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I. INTRODUCTION

The primary purpose of this study is to explain the relatively low
entry rate of females and blacks into college science\cgr:}cula. A sub-
sidiary and related purpose of the study is to explain the relatively
low science degree attaimment on the part of females and blacks. The
findings from the explanatory models, hopefully, will ba uscful in
identifying means to increase the participation of females and blacks
in college academic science programs. The data base to be used in
modeling scx and race effects on choosing a science major and science
degree actaioment is the Natiomal Longitudinal Study of the High School
Class of 1972 (NLS). The NLS invelved a two-stage probability sample
of over 20,000 students from about 1,300 schools wio were contacted as
high school seniors in 1972 and recontacted in 1973, 1974, and 1976.

The in-school and subsequent three follow-up surveys ccver some of the
critical periods in science career development: the transition from
high school to college and t e completion of college.

That women and minority groups are seriously underrepresented in
both science and engineering cateers is a clearly established fact.
Although equal proportions of wcmen and men are now entering post-
secondary educational institutions (Peng, 1977) and an increasing number
of women are obtaining advanced degrees and entering careers, the careers
they enter continue to be those traditionally dominated by females, such
as education and nursin: - ._.achek, 1977). 1In 1373, aore than two-

thirds of the employed pro: .siosnal women in the United States were



elementary or secondary school teachers or health workers, while but a
fraction chose careers in the natural sciences or technology (Monthly
Labor Review, 1974). In fact, only seven percenc of all women who
graduated from college in 1972 were science majors, compared to 24
percent of the male graduates (Scientific Engineering Technical Manpower
Comments, 1974). As evidence of this trend, NSF reports that in 1973
women constituted only 7.6 percent of the employed doctoral scientists
and engineers (NSF Report 77-304, 1977).

Similarly, blacks represent 11.1 percent of the United States
population (1970 census data) but a much smaller percent are trained for
or actually employed in careers in science and technology. For example,
Porter et al. (1974) reported that, in 1973, only 0.6 percent of United
States physicists were black, and Alden (1974) reported that only 1.2’
percent of those employed i~ engineering occupations were black.
Educational enrollment data show similar results. For example, enroll-
ment of graduate students in 1973 indicates that caly 1.2 percent of
those in engineering wera black. In the physical sciences the figure
was 1.3 percent, and in the life sciences it was 1.5 percent. Finally,
Henderson (1974) reported that blacks received only 29 (0.5%) of the
5,696 geoscience degrees granted in 1972.

This disproportionate distribution of the sexes and minority groups
across scientific occupations has far-reaching implications since, =zs
Goldman and Hewitt (1976) point out, "'scientists and engineers axert
considerable infl ence on United States society, (and) any group that

contributes few scientists and engineers is at least partly disenfran-—

chised.” .
9
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II. LITERATURE REVIEW

A, Introduction

We shall see that the data from the National Longitudinal Study on
a cohort of over 20,000 high school seniors of the Class of 1972 indi-
cates that the gap in science participation in college between males and
females and between blacks and whites has narrowed in recent years.
Nevertheless, the problem still remains. The purpose of this section is
to review theoretical arguments and empirical evidence that shed some
light on the mechanisms underlying the generally lower science partici-
pation rates on the part of females and blacks. The general focus is on
the underlying processcs involved in the selection of a science major in
college. Without a science degree, it is virtually impossible to sub-
sequently pursue a career in science. Although a science degree is
necessary for pursuing a science career it is not sufficient since many
barriers may arise to hinder the participation of females and blacks

(e.g. job discrimination, family formation in the case of women, etc.).

B. Sex Differences in Science Participation

Various sets cf factors or influences have been proposed to account
for sex differences in the selection of a college science major. Among
them are ability, personality and interest patterns, and lack of high

school preparation.

1. Ability
Maccoby (1.970) contends that women think less analytically

than men, and so are less capable at mathematical and scientific subjects.

1y



She suggests that from an early age, females develop a different way of
dealing with incoming informatic... Consequently their thinking is "less
analytic, more global, and more p.: :cverative...and that this kind of
thinking may serve them very well for many kinds of functioning but that
it is not the kind of thinking most conductive to high-level intellectual
productivity, especially in science."

What brings about this dissimilarity in types of thinking? Maccoby
concurs with the work of Bing (1963) and Witkin (1962) which indicates
that children who display analytic perceptions have been encouraged by
their mothers to establish independence of thought by freely exploring
their environmernt and solving problems without '"motherly' intrusion. An
earlier study -+ l=-v (1943), which also cites maternal behavior as a
potentially important element in intellectual development, found that
"overprotected' bovs possessed high verbal ability, but their perfor-
mance °: nathematics was significantly inferior. These findings are
consisten” with data which reveals that girls (the traditionally pro-
tected sex) exhibit proficicncy in languages but low levels of perfor-
mance in science and mathematics (Herman, 1976).

Ros=i (1965) cites evidence that indicates that the parental action
that fosters analytic thinking could differ according to the sex of the
child. She notes that the four characteristics typical of outstanding
scientists (as outlined by Roe, 1952) are more likely to be recognized
as characteristics of boys rather than girls in American society. These
characteristics, (1) high intellectual ability, (2) persistence in work,

(3) extreme independence, and (4) "apartness' from others, are capable

11



of manifestation early in a child's development. That these character-
istics show up predominantly in boys at an early age lends support to

the thesis that social molding discourages girls from developing qualities
of assertiveness, self-reliance, and independence of thought which, in
turn, may lead to scientific modes of thought.

It is a common supposition that boys consistently score higher than
girls on tests of mathematical ability, but this tendency does not
appear until secondary school where boys forge ahead of girls (Maccoby,
1970). 1t is interesting to note that during the early and middle
school years, the sexes do not consistently differ in mathematical
abilities. However, throughout the grade school years, boys perform
better on tests of spatial ability (Maccoby, 1970). The earlier refer-
ences to the intellectual development of females attempts to "explain"
this lack of spatial ability which is closaly associated with analytic
thinking. Tyler (1965) presents an excellent summarization of sex
differencés in ability and achievement. Girls, in general, ohtain
higher grades than boys and do better on verbal tests. Boys do better
on mathematics, spatial relations, mechanical comprehension, and maze
tests.

While mathematics ability is important in the selection of a
sclence career, it does not completely explain sex differences in the
selection of a science major. Gol&man and Hewitt (1976) found that the
association between sex and the selection of a college major was reduced
when SAT Math scores were used as a control variable. The authors

contended however that differential mathematics ability between the

12



sexes just about completely explained sex differences in the selection
of a science major. Thé& seemed to overstate the importance of mathe-~
matics ability, however, since a significant partial association between
sex and scierce major status still remained after partiall.ng out the
influence of mathematics ability. Gilmartin et al. (1976) also found
that sex differences in selecting a college major were not completely
mediated by mathematics ability.

2. Personality and Interest

Although there have been psychological studies of male scien~
tists (Roe, 1952 and Clifford, 1958), less attention has been paid to
the personality characteristics of women scientists. However, one study
of female biologists and chemists (Bachtold and Werner, 1972) utilizing
the Sixteen Personality Factor Questionnaire (16 PF) found that as a
group, women scientists were ""more serious, radical, confident, domi-—
nant, intelligent, and adventurous than women in the general population,
and less sociable, group-dependent, and sensitive.” The study also
showed a strong similarity of personality profiles (16 PF) for men and
women scientists. In measurements of self-esteem of professional
women, McBee, Murray, and Suddick (1976) discovered that women in
"masculine" professions had nigher self-esteem scores than those in
feminine professions.

Astin's (1968) analysis of high school girls disclosed that science
career-bound girls are least like the girls who either plan to become
housewives or enter z career which does not require a college degree.

Another study (Tangri, 1972), found personality differences between

13



senior éollege women who chose non-sextypical occupational choices (Role
Innovation) and those who chosc “raditional female occupations. The
Role Innovators were more autonomous, individualistic, and motivated by
internally imposed demands to perform to capacity.

Another facet of personality asscciated with scientific patterns of
thought and interest is orientation towards things as con*rasted to
people, a tendency found more often in males than in females. Both
Lovett (1971) and Rezler (1967) found that women in atypical (male
dominated) occupations place less valuez on helping others ard interest
in people as opposed to things, than do womea in traditional occupations.

Women score higher on vocational interest scales for occupations
involving art, social service, and writing. Men score higher on scales
for science and business. However, men and women within a particular
profession are highly similar in interests (Tyler, 1965).

Kirk (1975), in her study of 500 academically superior high school
senior girls, found that the.girls attributed the greatest influence in
their career direction to their own interests and abilities. She noted
that concern over courses, grades, and abilities were important factors
in discouraging interest in science.

McClure's (1978) study of college bound girls noted a lack of
personal interest in science and technology that was further compounded
by inadequate academic preparation. Hansen and Neujahr (1974) found
that, even in a select group of males and females gifted in science,
interest patterns differed on the basis of sex. Males were more likely

to be involved in scientific hobbies and to have labs in their homes.
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Males zlso chose the physical sciences and published scientific papers
more often than did females. The conclusion drawn from this research is
that the "major difference between males and females...would seem to be

the depth of interest in science and that the relative levels of interest

manifest in high school seem to persist.”

Erlick and LeBold (1977) conducted a large survey of over 8,000
high school students that concerned science career plans and the factors
that influenced them. The survey indicated that males exceeded females
in reporting that mathematics z2nd science courses ware very interesting
and enjoyable. Females were alsc more likely to prefer serving others
and teaching while males were meore likely to prefer making, building, or
growing things, and servicing, maintaining, or repairing things.

3. High School Praparaticn

McLure (1978) claims tha: girls lack the necessary math and
science preparation in high school. This is empirically supported by a
number of studies. For example, Erlick and LeBold (i977) found that
males outnumbered females in taking advarnced mathematics and science
courses in high school and a survey conducted at Barkley in 1972 by
Ernest (1976) found that only 8 percent of freshman women compared to 57
percent of freshman men had completed four years of high school mathe-
matics.

4. Other Sex Related Influences

McLure (1978) claims that neither pazents nor teachers encourage
the development of scientific interests in girls and that, in addition,

there are few role models of successful women in science. Goldman and

15



Hewitt (1976) also contend that sex role development may depress the
development of motivation to develop mathematical skills.

McLure (1978) and Trigg and Perlman (1976) emphasize the problems
women have in combining marriage and family formation with a scierncsa
career. Astin and Myirnt (1971) using Project Talent data found that
marital-familjal status was a good predictor of whether women would
pursue careers in the .:iences and professions or become housswives or
office workers. Rossi (1965) reported that while four out of ‘ive
employed men scientists are married, only two out of five employed women
scientists are married. Perrucci (1970)'reports that career women araz
more likely to be childless than their non-career peers. Erlick and
LeBold (1977) found that women planning careers in science are more
likely to plan to marry later and to combine marriage and career than
are women not planning science careers. However, they found that
marriage plans per se were not perceived as important detei=nts in
pursuing a science career.

There are other sex related influences such as job discrimination
that have probably played a key role in the past if not the present.
Lewin and Duchan (1971) reported conspicuous disparities between salaries
of men and women along with documented inequalities in awards of research
grants in order to illustrate discriminatory practices operating in the
highest levels of the academic structure. Rosenfeld (1978) suggests
that‘men stereotype women as less serious workers, possibly due to the
common assumption that women will not work continuously throughout their

lives, regardless of the actual behavior of a specific female employee.
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The situation for females is best summarized in a recent National Science
Foundation Study (1977) which contends that there is a strong focus in
our society that is unfavorable to the development of science potential,
interests, and professional activities among women (and minorities).

These influences have been particularly strong.

C. Race Differences in Sciece Participation

The statistics discussed earlier that cite the striking lack of
participation of blacks in the sciences has only receatly come to be
viewed as a matter of concern. Employers attempting to meet affirmative
action standards experience difficulty locating qualified scientists in
the black population. For example, in December of 1972 some 300 companies
Planned to visit and interview the 30 engineering school students in the
graduating class at Tennessee State, a predominantly black college
(Habarth, 1974). Despite the existing programs designed to increase the
number of blacks in specific scientific areas (e.g., engineering and
health-related professions), blacks continue to be underrepresented
among students in those fields. There is little information available
to explain why the recruitment of blacks irto science has accomplished
little; even the blacks who are successfully recruited as science
students hare a high dropout rate (Rowe, 1977).

The reasons for the scarcity of black scientists are far from
completely understood although various reasons have been put forth in
the literature (e.g. stereotyping, aptitude deficiencies, absence of
role models, parental and social factors). There are repeated calls in

the literature for improved and more comprehensive studies to explore
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the factors which may mitigate against the participation of bhlacks in
science (Rowe, 1977; Dillon and James, 1977).

The discussion in this section will be primarily focused on the
influences of ability, personality and interests, high school prepara-
tion, socioeconomic status, and other factors in accounting for differ-
ences between blacks and whites in choosing a college science major and
pursuing a science career. The number of hispanics and other minorities
in the NLS data base is too small on which to develop empirically based
models so that the discussion will not consider these other minority
groups unless findings or speculations apply to minority groups in

general.

1. Atility

The generally lower ability of blacks for both sexes and at
all age levels has been well document=d in the literature. For example,
Sie et al. (1978) found that mathematics background, an important
prerequisite to a ;cience career, was especially lacking among blaék
females. Also, Sie's data showed that black males had the lowest level
of high school academic performance of all student groups including
black females. Gilmartin et al. (1976) noted large differenzes among
four major ethnic groups in mean scientific potential, with blacks and
Spanish surmame students scoring one standard deviation below whites and
orientals. 1In general, these ability differences between blacks and
whites remain even after adjusting for socioeconomic status and educa-
tion (Tyler, 1965). Gilmartin et al. (1976) reported that minority

differences in high school science Plans were mediated by ability. The

15
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NLS data, as will be seen, indicates that black-white diféerences in
initially selecting a college science major im the freshman year and
being a science major four years thereafter are not explained simply by
ability differences. Gilmartin, however, is modeling plans while the
goal of the present study is to model the actual selection of a college
scisnce major.

