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ABSTRACT 

Occupational sex segregation is one explanation for the sex gap in pay. 

Traditionally female occupations offered low wages, few benefits and lacked ladders 

of upward mobility. In the United States, education is viewed as a route to upward 

mobility. Prior to legislation enacted in the early 1970's, however, men's and 

women's educational opportunities varied. Women's enrollments at medical, law and 

engineering schools were limited. After removal of such limitations, however, 

women's penetration of these fields over the past twenty years has varied. Women 

comprised one third of all new medical doctors and more than 40 % of all new 

lawyers, but only 14% of all bachelors degrees in engineering were awarded to 

women in 1987. This dissertation answers two questions. First, what factors are 

instrumental in college students' decision to major in engineering? Second, given 

they major in engineering, what factors account for sex differences in the completion 

of a bachelors degree in engineering? 

Multinomial logit models of major choice are constructed with data from the 

1980 senior cohort of the High School and Beyond longitudinal survey. The base 

year (1980), three follow-up waves (1982, 1984, and 1986) and the Post-Secondary 

Transcript data were used. Enrollment characteristics of engineering schools in the 

early 1980's are compiled from several archival sources. The multinomiallogit 

models are decomposed to determine the percent of the sex gap in major choice 



explained by the models and the relative importance of high school preparation and 

skills, attitudes and structural constraints as explanations of the sex differences in 

engineering education. 

19 

It is shown that, at most, 9.2% of the sex gap in the choice of engineering 

is explained by the factors specified by the policy literature (i.e., sex differences in 

high school preparation and skills and occupational attitudes). As much as 77% of 

the sex gap is attributable to sex differences in how fields of study are vieWed. 

Finally, women who majored in engineering in 1982 were more likely than their male 

counterparts to complete a bachelors degree in engineering by 1986. Therefore, the 

primary issue regarding women and engineering education concerns the initial 

attraction of women to engineering programs. 



CHAPTER 1 

INTRODUCTION 
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Throughout human history, one way for societies to divide labor was to 

allocate certain tasks to men and other tasks to women. However, rather recent 

changes in the nature of work such as wage labor and labor-saving technology, which 

together reduce human reliance on physical strength as a means to acquire life's 

necessities, negate the functional reasons for pre-industrial sexual divisions of labor. 

Although there is an increasing emphasis on achieved rather than ascriptive criteria in 

__ industrial societies such as the United States, a considerable level of occupational sex 

segiegation persists (Reskin 1984; Treiman and Hartman 1981; Statistical Abstract of 

the United States 1989; Reskin and RODS 1990). 

Occupational sex segregation is one of several explanations for the sex gap in 

pay. There is much debate regarding measurement of the gap in pay between men 

and women (see England 1992 for a review), however, for white workers who 

worked at least 35 hours per week, the ratio of female to male weekly earnings was 

.676 in 1967 and .758 in 1989 when adjusted for hours worked (England 1992). In 

other words, between 1967 and 1989, a time in which women's labor force 

participation patterns changed dramatically (Statistical Abstract of the United States 

1989), women's weekly earnings relative to men's increased by $.082. Depending on 

which estimates are used, occupational sex composition accounts for somewhere 



between 10-37% of the gap in pay between men and women (England 1992, p. 36). 

Prior to the 1970's, women had limited access to jobs and educatio~al 

institutions, especially within medicine and other fields involving science and 

technology. In the decades that have passed since sex discrimination in hiring and 

promotion was outlawed by Title vn of the Civil Rights Act of 1964, however, 

21 

men's and women's participation rates in the technical fields such as engineering 

continue to differ. Furthermore, women have had differential success in penetrating 

technical fields (Reskin and Roos 1990). For example, in 1987 although 19.5% of all 

physicians were women, only 6.9% of all engineers were women. In 1987 women 

comprised 32% of all medical school graduates (M.D. degree) but only 14% of all 

engineering school graduates (B.S. degree). In the absence of overt mechanisms of 

segregation, then, occupational "choices" that result in occupational sex segregation 

can be considered a product of social forces exerted by parents, peers, teachers, 

counselors and school administrators to mold students to pre-existing models of 

appropriate sex-typed behavior. 

One important mechanism of occupational allocation is education. Education 

prepares children to accept and perform particular roles in adult life. Credentials for 

many technical occupations are earned via clear pathways through the U.S. post

secondary educational institution. Therefore, differences in the choices made by men 

and women regarding post-secondary education ought to shed light on the continued 

low level of females' participation in many technical fields. 
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From an economic standpoint, engineering is a good career choice for women 

(as well as men). Entry:'level salaries for engineers with bachelors degrees are higher 

than salaries for any other major. Because of increasing demand for engineering 

graduates during the 1970's and 1980's the average engineering starting salary of 

$2365 per month (over $28,000 annually) was higher than the average starting salary 

offered by college recruiters for any other type of bachelors degree (Babco, 1988). 

