan guan:itative fields of study more frequentiy than

those with lower achievements. As Table 35 shs:s, azong those who tock

the 1980;81 Scholastic Aptitude Test (SAT), their expected college
majors follow this rank order of quantitative sccres:
ph;sxcal sc1enuLs/mazhemaL1ua/ongxnoer1ng/b1olog cal sciences >
other humanities/behavioral sciences/health fields >

arts/business and commerce/education.

Table 43

AVEFAL G AUREL GF [WARIAY GAT TFATITAL BS RV FIFL né

P
(%% A

Total Lertal uant jtat tve
Al Efjé« B9 Yl XY
Arre B0 a1k %
AEY L et e 941 XY Lwh
tducation LI 191 wik
Booareen and (Beee F Ked 19k ahn
Kitaeioral Sogences” alh <50 Py
Fealth tielide wa? Som W
Ricy iRl Gl duniee 975 a7 04
Tny L emring GE a4t 53
Matemat {4 1028 L5m 572
Phowd a0 Sofen e 1458 s 458

*ﬁSu;reE nllrgn fntrance Fxaminat jon bnard, "0 07

L. f .t an cher, Prinreton:  Fducatioral Test-

L _ . . . » N A
iy 'l {.e, l“"*l
‘Arrs An(Iud's are, nusi«, and theater nd}~rs

Crter Humanities inciuder architecture, Faglish,
cre fpn CongidRE, poilisophiv, and relfgien majoers.

d-

Ré u~ioral Sojenres includes geography, W, etory and
Suttures, pevi foluge) @0 soo [(B] sclences;
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Table 36 shows the quantitative scores of GRE test-takers in
1950/81 by field. The rank order of planned graduate fields by quanti-
tative scores is exasctly the same as the rank order of planned college
majors: Again, those who expect to pursue quantitative fields at the
graduate level have the highest scores.

In sum, before high school, among those whose interests require
college; quantitative achievements may no: differentiate those with
science intercsts from those with non-science interests. However, by
the end of high school higher quantitative achievements distinguish the

science from the non-science group and affect the chances that a given

student will complete a doctorate in 4 quantitative field.

#FRAAF SCORES OF 1920781 (RF TEST-TAFFRS BY FIETD?
(R=19R, TR

Nuantitative

A1 Flelds 1005 45 520
Arts 974 453 481
Mber Humanities 1n35 530 509
Fdgcat ion 847 LaR 49
Befavioral Siences £ 499 274 511
Health Fields® 988 QR4 $h%
Biological Sciences 1077 SOR Sh
Fag:ieering 1154 259 5 S
‘ithematics 11733 e 629
Phesical Sciences 1175 511 45

Aritie T, variiei s arn, e .

R AR
Cipte Les ot Princeton:  tducatiunal Testhi Servioe,
19h?

PHealth Fields includes f1ei0o i b s o,

med i {ne; pathology; nursing, and public health,
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SUMHARY AND CONCLUSIONS

The scientific/mathematical pool from which quantitarive Ph.h.
graduates nltimately derive fifst appears in elementary school. It
euerges stronzly prior to grade 9 and is essentially complete by grade
12. The pool appears to reach its maximum size prior to high school amd
subsequently declines in size through graduate school.

Although the talent pool seems to reach its maximum size prior to
senior high school, migration into the pool continues to occur during
grades 9-12. However, after high school migration is almost entirely
oiit of; not into; the pool. As a consequence, those who obtain quanti-
titive doctorates or have mathematically-oriented careers a decade after
scientific and mathematical career interests and high mathematical
achievement scores.

Before grade 9 those who vary in the scientific orientation and
postsecondary requirements of their career plans may not vary much in
their mathematical, verbal, and science achievements. However, by grade
i3 these achievements clearly differentiate thiose who plan college from
thoseé who do riot and those who plan quantitative college majors from
those who plan non-quantitative ones.

Among those planning graduate training, verbal and mathematical
dchievements continue to differentiate those who plan more rather than
less graduate education. Mathematical achievements also continue to
differentiate those who plan quantitative graduate degrees from those
who plan non-quantitative graduate degrees.

These conclusions are often based on studies that used restricted
samples--males only and/or whites only: Some of the major studies are
old: However, we doubt that studies of minority groups would change
these conclusions in any fundamenital way:. The high school and college
preparation required to pursue a iﬁ&ﬁtitétiﬁéinSESEd doctorate is
strongly hierarchical. These educational prerequisites would seem to
allow less "room'" for racially, ethnically, or sex-based behavioral

variations:
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This section has two major policy implicitions. First, strategies
to increase the size of the initial scientific/mathemarical pool of
minorities and women should be targeted before and during high school:
Seécond, strategies to decrease attrition from the pool canm be targeted

at any point in the process, in thar attrition from the pipeline and

from quantitative fields occurs at all points. We know little about
minority Attrition from the fiﬁbl before collége. However, Section II
shows where postsecondary attrition from the pipeline or from

quentitative fields is greatest for each subgroup:
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IV. CAUSES OF MINORITY AND FEMALE UNDERREPRESENTATION

AMONG QUANTITATIVE DOCTORATES

POLICY ISSUES

The representation of a subgroup among quantitative doctorates
reflects the aggregate of individual decisions to enter and stay in the
scientific/mathiematical pool through the doctorate. Section III
discusred the timing of these decisions, with their implications for
when to target psiicy interventions: This section assesses their
determinants, with their policy implications for whom (subgroiups or their
educat.iorial institutions) and what to target (e.g., skills, preferences,
or fiﬁéﬁbiéi iéSéﬁitéi.v The challenges in this section are to: (1)
spparate the contribution of subgroup characteristics from institutional
ones at different points in the pipelinz; and (2) assess the influerice
of factors that organizatjons such as foundations might choose to

affect: We discuss subgroups first and thien educational institutions.

SUBGROUP CKISES

We treat the subgroups as aggregstes of individuals, not as actual
groups in a sociological senss. Any individual decision; including the
decision 1o enter the scientific/mathemarical pool and the decision to
stay in it, reflects specific instances of three factors: what the

individual wants (preferences; motivations, values); knows about

(information), and ran do (resonrces, such as verbal and quantitative
achievements, money).
To identify the nature and influcricé of the causes of entry and

persistence requires a data base that:

* is longitudinal;
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! For example, Project TALENT followed a grade 5 sample; grade 8
sample, and grade 11 sample, each for 5 years: This strategy created a

design that overlapped at grades 8 and 9 and 11 and 12.
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* substantially oversamples the groups in question to compensate
for their small percent of the youth population (e.g., American
Indians, Hispanic subgroups), their underrepresentation at the
postsecondary level; or their urderrepresentation among the
quantitative éiéci?iiwéé;

® Geasires the individual variables just mentioned;

»  and mweasures relevant characteristics of the educational

institutions that individuals attend (e.g., high school

availability of science and mathematics courses, college

availability of financial aid).

Although data bases exist that meet some cf these requirements;
they all have age coverage and/or cell size problems. None of the more
recent bases measures respondents before high school. All encounter
cell size problems, especially among quantitative majors at the
postsecondary level and especially for Hispanics and American Indians.

choices made in the high school senior year and in college than about
those made in elementary, junior high, early high school; or graduate

information.