2. Personality and Interests

Data collected by Sewell and Martin (1976) on a sample of
black inner city high school students revealed a pattern of occupational
choice that was substantially different from a normative sample of 2,000
predominantly white, middle class students. In particular, the black
adolescents demonstrated more interest in artistic, health and welfare,
and business-clerical fields than the white sample. Although the black
students were chosen as having potential for college education, their
interest in technical-scientific fields was very low. In agreement,
H;ger and Elton (1971) compared black and white male college freshman of
similar socioceconomic status. They found that whites more frequently
aspired tc scientific occupations, while black students aspired to
social service vocations and concluded that race may therefore be a more
powerful determinant of vocational choice than SES. Rowe (1977) specu-—
lates that possibly blacks have more of an external locus of control
than whites. That is, blacks emphasize the importance of luck and
external environmental influences beyond their control as determining
their life outcomes. Rowe further speculates that since successful

scientists have an internal locus of control, blacks would be less
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likely to choose a scientific career. Overall, the evidence suggests
that there are substantial personality and interest differences between

blacks and whites.

3. High School Preparation

Erlick and LeBold (1977) found that even those minority group
members who were considering science as a career often lacked the high
school mathematics and science courses and experiences which the majority
of their white counterparts had in school and at home. Data from the
present study, as will be seen in the chapter on descriptive statistics
indicates that blacks, in general, have less overall high school math
and science preparation than whites.

4. Socioeconomic Status

Socioeccnomic status (SES) is traditionally defined as a
weighted linear composite of parental income, occupation, education,
and, in some instances, household possessions. Along with ability, it
has been consistently used as a predictor variable in educational and
Vocational outcome studies.

There has been considerable speculation as to whether or not the
relative low SES of blacks compared to whites explains, at least in
pPart, the relative scarcity of blacks in science. An examination of the
literature reveals that the impact of SES, after controlling for ability,
and other variables, is less important than other forces which can
affect one's career choice. In a study by Sie et al. (1978), SES differ—
ences among black students did not predict career choice. Gilmartin

et al. (1976) reported that the correlations between SES and tender.cy

~
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towards selecting a science career were very low. Similarly, Carter and
Picou (1975) and Allen (1978) concluded that lower social origins are
less of a handicap to blacks than to whites in regard to vocational
aspirations and occupational choice.

5. Other Race Related Influences

Sloan and Peden (1974) as well as Vetter (1975) noted the lack
of black role models in science which they felt might contribute to the
apparent reluctance of blacks to choose a career such as science in
which minorities are not clearly visible. The nebulous concept of
parental influence in the black family on children's vocational and
educational aspirations has been cause of considerable debate.

According to Allen (1978), the thesis that links lower rates of occupa-
tional and educational attainment among blacks to deficiencies in the
family, rather than deficiencies in the society and its institutions, is
suspect. The thesis is that black parents have low educational and
occupational aspirations for their children.

On the contrary, Allen (1978) found that black parents placed
greater stress on college attendance than white parents, though the
white parents expected higher levels of school performance. Among
blacks, the mother was the central figure in the determination of
adolescent level cf mobility aspirations, while among whites it was the
father. In addition, Rodman and Voydanoff (1975), in a study of 436
black parents, found that there were a wide range of educational
aspirations in their relatively low SES group. These findings suggest
that educational aspiration levels among blacks might not be a major

factor in explaining the lower rate of black participation in science.
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III. METHODOLOGY

A. Introduction

The data base for this study comes from the National Longitudinal
Study (NLS). The NLS is a longitudinal study of over 20,000 high school
seniors of the Class of 1972 whose primary objective is the observation
of the educational and vocational activities, plans, aspirations, and
attitudes of young people after they leave high school. The ultimate
purpose of the NLS is to better understand the educational and voca-

tional development of a cohort of young high school graduates.

B. Data Base

Following an extensive period of planning and field testing, the
full scale survey was initiated in the spring of 1972. Th= sample
design involved a deeply stratified sample of 1,200 schools with 18
seniors per school, school size permitting. The resulting base-year
sample of 18,143 students from 1,044 high schools providea base~year
data on up to three data collection instruments: a test bzottery, a
student record information form, and a student questionnaire. The key
form, the student questionnaire was completed by 16,683 seniors.

The first followup survey began in October 1973 and ended in
April 1974. Added to the base~-year sample were 4,450 seniors from the
Class of 1972 in 256 additional scnools that had been unable to partici-
pate earlier, as well as more than 1,000 students who had been classi-
fied as base-year nonparticipants. This brought the total first

followup sample to 23,451 potential respondents. First followup forms

2
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were mailed *c 22,654 students. Of these 22,654 students, 21,350 of
them completed a first followup questionnaire. Sixty-nine (69) percent
of the completed questionnaires were obtained by mail and 31 percent by
n>rsonal interview. Of the 16,683 seniors who completed a student
questionnaire, 15,635 took part in the first followup survey — a sample
retention rate of 93.7 percent.

The second followup survey began in October 1974 and ended in
April 1975. O0f the forms sent to 22,364 potential respondents, 20,872
completed a second followup questionnaire, 72 percent by mail and 28
percent by personal interview. Of the 21,350 persons who completed a
first followup questionnaire, 20,144 (94.6%) also participated in the
second followup survey.

The third followup survey began in October 1976 and ended in
May 1977. Some 20,092 members completed a third followup questionnaire,
80 percent by mail and 20 percent by personal interview. The sample
retention rate from the second to the third followup survey was 94
percent. The retention rate over the four and one~half years between
the base year and third followup surveys was 88 percent. Current

Planning calls for at least one more followup survey in the next few

years.

C. Instrumentation

The present study is concerned with modeling the selection of a
fresiman science major and modeling the probability of either completing
a science degree in the spring of 1976 or still working towards the

completion of a science degree in the fall of 1976. For these purposes,
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data is needed from the test booklet, the student record information
form, the base-year questionnaire, the first followup questionnaire, the
second followup questionnaire and the third followup questicnnaire.

The test booklet was administered in school and 69 minutes was
allowed for it's completion. The test booklet consisted of six tests
and measured both verbal and nonverbal ability. The items for the tests
were selected to avoid academic or collegiate bias and to be of an
appropriate difficulty level for twelfth grade students. The six tests
are briefly described below.

1. YVocabul:ry was a brief test (15 items, 5 minutes) using a

synonym format.

2. Picture Number was a test (30 items, 10 minutes) of associa—

tive memory consisting of a series of drawings of familiar objects, each
paired with a number. The student, after studying the picture number
pair;, was asked to recall the number associated with each object.

3. Reading was a test (20 items, 15 minutes) based upon short
passages (100-200 words) with several related questions concerning a
variety of reading skills (e.g. analysis, and interpretation) but
primarily focused on straightforward comprehension.

4, Letter Groups was a test (25 items, 15 minutes) of inductive

reasoning requiring the student to draw general concepPts from sets of
data. The items consisted of five groups of letters among which four
groups shared a common characteristic while the fifth group was different.

The student indicated which group differed from the others.
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5. Mathematics was a test (25 items, 15 minutes) comprised of

quantitative comparisons in which the student indicated which of two

quantities was greater, equal, or could not be determined because of in-

sufficient data.

6. Mosaic Comparisons was a highly speeded test (116 items, 9

minutes) which measured perceptual speed and accuracy through items
which required that small differences be detected between each component
of a pair of otherwise identical mosaics or tile-like patterus.

The student record information form contained primarily information
pertaining to the student's high school coursework and grades. It was
completed from school records by a survey specialist.

The base year questionnaire contained 104 questions distributed
over 11 major sections. The questions related to the student's
personal-family background, education and work experiences, plans,
aspirations, attitudes, and opinions.

Two f?rms (A and B) of a first followup questionnaire'were devel-
oped for self-administration by the student. Form A was mailed to each
sample member who responded to the base-year student questionnaire.
Seniors from the high school class of 1972 who were unable to partici-
pate in the base-year survey (usually because of time and scheduling
considerations) were mailed Form B of the questionnaire. Questions one
through 85 were identical on Borh forms. Each form was organized into
sections. Form A contained five sections: general, education and

training, work experience, military service, and background information.

These questicns dealt with the respondent's activity state (education,
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work, etc.) in October 1972 and October 1973; his or her socioeconomic
status; work and educational experiences since leaving high school; and
future educational and career plans, aspirations, and expectationms.
Form B contained an additional 14 questions to supplement missing base-
year information.

The second followup questionnaire was similar in format to the
first followup. It contained 153 questions arranged into seven sections:
genera'; education and training; work; family; military; activities and
opinions; and background information. The activity state data (education,
work, etc.) referred to October 1974.

The third followup questionnaire followed the format of the previous
followup surveys and contained 158 questions organized into seven
sections similar to the second followup. In additionm to repeating major
measures of past questionnaires, the third followup instrument -.3.:.c~ced

information on activity states for October 1976.

D. Variable Definitions

From all of the above instruments a number of variables had to be
constructed for use in the descriptive and analytical statistics pre-
sented in subsequent chapters of this report. The rationale for the
selection of the variables will be discussed later on in conjunction
with the particular statistical models to be estimated. Thé intent of
this section is to briefly describe the variables that are used and
referred to throughout the remainder of this report.

One set of variables that plays a prominent role in the analyses
for this report are the six ability measures described above. Each test

O
[]{U:was scaled to have a mean score of S50 and a standard deviation of ten.
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Another central variable was socioeconomic status (SES) which was
an equally weighted linear composite of standardized scores for father's
education, mother's education, parents’ income, occupational prestige of
father's job, and an index measuring the prevalence of household items.
Values of non-missing components were summed and the resultant sum was
divided by the number of items summed. The SES distribution was then
standardized to a mean of O and standard deviation of one. The rationale
for forming this linear composite was based upon the factor analyses of
the five components (see Dunteman et al, 1974, for more details).

Measures of sex and race were based upon information from the base
year and first followup questionnaire. They represent the most consistent
values obtained from the several data sources.

Perceived mother's and father's educational aspirations reflected
the highest level of education that the mother (or father) desired for
the respondent as reported by the respondent in the base year quesvion-
naire. Responses to this iteﬁ for both the mother and the father were
scored on a six point scale ranging from 'wants me tc quit high school
without graduating" (scored 1) to 'wants me to go on to a graduate or
professional school after graduating from a four-year college or university'
(scored 6). For the analytic purposes, responses of 'don't know' were
treated as missing data and the associated observation was deleted from
all amalyses.

High school grades were based upon the subject’s estimates in
response to item five of the base year questionnaire. Response options

ranged focm "Mostly AY (with a scale value of 1) to "Mostly below D"
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(with a scale value of 8). In most analyses, the scaling of this
variable has been reflected so that higher values represent higher
grades.

Two personality variables, self concept and locus of control, were
constructed on the basis of a factor analysis of a set of eight ques-
tionnaire items in the base year questionnaire (see Dunteman et al,
1974) . Self concept was an equally weighted linear composite of four
items each rated on a 1 (strongly agree) to 4 (strongly disagree)
scale. Low scores on the self concept scale indicated that the respon-
dent had a positive attitude towards his or her self, felt equal in
worth to other people, felt as competent as other people, and overall
was satisfied with his or her self.

Locus of control was also defined as an equally weighted composite
of four items each rated on a 1 to 4 scale. High scores on the scale
indicated that the respondent had an internal locus of control and low
scores indicated an external locus. High s;ores or an internal locus of
contrcl was indicated for a respondent by disagreeing with statements
such as "good luck is more important than work in getting ahead” and
"planning only makes a person unhappy since plans hardly ever work out
anyway."

Three general orientation towards life scales were also developed
on the basis of factor analyses (Dunteman et al, 1974) of a ten item
set. Each item had a three point scale associated with it ranging from
1 (not important) to 3 (very important). Work orientation was defined

as an equally weighted linear composite of three items reflecting
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importance of being successful in work, being able to find steady work,
and having lots of money. Community orientati.n was similarly defined
by three items reflecting the importance of being a community leader,
working to correct social and economic inequalities, and giving their
children a better opportunity. Family orientation was defined by three
items reflecting the importance of having a happy family life, living
close to parents and relatives, and staying near home.

Four composites were developed on the basis of factor analyses that
measured various orientations in selecting a job or career. Each item
cortributing to a composite was also based upon a 1 (not important) to
3 (very important) scale. People orientation was a two item composite
indicating an interest in being helpful to others, and having an oppor-
tunity to work with people rather than things. For some of the analyt-
ical models the scale values were reflected so that a high score on this
composite indicates an orientation towards working with things.
Creativity orientation was similarly measured by Ehree items which
reflected the importance of opportunities to be original amd creative,
living and working in the world of ideas, and freedom from supervision.
Job prestige orientation was measured by three items which reflected the
importance of making a lot of money, the chance to be a leader, and
having a position that is looked up to by others. The final job orien~
tation composite was labelled avoiding pressure orientation. High
scores on this dimension resulted from endorsing two items as very
important: "avoiding a2 high pressure job that takes too much out of
you"; and "opportunities for moderate but steady progress rather than

the chance of extreme success or failure."
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Both the number of terms of high school science and mathematics
were determined from a set of items in the student's school record
information form collected in the base year of the study. Data which
indicated that more than 10 terms of either high schocl science or
mathematics was taken were considered invalid and deleted from the
analysis file.