Though only 3 % of all women who earned bachelors degrees did so in engineering 

fields of study, women with engineering degrees garnered 22.1 % of all job offers 

extended to female bachelors recipients in 1987. Males earning BS degrees in 

engineering in 1987 - 19% of all male bachelors recipients - received 53.2% of all 

job offers extended to males at the bachelors level. Furthermore, only in the 

engineering fields did college women receive the same starting pay as men with 

similar degrees (Babco, 1988). Although engineering is a lucrative profession, only 

3 % of all women who graduate with bachelors degrees versus 19 % of all men who 

earn bachelors degrees had majored in engineering (Vetter and Babco, 1987). 

This dissertation will address two questions. First, what factors account for 

college women's lower rate of participation in the engineering major? Second, what 

factors account for sex differences in students' completion of an engineering bachelors 

degree program? The remainder of this chapter will discuss several theoretical 

explanations of occupational sex segregation and sex differences in educational 

choices. 



1.1 Explanations for Gender Differences in Selection of College Major 

1.1.1 High School Preparation and Skills 

23 

Many researchers have considered the level of preparation in math and science 

of high school girls and boys as a possible explanation for women's lower rate of 

participation in the scientific and technical fields of study in college (Armstrong, 

1980; Berryman, 1983; Boli, Allen and Payne, 1985; Ethington and Wolfle, 1986 and 

1988; Holden, 1987; MacCorquodale, 1988; and Thomas, 1981). Much of the 

policy literature, the goal of which is to address imbalances in the numbers of women 

in engineering and scientific fields, adopts a "pipeline" metaphor (eg. National 

Research Council 1992 and McDonald et alI990). Berryman's (1983) "pipeline" 

metaphor is one possible image of the decision sequence by which young people 

choose to pursue engineering occupations. According to this metaphor, the 

explanation for women's lower participation in engineering is a lack of appropriate 

high school preparation. It is highly advantageous for students to possess a high level 

of skill in the areas of math and physical science prior to entering college if they 

intend to pursue an engineering major because such academic topics form the core of 

the first year of study for undergraduate engineers. Students who fail to take 

advanced math (at least trigonometry or pre-calculus if not calculus and physics and 

chemistry, at the basic or advanced placement level) are disadvantaged at the 

collegiate level because it will take an additional year of study to learn sufficient basic 

material for an engineering curriculum. 
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There are several important sex differences in terms of high school 

preparation. First, although girls' high school GPAs are on average higher than 

boys', girls take fewer math and physical science classes than boys. Since 

engineering requires students to be well prepared in math and science, those who do 

not complete advanced math and science courses in high school would be 

disadvantaged in the pursuit of a four-year engineering degree. Second, evidence 

suggests that girls are less likely than boys to have made any career plans beyond a 

general desire to complete college (Komorovsky 1985, Moen 1991). Therefore, girls 

are also less likely than boys to be aware of the importance of high school 

mathematics for many fields of study, including engineering. A 1967 study of 

students entering the engineering program at Purdue University found that 82 % had 

decided to major in engineering prior to their arrival at Purdue (cited in Eichhorn, 

1969). 

Another related literature concerns the differences between boys' and girls' 

3-D visualization ability. This literature documents that such differences are quite 

pronounced (Kimura 1992; Harshman and Hampson 1987; and Benbow and Benbow 

1984). Spatial visualization ability has been linked to mathematical reasoning ability 

(Benbow and Benbow 1984), which is an intrinsic feature of engineering college 

curricula (Reyes-Guerra 1981), as well as college curricula in the life and physical 

sciences and mathematics. Furthermore, although there is some variation by 

engineering specialization, spatial skills themselves (rather than as indicative of 
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mathematical reasoning ability) can be important for engineering students, especially 

for the basic mechanics courses (including engineering graphics), vector calculus and 

analytic geometry, physics and organic chemistry that most engineering students of 

the early 1980's would have taken during their first or second year of college (Reyes

Guerra 1981). Though this literature often contends that spatial skill is an innate 

sexual difference, such skill could also be due to social forces that cause boys and 

girls to develop different characteristics as the outcome of differential socialization 

experiences (Bern, 1982). This dissertation will not seek to answer this nature/nurture 

question. Instead, I take the position that regardless of the source of this difference, 

such a difference is salient for students interested in math, science and engineering. 

1.1.2 Sex Role Socialization: Educational Choices Based on Gender Roles 

Sex role socialization plays an important role in a society in which sex and 

gender are important features of stratification. As children approach maturity, they 

learn how occupations are matched to both educational choices as well as to sex. 

This section first presents evidence that children learn to delineate sex-appropriate 

jobs at an early age. An argument is then constructed that females' family role is 

perceived as inconsistent with the perceived work role and educational requirements 

of engineering. 

Children learn about occupations from a variety of sources. Parents may teach 

children about their own occupations. Also, children come in contact with other 
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adults early in life such as teachers, doctors, nurses, law enforcement officials, mail 

carriers, etc., who also provide them with ideas about what jobs are like and which 

jobs are commonly held by men and women. The media furnishes images of 

occupations to children as well, usually in conjunction with sex role stereotypes. 