Causes of Women's Underrepreseéntat ion
Over the last 25 years analyses of women's choices of scientific
consider only the most Systematic analyses of the major data bases:

Initial entry into the pool: Wise et al. (1979) and Wise (1979)
analyzed Project TALENT longitudinal data to assess the origins and

career consequences of sex differences in high school mathematical

achievement. They had measurements for grades 9 (1960) and 12 (1963)
and for 3 points after high school (1964, 1968, and 1974). The data
base is old, but their findings seem consistent with results based on

more recent data: They found that:

1,()1
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e Ar grade 9 boys and girls did not differ significantly in mean

in mathematical achievement by grade 12.

*  Virtually all of the sex difference in grade 12 mathematics
scores could be zxplained by sex differences in elective high
school mathemalics courses.

e  Participation in h’gh school elective mathematics courses could
be explained by grade 9 abilities im mathematics, educational
aspirations; and interest in mathemat ich and mathematics=
related careers. Sex differences in elective mathematics
courses were primarily related to sex differences in interests.

¢ Men and women who by age 29 had sucesssfully realized their
grade 12 mathematically-related carewr goils had had drama-~
tically higher mathematical achievemernt scores in grade 12.

Very few who had not planned a mathematically-related career

at grade 12 had entered one by age 29. However, those who
siitched into such careers had also had markedly higher mathe-
matics scores in grade 12 than their tomnterparts who did not
make this career change: This relationship persisted even
when educaticnal attainment and the mathematics level of the
college major were controlled.

Porsistence in the pool. Using data from the Nat fonal Longitudinal
Study of the High School Class of 1972 (NLS 1972); Dunteman et af.
(1979) found that the men and women who chose cach of four "hard"
sciences (physical sciences, engineering, mathematics, and life

scirnces) differed little from each other.? However, those who chose

! Although male and female hard science majors differed less from
each other than these majors differed from all others; some Sex

differences did exist among the hard science majors. Relative to men;
womers had less high school mathematics and science preparation; higher
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ihese fislds differed substantially from those who chose the social
more high school mathematics courses, an orientation towards things
rather thas people,’ and higher mother's aspirations for their
educgtional attainment:

As Table 37 shows,; these four variables strongly affect the
females. For example, femates medium in perceived mother's aspirations
and low on science semesters, mathematics score, and orientation to
things,; had a 2 percent chance of choosing a science major. If they
were high on these last three variables; their chances increased to 43

Table 37

PROSABILITIES OF CHONSING A FRESHMAX SCIEM'E MAJOR
TOR %LS 1972 COLLEGE EROLLEES®

o - ‘Mother's , o )
Neth  Thing  Educational Sarple Fstimated

s
ters Score Oflentation Aspirations rize Probability

Sex Pace

Vile  White Low Low tow Med i 73 .0
Fermale White Low Low Low vedium 280 .02
“ile  White High  High High sedium 382

lerale White High  Pigh Righ vedium 119 .1

Ycource: Table v.16. George H, funteman et al,, #xo ».J0 s b 77700

Lo Ip o apm T sirir T e Research Triangle Park: Research Triangle

Traaiitute] 1970,

Since women were more aﬁi to be low on all four &&iiébiés than men,
these variables accounted for sowme of the differen es between men's and
women's probabilities of choosing @ sclence major {n 1972, However; as

3 People orientatjon was a two-item composite, one item being a
pteforence for jobs where the respondent can be helpful to others and
the other 8 desire to work with people rather than things. Thing
orientation was defined as a low score on this composits.

e |
=
P
el
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Table 37 indicates, even when women and men were statistically equated
with esch other on these variables, women were 10 percent less likely to
choose a science major then men: In other words; ~ven when womer and
men haid the same mathematics achievement, orieintation to things, number
of high schoo: science courses, and perceivid mother's educational

aspirations for them, women were still less lik=ly than men to choose a

science major. The authors could not eliminate tlie negative effect of

being female on choice of a college science major, although they intro-

tition to community; orientation to family,; and future plans for family
formition."®
Finally,; Dunteman et al. found that persistence in a science major

(1976) wis strongly reiited to having chosen a scicnce major in 1972.

T variables that affected the 1972 choice had only minor effecis on

the 1976 science status. Being female also had little effect indepen-

detit of its effect on the initial choice. In 1976 women were only &
Summary. The Wise et al. (1979); Wise (1979), and Dunteman et al.

11979) dnalyses show a clear pattern:.

1. Although grade 9 toys and girls do not difter significantly
matics less and are less apt to choose mathematically-related
carcers than grade 9 boys.

2. Preferences for quantitative careers substantially increase
participation in high ichool eclective mathematics courses.

3. Participation in these clectives strongly affects grade 12

mathematics achievement scores.

* We cannot tell if they tested for the effects of career plans, a
variable that Wite et al: (1979) found to precede women's investments in
mathematics and scierice. However, the person/tliing dimension probably
measires the dimension of tareéer plans that is especially relevant to
choosing a scicnce major.

104
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%. Mathematics ability and variables that seem to reflect earlier
career interests--an orientation to things and number of high
school Sciefice courses--strongly predict men's and women's
choices of a science major in college.

These same variables and the initial choice of & science major

(%i}

strongly predict persistence in a science major.

Yigh machematical achievemezt at grade 12 predicts realization

o

at age 29 of quantitative career plams at grade 12:
7. Those who at grade 12 had not planned a quantitative career and

switched into a quantitative career by age 29 had high mathe-

matical achievement at grade 12.

The key for women is pré-high school interests: These trigger an
educational sequence tiuat ultimately results in their underrepresentation
among quanticative doctorates. These studies do not shed 1ight on how

girls' preferences are formed and therefore give us no basis for esti-
mat ing what effects fbundatxon-stxmulated interventions might have on
preferences. However, they do show that a strong ﬁ?éﬁ&fitxon in mathe-
matics in hxgh schioc] preserves the options of entering & college science
vmajor and a post-college quan~xtatxve career. lronically, the high
school tradition of offerxng more advanced mathematics as electives
intoracts with women's lesser interests in mathematically-related
activities to foreclose these optibﬁs to them. Removing choice during
high school would preserve it after hign school.

Frends in causal variables. We conclude our discussion of women by

examining trends in some of the variables that affect women ' ﬁﬁ?Sﬁil of
dﬁiﬁtitétiﬁé fields, e.g., participation in mathematics and science high
school courses. Table 38 shows that male and female SAT test-takers
have increased their average number of years of mathematicc and physical
scierices from 1973-1981; that males take a higher average number of
years in both subjects than females, end that the difference between
@en and women in the number of course year.i has declined scrass time in

the physicnl sciences more than in mathcmat fcs:
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w

¥EAN NUMEER OF YEARS OF STLDY 1IN BI1CH SCHOOL IN DIFFERENT
SUEJECTS BY SEX AND YEAR FOR ST TEST-TAKERS®

Biological Phvsical
tathymatics Sciences Sciences

| Male Fetile Mile F

Male Female

Yeat
167 354 3 1.35 1.3 1072 1

1975 4i%k 3.9h 3:85  3.7% 1.aa  1.43 1.7 1.4

197h 591 3.9 3,57 517 Loak l.eE 1Al 1045
1977 3.92  3.9° 35T 1.9 R 1.9y 1.50
197%  3.95 3.9 3.6 3,21 115 1,30 1097 1053
1974 3.68% 3.9 3.6z .27 1039 lial 1.9%  1:%6
1955 33331 3.99 3,65 3.32 1.3¢ 1,41 1,95 1.57
191 3.95  4.00 I LRSI 1,38 1,41 2001 1.5

Sour.e: College Entran e Lxazination Beard, o
) - : T qeries trom Tl orbpoa b N
.