Values for the two key outcome variables, 1972 college major and
1976 college major, were detérmined by examining responses to questionms
concerning the respondent’'s educational activity state in che first and
third followup questionnaires, respectively. For the purposes of this
study, only students in two or four year academic programs were con-
sidered; vocational-technical students were excluded.

College majors for both 1972 and 1976 were classified into the
following six categories: 1life sciences (zoology, physiology, anatomy,
etc.); engineering sciences (civil, electrical, mechanical, etec.):;
mathematical sciences; physical sciences (physics, geology, cheﬁistry,
etc.); social sciences (psychology, sociology, economics, history,
etc.); and non-sciences (business, education, agriculture, nursing, home
economics, etc.). The 1972 major corresponded to that major selected in
October of the respondent's freshman year. The 1976 major was defined
as the major in which a degree was obtained in spring 1976, the senior
year for most sample members, or the college major declared in October 1976
if the respondent was still enrolled in college in the pursuit of a
Bachelor's degree. Sample members who were not enrolled in an academic

program in October 1976 and had not previously obtained a Bachelor's
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degree (e.g. withdrawal) were placed into a residual category which for
most analyses were combined with the nin-science category since most of
the models in this study focus on the prediction of entering or being in
an academic science program versus not entering or not being in an
academic science program.

Other variables were used in some or the preliminary analyses, but
were found not to be important in explaining the selection of an academic
science for either females or blacks. Consequently, they will not be
discussed in detail at this point, but will be referred to when appro-

priate in subsequent chapters.

E. Descriptive Analyses

The NLS data is based upon a complex probability sample that may be
described as a deeply stratified two-stage probability sample with
schools as first stage sampling units and students as second-stage
units. Each student in the target population had a positive probability
of being selected in the sample. In order to obtain unbiased estimatés
for descriptive statistics and model parameters each sample student's
data was weighted by the inverse of his or her sample inclus’ion pro-
bability adjusted for overall instrument non-response. A weighting
class method was used to adjust the student weights for instrument aon-
response.

The basic idea behind weighting is that of appropriately allocating
the contribution of each student's data to the unbiased estimation of
the population parameter of interest. For example, if some students

were undersampled then their inclusion probabilities would be relatively
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small but their sample weights would be relatively large since they are
the inverses of the small inclusion probabilities. Conversely, if some
students were oversampled then their inclusion probabilities would be
relatively large and, hence, their weights would be relatively small.
The weighting class procedure adjusts for instrument non-response by
distributing the weights of non-respondents across respondents who are
similar in important respects to the non-respondents.

Most of the descriptive analyses presented in this report are based
upon weighted analyses. For the purposes of this study, descriptive
analyses refer to the tabular presentation of estimated means and
proportions for various subgroups of respondents (e.g. black females).
In one instance, discriminant analyses was used to simplify and sum-
marize the differences and similarities among the science and non-
science major categories on the important variables defined earlier in
this chapter. The purpose of discriminant analysis is to find a few
basic dimensions derived from a large number of variables that best
characterize the major differences and simiiarities between groups.

This technique will be discussed in more detail in conjunction with it's

use in the next chapter.

F. Analytical Models

The basic statistical tocl used in developing the analytical
models discussed in Chapter V was multiple regression analysis. Multiple
regression znalysis is a powerful statistical tool that is most appro-
priately used to model the relationship between a set of independent

variables, whether categorical or continuous, and a single continuous
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depencent variable. It can also be used in modelling a binary depen-
dent variable (i.e. a categorical dependent variable with two values),
but there are some problems involved in this case. The major problem is
that the regression parameter estimates, although still unbiased, are
not minimum variance estimates. A related problem is that it is diffi-
cult when using weighted data to estimate the variances of the regres-
sion parameter estimates from the sample data. The ordinary least
squares estimate of the variance of the regression parameter estimates
is usually biased downward so that the researcher is more likely to
claim significance than is actually the case.

Multiple regression analysis results in a linear combination of the
independent variables that maximizes the predictability of the dependent
variable. As long as the model is linear in the regression parameters,
it is completely general in nature and can accommodate interactionms,
nonlinearly, categorical variables, and nonconstant error variances
across the observations in the sample. In other words, it is a rather
robust technique which can be applied to a variety of situatioms. It
probably suffices as well as any technique for exploratory analyses or
preliminary model develupment with fallible data.

Most of the models explored in Chapter V are simultaneous equation
models. That is, more than one regression equation is needed to portray
the relationship between the variables in a particular model. Under te
simplifying assumption that the error in each equation is independent of
all of the independent variables in that particular equation, the |

regression parameters of each regression equation can be independently



estimated by weighted least squares. Most of the simultaneous equation
models involve eight regression equations and either nine or tem variables.
The large number of equations and variables makes it extremely difficult
to use analytic models that may be more appropriate for modeling relation-
ships with some of the categorical dependent variables (e.g. science

major versus non-science major) in these simultaneous equation models.

A model for analyzing the relationships among a set of categorical
variables that has recently gained attention in the statistical and
social science literature is the log linear model. The log linear model
parallels the analysis of variance approach by partitioning the log of
the number of sample numbers in a particular cell of a k way table into
a number of main effects and interaction effects. Since the log linear
model is a relatively recent development, - simple example might help in
understanding this approach. Let us suppose that we have a probability
sample in which we can categorize each sample member with respect to
race (black, white), sex (male, female) and college graduate (yes, no).
There are two levels for each of the three categorical variables and a
total of eight cells (2 x 2 x 2) if the three variables are crossed.

Let nijk be the number of sample members in the ijkth cell where i is
the level of the first variable (race), j the ievel of the second
variable (sex), and k the level of the third variable (college status),

then loge nijk can be expres;ed
1oge myge = ¥ F ¥rcay T Mo Y Mao M2 T Misan) T F23k)

* H123¢i3K)

Y
W,



-28-

where 1 is the overall effect; “1(1) is the main effect parameter
associated with the ith level of race; uZ(j) is the main effect parameter
associated with the j level of sex; “3(k) is the main effect parameter
associated with the kth level of college status; "lZ(ij) is the first
order interaction parameter associated with level i of race and level j
of sex; ulB(ik) is the first order interaction parameter associated with
the ith level of race and the kth level of college status; u23(jk) is
the first order interaction parameter associated with the jth level of
sex and the kth level of college status; and “123(1jk) is the second
order interaction a-sociated with the ith level of race, jth level of
sex, and kth level of college status. For the present example, i, j,
and k take the values 1 and 2 since there are only 2 levels for each
variable;

The main effect parameters reflect the properties of the marginal
distributions for each of the three variables and are usually not of
interest. The first order interaction parameters represent the rela-
tionship between each pailr of variables adjusting fcr levels of the
remaining variable. The second order interaction parameters represent
the variation in the first order interactions across the levels of the
remaining variable. Interest is generally focused upon the interactién
parameters. If one variable, say college status, is to be considered
the dependent variable, then interest focuses primarily upon the inter-
action parameters reflecting the relationship between the dependent

variable and the other variables which would be considered as indepen-

dent variables.
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The model presented above is called a saturated model because it
includes every possible parameter and fits the cell data perfectly. The
cbjective of log linear modelling is to remove as many higher order
parameters as possible in order to simplify the model such that it still
adequately fits the contingency table data. The fit of the simplified
or reduced model is tested by a chi-squared statistic. In the above
example, one might want to test the hypothesis that sex and race are
unrelated to college status. This is done by setting “13(ik) =

H23(3k) " M123(1gk) - O for all i, J, and k.

In addition we would probably not expect race and sex to be
associated so that the parameters ulz(ij) would also be set to zero.

Thus, the simplified model becomes

1oge s = ¥ ¥ Hicyy * ¥aeqy * M3

This model can be tested for goodness of fit. If the chi-square is
significant, then it can be concluded that some or all of the parameters
that were set to zero need to be included in the model.

While this model is useful for analyzing the relationships among a
small set of categorical variables, the number of possible hypotheses to
test with a large set of categorical variables and the problems of empty
cells make this model more cumbersome to apply than, say, multiple
regression. Nevertheless, it is used to substantiate some of the results
obtained by multiple regression aualysis where problems in using a

binary categorical dependent variable were previously pointed out.
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Iv. DESCRIPTIVE RESULTS

A. Introduction

This section summarizes college science participation characteristics
of subpopulations based upon sex and ethnicity. It describes the distri-
bution across college major in 1972 and degree status in 1976 for each-
population. In addition various transition matrices are presented and
described. The transitions include major field selected in 1972 versus

degree status in 1976 and degr:e status in 1976 versus graduate school

participation.

B. Intended Major in Fall 1972

Table IV.1l presents the distribution of college major for six
subpopulations defined on the basis of sex and ethnicity. Cuvrsory
examination of the table indicates that females are considerably less
likely to major in the physical, engineering and life sciences and just
about as likely as males to major in mathematics and the social sciences.
Males are three times more likely to major in the physical sciences and
thirty-six times more likely to major in the engineering sciences.
These are the most extreme sex differences in the choice of a college
major.

The picture is quite different when black and white distributions
across science majors are compared within sex groups. Black and white
females have roughly the same proportion majoring in the engineering,
mathematics, and the life sciences. Black females are about twice as

likely to select a freshman major in the Physical and social sciences.




Table IV.1

Intended Major - Freshman Year (Fall 1972)

Subpopulatons Science Total ALl Other  No Intended Unknown
Physical Engineering Math Life Social  Sciences Fields Major

Females §§;4 2.0 3 L9 9.2 146 28.0 58.3 6.2 1.5
Black 433 3.0 0 19 91 2.5 36.5 54,2 2,3 6.9
White 2666 1.6 3 19 9.2 137 26,7 59.3 6.5 1.4
Hispanic 98 3.1 J 0 104 1L5 25,1 51,0 3.2 14.1

Males 3539 6.1 11.0 19 1.0 137 46,7 38.7 1.3 1.2
Black 218 5.4 9.0 .7 87 123 3l 49,0 4.8 9.1
White 2988 6.0 11.3 19 14 13,9 41.5 38.2 1.2 1.0
Hispanic 122 1.9 5.1 0 10,0 13.3 36.3 39.4 11.3 12.9

TOTAL 6873 b1 6.0 19 1.8 1.2 38.0 41,9 6.8 1.4

*Each row 15 & conditional probability distribution whose probabilities sum to one. For the readers convenience,
the probabilities have been converted to percentages. The cell entries in a row are the conditional probability
that a member of the appropriate subpopulation has a specific intended major in the fall of 197;, All estimates
are based upon veighting the data accovding to the sample design.

ERIC
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Overall, black females are more highly represented than white females in

the sciences. The higher overall percentage for blacks is due, howaver,

primarily to their overrepresentation in the gocial sciences.

Both black males and white males are about as likely to gelect a
freshman major in the physical, engineering, mathematical and social
sciences. Black males are less likely then white males to select a life
sclences major. The higher overall proportiun of white males in the
sciences is due primarily to their higher representation in the life
sciences although they have slightly higher participation rates in
science across the board. The distributions of Hispanic =msles and
females across the fields of study are presented but not interpreted
because of the small sample sizes.

The table clearly indicates that females are in general considerably
more underrepresented than males in the sciences. On the other hand,
compared to the sex differences, the gaps between the blacks and whites
are not nearly as large.

In interpreting Table IV.l1 as well as interpreting subsequent
tables and analyses in this report, a number of factors should be kept
in mind. First, the target population of concern is students enrolled
in an academic program in either a two year or a four year college.
Students in vocatioa-technical programs, whether majoring in science or
not, are not considered a part c< the target population. Second,
although blacks do not appear to be at a great overall disadvantage when
compared to whites, it could very well be that they are more likely than

whites to be attending two year colleges and/or enrolled in low quality

P S
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science programs (e.g. small black colleges). This question is not

pursued in the report, but would certainly be worthy of future research

efforts.

C. Undergraduate Degree Status in Fall 1976

Table IV.2 indicates that by the fall of 1976, 31.5 percent of the
students had withdrawn from school. Withdrawal is defined as a former
student who was not enrolled in an academic program in October 1976 and
did not receive a bachelors degree by that time. By this definitionm,
withdrawals could have completed a degree program at a two year ccllege.
The withdrawal rates for males and females were highly similar, 31.1 and
31.9 percent, respectively. Both black males and black females had
higher than average withdrawal rates, 35.7 and 42 percent, respectively.

While a substanti;l [ :rcentage of students initially choose a
science major {(38% including the social sciences), the percentage of
freshman who obtained a science degree by October 1976 was only 13.7,
although 12.3 percent were still enrolled in a science program.