Research on occupational sex stereotyping has been done by Tibbetts (1975) with first 

through fourth graders, Frost and Diamond (1979) with fourth through sixth graders, 

and Stockard (1987) with a longitudinal sample starting with children in the fourth 

grade. These studies find that children have learned as early as the fourth grade 

which occupations are appropriate to their gender group. Further evidence (Kilborne, 

1987; List et al., 1983; Mackey and Hess, 1982; Mayes and Valentine, 1979; 

McGhee and Frueh, 1980; Morgan, 1987; and Q'Bryant and Corder-Bolz, 1978) 

supports the notion that children are surrounded by and learn about gender-typing of 

occupations at an early age. 

In national samples of high school seniors in 1976, 1977, 1978, and 1979, 

high school seniors were found to hold "conservative" views towards the issue of 

household roles (Herzog et al., 1983). In many cases, the seniors preferred a 

situation in which the wife either did not work or worked only part time outside the 

home, especially in the case where preschool children were present. Also, husbands 

who did not work or who worked only part time outside the home, even when 

preschool children were present, were rated negatively by a large portion of the 

sample. These findings regarding attitudes, as well as those reported in The 
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Statistical Abstract of the United States (1991), seem to support the notion that high 

schoolers in the late 1970's and 1980's continued to adhere to the traditional notion of 

a father and husband in the family "breadwinner" role with mothers and wives in the 

"homemaker" role. Furthermore, other studies have found that women who go to 

college seem to perform quite a bit of "contingency planning" to account for a period 

of childbearing and rearing that they expect to experience early in their post-graduate 

career life (Baber and Monaghan, 1988; Bridges, 1987; Burroughs et al, 1984; 

Greenglass and Devins, 1982; Komorovsky, 1985 and Tangri 1972). Findings of 

these authors demonstrate that women continue to accept primary responsibility for 

child and home care and that they engage in planning in order to enable realization of 

their family goals. 

According to this perspective, women's participation in engineering is expected 

to be low because it is viewed as consistent with the male family gender role and as 

inconsistent with the female family gender role. Furthermore, engineering education 

at the bachelors degree level is considered by some researchers to demand quite a bit 

of time and "sacrifice" (Bugliarello, 1991; Eichhorn, 1969; and Perrucci, 1969). 

For example, Eichhorn (1969) cites a comparative study of degree requirements that 

indicates that the engineering major on average requires slightly more credit hours 

than other physical science majors. 

A quick glance at some recent (1992-1993) college catalogs indicates that the' 

credit hour requirements continue to vary by discipline, with engineering students 
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often needing 3-12 more units than other majors. For example, at the University of 

Arizona, candidates for bachelor of Arts degrees and some bachelor of Science 

degrees required 125 credit hours while candidates for B. S. Engineering degrees 

required 131-134 credit hours. Another factor for engineers concerns the amount of 

time spent in labs. Often engineers take a one-credit lab course but may spend 

anywhere from 10-20 hours per week on lab material. The labs usually require 2 

hours (rather than the common one hour associated with lectures) and the time 

required to do lab write-ups varies. During an engineer's first year of college, she 

may have as many as five lab courses!. Finally, the nature of the work required of 

engineering students involves problem solving. Regular problem sets are required in 

many engineering, math and science courses. Because problem sets and lab write-ups 

most often have unambiguous answers which are determined using prescribed 

methods, and because these materials are collected more often than examinations are 

given, the consequences associated with this kind of coursework are different than 

those associated with coursework in which students spend most of their homework 

time on readings (such as humanities, social sciences, and some business courses). 

For example, problem sets and lab write-ups are more likely to be required on a 

weekly basis versus examinations over course readings, which may be less frequent. 

! For example, first year engineering students in the early 1980's at General 
Motors Institute took several lab courses during the first two semesters of college 
including: Chemistry I, Organic Chemistry, Manufacturing Processes (which had two 
2-hour labs per week), Engineering Graphics (which also had two 2-hour labs per 
week), Introduction to FORTRAN, and Physics 1. 
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Furthermore, if a student must take several pre-requisite courses in addition to 

the already larger credit requirement for a bachelors degree in engineering, the time it 

takes to earn the bachelors degree may be increased. Although the age at first 

marriage has increased for both men and women and women have increasingly begun 

childbearing later, women still start both of these processes an average of two years 

sooner than men (U.S. Bureau of Statistics, 1992). Hence, from a neo-classical 

economic viewpoint, the costs of "sacrifices" entailed in gaining an engineering 

education combined with women's anticipated family gender role, may not be 

exceeded by the benefits (Le. high salary) for the years the woman plans to work. 