The Natjonal Assessment of Educational Progress (NAEP) and the SAT
prowide trend data on women's grade 12 mathematical achievement. The

NAEP shows declines in males' and females' mathematics and science
dchicvement, higher schiswemert in these subjects by males than by

females; and #io reduction in the ser differences of scores across time
(Tible 39). For the last decade bath sexes of SAT teste-tokers have

the ditforehice between thielr aversge guantitative scores is about §

difference is not diminishing across time (Table 40},
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Table 39

£, METHEMATITS, ZXD STIENCE
27 17 VERR «*.,.JS 8V SEX
(1570-1980)2
Sabiect Year wales Fezales

reading 1971 67.2 - 70.7
1675 £7.2 70.6
1980 66:9 £9:7

“itteshtics 1873 538 49:7
1578 49.9 b4

S jence 1973 31.9 5.1
1977 49:7 43.3

bOUfL(‘S'

t ional ?rugress, N

,4, . .

pnt15.11341

a'ional Asﬁieve~ent for [duca-

Tipes ,"-"‘ nat Lol

PR

1581;

-

Table 40

TIFFERENCE BPTWEEY MEAN MALE AND FEMALE
SAT SCORES BY VEAR®

nifference in Mean SAY
Verbal Scores

Diffvrehre in Peqn SA'
Nuant {'ative Scores

Vﬁﬁiiigigiwf:?}e~'tﬂalv) B {(M+’ e-Femisle)
1072 2 4
147 3 A
1474 5 a2
1975 f 46
1ath 3 51
1979 4 52
1974 f 50
197§ R 30
Lonn i x
1951 12 S
1oK; 10 51

Acniiri el roxx.

i Fnt?anmc Fxa={natton Board.
thraugh

1o, series from 1072



Table 41

P?PCE&T OF RICH SC“OOt SENIOR SAT fEST TAFng AND

wr1oE” BY SEX AND VEAR <1973- 1981)

SAT Test-Takers® College Frestmend

Year Men  Women | Men  Women
1973 36.0 15.0 26.3 9:1
1875 1.5 11.8 26:2 9.2
1977 29.4 a:e 27.5 a.2
1979 31:7 10:8 39.5 5.6
2 32,6 11.4

1961 35.7 113.

F T e F e I S LR o T TP
College freshmen are defined as fulltime, first-
time freshmen.

- JR
ngantitative a
engifieering, Hatheratics; and nh sical

ccmputer sciences,
sciences.

jors include Hiological sciencss,
i

CSource: Collebn Fﬁtrance Exaxinatfon Board, “i-
sty TNageRene S Uowdrpe; 1973, 1677, and 1981,

4

?qit of California at les Angeles. . -
BIeR Syl st Uo.es aeries for 1971; 1975, 1977,

1979 dnd 1981.

Cooperative ,rstxzuzlonal Research Prograr at the

T T el

Table 42

PERCENT FENALE OF SCIEVCE /NI FNGISEERING
OCCUPATIONS I 1672 AND 19802

Percent Femidle

. fecepsvion 1972 1980
Computer Specialists 164 25.7
[rpinierts n.8 4.0
Life and nhyvsical scientists 10.0 20.1%

Chemists 10.1 20:3
Sorial scientisty 21:3 36.0

Séﬁtté. Table #75. U:S. Buréau of the Census;

Traitaet i plgtpiae 0 eh htep D Ceotps

{102nd edition), Raﬂhinhlun, D:C:; 1981; p. 402,
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Table 41 shows that neither sex of SAT test-takers shows much shift
from 1973 to 1981 in the percent who expect to major in a quantitative
field. The female percents remain about a ttiird of the male percents.

Table 41 also shows that both male and female college freshmen show some
increase in the percent selecting quantitative majors, but the female

percent still remains about a third of the male percent.

F1na11y, we can look at changes from 1972 to 1980 in the percent

female of selected quantitative professional occupations (Table 62).

Aithough the hard science profeSS16hS are still dominated by men, they
are decreasingly so. College womien's field choices do not yet register
these labor market changes. However, to the extent that their choices
are shaped by perceived labor market opportunities for women, they
should begin to change The findings of Wise et al. {1979) suggest that
a change toward quantitative career plans should trigger increased

investment in high school mathematics and science.

Causes of Minority Underrepresentation

No existing longitudinal data base adequately samples any minority
group at the life stages required to assess the origins and consequences
of students' educational and career choices.g The NLS 1972 has an
adequate sample of blacks, but the survey's baseline measurement is
grade 12, meaning that we cannot trace the process by which minority
groups arrived at h1gh school cirricilar choices and post-high school
Chdltég .

Minorities' choice of college major. Later in this section we

report NLS 1972 analyses of blacks' choices among and retention in
college majors: To shed some light on causes of the underrepresentat1on
of other minority groups,; we conducted limited, exploratory analyses of

sirvey data on 1981 fulltime, first-time college freshmen. Conducted by

* Wigh School and Beyond, a longitudinal data base that adequately

samples blacks and H1span1cs, starts measurement at grade 10. However,

baseline measurement was 1980, and the data base does not yet cover

enough years to assess causes of postsecondary choices.

10y
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the Cooperative Institutional Research Program {CIRP) at the University
of California at Los Angelés and thé American Council on Education, this
annual survey has very large sample sizes,® insuring adequate minority
group samples: The sampling design is a two-stage design; the first
Stdge being a samplé of all American institutions of higher education,
stratified by type (two-year, four-year, or university), selectivity of
the student body (as measured by the average combined SAT verbal and

mathemitical scores of the institution's studesits’;, governance (public,

We wanted our analysis to illuminate why racial and ethnic groups
varied in their choices of quantitative college majors. The causal
possibilities that we examined included racial and ethnic origin, being
second vather thun first generation college; scholastic ability,

at which the student was enrolled:
Our major interest was in assessing the effect of parental educa-
tion, defined as the highest educational level attained by either parent:

socioeconomic status. However, we were interested in it, not as some
partial measure of family SES, but as an indicator of whether the stu-
Information on the

underrepresentation identify early college tracking and an early orien-
tation toward quantitative careers and training as important precursors
of college entry and choice of a quantitative college major:

In light of these precursors, we hypothesized that being at least

~ ® For example, the unweighted 1981 sample size for our analyses was
246,800 students. o . . . A

7 The student was defined as second generation college if either
parent had completed even one year of college. Since we had educational
data on the freshman's parents only, we could not determine if the
student was more than second generation college.

1iy
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(1) Early college tracking. Parents with any :ollege are more
children of such parents are accordingly more likeély to assume early in
their schooling that they will go to college.

(2) Required pre-collegiate training. Parents with college know
more about the early training investments that children must make to
eiiter college and to pursue career interests, especially scientific/

far less than school requirements; parents, and teachers plan it for
them.

(3) Quantitative career options: Second generation college
students are more likely to have grown up with the wider occupational
horizors availablé to <‘ie white collar mainstream: Movement from
socially marginal positions, whether lower class white or minority
group; into the mainstream dppears to occur via a limited set of
occupaitions. Groups have varied in the nature of their "tickets out."