Except for the mathematical sciences, males were more likely than
females to obtain a degree in the sciences. Tue odds ratio in favor of
males remained highest for the physical and engineering sciences. Black
females were more likely than white females to obtain a bachelors degree
in the social sciences (1C.4 versus 7.4%) althbugh both groups were
about equally likely to obtain degrees in the remaining sciences.
Overall, black females were more likely than white females to obtain a
science da2gree by October 1976. The overall difference was primarily
due to the higher percentage of black females obtaining social science

degrees.
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Table 1v.?2

Undergraduate Degree Status (Fall 1976)

Still in School

Sclence Degree Total Non~ Undeter- Non=
Subpopulat jons . All Scleace  mined Science Science Withdrev
- Physical Engineering Math Life Social Sclences Degree Degree Major Major
(N)

Females 3334 N 1 £ 2.2 1.6 11.4 30.6 4 1.9 17.8 3.9
Black 433 1.0 0 B 246 104 14.6 17.4 0 8.7 17.3 42.0
White 2666 J .1 822 1.4 11.2 32.8 .5 1.4 17.6 30.5
Rispanic 98 0 0 0 2.4 7 3.1 11.8 0 16.1 19.2 49.8

ales 3539 1.7 2.4 ST 1.7 16.0 16.8 .5 15.9 19.7 1.1
Black 278 9 2 J L3 65 9.2 14.0 2 16.6 24.3 35.7
White 2988 1.8 2.7 S 4.0 1.7 16.7 17.8 .5 15.4 19.3 30.3
Hisparlc 122 0 0 0 1.8 4.4 6.2 3.2 .5 18.9 22,0 49.2

OTAL 6873 1.2 1.3 6 3.0 7.6 13.7 23.3 4 12.3 18.8 31.5

fach row 1s g conditional probability distribution whose probabilities aum to one. For the readers convenience, the probabilities
ve been converted to percentages. The cell entrieg fn a row are the condit{onal probability that a member of the appropriate sub-
pulation has a specific major. All estimates are baged upon weightling the data sccording to the sample design.
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On the other hand, white males received z substantially higher per-
centage of science degrees than black males (16.7 versus 9.2%). The
odds ratio was in favor of white males for each of the five science
categories. White males were twice as likely as black males to have
obtained a physical science degree, three times as likely to have
obtained a life science degree, and over ten times as likely to havz
obtained an engineering degree. Black males seemed to fare less
favorably compéred to white males in respect to science degree attain-
ment than they did in respect to choosing a science major in-their
freshman year. In fact, black males were less likely to obtain a
science degree than either black or white females. Black females kept
pace with their white counterparts while black males lost considerable
ground. It should be noted that a substamtially greater percentage of
males (both black and white), compared to females, were still enrolled
in a college science program. One might expect that z significant
proportion of these will eventually receive a science degree. Table
IV.2 indicates that a large proportion of all subpopulations do not
complete their undergraduate degree within four years of matriculation.
Consequently, our inferences regarding science degree attainment only
apply to those students who completed their degree requirements in the
traditional four year manner. The data clearly indicate that it is
quite common to take mcre than four years in calendar cime to complete a
four year degree.

In summary, the situation for black females in regard to completing

a science degree is more favorable than it is for black males and white
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females. Race and sex interact; race differences for females are
different from race differences for males. They are smaller and
opposite in effect for females as compared to males. In spite of the
interaction between race and sex on science degree attainment, sex dif-
ferences are greater than race differences. It should be noted, however,
that black males are approximately twice as likely as black females to
be stiil enrolled in a science program in October 1976. In the end,
black males may have an equal or greater science degree attainment rate

than black females.

D. Transitions from Fall 1972 Status to Fall 1976 Status

The next two tables (Tables IV.3 and IV.4) present separately for
males and ferales the transition prebabilities of moving from a freshman
major ~hoice state in the fall of 1972 to a particular degree state or
major choice state, if still enrolled, by the fall of 1976. Corresponding
tables for black males and black females are not presented separately
because of the small sample sizes and the consequent imprecision of the
transition probabilities.

Table IV.3 indicates that for males only a relatively small propor-
tion of those who chose a particular major in the fall of 1972 had
obtained a degree corresponding to that major by the fall of 1976. The
probabilities ranged from .15 for mathematics to .31 for the social
sciences. However, in most instances, a substantial proportion of those
who chose a particular science major in 1972 still indicated the same
major in 1976 if they had not already completed their degree. The

probabilities ranged from a low of .025 for mathematics to a high of




Table IV.3

Transitions from Fall 1972 Status to Spring 1976 Status (Males)

——

State 1976 _ _
Field of Degree

Major S - Total
1972 Physical Engineering Mathematics Life Social Non Unknown Science

r Sciences Sciences Sciences Sciences i

Physical
Sciences 17.8 2.2 1.3 1.6 2.9 8.2 4 25.8
(210)

ngineering .9 18.6 N 1.4 2.5 6.2 0 23.8
(339)

athematics 2.8 .0 15.0 .8 10.1 26.9 .0 28.7
(66)

ife
Sciences 2.1 3 .5 20,2 5.9 10.9 .7 29.0
(498)

ocial

Sciences .2 .3 0 .8 "v.8 9.3 .7 32,1
(483)

on-

Sciences 1 .3 0 e3 2.6 27.0 A 3.3
(1389)

decided 1.5 .0 A 3.1 6.8 15.4 1.2 11.8
(251)

1known .0 1.1 0. 2.8 6.3 10,7 i 10.2

(253)

4 3 (Continued)
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Table IV.3 (Continued)

State 1976
Major No Degree - Field of Study
1972 Physical Bngineering Mathematics Pife Social  Professional Undecided Non- Unkaown Withdraw
Sciences Sciences Sclences  Program Sciences
Physical _

Sciences 8.5 31 1.7 3.7 2.6 5.2 o 9.6 39 .1
Engineering 1.0 16.6 0 .0 W 1.6 6 19.6 2.9 21,3
Mathematics 6 8 05 0 1.4 2.1 0 15.7 L4 2.5
Life

Sciences 2.1 1.0 A0 1.9 1.6 6.6 2 12,5 24 WS
Social

Sciences 1 1.0 0 5 14.7 1.8 J 13.1 L& 24,7
Non-

Sciences 3 1.2 0 Ny 2.7 2.0 0 21.3 900"
Undecided 2.8 1.6 0 1.5 3.7 2.2 2.9 16.9 .9 3.0
Unknown 1.7 1.3 .0 2.0 5.2 1.5 .0 18.0 2.1 4.4

%
The numbers enclosed in parentheses are sample sizes. Each rov is a conditiopal probability distribution whose
probabilities sum to one. For the readers convenience, the probabilities have been converted to percentages, All

estinates are based upon weighting the data according to the sample design.
4 r}r
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-166 for engineering. The relatively high proportion of male freshman
engineering majors still enrolled in an engineering program is probabiy
due to the widespread prevalence of five year engineering programs. A
substantial proportion of freshman science majors ended up with a non-
scilence degree. The proportiorns ranged from .06 for engineering to .27
for mathematics. There was a small likelihood for male freshman science
majors to switch to another science. "Hard" science freshman majors

(i.e. science excluding social science) had small probabilities of being

~in a different "hard" science state in 1976, while social science

freshman majors had much smaller probabilities of shifting to a "hard"
science state by 1976. Presumably, this is because social science
majors in general lack both the high school and the college science
preparation necessary for transferring into a "hard" science curriculum.
On the other hand, switches from "hard' sciences to the social sciences
were more common.

Table IV.4 presents the same transition table for females. In
general, the results for females are similar to those for males. The
number of females in the physical, engineering, and mathematical sciences
freshman major groups are relatively small and hence the probabilities
for these groups are less precise. The relatively large sample sizes
for the life science and social science freshman major groups for both
sexes, however, allows us to make comparisons across the sexes for those
two groups. Male freshman life science majors had a slightly higher
probability of completing a life sciences degree program than female

life science majors (.20 versus .17). More significantly, female

45



Transitions from Fall 1972 Status to Spring 1976 Status (Females)

State 1976 i
Major Field of Degree Total
1972 Physical . Life Social Non-
Sciences Engincering Mathematics Sciences Sciences Sciences Unknown Sciencg
Physical
Sciences 13.5 .0 8.1 5.6 2.7 18.0 0 29.9
(63)
Engineering 0 27.4 0 .0 0 6.0 0 27.4
(10)
Mathematics 4.0 .0 28.7 1.4 3.9 25.5 .0 38.0
(64)
Life :
Sciences 2.5 .0 .0 17.4 5.9 21.5 .2 25.8
(297)
Social
Sciences .0 0 .0 9 27.8 14.1 1.1 28.7
(488)
Non-
Sciences .1 g .0 3 3.6 39.5 .2 4.1
(1953)
Undecided b 0 9 1.0 6.5 16.7 9 9.0
(197)
Unknown 1.0 .0 .0 8 4.9 21.3 3 6.7
(262)
(Continued)
4y

ERIC

Full Tt Provided by ERIC.



Table IV.4 (Continued)

tate 1976
Major No Degree - Field of Study
1972 Physical Engineering Mathematics Life  Social Professional Undecided Non- Unknowm Withdrz
Sciences Sciences Sciences Program Sciences

Physical

Sciences 3.3 3.4 0 0 2.0 3.8 0 20,3 2.9 16,2
Engineering .0 0 .0 .0 .0 13.4 0 10,6 0 41,8
Mathematics 1.4 0 2.7 3 5.2 0 .0 11.9 R W
Life

Sciences 1.3 2 0 5.6 2.0 3.9 N 13.7 1.2 2%.2
Social

Sciences . .0 0 o 9.0 9 i 11.8 1.3 3.3
Non-

Sciences W1 A 0 W5 1.0 9 WS 19.1 2.1 32,0
Undecided W .0 .0 v 4.7 8 b 28.8 2.1 353
Unknown 0 b .0 0 1.5 2.1 0 16.6 39 4.0

%
TmmmmmmmmmmmWWHmEMWMMmmMMMMMMMMMM
probabilities sum to one. For the readers convenience, the probabilities have been converted to percentages. All

estinates are based upon weighting the data according to the sample design.

<o
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freshman life science majors were twice as likely as their male counter-
parts to end up with a non-science degree. The same trends were present
for the freshman social science majors. Summarizing, both male and
female freshman science majors had a relatively low probability of
completing a degree in their -riginally chosen field. Significant
proportions in all freshman science major groups completed requirements
for a non-science degree. Many, as we have previously seen, withdrew.
Some were still in school enrolled in a science or non-science degree
program and an even smaller percentage received science degrees in a

field different from their freshman choice.

E. Transitions to Graduate School

The next set of data to be cxamined l:-"nlves the graduate school
participation for students who received an undergrzc.aite degree prior to
the fall of 1976. Tables IV.5 and IV.6 present the results for males
and females, respectively. The reader should be cautioned about the
small numbers involved in various science degree catagories. The
numbers are especially small for women. For example, there are only
three women who can be identified in the total NLS sample of over
20,000 that received an undergraduate degree in engineering by the fall
of 1976. Certainly, the transition probabilities to graduate school for
this group are too unstable for makicz generalizations to the populzation
of womern engineering graduates in 1975. The best that one can do under
these conditions is to make some rather gross generalizations concerning

sex differences in graduate school participation.

22



Table IV.5

Transitions to Graduate School (Males)

Graduate Curriculum 1976

o f P
Engineering Mathenatics Life  Social Professional Other Unkow
Sclences Sciences Program  Non-Sciences

Major

Progrn Not in Physical

School Sciences

Physical
Sciences  52.8  39.0 .0 0 0 0 6.2 0 0
(55)

Engineering 76.5 .0 219 0 0 0 .0 0 .0
(86)

Mathematics 23.6 .0 | 49,1 0 0 5.9 204 0
(17)

Life
Sciences  40.0 1.5 Ni| 0 33.1 0 16,8 1.5 1.2
(130)

Social
Sciences  63.3 2 .0 0 .0 20,8 5.5 3.3 1.1
(263)

Non-
Sciences  83.0 0 4 .0 A .6 2,2 10,7 2

(592)

(Continued)

(ol 2 §
[Cal'y
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Table IV.5 (Cont{nued)

Undergraduate Curriculun 1976

Major

Program Fhysical Engineering Mathematics Life — Soclal ~Professional Undecided No- Unknown
Sciences Sciences Sciences Program Sciences

Physical

Sciences 1.9 0 .0 .0 .0 0 0 0 .0
Engineering .0 1.6 0 A A0 .0 0 0 0
Mathematics 0 0 0 .0 0 .0 .0 0 0
Life '

Sciences 2.1 0 .0 1.3 .8 2,5 A0 .0 .0
Social

Sciences .0 0 .0 .0 2.0 1.7 0 0 0
Non~

Sciences A0 .3 .0 W J .2 A0 ) )

%mMmMmMmmMmmmmmwkwmmummmWWMMMMMMM
mmmmwmwm.mmHMMmMMWJmemmMmMmmmmwwmmw.
all estinates are based upon weighting all datz according to the sample design,




Transitions to Graduate School (Females)

Table IV.6

Graduate Curriculum 1976

Yjor w0 40 Physteal Enpincering Wathomarics  WAFE  S0cial Professional  Other i
Progran RMI&MMSHQL b - Sciences Sclences  Program Non-Sciences 1o
Physical
Sclences 52,4 337 0 3.7 0 A0 4.3 5.9 .0
(22)
Engineering  52.0 .0 48.0 .0 .0 .0 .0 0 0
(3)
Mathematics 87.3 0 0 5.8 .0 .0 .0 0 5.8
(24)
Life
Sciences  58.4 2.3 0 0 20.7 A0 11.8 4,3 .0
(1)
Social
Sclences 74,4 0 A0 0 0 19.1 3.2 1.2 .0
(256)
Non~
Sclences  83.4 0 .0 A0 0 b i1 11.9 |
(985)
(Continued)
20
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Table IV.6 (Continued)

Mafor Undergraduate Curriculum 1976 _
Physical Life  Socfal Professional Non-

.Program Selences Englneering Mathematics Sefences Sciences  Progran Undecided Sefences Unknown
Physical

Sciences 0 0 .0 0 0 0 0 0 0
Engineering 0 .0 0 .0 0 0 0 0 0
Mathematics 0 0 W0 .0 0 0 0 .0 0
Life

Sciences .0 0 .0 0 0 2.5 0 0 0
Social

Sciences J .0 . .0 1.4 0 .0 0 0
Non-

Sciences .0 0 .0 J 1 W2 0 1.8 W2

%
TMmeMmMMmMmummmnm.MMWBMMMMUMMMMMMMmm%
mmmmmmwm.mmHMMmmmMJmemmMmmmmmmmmmmW.
All estimates are based upon weighting the data according to the sample design.
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Referring to the first column of Table IV.5, it can be seen that
the rate of graduate school participation for males varied considerably
with the type of undergraduate degree. Only 24 percent of the male
mathematics degree recipients were not enrolled in school in the fall of
1976 while 77 percent of the engineering graduates were not enrolled in
school. Eighty~three percent of the non-science graduates were not
attending school in the fall of 19.6. Of those male degree recipients
attending school, the large majority were attending graduate school:
relatively few remained in an undergraduate curriculum. As would be
expected, the graduate school curriculum chosen, in most instances,
corresponded to their undergraduate science major. A significant percent-
age (17%Z) of the males with life science degree: .cre in professional
schools, presumably in the medical sciences. The majority of engineers
went directly to work (77Z) and all of those who entered graduate school
(227%) were in engineering. Engineering is a professionally oriented
curricula which provides the skills necessary for immediate job entry as
a practi:c ‘ng engineer. The other undergraduate curricula are not pro-
fessionall~ oriented and result in more options for the degree recipient.
For example, it was seen that a comnsiderable percentage of life science
graduates enter a professional school.