1.1.3 Sex Differences in Educational and Occupational Values 

Several studies indicate that differences between men's and women's 

occupational values persist (Bridges, 1989; Elias, 1985; Beller, 1984; Marini and 

Brinton, 1984; Glenn and Weaver, 1982; Herzog, 1982; Walker et aI., 1982; Block, 

et al. 1981; Lueptow, 1980; and Brenner and Tomkiewicz, 1979). In general, college 

women were more concerned than men with the issue of discrimination in hiring and 

promotion and more concerned with the opportunity to help others. Elias (1985) 

shows that 47% of women as opposed to 36% of men rated the job attribute 

"worthwhile to society" as very important. Men and women also differed in their 

evaluation of the importance of earning a great deal of money with 61 % of men and 

54% of women rating this as a very important attribute of a job. With respect to 
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placing a value on occupational prestige and getting ahead in a job, however, there 

were no substantial differences between the sexes in Elias' 198'5 data. These findings 

about occupational values indicate that the extrinsic, economic rewards associated 

with majoring in engineering in college would be more likely to motivate men than 

women to pursue an engineering career. Furthermore, the intrinsic rewards of 

engineering are 110t as clear and engineering is not seen as a "helping" profession. 

Because women more often than men emphasize the intrinsic rewards of work 

(Bridges 1989; Elias 1985; Marini and Brinton 1984), women on average would not 

be expected to choose a career in engineering. More will be said about this in the 

next section, which discusses the culture of engineering. 

Values and attitudes regarding education also differ for men and women. 

Several sources (Bugliarello 1991; Thomas 1990; Robin 1969; and Perrucci 1969) 

claim that women who attend college are more interested in a "liberal" education than 

men; that women are more accepting of ambiguity; and women are more 

"intellectual" than college men in general and male engineers in particular. 

The sociological and psychological research available concerning 

engineers specifically lead us to the conclusion that engineers, while 

professionally dedicated, are of narrow interest, stolid, relatively 

uninterested in "cultural" things and not inclined to general intellectual 

pursuits. . .. Intellectual sophistication, defined as broad interests, 

emotional sensitiveness, a "liberal arts" approach to learning, 
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responsiveness to art and literature, and relative tolerance of intellectual 

creativity and deviation, seems to be a salient characteristic of 

academically oriented females. (Robin, 1969, p. 210)2. 

Under this perspective, women do not choose to major in engineering because 

engineering is associated with a narrow view of the world. This perspective also 

explains why women might "drop out" of engineering during college - once women 

with a greater tolerance for ambiguity and desiring a "liberal" education experience 

the "narrowness" and intolerance of ambiguity of the engineering curriculum, they 

choose to major in other fields of study more consistent with their own values. 

Furthermore, discussants at a conference on women in engineering held at 

Cornell University in 1975 (Ott and Reese 1975) indicated that college women were 

more likely to participate in general or interdisciplinary studies programs. Such 

curricula afford participants an opportunity to take a wide variety of courses in 

diverse areas of humanities, science, mathematics, etc. Because of the high degree of 

2. It is interesting to note that although Robin (1969) blames females' inability to 
successfully complete engineering programs on their "dysfunctional" educational 
views, other authors, especially Bugliarello (1991) interpret females' differing views 
as a welcome infusion of "social responsibility" into the engineering profession. 
According to Bugliarello, engineers in the U.S. (as well as in Western Europe and 
Japan) could be more involved in solving social problems which disproportionately 
affect women and minorities. The different perspective offered by women and 
minorities on these issues can be valuable to advancing engineering as a profession in 
the U.S. In recent years, diversity has come to be viewed as an asset in engineering 
(Hispanic Engineer, 1992 and IEEE Spectrum, 1992). 
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standardization of the engineering curricula, it is often impossible to include any of 

the engineering fields in these types of programs. Hence, women who might wish to 

incorporate engineering into a general studies program in order to have a broadly

defined college curriculum, are unable to do so. 

1.2 Explanations for Women's Attrition from Engineering During College 

1.2.1 The Culture of Engineering 

Though engineers are not the most available role models for children via 

media portrayals, engineers who are shown often follow the models of "Scotty" or 

"Geordi" in the Star Trek series. That is, engineers are people who accomplish the 

task of problem solving for the good of people. But, it is a specific kind of problem 

solving which involves the control and manipulation of nature. This section will 

discuss two related themes regarding engineering: the notion of engineering as a 

profession which benefits society and the instrumentalist/control orientation that is the 

means by which this profession is able to accomplish this goal. 

In fictional accounts, especially science fiction, engineers are often portrayed 

as potential saviours (see, for example, Asimov's Foundation trilogy and Lederer's 

The Ugly American). Furthermore, the engineer as hero is evident in various 

writings from the 1950's and 1960's. Engineering is a morally "good" occupation 

because technological advances are interpreted as socially "good." That is, because 

of technological improvements, people can be freed from drudgerous work to pursue 
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"higher" goals of self-improvement via education (see, for example, Raskin, 1955 and 

Hoffer, 1965). The power of engineers is also implied and critiqued in fiction. For 

example, in Kurt Vonnegut's Player Piano, the only people who were able to hold 

significant jobs were those who were trained as engineers. Those at the apex of 

society were engineers who devised machines that made other machines and made 

their own repairs without assistance. The only other work available for former 

factory workers was ditch digging. 