For example, the Irish used public sector jobs (e.g., police forces);

tive occupations, the gerneration that makes the move will show up less
in Lhese occupations--or in training for these occupations. First
generation college students are more likely to be the generation that
foves into the white collar mainstream: Second generation college
students are more likely to come from families that have already made
this move. These students should have grown up with the wider set of
cdareer options associated with the mainstream position secured by their
ancestors.

On the basis of this argument; we postulated the model portrayed in

Figure 1. Our centrz2l hypothesis was that second generation college

sode]l with multivariate regression techniques. However; we could deter-

11,

-
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mine if the model seemed promising with threc-way cross-tabulations.
Tﬁé ﬁéjBf aiié&Géﬁiééé of this Eééﬁ?iiﬁé ig that we can 65i§ estimate

Analyses of the 1981 fulltime, first-time freshmen confirmed the
réiationships hypothesized in Fxgure 1. For example; as Table 43 shows;
ﬁeiﬁg a hbn-ﬁsimn-ﬁmericah miﬁbrity reduCés the prbbabiiity bf Béiﬁg

attendance, and choice of a quantitative major.®

high school performance

>y (grades)

// \ \Q;

second generation + choice of quan-
mlnorltv freshmen college ' titative major

Figure 1. MODEL OF MINORITY CHOICE OF QUANTITATIVE MAJOR

? For éxaﬁp’ié ~we can égtiﬁiaté tiié éfié'ct of institutional type on

parental education and hlgh school grades.
' The literaturs shows that relative to whites of the same B
socioeconomic status; blacks have higher educational expectations. We

therefore hypothesized no relationship between being a non-Asian-

Amerxcan minority and educational plans Table 43 shows that in fact

there is a positive relatxonshxp between minority status and educationatl

expectations for all minority groups.

o |
|2
N\’
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Table 43

KI'LATIUNSHIP BETWEEN RACIAL AND FTHNIC CROUPS AND MODEL VARIABLES (PERCENT)

Fiirol Iment by Tvpe of
Institutinn

Rav fal Sevond e Ceessesecc-i oo Pereent Choosing
and Fthnie  GCenet ation B4 Uigh School  Post-Graduate Two-Year Four- Ig@r Quant ftative
troup tolteae Crade Averive Dopree Plans Culler CO]]PLP Unlverslty Major
Wit 611 SR 561 3 15.6 19.1 25.3 20.3
RN W27 5.6 62 R 34.97 :9.6" 15.5" 1523
Amerfsan 57.4 3.5 58.5 11.2 52.2 16:6 16.2
tndian
Chife o 1826 7.0 59.5 21.1 49.6 22.7 17:4
Piierto Rio.in 4i.h 31.9 56. ) jj.ﬁ 3%2 15:0 14.9
Asian 70, 63.7 75.8 11.3 822 48.0 0.3

American

i idﬂi; a4 percent of blick_freshmen attended predominantly black two-year (ollegﬁs, fnur-ye1r
vi, and aniversitive,  About 45 perivnt of thiese were enrolled in predominuntlv black two=vear

Collisgies il miest o' thi rest in four-yoar collepes.

ad

Tabie &4 presents the data required to test the hypothesized effect
of parci.tal education on choice of college major. The data confirm our
Egﬁéiﬁésis. BEihé sécbﬁa géhététibb ca]lege not aniy inéféiiéi; 555
Amer ican 1ndian, Chicano, and Puerto Rican subgrbupsw When we dis-
aggregate "first generation" and "second generation" college into six
levels of parental ﬁducatxon*" we find that the édﬁéjizﬁtibﬁ among non-
Asian-American sasgtanps occurs whéh paréntai educaiich shifts ?Eéa no

increases as the amount of college that parents have increases, but the

1% These six levels were: less than eighth ggaaé; some high

school hxgh school "aduate, some college; college graduate; and some

[y
jona
&
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Table 44

PERCENT OF FIRST A.\I) SE((‘\D CENERATION 1981 COLLEGFE, FRESHMEN

CHOOSING OUANTITATIVE CULLEGE MAJORS BY RACE AND ETHXNICITY

Percent Quantitative Majors

First Generation Second Generation

Racial and Ethnic Group College Freshmen College Freshmen

White 17.2 71.8
Black i2.0 19.5
Averican Indian 12.9 19.0
Chicano 15:2 20.8
Puerto Rican 12.1 22:0
Asian Arerican 41.2 40.2

All 16.7 21.9

increase is approximately the same for all non-Asian American subgroups:

As Table 44 also shows, parental education does not affect college
major choice of Asian-American {ieshmen. Although we had not expected
parental éaﬁééti6ﬁ to equalize Asian-American and vhite freshman major

choices, we had niot predicted that this group's choices would be

Insensitive to variations in parental education.
The éﬁél?&ég show that ﬁéiéﬁtél educat ion éffétts choice of a
quantitative major through its effects on high school performance and

postsecondary educational plans:. However, our exploratory analyses do
ot tell us if parental education has an effect on the choice of college

major in addition to its effects on these intervening variables*" If
it 6663; the success of ﬁblitiéé to increase minority .epresent on

among quantitative majors will be limited by parental educational

!1 The nature of the data base zlso precludes tests of the effects

of other piausxbie intervening variables,; such as Jun1or high school

interests, investments in high school mathematxcs courses.

i |
b
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dttainments  Fven if pareiital adication does not have an independent

affoct, the success of policies tirgeted on the intervening factors

similarly with regard to choice of college major. As their families
assimilate into the white collar mainstream, indicated by thec presence
of at least one parent with college, they behave like white college
freshmen. However, the Asian-Americans do not behave either like other

minority groups or like whites. They choose quantitative majors at
doible the white rates, and their choices are insensitive to variations
in parental education. Like the other groups their high school perfor-

mance and postsecondars educational plans increase as parental education

over; each level of parental education translates into higher high
school grades and postgecondary educational expectations for the Asian-
American than for the othar freshmen groups. Each level of high school
performances and expected educational attainment also tramslates into
higher rates of choosing quantitative majors.

Asian-American college freshmen are clearly high achievers from
high achieving families. They have the highest percent of second
generation college--a third, for example, have at least one parent with
graduate education; the highest average high school performance (B+);
and the highest average educational expectations--three-quartérs plan a
postgradiate degree. They concentrate in four year colleges and unmi-
versities, especially in universities, and in the most sélective colleges
and universities: For example; 4B percent attend universitjes, and of
those 60 percent are in the most selective universities. Thus, almost
a third of all Asian-Americans in postsecondary imstitutions are in the

nation's most selective universities, and another 13 percent are in the
nation's most selective four-year colleges:
However; eten when these impressive achievements and aspirations

are taken into account, Asian-American college students still choose

s
|2
<
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Their quantitative strengths have long been noted in educational circles
(e.g., Lesser, et al., 1964), but the nature/nurture debate trigzered by
tliis observation has by no means been resolved. A sociological possi-
bility is the following: The Asian-Americans clearly come from cultures
with high achievement drives; which for immigrant families should trans-
lite into concertod attempts to move up in the status stiucture of their
adopted home: This home is Western with Western languzges. The Asian-
American skill advantage should therefore be quantitative rather than
verbal. In their attempts to move into the white collar mainstream

Asiaii-Apericans have also faced substantial discrimination. The techni-
cal and scientific occupations should be freer of discrimination than
those managerial and sales careers outside of the limited world of ethnic
businesses:

In anticipation of our later discussion of institutional effects,

all subgroups: Two-year colleges depress these choices for the non-
Asian-American minorities. Sectarian (Protestant and Catholic) four-

yedr colleges depress them for whites, Chicanos, Puerts Ricams, and

Asian-Americans. The blacks in predominantly black collcges an
universities (42 percent of all black college freshmen) choose quanti-
colleges.