The corresponding data for females is presented in Table IV.S6.
Except for women with physical science degrees, women in all other
science degree categories were more likely not 2o be enrolled in graduate
school. No inferences will be made from the three women graduate engineers.
Like men, most women who did enroll in a graduate curriculum chose a

field corresponding to their undergraduate degree.

61
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F. Multiple Discriminant Analysis of Intended Major in Fall of 1972

For both males and females in a 2 or 4 year college academic program
the sample was divided into six groups on the basis of their freshman
major: physical sciences, engineering, mathematics, life sciences,
social sciences and non-sciences. A multiple discriminant function
analysis was conducted scpavrately © r males and females. Each discrimi-
nant snalysis was based upon the same comprehensive set of variables.

The variables are presented in Table IV.7 along with the stan-~
dardized discriminant function coefficients of the two largest discrim—
inant functions for each group. In both cases, two discriminant functions
accounted for a high percentage of the between group variation. Multiple
discriminant function analysis is a statistical technique for finding
independent linear combinations of a set of variables that successively
maximize the between group variation on the derived variables, the
discriminant functicns. The first discriminant function accounts for
the largest provortion of between group variance and each succeeding
discrimirant function is independent of the preceding ones but succes-
sively accounts for less between group variation.

The excmination of Table IV.7 indicates that the variables cover
the major domains in which between group differences might be expected
to exist, i.e. abilities, personal orientations, socioeconomic status,
and high school background factors. They were selected on the basis of
the conceptual models and previouc research presented in Chapter II.

For males, the first and largest discriminant function had the

largest weight for number of high school science courses (.61). The

E<
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Table IV.7

Discriminant Analysis of Five Science Freshman Major Groups (Fall 1972)
and Non-Science Majors Separately by Sex

Males (N = 1749) Females (N = 1634}

Standardized Standardized
Discriminant Discriminant
Functions Weights Functions Weights
1 Z 1 z
1. Self concept .051 -.001 -.079 -.112
2. Locus of centrol (extermal) .129 .095 .036 -.189
3. Work orientation .30 -.155 -.079 -.354
4. Community orientation -.010 .045 -.094 -.133
5. Family orientation -.069 -.056 ~.082 .205
6. Father's educational
aspirations for child .008 -.008 .120 .020
7. Mother's educational
aspirations for child .302 .498 .193 -.203
8. Vocabulary score ~.141 .096 -.153 -.070
9. Reading score .138 ~.043 .028 -.135
10. Mathematics score .212 -.310 .265 .092
11. Socioeconomic status .053 .202 .003 -.112
12. Number of high school science
courses .611 .156 .577 -.375
13. Number of high school math
courses .044 -.397 .048 .338
14. Self estimated high school
grades .108 -.108 .078 .327
15. Job prestige orientation -.144 -.202 .203 .093
16. <Creativity orientation .227 ~.252 -.094 -.457
17. Orientation towards things .076 -.590 <443 .120
18. Orientation towards avoiding
pressure . 024 -.050 -.047 .496
o % Between group variation 487 ,, . 33% 66% 19%
ERIC €
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next largest wer.ight was for mother's educational aspirations for child
(.30) followed by creativity orientation (.23) and mathematics ability
(.21). (For purposes of interpretation, only weights equal or greater
than .20 will be considered.) The second discriminant function for
males had the highest weight for orientation towards things (-.59)
closely followed by mother's educational aspiration for child (.50),
number of high school math courses (-.40) and mathematics abilicty
(=.31). The first discriminant function will be interpreted as "science
orientation" and the second discriminant function will be interpreted as
"orientation towards people versus things.” These two discriminant
functions are not easily interpretable singly but together reflect the
contributions of mathematics ability, number of math courses, number of
science courses, mother's educational aspirations for child, and orienta-
tion fowards things in discriminating among the various science and the
non-science groups.

As in factor analysis, the two discriminant functions might become
more interpretable under an orthogonal or non-orthogonal rotation. But,
in any case, considering the two dimensions jointly results in a pretty
clear picture of the pattern of v;riables that are important discrimina-
tors ameng the groups. Another advantage of multiple discriminant
function analysis 7s that we can plot the group centroids in a lower
order space of, say, two dimensions so that we can see how close in the
discriminant space the various groups are. The plotting of the group

centroids can also help in the interpretation of the discriminant

functions themselves.
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The group centroids for males are presented in Figure IV.1l. The
first discriminant function ranks the groups from left tc right in the
order non-science, social science, and the "hard" sciences. Thus, the
first discriminant function does seem to rank the groups on a science
continuum. The second discriminant function has the social sciences
lying at one end of the continuum and engineering at the other end. The
groups seem to order themselves in respect to concern with people
versus things. Engineers are the mnst thing oriented and use math as 2
tool for modeling physical phenomenon while students in the social
sciences are more people oriented and apply, in general, less quantita-
tive techniques to people oriented-problems. Physical science majors
and mathematics majors closely resemble one another, but aside from that
the other groups are fairly well separated from one another.

As in the case of males, the first discriminant function for
femaies had the highest weight for number of high school science
semesters. It differed somewhat, héwever, from the corresponding male
dimension in the high weight accorded to orientation towards things.
Like the male dimension, this dimension separated the non—-sciences and
social sciences from the "hard sciences" (see Figure IV.2). The
second discriminant function for females is more difficult to inter-
pret. It primarily contrasts mathematics majors with the remaining
groups. (Since the engineering major centroid is only based upon five
observations, its positio- in the discriminant space is too unstable
and, hence, will be disregarded in the ensuing discussion.) It differs

from the second male dimension in respect to both the weights of the
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Figure IV.1
Group Centroids for Females on First Two Discriminant Functions (M:
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Figure IV.2
roup Centroids for Males on First Two Discriminant Functions (Major 1972)
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variables defining the dimension and the ordering and spacing of the
groups on the dimension. In general, however, the same variables
differentiate the major 1572 groups and t = hard sciences are discri-
ninated from the social sciences and non-sciences for both sexes. It
would =s:uill be reasonable to label the first zimension for females as
"Scienc» Orientation.”

Since the first discriminant function zccounts for roughly one .1f
of the between group variation for males and two-thirds for females and
since they are similar to ome another in respect to both the weighting
of the variables and the ordering and spacing of the groups, more atten-—
tion will be focused upon the implications of the first discriminant
function. The first discriminant function for both males and females
reflects degree of science orientation and effectively clusters the
social sciences with the non-sciences and contrasts them with four
tightly clustered (on the first dimension) "hard" science groups. On=
of the implications of this is that it would be conceptually appealing
to treat the hard sciences as one group and develop a model for
explaining the probability of choosing a hard science major, per se. Of
course, modeling the probability of selecting a particular science major
will also be of interest and will be pursued subsequently in this
report. Since the discriminant analyses indicared some differences
between the sexes in the pattern of between group variation for the
college major categories, some models will be developed separately for

males anc females and the model parameter values will be compared.
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G. —r:ferences Between Males and Females Within Science Mzjor

In general, the differences between males and females on seventeen
attributes are reiatively small within each of fcur science major 1972
groups (see Table IV.8). The number cf female engineering majors (m = 5)
is too small for stable estimates of the meauns of the 17 attributes and,
hence, sex differences will r be presented for engineering majors.
Except for the deletion of perceived father's educational aspirations
£ the child, the attributes were the same oncs z. used for the discrim-
inant analyses. Father's educational aspirations was deleted because of
its high correlation with mother's educational aspiratiomns and it's lack
of independent discriminatory power.

For physical science majors, males and females are highly similar.
This is especially true of ability, mother's educational aspirations for
child, and high school science and mathematics preparation. Women have
higher high school grades and are less likely to be oriented towards
things. .

For mathemztics, a simi’ar picture emerges. Males and femal- nave
virtually identical mean ability scores. Females have a little less
high school science aud math preparation, and a little lower mean on
parental educational aspirations for child. Female mathematics majors
tend to be more homogenious than their male couizesparts in respect to
mathematics ability and self estimated high school grades as can be seen
from couparing the male and female standard deviations on these variables.

Female lif: science majors are similar to their male counterparts

in terms of ability, and orientation towards things. They tend to have

'y
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less high school preparation iz math and science, but have higher high
school grades.

Female social science majors tend to be slightly lower than wmales
in abilitv and differ somewhat from them in their perscnal orientations.
Like the other science groups, femzles have higher self estimated high
school grades.

In summary, the same general pattern of sex differences and similuar-
ities is found for physical science, mathematics, life science and
social science majors. Males and females within a particular science
major have similar abilities, interests, and personality patterns.
Females, however, have less high school math and science preparation,
but have higher high school grades. In addition, their p2rception of
their mother's educational aspirations for them are lowar (except for
the physical sciences) and they tend to be more person oriented (except
for mathematics).

Many of these attributes, as will be seen, play important roles in
Predicting entry into a science curriculum. Since females as a whole
have less of these attributes, the _.nalytical models demonstrate that
females are considerably less likely to choose a science major. However,
as we have seen, women who select a science major appear to be hizhly
similar to their male counterparts. If we use male science majors as a
"quasi" normative group, then as a whole the "right" type of females are
choosing science. However, subsequent analytical models will demonstrate
that the sex differences in these attributes alone cannot adequately

explain why females are considerably less likely than males to choose or
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complete a science major. In other words, the magnitude of the sex
differences in attributes are not important enough to completely explain
the difference between males and females in the probability of choosing
or completing a science major. Even aft=er statistically adjusting for
the.most important of these attributes, it will .: seen that females
still have a significantly lower probability of choosing or completing a
science major. There are other factors (e.g. sex role modeling, job
discrimination, etc.) that our models do not incorporate that contribute
to sex differences in choosing a science major.

The sample sizes for blacks were too small within a particular
science majof group to make reliable contrasts with whites and, hence,

will not be presented here.

\]
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Table 1v.8

Weighted Means and Standard Deviations for Seventeen Variables
for Males and Females by Intended Science Maicr in the Fall of 1972

Social Sciences Life Sciences
Females (N = 284) Males (N = 278) Females (N = 179) Males (N = 274)
Mean Staqdard oan Stagdard Men Standard ean Standard
Deviation Deviation _Deviation Deviation
1. Self Concept 1.99 54 1,93 .62 1.9 .60 1.9 b1
2. Locus of Control1 4.10 B2 4.00 .36 4.19 .62 4.05 .62
3. Work 2.37 EE 2.48 41 2.41 .35 2.56 35
b, Community 2.21 4 2.20 Sl 2,03 Al 2.11 AT
5. Fanmily .95 42 .90 42 87 41 92 g
6. Mother's Educational
Aspirations 2,10 .59 2.36 57 2.33 .35 2,55 S
1. Vocabulary 57,19 8.92 58.55 9.03 59.05 9.0 57,52 8.83
8. Reading 56.65 1.75 57.28 7.91 58,92 7.99 57.51 7,26
9. Mathematics 55,41 8.2 58.12 1.47 58.67 6.70 60.11 6.06
10. SES 43 3 49 2 .55 0 53 .64
11, Science Courses 3.76 1.64 4.52 1.87 5.24 1.82 5.78 1.65
12, Math Courses §.24 1.72 4,91 1.80 5.02 1,65 5.5 1,72
13, Bigh School Grades’ 248 L8 285 L2 2L 1B e L
14, Job Prestige 5.45 1.47 5.9 1.65 5.53 1.56 5.98 1.51
15, Creativity 6.77 1,50 6.60 1.41 6,31 144 6,57 1.48
16. Person versus T'nlng3 5.52 79 5.03 1.13 4,91 1,13 4,80 1.15

17. Avoiding Pressure 4,23 1.07 3.99 L.11 3.83 1,12 4,10 1.06

lﬂigh score indicates internal locus.

2High score reflects low grades.

3 .
High score reflects person orieatation.

Full Tt Provided by ERIC.