The "Order of the Engineer" ceremony, performed at most engineering schools 

near the time of an engineers' graduation is quite similar to the medical students' 

Hippocratic Oath. Engineers who participate in the ceremony vow to use their 

knowledge for the betterment of humanity and will use proper caution in the 

application of technology so that human safety is insured. Finally, service of the 

public welfare, improving human life, etc., are common elements of various 

engineering codes of ethics (Schaub, Pavlovic and Morris, 1986). 

Although this orientation towards the betterment of humanity seems quite 

consistent with women's occupational values as discussed above, the means by which 

engineering accomplishes this goal are at odds with "feminine" values. Engineering 

is largely concerned with the control of nature according to John McPhee (1989). In 

Western culture, there is a nature/culture dichotomy where women are seen as closer 

to nature and men as more cultured and as needing to control nature. A good 

example of this is in Shakespeare's The Taming of the Shrew in which a wild 



34 

woman is subdued and controlled by a cultured/civilized man. Thus, in this view, 

engineering's emphasis on controlling nature is seen as a masculine rather than a 

feminine endeavor in the Western philosophical tradition (Belenky et al. 1986; Sydie 

1987; Thomas 1990; and Wajcman 1991). Engineers are philosophically 

instrumentalists in the sense that engineering work concerns the application of 

scientific theories and mathematical methods to the solution of problems. 

Sally Hacker's (1981) work also links sex differences and engineering. The 

"culture of engineering" described by Hacker is involved with a denial of femininity. 

Femininity is defined as a social construct comprised of characteristics most often 

associated with women. For example in the U.S., femininity often includes the 

characteristics of nurturance, helplessness and passivity (among others), which are 

often devalued. Many of the jokes at the engineering school studied by Hacker were 

aimed at reaffirming the inferiority of non-engineers. Because these students saw 

women as inept in dealing with technology, many jokes and derogatory comments 

about non-engineers equated non-engineers with women in a sexist way. 

Furthermore, women as a group, were viewed as "outsiders" by male students and 

faculty alike at the engineering school studied by Hacker in the mid-1970's. 

In short, the culture of engineering perspective suggests that because certain 

features of engineering are at odds with "feminine" values, which women possess by 

virtue of sex-role socialization, women wi11leave engineering in order to pursue fields 

of study which are consistent with "feminine" values. 
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1.2.2 Women as Tokens in Engineering 

Kanter's Men and Women of the Corporation (1977), which stresses the 

importance of relative numbers, provides a structural alternative to Hacker's "culture 

of engineering" as the mechanism that operates to exclude women from engineering. 

Whenever people are placed together in some social situation, if they are drawn from 

two populations perceived as different, such as men and women, then the ratio of one 

group to the other group is a salient cause of group members' behavior. For 

example, when only one or two women are in a larger group of men, the men engage 

in various behaviors which emphasize the differences between men and women. In 

such a context, sexual harassment is also more likely where women would be seen as 

outsiders (Working Woman, 1992). In engineering, because women are only a small 

percentage of both the engineering labor force and of the students in engineering 

classes, based on Kanter's work, women are "tokens." Therefore, as tokens, women 

in engineering will be expected to be faced with greater performance pressures - the 

strain of being in the "spotlight" - as well as the threat associated with sexual 

harassment. 

According to the policy literature (eg. National Research Council 1992) the 

reason women "drop out" of engineering programs at the collegiate level is two-fold. 

First, the proportion of women in engineering classes is small (therefore, women are 

always "tokens" as discussed by Kanter, 1977) and female students lack role models 

in the form of female engineering professors. Second, because the "culture of 
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engineering" at engineering schools denigrates women, women may "drop out" of 

engineering programs more than men during the college years. Hence, women's role 

as token places certain pressures on women to conform to males' beliefs about women 

(Kanter 1977). The content of those beliefs within an engineering context is highly 

gendered, based on the culture of engineering work done by Hacker (1981). 

1.3 Plan of the Dissertation 

This dissertation will answer the question of why women are 

underrespresented in the ranks of engineering graduates at the bachelors degree level. 

This question implies two interdependent sets of issues. One set of issues is 

concerned with the initial selection of a college major, while the second set of issues 

concerns completion of a college baccalaureate program. A longitudinal sample of 

the High School and Beyond Senior cohort will be studied in order to shed light on 

the debates I have outlined above: differential high school math and science 

preparation; sex role socialization; the role of women as "tokens" due to their 

underrepresentation in engineering; and the culture of engineering as explanations for 

the differential participation of women in engineering. Chapter 2 will describe the 

sample, construction of variables and the methods of analysis. The High School and 

Beyond 1980 senior cohort longitudinal data forms the basis of the sample for this 

study. The primary statistical method used in this dissertation is the multinomial logit 

model which permits analysis of a categorical dependent variable with more than two 
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categories. College major here has five categories: engineering; business; biological 

and life sciences; math and physical sciences; and humanities and social sciences. 

The multinomiallogits are further analyzed by means of decomposition procedures 

outlined by Jones and Kelley (1984) to determine the relative proportion of the sex 

gap in college major choice explained by the specified variables. 