We cannot plausibly interpret these initial variations as insti-
tutional effects: CIRP data are collected in the fall of the freshman
year; often during registration or orientation week. Although insti-

tutions may affect retention in school and retentiom in the initially
selected major; it is hard to see how they could have such chance to

affect initial choice: These initial variations would seem to reflect
self-selection bias, institutional effects entering only in the sense

that students tend to select schools whose quality standards and curri-

[ SN
Jma
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cular Sttéhgths match their abilities Jﬁd'fiéld ihtétéﬁté." 13 THGS;

b’rin’g Wil.h théiﬁ.
Although institutional types vary in their percents of quantitative
ﬁdjéf thbiéésg there is more hbhdgﬁﬁéit? éﬁéhg thé non-Asian-American

the idez that the nataon s freshmen sort themselves inmtc institutions
that fit their talents and interosts. We sce (he greatest hbﬁdgéh@ity
for private, non-sectarian four-year colleges and for universities

(public and private): These two institutional types have the highest
percents of second géﬁététibﬁ Cdllégé freshmen for all Sﬁbgfdﬂpé; a

student charact&rlst1c al"ady shown to equalxzc quantitative choices.

The CIRP data let us examine choice of, but mot retention iti, a quanti-
tative college major. As we noted earlier, the NLS 7$72 adequately
sampled black high school seniors, and Dunteman et al. [1979) used these
longitudinal data to analyze 1972 black college students’ choice of and

persistence in a science major: Retention was defined as having obtained
a science B.A. or as Etill ﬁéihg enrclied in a science major four yedrs

after rollege entry.

The authors used the same variables that they used to assess womeii ' s

choices, but the relatxoashx;s among the viariabies differed for the two

groeups. For blacks they found that:

I2 For example, Véﬁi§7§§§4§§§§7(i9825 report that measured academic

more than college choxces of students.

!} The low rates of quantitative major choices in the sectarian

four-year colleges are ronsistent with this match idea. The curricular
stremgth of Catholxc four-year cclleges nf:en I‘es iﬁ the humauities.

the capxtal investment required for quallty sciefice educariom. Students
with quantitative interests should thersfore be less lxkply to selest
either of these kinds of colleges.

[y
Ly
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Whereas f'mily sociceconomic status {8ES) plays no role for

majors: Higher family SES is associated with higher rates of
choosing science majors, and the family SES of 1972 black
college freshmen was a full standard deviation Lelew that of
their white counterparts in college. The negativa effect
operated by reducing the mother's sducaticaal aspirations for
the respondent {as perceived by the respondent) and high school
mathematical achievement; both of which in turn affected the
choice of & college science major:’®

e  FEven when family SES is contrsiled, blacks are less oriented te
things tnan whites, scotfo over a standard deviation below
whites in mais-matical achievement; and teke fewer Nigh school
science courses.

»  Although lower family SES reduced mother's aspirations, when
“hites and blacks sre equated os family SES, biavks nave higher
perceived mother's educational aspirations than whites:

s  Being black has a negative, aggregate =ffect on chnosing a
science major in 1972 through the eff.:ts of race on an orien-
tation to thiugs, mathematizal ability, and nurber of high
School scierce courses, However, when the LWwo races are

equated on the Iintcrvening varisbles, btacks have a higher
probability of choosing & sclence major thanm whites.

¢ Ths probability of being a 1976 science wajor or B,A, is
primarily a fuaction of wajer status in 1972 The four inter~
vening variabies continue to affect persistence if science,
but have iess influence later in college than in the freshmas

é}ear;

Tremds in causil variables. Section 111 showed that quantitative

% Family SES includes parental education, and the Dunteman et al.
results are consistent with our fimdings fot the TIRP data for all non-
Asian American minorities.
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B:A. graduates. Analyses of the CIRP and NLS 1972 data show that
minority choice and persistence in the B.A. scionce track reflect
pareiital cducation, career preferences, high schiocl academic performatice

{especially in mathematics), and high school science preparation: Here

we look briefly at the current stzius of the different minority groups

oii two of these factors: parental education and academic (especially
mathemat ical) performance:

Table 46 shows the college attainment rates of 35-44 year old
white, black, and Hispanic men and women for 1969-1989. The 35-44 year
old age g{oﬁp is the .ge gréﬁb 6h6$é éhiidfeﬁ Ségin to enter Céiiege:

25-34 years of age in 1979.

Tible 46
PERCINT OF 35-24 YFAR OLDS %!TH ONE OR MORE YFARS OF COLLEGE
BY SEX, RACE, ET®TICITY, AND SFAR

.‘{glux
tear White  Black Hisp‘nt‘ White Rlaci Plspnnh
1909° 30.3 10:0 17.5 19.9 16,9 1.0
1979 W20 26.9 19.1 3.7 NI 12.2
joNad s:.7 3l.2 21.5 2.5 31.3 i9.1

U.S. Bureai of the | Cenbu<. (urr«ﬁt pU“dAJ{lUJ

5'wr:s. Rtrxgs P=20; No., 193, Flio ozl . : :
etey washington, D:C:; U:S: Government PrintiqL 0‘21«?, 1910;
U.S. Bureau ~f the Census Census of thc Population: 1970.

.

Sahject Reports PCE2)-98. Ile~zri-n:l . D Washinpeon;
D.C.. Uls. Government Printing Office, 19 37 U.s. Bureau of the

CeNsus, Current Fepulation Reports, Series P=20, No. 1%, &7
she twied Testenmr Cinell I G n e

mtSlir»t)n, b.C., L S. Governrent Printing Office, 1940,

."' o N e T 1 T
. yoi 3. » 3,

he data for Hispanics s from the 1970 Censgs; sot the
1959 Current Population Repurt on educational atiainment.

bRates for 33-.4 vear-olds inm 1989 are based =i the rates
i 1979 for 25-33 vear olds.
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Table 47
STANURRILZED SCURES ON ASSESSUENT ARERS AND SOCIOECONDMIC STATUS_OF
SECOSUARY SCHUOL SENIORS, BY RACIAL/ETHNIC thoi: SPRING 19802

Hisparic Fthnlcity
.m0 rerte  Other  Asian-  American
Subject Total White Black Hispanic Mexican Riran Cuban Hispanic American Indfian

e - M omt e dm mom e e . St e _————--

Slandarline Siopea®
Wicabilary part | S0 SLE GLE R GRS W3 @5 4d8 0,2 458
Vocabillaty pare 2 50:0 0 513 49 45:2 4B ek W83 5.2 50.5 46.6
Read oy, 5.0 51,5 4.4 43,7 4.6 437 L6443 50.3 46.6
Math part | 0.0 SIS &8 Gl 8 4h6 G2 4k 562 45:2
Math part 2 50.0 509 45.4 k6.1 46,2 kb0 LB.E 4S5 55.4 6.0
Hosaic Comparison part 1 50.0 S0.9 &G &80 419 0.0 W90 GLS  SLE 49:3
Mosalc Comparisen part 2 50.0 SLO 439 4.5 41,9 489 W88 46.0 546 4.2
Three Dimensjunal 0.0 51.0 439 4.9 472 @9 8.2 458 5.2 500
Vil {7t ion
Socioeconomic status 50,0 5l.2  45.1 48,7 .9 419 476 48,1 51.9 57.3