ERIC 73



Table 1.8 (Continued)

Mathematics Physical Scientists
Females (N = 35) Males (N = 38) Females (N = 34) Males (N = 124)
Mean Standard ¥ean Standard Mean Standard Yean Standard
Deviation Deviation Deviation Deviation
1. Self Concept 1.89 .63 1.99 .53 1.9 .60 1.91 .56
Lolossof Controll L1050 Gl 66 4D 40 h@ 5
3. Work 2.2] .33 2.46 .39 2.36 .38 2.54 33
b, Community 1.88 W48 2.11 A1 2.06 Al 2.03 Sl
5, Family 1.08 .32 .90 41 .90 42 87 42
6. Mother's Zducational
Aspirations 2,20 W40 2,35 43 2,31 .39 2.36 7
1. Vocabulary 59.14 1.66 58.85 8,96 51,77 8.09 51.95 9.33
8. Reading 60,51 0.89 59.11 6.30 59.72 8.2 59.07 1.25
9. Mathematics 63.98 3.0 62.80 5.92 60,74 6.41 61.85 6,34
10, SES Wb b0 A3 .86 4 .69 b4 .69
1i, Science Courses 5.10 1.63 5.21 172 5.07 1.95 5.87 176
12. Math Courses 5.98 34 6.28 1.39 5.99 1,29 5.81 1.23
13, High School Grades2 1.42 .62 2,18 1.16 1,87 .96 2,42 1,2
14, Job Prestige 5,35 1.30 5.75 1.23 5,42 1.39 6.03 1.45
5. Creativity 5.5 LS 655 LSO 668 L% 659 L5
6. Personverss Thirg'  A63 L2 45 L2 49 L4 4% Ll
17, Avoiding Pressure 4,59 1.09 4.11 .99 3.93 1.13 4,12 1,02
o
ERIC 75 I
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V. ANALYTICAL MODELS

A. Introduction

We have previously seen that both race and sex have an effect on
choosing a science major while in college. Females are considerably
less likely to select a physical science, engineering, or life sciences
major. Black males are less likely than white males to select any
science area whatever and black females are less likely than white
females to select un engineering major. The sex effect appears sub-
stantially greater than the race effect and there is an interaction
between rzce and sex :n the selection of a science major. That is,
black females tend to select a "hard" science major about as frequently
as white females whereas black males lag behind white males in each of
the five science areas.

The purpose of this section is to develop some models that car.
explain race and sex differences in the selection of a college science
major. Tae models are based upon theoretical propositions from the
literature, previous empirical studies and Preliminary explorations of

variable relationships within the NLS data base.

E. Cverz.1l Science Model

The basic model finally adopted is portrzyed in Figures V.l and
V.2. Both sex and race are exogenous variables in the model whose
effects on both the selection of a freshman scienca major in 1972
and science major status in 1976 are to be estimated. The two figures

represent one model which, for the sake of clarity, has been separated
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Figure V.1

Overall Science Path Analysis Model (Part I)
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Overall Science Path Analysis Model (Part Ip)
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N = 3877

{ | Mathematics

Thing

g=1

Ability

0=1]

Orientation

Number of

Science
Courses

0 Non-science

Crade Point

Race SES Yother's |~ Major 1972 Major 1976
) Educ, Asp,

1 Blacks o s for Child s 1 Science

0 White

1 Science
U Non-science




-G4—

to show the effects of sex in Figure V.l and the effects of race in
Figure V.2. The numbers corresponding to the arrows in each figure
represent the regression coefficients associated with the effect. The
model represented in Figures V.1 and V.2 involves explaining the selec-
tion of a "hard" science major versus some other major. A hard science
major is defined as physical sciences, engineering, mathematics, or life
sciences. Only regression coefficients significant at the .05 level are
presented. The heavy arrows represent the major network of causal
influences operating within the model. There are eight regression
equations associated with this model and they are presented in Table
V.1l. The correlations amcng the ten variables utilized in the system of
regression equations are presented in Table V.2.

Figures V.1 and V.2 or equivalentiy Table V.l indicates that the
exogenous variables, sex and race, affect SES. Sex, race, and SES
effect Thing Orientation, Mother's Educational Aspirations for Child,
Mathematics Ability, and Number of High School Science Courses. These
variables as well as sex, race, and SES affect the choosing of a "hard"
science major in 1972 and so on.

Sex and race are the exogeneous variables in this wusdel. They are
the variables whose effects on the selection of a science major in 1972
and 1976 we want to understand. SES and the four variables immediately
to the right of SES are considered intervening variables (or intezmediate
endogencus variables) that attempt to explain or mediate the effects of
sex and race on major 1972. If this set of five intervening variables

completely mediated the effects of race and sex on 1972 major, then we

5<



Table V,1

Overall Model
Regression Parancter Estinates for System of Regressicu Equations

N 380
Independent Varlables
Soclo= Hother's Number of
; 1 l
Race Sex econonlc Orie:iation Educational A:ii?t Science tajor 972 Freg;:an Equation
(1sBlack) ‘leFemale)  Status Aspirations “ Somegters  (1Science)
(0sMiite)  (0=Male) 0%l onl g2l el (iilgh School}  (0=Non-Science) ol

Soc{oeconomle :
D Status -1.06%% .04 1
£
P Thing
E  Orientation - 15% -, 66k 00 2
N
N Mether's
£ Educatioml
N Aspirations LY - J0x% 9% ’ ]
T

Math Abilty -1,04n -, 2o%k DIt 4
v
A Number of
R Science
[ Semesters - 43 -, 7044 .06 5
A
B Major 1972 0% -, (ghs .01 L06xx 05k J05%k NI b
L .
£ Freshman GPA - 2%k RALL] 01 -, 0544 Q7 30w -0 NI} ]
S

Major 1976 03 - 04 Nill NI 1 02%% QL 29 JQl 8

(1=Se{ence)

(0=Non-Selence)

*:p(.os
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Table V.2

Correlations Among the Regression System Variables

N = 3877
Variables 1 ; 3 , Co;relatioga 7 3 ; 7

1. Race LOO .07 =27 =06 .02 =31 -.08 =02 -2 .04
2. Sex .00 -.04 =33 -13 -16 -19 -23 .16 -.18
3. Socioeconomic Status Lo .02 2 .19 .05 .07 .09 .8
b, Thing Orientation .00 =03 a1l .09 .20 =09 14

5. MNother's Educational
Aspirations 1.0 .23 .15 200 W11 L6
6. Math Ability o0 W s 8 2

7. Number of Science

Semesters Lo .34 04 .3
8. Science Major 1972 .00 .06 .46
9, Freshman GPA 1.00 .15
10, Science Major 1976 1.00
3
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efO
would have ocne reasonable explanation of th thes e interveny,o

W
variables mediate the relationship of sex Ang r3¢° 1ty major 1973,

Likewise, the seven variables lying becween sexXo race, pd 1976 major
are hypothesized to mediate the effect® of race and Sex on th€ 1974
major. The model attempts to evplain L N felati°nship betyeer sex
and major field choice and race and ;ajor Eield choice, 1f thesg jnter-
vening variables are not completely s“ccessful in mediating race _,d4 sex
effects, then the model must allow girect Qgfects £o SOng into Play.
Direct effects are represented by arro%” thac byp2°° The intéTVenjng

ableg

variables and lead direc:ly to the endagen°\s var of interege.

They indicate that other variables arée neede to exPlaiu the effects of
race and sex. This doesn't mean that che Rogel *°5 a failure; the
mediating variables could sti._ expiai?® 2 sigﬂificant p’:opoftion of
variation in the e-dogenous variables.

In short, the problem is to explai? the gssociatic‘s in the p.dels
presented below by incorporating a set of mﬁdiafiug variables between

ma j
race, sex and major 1972 and between r3°®’ Sey, and Joxr 1976.

(1)

(2)

‘ race
] major
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Let us now examine how well the path model presented in Figures V.1
and V.2 does in explaining the probability of selecting a science majox
in the freshman year and the probability of being a science major in the
spring of 1976. The effects of being black will be examined first and
then attention will be :-urned to the effects of being female.

1. Race Effects

SE3S is a weak mediator of the race effect even though blacks
and whites differ over 1 standard deviat . in SES. It does not effec-
tively explain the differences between blacks and whites on Thing
Orientation, Mother's Educational Aspirations for Child, Mathematics
Ability, or Number of Higlk School Science Courses. Adjusting for SES,
we still find blacks scoring over one standard deviation below whites in
mathematics ability, taking fewer high school science courses, and
having a lower mean on Thing Orientation. An interesting finding is
that SES mediates a negative relationship between race and Mother's
Educational Aspirations for Child (i.e. blacks perceive their Mother's
Educational Aspirations for them to te lower than whites because of the
mediating influence of SES) while at the same time there is a positive
direc: effect of being black on Mother's Educational Aspirationms.

A "ustiung for SES, blacks have higher perceived Mother's Educational
Aspirations than whites.

The four basic intervening variables following SES all have similar
and substantial direct effects on choosing a 1972 science major.
Adjusting for all of the variables, a standard deviation change in each

results roughly in a probability increase of .05 or .06 in. choosing a

&6
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sclence major. Being black has strong negative effects on mathematics
ability, number of science courses taken in high school and thirg orien-
tation. Since the effects of these three variables is positive on 1972
science major, race has a strong aggregate ncgative indirect effect
operating through these vari bles. On t..e other hand, SES contributes

to a negative impact of Motheir s Aspirations for Child while at the same
time there is a strong positive direct effect of being black on mother's
aspirations. The net effect of being black on mother's aspirations is
positive and, hence, mo-her's aspirations indirectly enhances the prota-
bility of selecting a science major for blacks. Overall, the intervening
variables contribute a negative indirect effect of being biack on choosing
a 1972 science major.

There is a strong direct positive effect of being black on choosing
a science major. Hence the intervening variables do not completely
explain the relatiqnship between being black and the selection of a
science major in 1972. That is, blacks have a higher probability than
whites of selecting a 1972 science major after statistically equating
the two races on the intervening wvariables.

There are some factors operating that give blacks an advantage in
regard to selecting a science major when sex and all of the intervening
variables are controlled. One of these f..:tors mizht be affirmative
action programs: 2nother factor mav be strong motivation on the part of
blacks to select scicnce as a means of enhancing their status.

It snoald be remembered tha the overall relationship between race

and the selection of a science major was not nearly as strong as the

§5
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relationship between sex and the selection of a college s:ience major.
The model results are interesting because they show that there are some
strong negative influences operating as suspected but there are some
strong positive influences also operating that cancel out to some extent
these negative indirect effects.

The probabi”ity of being a science major or science graduate in the
spring of 1976 is primarily a function of major status in 1972. Tle
four basic intervening variables that were important in explzining the
selection of a 1972 science major are relatively unimportant, though
significant, in explaining the 1976 science status. The four inter-
vening variables have important effects on 1976 major but they are
primarily indirect effects operating through the selection of a 1972
major. 1In addition, the substantial direct effect of race on 1972 major
has virtual.y diappeared for 1976 major. The probability of being in
science in 1976 if a student was in science in 1972 is only .29 higher
than if the student was in non-scie-ce in 1972. Thie is because a
substantial proportion of the scudents withdrew from school by 1976 orx
switched from a science to a non-science major.

2. Sex Effects

As would be expected, the partial association of sex with SES
controlling for race is close to zero and nonsignificant. Males and
females enrolled in college academic programs have about the same SES
level. As a result, SES does not mediate or explain the association of
sex with the four basic intervening variables. The model assumes that

the four intervening variables have the same direct effects on major
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1972 for sex as for race. The indirect effects of sex, then, are z
result of the relationship between sex and the four intervening variables.
Sex has an extremely high negative association with crientation towards
things. Females are approximately two-thirds of 2 standard deviation
below males. Females, in general, tend to be more peopie oriented while
males tend to be aore orient 4 towards things. This is cons:stent with
previous research with intere. differences berween males and females.
Females report lower mother's educational aspirations than males scoring
about three tenths of a standard deviation below males on this dimension.
Females also score about a quarter of a standard . .viation below males
on mathemaéics ability. It is a2 well established fact that females, in
general, score lower on math achievement and ability tests. Finally,
females, on the average, take considerably fewer science courses than
males.

Since the four intervening variables are substantially and positively
related to choosing a science major and since females score substantially
below males on these variables, these vzariables explain, in part, the
lower probabi..ty of women choosing a science major. Even in the presence
of these s“rong negztive indirect effects of being female, the:"2 still
remzins a strong negative direct effec* of -.09 for females. The meZiating
variables do not completely account for the lower probability of women
choosing a science major. That is, females have a lower probability of
choosing a science majior after statistically equating the two sexes on

the intervening variables.

»
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There are sudsiantial negative influences operating for females
that the model has not explained. Some preliminary modeling activities
ce. ~idered a host of additionzl meiiating variables such as other
interc. ¢t characteristics (e.g. community orientation, family orienta-
tion, locus of control, and self concept) and future plans for family
formation. But regardless of the substance ~nd number of variables
brought into the model, the strong direct sex effect could not be
substantially reduced.

One can speculate on hat variables might explain this large
negative direct effect. First, there are, of crurse, strong cultura’
influences in our society that woulc discourage females from pux:aing
science as a career. Second, there are strong sex role influences
within the family itself; girls are not encouraged to show scientific
interests and are mostly rewarded for feminine behavior. 7Third, the
schools have not been overly supportive to science oriented females and
have traditionally counseled them in the direction of adopting feminine
careers (e.g. teacher, nurse, social worker, etc,). Fourth, there
certainly has been discrimination in the job market place. Female
calaries, advancements, and responcsibilities have always been less than
those of their male counterpar:s.

The picture changes Eonsiderably when the model is extended to
explain the probability of being a science major in the spring of 1976
or having obtained a science degree by the spring of 1976. In this
case, the direct effect of being female is only -.(4 which means that

adjusting for all the mediat.ng variables between sex and major 1976,
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the female probability of being in science in 1976 is only roughly four
percentage points lower than for males.