Chapter 3 will describe the 1980 high school senior cohort in broad terms. 

The 1980 high school seniors will be compared and contrasted to previous high school 

cohorts. One goal of this chapter is to place the 1980 senior high school cohort in 

historical perspective. Descriptive analyses in this chapter start at the most general 

level of analysis - the level of the cohort - and narrow to analyses of differences 

between males and females in the High School and Beyond cohort who major in 

engineering in college. 

The multinomial logit models that speak to the first of the two questions - why 

college-bound women are less likely than college-bound males to select an engineering 

major - will be presented in the fourth chapter. The choice of college major is 

modelled at two time points: the 1980 intended college major, and the major indicated 

during the first follow-up of 1982. Chapter 4 details the results of the decomposition 

analysis of the multinomial logit models. 

In Chapter 5, models dealing with the second issue, namely, the comparison of 

male and female rates of attrition from college engineering programs into other 

majors or out of school will be presented. Chapter 5 includes multinomial logits of 
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students' post-secondary education status measured at two points in time: 1984 and 

1986. In addition, the likelihood of earning a bachelors degree in engineering versus 

several other fields of study will be computed separately for men and women in 

Chapter 5. Finally, a decomposition of sex differences in the likelihood of earning a 

bachelors degree in engineering versus other fields of study (similar to the 

decomposition analyses in Chapter 4) will be presented. 

The sixth chapter restricts the sample to only those students who, at any of the 

four points in time of the survey, had indicated an engineering major. Since there are 

relatively few students - both men and women - who had selected engineering, the 

analyses presented in this chapter are of a descriptive nature. Chapter 6 compares 

transitions into and out of engineering by men and women between three time 

periods. A summary of major results, as well as the implications for recruitment and 

retention of females into engineering programs, will be discussed in Chapter 7. 
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CHAPTER 2 

DATA AND METHODS 

The data used here were drawn from the base year and three follow-up waves 

of the 1980 seniors who participated in the High School and Beyond (HS&B) survey. 

Hence, the unit of analysis is the individual. The data for the HS&B survey were 

gathered via a two-stage sampling procedure. First, 1,122 schools were selected with 

probability proportional to estimated enrollment. In the second stage, 36 seniors and 

36 sophomores were randomly selected from each school (National Center for 

Education Statistics 1981). A total of 11 ,995 high school seniors were surveyed in 

1980. 

The panels of HS&B were first sampled in 1980. Every two years, a follow-

up survey was taken of the original respondents. Only respondents who participated 

in the base year (1980) and all three follow-up waves of data collection are included 

in the analyses presented here. Furthermore, the sample I use was further restricted 

to individuals who had attended an academic post-secondary school between 1980 and 

October 1982.1 

1 Because I am interested in comparative college completion rates and the last 
wave of available data were collected in 1986, students who began an academic 
college program later than October of 1982 are less likely to complete a four-year 
degree by 1986 by virtue of time alone. Also, it should be noted that my sample 
includes students who had enrolled in academic as opposed to a vocational or two
year post-secondary educational institutions. 
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Two sets of analyses each with several parts were performed, corresponding to 

the two questions posed in this dissertation. The goal of the first set of analyses is to 

answer the question of why women are underrepresented in undergraduate engineering 

programs. I use this set of analyses to describe the cohort of students who entered 

college during the early 1980's. The multinomiallogit model is used to determine the 

factors which account for the 1980 senior cohort's choice of a major field of study. 

The final portion of this first set of analyses decomposes the gender differences in the 

selection of a college major (Jones and Kelley, 1984) and estimates the magnitude of 

the gender gap in major selection. 

The second set of analyses, to address issues related to completion of college 

engineering programs, begins by examining students' post-secondary education status 

(whether they completed college, were still in college or dropped out of college) in 

1984 and 1986. These students would have been completing bachelors degrees by 

1984, with more students completing by 1986. These analyses also explore sex 

differences among recipients of engineering versus non-engineering bachelors degrees 

using decomposition procedures of relevant multinomial log it models. Then, a final 

set of descriptive analyses focusses on those members of the 1980 senior cohort who 

had intended to major in engineering or who had indicated an engineering major as 

their field of study during the 1982 first follow-up. For this set of analyses, other 

data collected by the National Center for Education Statistics, the "Post-Secondary 

Transcript Files" are used. Detailed information about the courses taken by all 
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students who attended any form of post-secondary education were coded directly from 

the students' college transcripts. Other data available from archival sources about the 

specific colleges attended by students were incorporated into this last set of analyses. 

Two statistical software packages were used to perform the analyses. First, 

the Statistical Package for the Social Sciences (SPSS) was used to read the raw HS&B 

data, construct variables and do some rudimentary statistical analyses. Due to 

limitations of SPSS, another package, Statistical Analysis Software (SAS), was used 

to run the multinomial10git models. Further details regarding this model are in the 

next section. Section 2 of this chapter describes the procedures and variables used to 

model students' major choice and the measurement of the sex gap in major choice. 