{SEST Tomposite’

e s et im s b e e By et nd AP @ o e A b W

Vuiitce: U6, Depirthent of Fdication; Natforal Conter for Kducatfon Statigties; High School and Beyord
Studv; unpublished tabulations.
N I T T T o,
Svotes ate standardized to a mean of 50 points and a standard deviatien of 10 points.
"o fovconomic status (SES) composite computed from father's occupation, father's education, mother's
educat ton, familv income, and i household ftem irdex.
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A11 three groups show substantially increased rates of college
attainment over the 20 year perijod, especially whites and blacks: The
rates for both the men and women of these two groups increase 20 per-
centage points, reducing the ratio of white to black college attainment
for men from 3:1 in 1969 to 1.7:1 in 1989 and for women from 2:1 in

Hispanic rates do not show as large an increase; in fact, the ratio
of white to Hispanic college attainment is unchanged for women across
the 20-year period and increases slightly for men. However, the
Hispanic rates should be interpreted very cautiously. As discussed
earlier, the Hispanic subgroup experienced substantial in-migration
during the 1970s, and this in-migration is expected to continue during
the 1980s. The more recent waves of Hispanic immigrants have had less
education. If length of residence in the United States is related to
college attainment rates,; the increase in these rates for longer-term
Hispanic residents should be better than Table 46 indicates. For the
same reason the estimate of 1989 rates has to be treated cautiously.
1f the group 25-34 years of age in 1979 acquires substantial numbers of
loss educated immigrants during this decade, the college attainment
rates of that group will fall below the rates that are now projected
for 1989.

Table &7 shows the standardized verbal and quantitative scores for
1980 high school seniors by race and ethnicity. On the mathematical
tests the rank order of scores is: Asian-Americans > Whites > Cubans >
Amcrican Indians > Puerto Ricans/Chicanos > Blacks:

Table 48 presents the SAT performince of blacks, whites, and Chi-
canos for 1977 and 1982. For whites bioth verbal and quantitative
scores declined. However; the results for blacks and Chicanos are
oncouraging. On both SAT dimensions tlie performance of both groups
improved, especially that of blacks: In only five years blacks have
reduced the black-white difference from 120 to 103 points for SAT verbal
scores and from 135 to 117 points for SAT quantitative scores. Increases
in black scores account for more of the reduction in differences than

declines in white scores,

[
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Tabtle <&
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Raéf.al \';;'S&i Mathematical
andif;[mic ) - . - <
Croup 1977* 1982 1977*  i982®
Whites 449 454 490 483
Blachs 129 31 155 166
Chicanss 7z 379 212 416
Poerts Ricans NK 360 xK 403

Asian-Anericans XA 350 ¥a 513

o 7‘$5g_;7c7é'_ Robert L. Jacobsen; "Blacks Lag in SAT ____
cores,” The Thpw et @ gfchep Fdoszeiov, January 7, 1980,
Vol. 19; Yo, 16, ®, 5,

|- e A e — ..  iiae YZ  YGRY ;

itz Ay v T Times, Part I, October 14, 1982, po 40

ih iééﬁiéi ihe averégé GRE ééé;éi of those &EG ﬁliﬁﬁéd gi&dﬁdté

were 628, 569, 649, and 655, respectively: Since the standard deviation

for each field was about 100 points; those who scored 100 poifts below
the mean for a field scored below 84 percent of those planning graduate
study in that field. A quantitative score of 550, for example; vould be
100 points below the mean scores for mathematics and engineering. Table

49 shows that the percent of each group with quantitative scores at or
below 550 was 39 pérccnt for Asian-Americans,; 56 percent for White:;,72
percent for American Indians, 81 percent for Mexican-Americans. 85
percent for Puerto Ricans, and 93 percent for Blacks.

The data on GKE score distributions suggest that groups with lower
scores may be selecting themselves out of fields with high average

scores. We can check this possibility with the data in Tables 50 and

51, which; respectively; show the average SAT and GRE combined

quantitative and verbal scores for the undergraduate or graduate fields

that test-takers expect to enter:
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OF HIGH SCHOUL SEXIORS BY KAUISL. OK
AN ANTICIPATED MAJOR IN COLLEGE®

Mean Cocposite SAT

. _._____ Puerto American
whites Blacks Chicanos Ricans Indians
ATts and Humanities 930 732 845 831 808
Educatien 884 632 751 738 755
Suw 13l Sciences 1,029 735 B6é 796 g£39
Basiress 950 695 807 33 798
Allied Health Fields 958 710 a6 800 568
siclogical Sciences 1,066 807 921 897 855
Engineering 1,109 848 1,018 918 969
Physical Sciences and 1,132  B4S 1,016 315 379
‘lathematics
Bcource: Alexander W. AStifi. (7% w el 3 Amepiem: B0 ¢ FiL

+' -, San Francisco: Jossev-Bass; 1982 p.

Table 51

19R0/R1 COMBINFD VERBAL _AND OUANTITATIVFE_CRADUATF_RFCORD EXAMINATION (CRF)

SCORES RY EXPECTED CRADUATE FIFLN AND RACE AND FTUNICTTY?

vipecied coadaate " extean-  Puerto  American  Asian-
Field Total White Black American Rican Iadian  American
Total 1015 1039 ?99 847 A0 925 1054
Arts 4979 3462 733 820 719 AR2 997
Dther Himanit ies 1068 1064 774 851 784 969 1076
Fdiic at lon 900 929 661 781 7R ROA s
Retauiaral Seiemees 1030 1055 785 a7 CTyA 913 1054
Health Flelds 985 inis 174 HH2 798 901 1032
Blological Sclences 1091 1110 822 101 708 1o 1102
Fagineering 118G oo 964 1061 a6s 111 1176
Mit hemat ics 1182 1708 834 1044 921 {:29 1104
Phvsledl Sefefies 162 1170 RR4 a4 RAS 1140 11863

ag i ol R o ad e .,
Soiifea:  Mirliie R, Coodisom. i emap.
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wc ronb order the fialds by their scores; we see essentially the
sdme rank order of fields at the undergraduate and graduate levels and
for vach racial and ethnic group. Howevsr, the distribution of each
fields occurs reliiive to the distribution of talent within the racial
and othnic group, not within the total SAT or GRE population. If the
field distribmtion for each subgroup occurred relative to the total
population; we would see much less difference between the mean SAT

For example, although each subgroup shows variation in scores across
fields, for each ficld the average black score is about 70 or 75 percent
of the white score.!® In other words, having a smaller percent with
high quantitative scores does not seem to limit a subgroup's choice of

ficlds with high average scores as much as one might expect.