The important mediating variable here, as in the case of race, is
the student’s major status in the fall of 1972. That is, the beat pre-
dictor of being in science in 1976 is whether or not they were majoring
in science in 1972. Once the freshman major is chcsen, the other
variables have relatively little impac: on predicting stacrus in the
spring oz 1976.

3. Comparison of Race and Sex Effects

The problems encountered by blacks and females in chcosing a
science major are of a completely different nature. More specifically,
the relative influence of.che mediating variables is quite different for
race and sex.

SES plays no mediating role whatsoever in explaining sex differ-
ences, but plays a limited role in explaining black versus white differ-
ences. Mathematics has more of a negative impact for blacks than for
females. On the other hand, females are more handicapped than blacks in
regard to Thing Orientation and science preparation in high'school.

The most interesting finding is that the direct effect of being
black in choosing a freshman science major is positive while the direct
effect of being female Iis about the same magnitude as the black effect
but is negative. The path a%alysis model decomposed the negative simple
association between being black and choosing a science major into two
components: a sum of strong n jative indirect effects and a strong

positive direct effect. The sum of tt negative indirect effects
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gslightly outweighs the single positive direct effect since the total
effect of being black is negative. The implication is that “lacks have
some positive factors operating that partially cancel out the strong
debilitating negative indirect effects.

On the other hand, both the direct and indirect effects of beiag
female are strongly negative and equivalent :n magnitude. The total
effect of being female is strongly n:gativ- and the model cnly explains
a portion of this total negative effect.

The implications of the model for decreasing sex differences are
decidedly different from those concerned with decreasing race differ-
ences. The strongest negative indirect effect fcr blacks is due to
their low mathematics ability followed by their lack of high school
science preparation. TFor females, the strongest negative indirect
effects are due to thei— person orientation and their lack of high
school science preparation. Mother's Educational Aspirations mediates a
positive indirect effect for blacks and a negative indirect etfect for
females.

The model suggests that the mathematics'ability and high school
science pre-aration of blacks needs to bte significantly improved. It
also suggests cthat the high school science preparation of females needs
to be imrroved along with a saift from person to thing orientatior.

Overall, parents expect less for girls -han for boys as can be seen
from the negative sex effect on perceived educa-.onal aspirations.
Parents should be encouraged to promote the decvzlopment of each chiléd in
regard to their abilities regardiess of sex.
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C. Overall Model By Sex

Because of the possibility of differences in the parameters of the
model for males and females, the model parameters were estimated sepa-
rately for both groups. The model for females is presented in Figure
V.3 and for males in Figure V.4. The regression equation cvrresponding
to these path models are presented in Tables V.3 and V.4 for females aud
males, respectively. The correlations among the nine variables utilized
in the system of regression equations are presented in Tables V.5 and
V.6 for females and males respectively.

The parameters of the male and female models are similar except for
thess instances:

Black and white females do not significantly “iffer on Thing
Orientation while black and white males differ significantly.
In other words the regression parameter for race in predicting
Thing Orientation is zero for females and‘significantly and

substantizally negative for males.

. The regression parameter for race in predicting mother's
educational aspirations for females is significantly and
substantially positive wh*'~ (ka2 corresponding parameter for

males 1s not significantly different from zaro.

Mathematics ability has a somewhat larger direct effect for

males than females and, hence, race has a larger indirect

‘egativc effect through mathematics for males than for females.
For both males and females, race differences in choosing a science

major are strongly mediated by mathematics ability and high school
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Flgure V.4

Overall Science Path Analysis Model for Males
N = 1960
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TableV.)

Overall Model (Female)
Regression Paraneter Estimates for Systen of Regression Equations
N 1917

Independent Varishles

- 1
Race Soclo Th Hother's Nath Number of Mafor 1972 Frealnan
ecoromie Ortentation Educational Ml Science ook Equation
(L=Black)  Status Aspirations d Semesters  (lwScience)
(DeHhite)  as] 0ul gl osl __(igh School) (OeNon-Sclence)  gsl
Socloecanomic
D Status =1.044% 1
)
P Thing
E  Orientation =02 03 2
N
D Mother's
P Educatjonal
N Aspirations S 1 )
T
Math Ability -1, 054k 9% 4
v
A Number of
R Science
I Semesters -, 30kt 01 5
A
B Major 1972 0% 02 Q6% 055k Sl J05% b
L .
B Freshnan GPA %) L | -02 04 Je L -.02 1
S .
Hajor 1976 06%* Q1% Ri)LL 0l RijL 00 J25kk 2%k §
(1=Science)
(0=Non-Seience)
*ap<,05
**lp('ol
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Table V.4

Overall Hodel (Male)
Regression Parameter Eatinates for System of Regression Equatfons
N = 1960

Independent Variables
Socio~ Mother's Number of

Race economic Orizgtzgion Educational A::i?t Sclence Hajor 1072 Freg?:an Equation
(1wBlack)  Status Aspirations Y Seesters (IwScience) ’
(Onbhite) o=l ol gul ol (High School) _(C=Nom-Science) ga]
Socioecononic
D Status =1.06%% l
E
P Thing ‘
E  Orientation =3 -0 2
N
D Mother's
E  Educational
N Asplirations 18 L JpHi ]
T .
Nath Ability - =1, 073 Jgrk i
v
4 Number of
R Sclence
I Samesters L JA0k : 5
A .
B Major 1972 J0% 00 J54% Q5% RiIL 6%k b
L
E Preshman GPA -, 06 01 -0k Jlkk 9k -.02 .08 7
S
Major 1976 -0 00 028 A0l 2% 014 Ik Q5 g
(1=Science)
(0=Non=Science)
*apc 05
ko p < .ﬂl
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Table V.

5

Correlations Among the Regression System Variables for Females

N = 1917

Variables - 2 3 ; Correéations - 7 : —
l. Race 1.000 =30 -.01 09  -33  -.06 02 -.19 .02
. Socioecononic Status .00 .03 .8 .18 .02 .07 .0 .10
3, Thing Orientation 1.00 .00 .06 .01 19 ~.01 13
i+ Mother's Educational

Aspirations 1.00 19 .09 19 .08 15
5. Math Ability 1.00 .28 .19 33 .18
5. Number of Science

Semesters 1.00 .32 .05 .18
/. Science Major 1972 1.00 .04 43
3. Freshman GPA 1.00 14
). Science Major 1976 ‘ 1.00
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Table V.6

Correlations Among the Regression System Variables for Males

N = 1960
Variables | . 2 3 4 Corregations 6 7 3 9
Race 1.00 =23 -.06 =02 ~27  -07  -.02  -.09  ~-.06
Socioeconomic Status 1.00 -.01 W24 .19 .07 .06 L0 .07
Thing Orientation 1.00 .15 .07 .04 A0 -,06 .08
Mother's Educational .

Aspirations : 1.00 .24 .16 .16 .19 Jd4
Math Ability 1.00 .36 .25 31 23
Number of Science ,

Semesters 1.00 .32 .09 22
Science Major 1972 1.00 11 45
Freshman GPA | 1.00 21
Science Major 1976 1.00
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science preparation. However, Thing Orientation is a significant
mediator only for males and race has a significant positive direct
effect on mother's aspirations only for females. The aggregate overall
indirect negétive effects of being black are smaller for females than
for males. In other words, female blacks are less disadvantaged com-
pared to female whites on the mediating variables relative to the

disadvantage of black males compared to white males.

D. Specific Science Models

The models presented in this section attempt to explain the proba-
bility .S selecting a particular science major (i.e. physical sciences)
versus a non-science major. As in the overall science model, each
series of equations will be fit to the total sample, and then separately
by sex. The overall science model will be used as a standard for com-
paring the science specific models. Since the number of female engineering
majors in the sample was extremely small, no attempt will be made to
develop models for engineering majors. In additien, no attempt will be
made to model the selection of a mathematics major since there were no
overall sex differences. Overall models and models by sex are presented
for life sciences, physical scieﬁées, and the social sciences. The
total sample for each science mo&él is the sample of students whé are
majoring in that particular science plus those stﬁdents who choose a

non-science major. Taking tne physical sciences as an example, major

1972 would be coded 1 if the student was majoring in physical science

and 0 if he was majoring 3n a non-science. The remaining science majors

have been excluded from the physical sciences model sample. Defining

10g
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the sample in this manner results in the probabilities of selecting a
particular science major being interpreted as the conditional proba-
bility of. selecting a particular science major (versus a non-science
major) given that no other science major was selected. 1In effect, these
models contrast those students majoring in a particular science with

rthose students pursuing a non-science major.

1.‘ Life Sciences

The sign and magnitude of the parameters for the first five
equations of the Life Sciences Model (Table V.7) were similar in size
and magnitude to the overall science model. The direct effects of race
and sex on major 1972 were similar in sign to the overall model but were
smaller in magnitude and non-significant. While all four intervening
variables (Thing Orientation, Mother's Educational Aspirations for
Child, Mathematics Ability, and Number of Science Courses) where équally
important in the overall science model, math ability and Thing Orienta-
tion are not particularly important in choosing a freshman life sciences
major. As in the overall model, the most important predictor of life
science major status in 1976 is life science major status in 1972. The
direct race and sex effects on life sciences major 1976 were about
identical to those for the overall model - an insignificant positive
direct effect for race and a significant negative direct effect for sex.

When the life science model parameters are estimated separately for
males and females some important differences from the overall model
emerge (see Tables V.8 and V.9, respectively). Race has a positive and

significant direct effect on life sciences major 1972 for females and a

Loy



Table V.7

. Overall Model (Life Selences)
Regression Parameter Eatimates for System of Regression Equations

N = 2830

Independent Variables

Soclo= Hother's Humber of o
Race Sexl econonic Oriz:iZEiOn Educational AH: Science Hajor 197 Freggﬁan Equation
(I=Black) (lwFemale)  Status Aspirations Y Semesters (1sScience)
(0=Mhite) (0eMale) ! ol ol ol (Hdgh School)  (0=Non-Science) =l
Soc{oecononie *
D Status =105 -0l l
E
P Thing
E  Orlentation - 12 -.65¢ 00 ‘ l
N
D Mother's
E Educational ‘
N Aspirations NI LLENEW L ALY ]
T .
Hath Ability SN/ VLB b L 4
v
A Number of
R Science
T Semesters - J5¢ «, 5Bk 04 5
| .
B Major 1972 04 -0 JO2kk 24k RIlEL Nill Q50 b
L
E  Freshman CPA -, 26k 4301 -, 074k N1 29k -0 09 1
5
Hajor 1976 06 -, 05%% 024k ML RIAL 2%k 00 : WiLL Rkl 8
(1=8ctence)
(0=Non~Sclence)
*=p< 05
Heowp <01 '
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Tablé 1.0

Life Sclences Mod. ' (Male)
Regression Parameter Estimates for System of Regression Equations
N = 1264

Independent Variables

Socto Hather's Nusber of - -
Race econonic 0r1ent2§ion Educational Mility Sclence Hajor 1972 Freg:xan Equation
(sBlack)  Status Aspirations Semesters  (InSclence)
(Oshite)  o=) m] 0l el (High School) (O=Non-Sclemce)  oul
Socioecononic _
D Status ~1.13%% 1
)
P Thing
E  Orlentation -, 28k -0 2
]
D Mother's
E  Educational
N Aspirations © 6 iLL 3
7 ,
Math Ability - Q4kh e 4
v
! A Number of
R Sclence
I Semesters -2 10 b
A
B Major 1972 01 02 -0 J O 00 L6k b
L
E  Treshman GPA -04 02 - 09k BiLL 2kt - 03 ESLL 1
§
Major 1976 .01 0 A1 -, 02 (02 00 20k 3k 8
(1=5cience)
(0=Hon-Science)
*ap < 05

thep ¢ 0l
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Table V.9

Life Sciences Hodel (Female)
Regression Parameter Estinates for System of Regresslon quatious

N = 1546 L
Tndependent Varisbies
Socdo- Mother's Number of ‘
Race economie el tnii Educational Ab:lit Sclence Hajor 107 Fre;?:an Equation
(Isblack)  Status fiation Asplrations T Somsters  (I=Sclence)
(OsWhite) o=l o=l ol ool (High School) (OwNon-Sclence)  onl
Socioeconomic
D Status =100k . 1
)
P Thing
E  Orientation =03 01 2
N
D Hother's
E  Educational
N Aspirations - ST WAL }
T
Math Ability SR NULL 4
v
A Number of
R Selence
I  Semesters 4 <01 5
A
B Major 1972 N J03kk 05k J5ka 02 Q5% b
L
E  Freshman CPA - Jork 0! -0} 03 XL -.02 -,02 1
s ]
Major 1976 NIk 0 02 J(2k 02k W01 il 024 8
(1=Seence)
(0sNon=Sc1ence)
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small and insignificant positive direct effect for males. For females,
Thing Orientation has a positive and significant direct effect on major
1972 while for males it is insignificant. For life sciences major 1976,
the di;ect effect parameters are similar. -The best predictor of life
science major status in 1976 is life science major status in 1972.

The most significant difference from the overall science model is
the insignificant role mathematics plays in choosing a life sciences
major for both males and females. In addition, the direct positive
effects of race on selecting a life sciences major in 1972 for both
males and females tend to be smaller, although they are still statis-
tically significant for females.