The final section of this chapter presents the methods and variables I construct in 

order to account for differential completion (marked by the earning of the bachelors 

degree) of college within the time frame of the High School and Beyond study. 

2.1 The Multinomial Logit Model 

The primary statistical model used in my analyses is the multinomial logit 

model (MNL). The MNL model has been used quite extensively to model a variety 

of nominal choices in both a predictive and explanative manner (see, for example, 

Ben-Akiva and Lerman, 1985; McFadden, 1981; Agresti, 1990). The basic form of 

this model is: 
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(1) 

Where: i,j = alternatives in decision set C, 
C = { 1, ... , J }, finite choice set, 
z = attributes of the decision maker, 2 

(3 = k-vector of estimated parameters. 

The probability of a given choice among a set of J possible options is an exponential 

function of the attributes of those who have made that choice compared to the 

attributes of all who made choices in the set. The MNL model is ideally suited to the 

task of analyzing students' choice of college because the choice set consists of 

categorical (discrete) major choices. Also, the parameters estimated by the MNL 

model are appropriate to my study because these parameters are comparative and 

probabilistic, qualities that will be clarified below. 

SAS generates the MNL model via a maximum-likelihood routine that 

produces a set of parameters somewhat analogous to those of an ordinary least 

squares regression. The MNL model essentially estimates J-l simultaneous binomial 

logits where one of the elements of C, the set of possible choices, is compared to 

each of the other elements of C. The pairwise models thus estimated have the general 

2 Attributes = independent variables. The term "attributes" is used in order to 
be consistent with the decision theory literature from which the multinomial logit 
model is brought. 
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Where: 
F = an expected frequency, 
i = a vector of decision maker attributes, 
j = 1, 2, ... , 1-1 a subscript of choices, 
B = intercept parameter, 
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(2) 

B(z)j = a vector of all other estimated parameters associated with i. 

There will be 1-1 such models. Hence, if there are five possible choices, then the 

maximum-likelihood procedure of SAS will generate four models which will compare 

the expected frequency of each of the first four possible choices to the last choice in 

the choice set. The estimated parameters can be interpreted probabilisticaly by 

taking the antilog of each coefficient, for continuous variables, and the antilog of two 

times the coefficient for categorical variables (Agresti, 1990). The result is 

interpretable like equation (1). 

As stated above, the MNL model is especially useful because the estimated 

parameters are both comparative and probabilistic. Since the excluded category is 

engineering, the four estimated equations involve comparisons of the other four fields 

of study to engineering. Each significant MNL coefficient has two interpretations 

based on magnitude and direction as follows: 
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A negative (-), significane coefficient: 

A negative coefficient indicates that those who had higher scores on the 

independent variable were more likely to have chosen to major in engineering 

rather than the major field represented by the dependent category of the 

relevant model. To determine the magnitude of this effect, the coefficient is 

transformed from the log-likelihood space into the likelihood space where it is 

equal to some value, say X. The magnitude of the effect, then, is that for 

each additional unit of the given attribute (Le., independent variable), a student 

is X times more likely to major in engineering than in humanities, etc. 

A positive (+), significant coefficient: 

A positive coefficient indicates that those who had higher scores on the 

independent variable were more likely to have chosen to major in engineering 

than the major field represented by the dependent category of the relevant 

model. To determine the magnitude of this effect, the coefficient is 

transformed from the log-likelihood space into the likelihood space W!lere it is 

equal to some value, say X. The magnitude of the effect, then, is that for 

each additional unit of the given independent variable, a student is X times less 

likely to major in engineering than in humanities, etc. 

3 In all cases, I use ex = .05, two-tailed level of significance. 



2.2 Decomposition: Determination of the Sex Gap in Major Choice 

The coefficients generated by the MNL model are rather difficult to interpret 

directly. In addition to the transformation of coefficients into probability space, 

another way to dramatize the significant effects of the models is to perform a 

decomposition (Jones and Kelley 1984). 

Two types of decompositions are performed. According to the policy 

literature to date (eg. most recently, National Research Council 1992), if college

bound women were more similar to college-bound men, then the fields of study that 

men and women would choose in college would not differ. Within the context 

established by the framework of MNL models computed separately for men and 

women, there are two ways in which women might be more similar to men. 

45 

The logic of the first decomposition can be characterized as follows: what 

percent of women would major in engineering if they had the same "endowments" as 

men? In this sense, endowments refer to group means on independent variables. For 

example, if women had taken the same average number of advanced high school math 

courses as men (as is the policy recommendation of many studies, including 

McDonald et al1990, National Research Council 1992), how might this effect the 

distribution of women among the categories of major choice? 

The logic of the second decomposition is characterized as: what percent of 

women wOi.lld major in engineering if women's "endowments" (i.e., women's group 

means on the independent variables) remained constant but were evaluated within the 
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context of the male MNL equations? In this case, the MNL equations are taken as 

the outcome of a number of social forces - such as socialization, influences of 

significant others, etc. - which vary systematically for boys and girls. The intercepts 

of the MNL represent the net likelihood that each group will select a major other than 

engineering while the slopes (to use the terminology of ordinary least squares) 

represent weights attached to "endowments" by each group. This decomposition 

answers the question: what percent of women would major in engineering if women's 

cognitive processing of available information were the same as men's? 