Sommary and Conclusions

Aviilable analyses indicate fundamentally different causes of
women's and minoritiss' underrepresentation among quantitative
doctorates. By grade 12 all underrepresented groups have smaller
percents with the high levels of mathematical achievement associated
with quantitative college majors. However, the factors that produce
these lower percents differ by subgroup. For women they sicem to be the
familiar motivational factors that shift giils; interests away from sex
atypical careers and the high school mathematical sequence associated
with quantitative postsecondary training: During adolescence individ-
uals are under simoltaneous pressures to resolve sexual identities,
form career preferences, and invest in any high school training required
to pursue their preferences. Scientific career interests and invest-
ments in high school wathematics are consistent with the development

of masculine, but not feminine, jdentities:.

' Although these data refer to college or graduate school
aspirants; not graduates; we see the sameé score and field pattern by

racial and ethnic groups for those who obtained B.A. degrees.
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For the non-Asian-American minorities the major fictors seem to be
family socioeconomic status, e.jecially paiwital education, wich ies:
(1) demonstrated efifects on educational aspirarions and high school
matfiematical and science achievements; and (2) probable but undemon-

' representation among quantitative doctorates. As the society

ties

that require quantitative training. We should also see them make
these choices in time to take high school mathematics that are required

choices should increase. The data reported in this paper suggest that
changes in educational attainment will probably precede changes in field
choices.
INSTITUTIONAL CAUSES
Introduct jon

The institutional question is easy to state. Independent of thelr

students' characteristics at entry, how do differant types of educa-
tional institutions affect their students' educational attainments,
mathematical and science preparation, and postsecondary field of
training?

The answers to this question matter to policymakers, parents,
taxpayers, students, and the cducational institutions themselves. Some
of the nation's most heated éducational debates resolve into questions
about the effects of types of institutions on student outcomes. For

125



secondary schools rincrease student achievement? Do private versus

public high schools increase student achievement? Do two-year colleges

fodice their students' ultinate educational attainment? Do predomi-

nantly black colleges increase black students' educational attainment?
However, questions about institutions are not necessarily easy to

ansver bétéﬁﬁé the interest {: how 1nst1tutxons affect student

citcoses over and above what w J have happened to students in any

school: Astin (1573) stated this problem weil almost 20 years ago.

aLLemptxng to cgmpare the cffects of dxfferent types of col-
leges on student performaince ;sfclgarlyf;llustgated by the
history of the "Ph.D. productivity" problem. Ia the earliest
studies it was found that undergraduate institutions differed
markedly in the proportions of their graduates who eventually
obtained Ph.D: aééféég. Such differences were "explained” in

terms of the college's characteristics: type of control,

level of traxnxng of the facul'y, geographxcal region, labora-
tory facilities, and so on: However, in subsequent studies

it uas found Lhat these dxfferences in the output of the
Ph.D.'s could be attributed at least partially to the charac-
teristics of the erntering students, rather than wholly to the
effects of the institutions themselves. Two recent studies
have; in fact, shown that. ﬁdﬁy of the institutions which were
classified previously as hxghly productive" turn cut to be
among the most "unproductive" when selected characteristics

of their student inputs are controlled. (p. 137)

Our ecarlier discussion of how schools varied in their percents of

froshmen who chose quantitative majors (Table 45) illustrated Astin's
point. These initial differences could not reslistically be attributed
to the effect of the schools, although such initial dilfercnces presum-

dbiy shbw s iﬁ differcnces between schools in their production of

Scparating xﬁstitutfaﬁai effects from compositional effects (the
cffocts of individual student characteristics) has turned out to reguirs
theoretical, messurement, and methodological sophistication. For
cxample; the social sciences have encounteéred wajor problems just in

identifyirg, properly conceiving of, and adequately measuring institu-

| Ty
: A
Vol

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

- 108 -
i ional and student characteristics that affect ultimaze outcomes. In
the instizutional case, for example; the research stimulated by the
1506 Coleman report on equality of educational oppertunity is finding
that schools in fact do differ somewhat in their effectiveness; as
measured by student achievement: However, the relevant institutional
characteristics are less those of easily measured inputs, such as

level of the school; instructional leadership, staff stability, curri-
culum articulation and organization, school-wide staff development
(Purkey and Smith, 1982):

On the student side; educational aspirations provide a case in
point. At the start ¢+ college two groups of students may look

idenitical on aspirations, but in fact have different "growth curves."”

One group's aspirations may be less realistic, as measured by factors
that we know affect ultimate attainment regardless of school; e.g.;
ability. The group may aiso be less committed to those aspirations,
6.g.; more attracted to work. The lower ability and less committed set
may choose a two-year college precisely because it presents less academic
challenge and implies less commitment; the second get, a four-year
college for exactly the opposite reasons. Even though both groups

than the second set, completely independent of the schools that they
attended. Unless we conceive of and measure aspirations in ways that
let us adeqiistely detect initial differences, we run the risk of
attributing ostcome differences to differences between two- and four-year
colleges, rather than to the nature of the students who chose them:
Reasonable Expoctations: Hou Much Effect?

It is useful to ask how mich differences among institutions might
affect student outcomes. In gemeral studies find that much, although
not all, of the variation between schools is attributable to composi-

tional, not institucional effects. For cxample, Alexander et al. (1979)

) Y
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student bodies accounted for most of what had been identified in the
literature as school effects on student collegu plans.

Using the NLS 1972 data base, Anderson (1981) estimated the college
ittrition effects of experiences during college; net of differences in
background characteristics. The experiences included college type (two-
year and four-year), and her sample was restricted to students enrolled
iti the academic curricula of both kinds of schools: She found that &4
four-year college increased persistence by 5 percent from year 1 to year

Two factors accounted for some of the college effect. Relative to
four-year ccllege students; two-year college stidents are more apt to
work longer hours in 4 regular (not work/study) job:. Longer hours in
siich jobs reduced persistence: They also are more apt to live off-
campus or at home; and these residential arrangements reduced persis-
tence, especially if the student was working. We may or may not want
to hold two- and four-year colleges "responsible" for these differences

in their students' working and living arrangements.
9 8

charicteristics. However, he concluded that the characteristics of high
aptitude students at téliégé entry ippeared to bie much more important
than the characteristics of tho colleges that they attended in determin-
ing final career choices:

These and many other empirical studies suggest that we should
expoct some, but limited, effects of institutions. Our empirical
knowledge about human deve lopment indicates that we should cxpect more
limited institutional eftects at the postseccndary than at elementary
and secondary levels: As the individual ages; outcomes arc increasinigly
detormined by characteristics that thé {ndividual brings to the situa-
tion, rather than by the situation itself: We also nced to be more
sensitive to the possibility of sclf-sclection at the postsccondary

fovel. Most families have more limited choices of clementary and

Il |
V)
o



- 110 -

secondary schools than of colleges, and, as choices increase, the

chances that self-selection will affect altimate outcomes also increase.
Reasonable Expectations: What Kind of Effects?

Although institutional variations generally seem to have only
limited effects on student outcomes; we can still ask what institutional
characteristics might make a differerce.

Briefly; let us review the facts to this point.

1. By the conclusion of high school only those already in the

scientific/mathematical game have the option of continuing to

o

Early colleg: ::racking, early scientific/mathematical
interests, and substantial investment in junior and senior high
school science and mathematics courses are precursors of post-
high school entry into quantitative training and careers.