2. Physical Sciences

The overall physical sciences model is'quite similar to the
overall science model (see Table V.10). Sex and race have the same
pattern of direct effects on physical sciences major 1972 and 1976. The
four basic intervening variables all play a highly significant role
contributing to the negative indirect effects of sex and race as in the
overall science major. Math ability plays a significant role, as
expected, in the selection of a physical sciences major. The same basic
processes are in evidence for both males and females (see Tables V.11,
and V.12, respectively). Math is an important intervening variable for
both sexes. As in the other models, Mother's Educational Aspirations
for Child is significantly higher for black females compared to white
females while no significant race differences exist for males. Black

females who do not differ from white females in Thing Orientation

114



Table V.10

Overall Hodel (Physiral Science)
Regression Parameter Estinates for System of Regression Equations

K = 2528
Independent Variables ~ i;“
) Socio- Hother's Nunber of
Race Sex economic Orizztziion Educarional Ibdlity Science Hajor 1972 Freggian Equation
(l=Black) (l=Female)  Status Aspirations Semesters  (I»Science)
(OsNhite) (0sMale) 07l ol o=l ool (High School) (OwNon-Science) o=l
Socloeconomlc
D Status '1000** -'02 1
.
P Thing
E  Orfentation -1l « Jhrk =02 2
N .
D Mother's
I Educational
N Aspirations YLk JJ5hk ‘ | ]
T
Hath Ability W03 . 10k It 4
v
A  Number of
R ' Science
I Semesters = 30% = 55HH .02 5
A
B Hajor 1972 ok < (5 00 Q1% 024k ML 03k b
L
E  Freshman GPA ) L I AL 01 = Q5 J0pH¥ J gk -0 07 1
§
Major 1976 01 - 0ikk Ok KL Ol 00 Ik o8
(1=Scfence)
(0=Non-Science)
L P < .05
k= p ¢ .U]_
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Table V.11

Physical Sciences Model (Male)
Regression Parameter Estimates for System of Regression Equations

¥ 1130
) o Independent Vatiables
Socio- Mother's Hunber of
Race econonic Orient:tion Educational A::i?t Science Hajor 191 Preg?:an Equation
(L=Black)  Status Asplrations V' Semesters  (1eSctence)
_ (Oshhite)  oul gel ol onl  (High School) (OsNom-Science) 0wl
Socioeconomic
D Status =1, 04%H : 1
B
P Thing
E  Orientation -6 -0 7
i
D Mother's
E  Educational
N Aspirations 16 il ‘ ]
T
Math Ability -0k Jokk 4
v
A Number of
R Sclence
T Semestets - 14 09 . 5
A
B Major 1972 .04 00 W0l 0244 NI/LL Qi b
L
E Fresinan GPA 06 01 -, 064 VLY LT Y ) J] 1
§
Hajor 1976 -.05 L2 0l L2 00 .00 gk 0 8
(12Sclence)
(0=Non-Sc{ence)
hap¢ 05
=g ¢ 01




Table V.12

Physical Science Model (Female)
Regression Parameter Estimates for System of Regression Equations

N = 1398
Independent Variables
Socio- Hother's Nunber of
Hace economic Orleatation Educational Wit Sclence Hajor 1972 Freggian Equation
(1wBlack)  Status Aepirations Y Senegters (=Science)
(OWhite) ool g=] oul gel  (High School) (OmNon-Science)  owl
Socioeconomtc
D Status «,98kk 1
E
P Thing
E  Orlentation -0 -,03 2
N
D Mother's
E  Educational
N Aspirations W50k Wi }
T
Math Ability -], 120 J06% §
v .
A Number of
R Sclence
I Semesters - 41* -,04 5
A
E Hajor 1972 Q6,00 0144 LY 02k 6
E  Freshman CPA -, J5kk 01 -0 01 J2rk =02 -2 ]
g .
Major 1976 03 M 02k 01 01 .00 JJ5kk 01 8
(1#Seience) ‘
(OsNon=Seclence)
hwp < 05
iz P ¢ 01
12
4y



-91-

(adjusted for socioeconomic status) while the opposite is true for
males. Thus, males manifest indirect negative race effects through
thing orientation while females do not.

3. Social Sciences

Since the discriminant analyses indicated that non-science
majors are similar to social science majors for both males and females,
it would be expected that the social sciences model would be quite
different from the overall science model and any of the particular
"hard" science models examined thus far. Tables V.13, V.14, and V.15
present the results for the social sciences. There is no significant
direct effect for race for either choosing a social science major in
1972 or 1976. There is, however, a significant negative effect for sex
on choosing a social science major in 1972 which declines in size in
its influence in choosing a social science major in 1976 but is still
statistically significant. Since females are more peopie oriented than
males (see equation 2, Table V.13) and People Orientation is directly
related to se=lecting a major in the social sciences, being female has a
positive indirect effect on selecting a social science major in 1972.
Mathematics ability, as expected, has no significant effect on choosing
a social sciences major in 1972, and hence neither sex nor race have any
indirect effects on selecting a social sciences major in 1972 through
mathematics ability. The same is true of number of science semesters in
high school.

Thing Orientation mediates a positive indirect effect for females

in choosing a social science major in 1972 while the higher mother's
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Table V.13

Overall Model (Social Sciences)
Regresslon Parameter Estimates for System of Regression Equations
N = 2943

Independent Variables

Soclo~ Hother's Nusber of
Race 5 econonic OriZ::ggion Educational A:i:?t Science Hajor 1372 Freggiun Equation
(1=Black) (lwFemale)  Status Aspirations Y Sensters (1=Sedence)
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Table V'M

Social Sciences Hodel (Male)
Regression Paraneter Estinates for System of Regression Equations

Ne= 1293 .
Independent Variables
g~ o her' Number of
Race ei:;::ic " EdﬁzztiznZI :ztz:c: Hajor 1972 Freg::an Equation
(I=Black)  Status Crlentation Aspiratlons hility Semegters  (lsSclence)
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Table ¥,15

Social Seience Model (Female)
Regreasion Paraneter Estinates for System of Regression fquations
N = 1652

Independent Variables

Soclo- Mother's Number of
: Race economic Orient:gio Educational Wbl Sclence Hajor 1972 Frezszan Equation
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educational aspirations for males mediates a positive indirect effect
for males.

Examining the model parameters estimated separately for males and
females, it can be seen that race has insignificant direct effects for
males on choosing a social science major in either 1972 or 1976.  The
positive direct effect of race for females was, however, significant.

Like the other models, the most important predictor of social

science major status in 1976 was social science major status in 1972.

E. Probabilities of Sciénce Entry for Four Subpopulations

In order to appreciate the joint magnitude of the effects of mathe-
matical ability, émdunt of high school science, and Thing Orientation on
the probability of choosing a science major in the freshman year the
reader is referred to Table V.16. This table presents the estimated
proportion of students majoring in "hard" sciences for four subpopula-
tions: white males with below median scores on these three variables;
white males with above median scores; white females with below median
scores; and white females with above median scores. The splits could
not be made exactly at the median because of the relatively small
number of integer values. The corresponding black subpopulations had
sample sizes that were too small to make reliable estimates of the
proportions. Also, the white subgroups ihat had extreme perceived
mother's educational aspirations were too small so mother's aspirations
was held constant at the middle level for all four groups.

The percentages of both men and women choosing science is extremely

small for both men and women that fell below the median on the three
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Table V.16
Probabilities of Choosing a Freshman Science Major
Mother's

Sciences  Math Thing Educational Sample Estimated
Subpopulation  Sex Race  Semesters Score Orientation Aspirations Size  Proportion

1 Male  White Low Low Low Medium 19 .0506
2 Female White Low Low Low Medium 280 0214
3 Male White = High High High Medium 352 .5341
4 Female White High High High Medium 119 4286

- a

Full Tt Provided by ERIC.
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independent variables. There was, however, a small tendency for males
to have a higher probability than females for choosing a science major.
On the other hand, a large proportion of the "qualified" females and
more than half of the "qualified" males choose a freshman science
major.

Again, males had an advantage over females in this fegard. The
differences in the percentages of males and females choosing a science
major are still substantial when the important factors that predict the
selection of a science major are held constant. The probability of
‘"qualified" females entering the "hard"‘sciences is about .10 lower than
the probability of "'qualified" males entering the "hard" sciences.
However, one major problem for females is that they are less likely to
be qualified than males. This can be seen from the relative sample
sizes of qualified men (N = 352) and qualified women (N = 119), a ratio
of approximately 3 to 1 in favor of males. These tabular results corres-
pond closely, as they should, with the results of the previous regression
analyses where there was a decided advantage for males in choosing the
"hard" sciences after adjustment for the four major intervening variables.
That is, the direct effect of being female is approximately -.10 based
upon either the previous regression analyses or the simple tabulations

presented here.

<

F. Log Linear Models for Predicting the Selection of a Freshman

Science Major

It was previously shown in the overall regression analysis pre-

dicting freshman entry into the "hard" sciences that race, sex, Thing
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Orientation, Perceived Mother's Educational Aspirations for Child,
mathematics ability, and number of high school science courses all had
substantial and significant multiple regreésion weights. When the
regression model was estimated sebarately for males and females it was
found that there were some indications that sex interacted with s&me of
the other independent variables although there were general similarities
in the pattern of relationships among the variables for both sexes.

The purpose of this section is to determine whether a log linear
model containing only first order interaction terms reflecting the
relationship betweeq the six independent variables and science major
adequately fits the data or whether second order interaction terms
involving sex and race with the independent variables are needed to
adequately fit the data. Other interaction terms representing the
relationships among the independent variables themgelves have to be
included in the log linear model for predicting cell values but these
parameters are of no substantive interest.

In order to fit a log linear model to these seven variables, four
of the continuous variables have to be converted into categorical
varibles.

In order to avoid having too many cells with low frequencies, it
was decided to categorize the mathematics ability scores int§ two levels
(high, low); number of high school science courses into two levels
(high, low), Thing Orientation into two levels (high, low); and perceived
parental educational aspirations for child into three levels (graduate
school, college, and no college). Combined with two levels for sex,

race, and science major, the result was a seven way table with 192 cells

13j
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(2x2x2x%x2x%x2%x2x3). The two level splits were made as close to
the medians as possible given the distributions of the variables. The
sample size for this analysis was 4,000.

For our purposes, the first order interaction log linear model can

be written as

[overall effect 7 211 first order inter~ |
loge celln = +-all main effects +] actions between the six
+ higher order independent variables
interaction effects and science entry
among the inde-
L pendent variables | - .-

The main interest lies in the second set of parameters in the above
model. The above model did not adequately fit the data (probability of
X2 < .01). This indicated that certain higher order interaction terms
needed to be added to the model to provide an adequate fit. Following
the results of the regression analyses, it made sense to augment the
model with secohd‘order interaction terms representing the interaction
of sex and race with each of the six independent variables and science
entry.

When these second order interaction parameters were added to the
Previous model, an acceptable fit was obtained (probability of X2 > .05).
While other possible modeis may fit the data as well, the last
model seems reasonable since it indicates that in order to fit the 192
cell contingency table, parameters reflecting the relationship of each
of the six independent variables with the dependent variable, science
entry, needed co be included among the terms of the log linear model.

These results strongly agreed with the regression analyses which indicated

that all six variables had significant regression parameters.
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VX. SUMMARY

The purposes of this study were (1) to explaiﬂ the relatively low
entry rates of females and blacks into college science curricula and (2)
to explain the relatively low science degree attainmment on the part of
females and blacks. The data used for modeling sex and race effects on
choosing a science major and science degree attainment came from the
National Longitudinal Study of the High School Class of 1972 (NLS), a
longitudinal data base containing data on over 20,000 students. The
primary analytical tool employed in this study was multiple regression
analysis in a path analysis framework. Discriminant analysis and log
linear modeling were used to augment these analyses.

The data indicated that there were greater sex differences than
differences between blacks and whites in the probability of selecting a
freshman science major. Black females had about the same probability as
white females in selecting a hard science major. On the other hand,
black males compared to white males had a consistently lower probability
of entering each specific science major gréup. In terms of science
degree attainment, bléck females kept pace with white females, but the
gap between black males and white males widened. Black males even had a
lower probability of obtaining a degree in a particular science area
than black females. Males and females within a particular science major
group were highly similar to one anoth~r on 17 attributes spanning the
ability, interest, high school background, and socioeconomic background

domains.
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Discriminant analyses for both males am! females indicated that the
non-science and social science majors were similar to one another and
could be discriminated from the "hard" science majors on the basis of 18
relevant attributes spanniné the domains previously mentioned. On the
bagis of the discriminant analyses, it was concluded that some models
coﬁld be developed to explain the race and sex effects of chooSing a
"hard" science major. Path analysis models were developed which had
four key intervening variables: mathematics ability, thing orientation,
perceived mother's educational aspirations for child, and number of high
school science semesters. These four intervening variables explained
some of the negative indirect effects of race and sex on the selection
of a college science major. The most significant finding was a substan-
tial positive direct effect of being black and substantial negative
effect.of being female on selecting a college science major.

These results indicated that after adjusting for differences
between males and females in respect to these four intervening variables,
females still had a lower probability of choosing a science major. On
the other hand, similar adjustments for differences between blacks and
whites indicated that blacks had a higher probability of selecting a
college sclence major than whites. The models indicated that there are
some remaining negative impacts of being female on the selection of a
college science major that are not explained by thé models. Similarly,
there are some postitive impacts of being black that are not explained
by the models. All the effects of being female are negative while there

is some evidence that being blaék has some positive effects to compensate,
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to a large extent, for the built in negative effects. Some speculations
concerning the nature of these impacts are presented in the report.

Path analysis models were also developed separately for males and
females and for specific science major groups. There were some differ-
ences in the parameters of these more specific models from the parameters
of the overall "hard" science path analysis model. Log linear models,
which are especially appropriate for categorical dependent variables,
were used to verify the results of the regression based path analysis

models.
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