3. The underrepresentation of women in the quantitative
disciplines seems traceable to early "feminine" career
incarests and their training consequences.

4. The underrepresentation of non-Asian minorities Seems traceable

to the negative consequences of lower family social status,

especially parental education; on early college tracking,

occupational horizons, and academic performance.

These facts indicate the impoitance of the earlier years of
ediication and theérefore of our elementary and secondary schools in any
attempt Lo increase the representation of women and minorities in the
quantitative disciplines. The task before the schools is to change the
restricted horizons and achievement ultimately responsible for their
underrepresentation. Our schools control the amount of time that
students spend on different subjects, the quality of their curricula,
and the performance standards for grade promotion and high school
graduation. As studies clearly shaw, time-on-task does affect how much

students learn, the quality of that time does affect how involved

13;
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students become in a subject, and standards do affect how hard students
work and what courses they take.
children well in science and mathematics. The deficiencies matter most

for those youth (girls and minorities) who do not have compensating

resources and encourzgecent ocutside of the school: Let us look first a
time-on-tisk. In elementary school students spend an average of 25
percent of their weekly instructional time on mathematics, but only 11
percent on science (wWelss; 1978). High schools vary substantially in
the science and mathematics courses even offered. In 1977 at lsast 80
percent--but not all--of the nation's public high schools offered
introductory matliematics and science courses (biology I, chemistry I,
physics I, algebra I, ::d geometry I), but far fewer offered more
advanced courses (trigonometry--54 percent; calculus--31 percent;
biology 11-747 percent; chemistry I1--23 percent; physics 11-75 percent)

(Cond it fon of Education, 1980). As a result only about a third of the

i fifth, threc years of science (Scicnce and Mathematics in the Schools,
1982):
It is hard to assess the quality of science and mathematics

instruction. However, quality may be one explination for what we
observe in stodent attitcdes toward science: Students' positive
ittitudes toward science instruction détiiﬁi@ from over 50 percent in
grade 3 to 20 percent in grade 8 (Science and Mathemat ics in the Schools,
19823, It is not known why the percent who like science is so low

even by grade 3 and declines still furtheér over the sibscquent five
years of schooling: Children are "natural” scientists--curious about

the world around them. One factor may be that the overwhelming majority
of elemetitary school teachers are women, who tliemsiélves are less apt to
like or be competent in science: As a group,; they may reinforce the
handicaps that girls and minorities bring to science. Whatever the
reason, schools fail to maintain, let alone augment, earlier positive
sttitudes toward science.

Finally, schools' performance standards define minimally acceptable

o -1;3;3
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student work and; in high school; the courses required for graduation.
we do not know what the quality standards are or how they viry across
the grides. Hotvever, abiut 15 years ago high schools began to liberal-
ize ‘heir graduation requirements. Today only a third of the nation's
school districts require more than one year of mathematics and one year
of science to graduate (Science and Mathematics in the Schools, (1982).
Since those without tle high school advanced mathematics/science sequence
lose the option to play the quantitative game, our attempts to give stu-
dents more choice in high school resulted in restricting their choices
after high school.

Although schools may vary in how they distribute their science and
mathematics resources between boys and girls within a school; girls are
no more vulnerable than boys to resource variations between schools.

This is probably not true for minorities. We do not know how mathemat-
ics and science resources distribute across schools with different
racial and ethnic compositions. However, for Various reasons we can
probably safely assume that schools with predominantly minority enroll-
ments have fewer such resources: If this is true, such distributional
differences would affect a large purcent of minority students. In

1978 60 percent of the nation's minorities who were enrolled in public
clementary/secondary schools attended predominantly minority schools
(50 to 100 percent minority enrollments),'¢

These data suggest that schools could imcrease students’ mathemat-
ical and scientific skills and interests by increasing the required
tiﬁé-éh task Hﬁd the quaiiiy of ihai instruction: Siaﬁiy iaaiéasiag

protect studonts' future training and career épt;ons;" At the same
time, it has to be recognized that unless school days are lengthened,

more time on science and mathematics represents less time for other

1¢ Thirty percent of minority students were enrolled in -chools
with 90-100 percent minoricy enrollment (Candition of Education, 1981):

17 Some states; such as California and Florida, are considering
increasing or have already increased their mathemat ics and science for
high school graduation or state college entry.
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subjects or activities: Increasing science and mathematics graduation
requirezents and the quality of that instruction also iéﬁﬁifé more
tvachers Jand more qualified teachers. The schools already face short-
iges of mathematics and science teachers--in 1579, excluding the special
education field; 40 of the ﬁﬁblit school field vacancies!® fell into

the mathematics and science fields {Conmdition of EHUCétJan, iééij. fﬁey
also face a decline in the quality of individuals who enter and stay in
teiching (e.g.; Dworkin, 1980; Vance and Schlechty, n.d.). Since high

school mathematics ard sciencs teachers have more cmployment and attrac-

tive salary opportunities in indostry than teachers in other fields;®
ggpa;ts éiﬁéti the iﬁélity ﬁ%mﬁléﬁ that affects the whole tééthiﬁg
communication, Schlecn-y):

The major issues about the effects of postsecondary institutions on

womer's ind minorities’ representation in the quantitative disciplines

are: (1) effects on college entry (financial costs, scholarship aid;
ind dcademic séléCtivityia (2) effocts on oducational attainment; and
{3) effects on field of training:

The literatare on ﬁéStSéééﬁdd}y iﬁStitﬁtiéﬁéi ériéczs is saaiiér

secotidary institutional effects: However, the first issue (college
entry) is much better researched than the second and third. The issues
of college entry are more relevant to minorities than to women, espe-
cially the financial dimensions of the college-going decision. The
ccoenometric literature tlédil? shows that schdlarship he]p increases
college-going (e.g., Fuller, Manski, and Wise, 1982). However, the
quistiot is whether lack of aid prevents college entry (and retention)
of those stidents who would otherwise obtain a quamtitative degree:

we do not know of studies that answer this specific question.

18 These slots could not be filled for lack of qualz{xnd personnel,

not bhecause of budget constraints,

'* For example, in the San Francisco area a new mathematics B.A.

graducte can get a starting salary of about $13,000 in teaching and

$20,0600 in {ndustry. The salary difference increases over time.
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However, we do know that: (1) those who plan a quantitative college
major and obtain a quantitative B.A. represent the most able members of
their particular racial and ethnic subgroup; {(2) more able high school
graduates are more committed to postsecondary eaucation, as indicated by
their educatrional objectives; and (3) of those applicants who need
financial help; the more able attract more scholarship aid (Venti and
wise, unpublished, reported in Fuller, Manski, and Wise, 1982). These
relationships suggest that needy applicants who have the ability to
select and stay in a quantitative major are also the most likely to seek
out and receive adequate financial help:
As noted, very little is known about the effects of postsecondary
institutions on educational attainment and field of training. Control-
ling on freshmen characteristics, Astin (1982) found that for those who

expected to get at least a B.A. degree; entry into a public two-year

college had a small, but statistically significant, negative effect o
the college persistence of all racial and ethnic groups except Puerto
Ricans: He did not find this effect for private two-year colleges. His
results are consistent with those of Anderson (1982), discussed earlier:
For those students who expected to obtain at least a B.A. degree,
rediuced persistence. This was true for both two-year and four-year

traditionally black colleges.
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