The decomposition procedures reported here, however, require two additional 

equations. First, the expectation of any logit can be computed by substituting group 

means into the estimated multinomiallogit equations as follows: 

E(logit). = m(PJg ) 
}g ~ 

I'Sg 

where: j = first four categories of the dependent variable. 
i = 1, 2, ... , I, independent variables. 
g = 1 males, = 2 females. 
G:jg = intercept. 
{3ijg = coefficients of each of the independent variables. 
Xig = mean of group g on variable i. 
Pjg = estimated proportion of group g selecting major j. 
PSg = estimated proportion of group g selecting engineering. 

(3a) 

(3b) 
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Because there are four ratios of five probabilities and it is known that E p = 1, then 

the proportion of each group who are expected to major in engineering is: 

1 
PSg = ---,,---

1 + E e E(ioglt)" 

i-I 

(4a) 

Then, the proportion of each group that is expected to select the other four categories 

of major choice are given by: 

(4b) 

Since all analyses were performed separately for males and females, there 

were two sets of multinomiallogit equations (males and females) and two sets of 

relevant group means (males and females). As described above, the first 

decomposition, which will be referred to as "Due to Endowments," necessitated that 

the female multinomiallogit equations were first evaluated at female group means. 

Then, the female multinomiallogits were evaluated at male group means on some of 

the independent variables. Hence, two different estimates of females' participation in 

the engineering major were determined and could be compared. The second 

decomposition procedure, which will be referred to as "Due to Cognitive Process, " 

required that the females' group means were inserted into the males' MNL equations 
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to determine another estimate of the percent of women who would select engineering. 

More details about the application of the decomposition procedure will be forthcoming 

in Chapter 4, where the procedure was first applied. 

2.3. Models of the Choice of Major Field of Study 

2.3.1. The Dependent Variable: Major Choice 

The dependent variable is the choice of college major for each student. 

During each wave of data collection, respondents were asked their intended or current 

major field of study. These fields of study were grouped into five separate 

categories, hence, in equation (1), C = {1,2,3,4,5}. The categories are as follows: 

1 = arts, humanities, social sciences, etc. 

2 = business (and related), 

3 = biological, health and life sciences, 

4 = math and physical sciences, 

5 = engineering. 

Data are coded so that students are placed into categories 2-5 first, if possible, 

and category 1 is a residual category. If data are missing for a respondent, however, 

the case can not used in the relevant model. Coding of the dependent variable in this 

manner enables a comparison of all other possible choices to the choice of engineering 

(the excluded category) as a major field of study. Students' major choice is measured 



at two points in time: in 1980, students were asked about their intended college 

major, while in 1982, the students were asked about their current major field of 

study. These variables were coded as Intended Major, 1980, and Current Major, 

1982, respectively. 
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It was determined that these five groups of college majors would be 

appropriate based on several factors. First, in prior research a distinction is often 

made between "quantitative" and "non-quantitative" fields of study. Here, of course, 

I am interested in engineering, which has often been included in the "quantitative" 

category of other researchers such as Ethington and Wolfle (1986). This means that I 

would have at least three categories: "non-quantitative," "engineering," and "other 

quantitative." However, there is a difference between business majors - often 

included as "non-quantitative" - and other non-quantitative majors both in terms of 

curricular requirements (business majors at most colleges do take some form of 

calculus) and philosophical orientation (business majors, like engineering majors are 

expected to be somewhat more instrumentalist in their orientation). Also, within the 

other "quantitative" fields, women's participation varies and these fields have different 

curricular requirements and potentially different philosophical components. The life 

sciences category includes a range of majors. Biology majors, nursing and pre-med 

students were included in this category based on several curricular features. The 

physical sciences and mathematics have higher mathematics requirements than do 

nursing or the life sciences in general. Also, the science courses taken by nursing 



students are more similar to the science courses taken by life sciences and biology 

majors rather than physical science and engineering majors. Hence, I delineate 

between the physical sciences and life sciences. 

2.3.2. Independent Variables: Controls 
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Separate models were run for males and females. Due to sample size 

limitations in the data, separate models by race and sex are not statistically possible, 

so race is a control variable in these models. Race is coded as a three-category 

discrete variable with O=Hispanic, 1 =Black and 2=White. Because the excluded 

category is "White," the eight parameters estimated by SAS (two sets of four) 

represent increments to the intercept for each equation for Hispanics and Blacks. 

"Hispanic," "White," and "Black" were designed and coded as mutually exclusive 

categories in the HS&B survey, based on students' responses to two questions. The 

first question asked for students' race, while the second question asked students' to 

identify their main ethnic group affiliation. "Hispanic," therefore, includes students 

who self-identified as "Mexican," "Cuban," "Puerto-Rican," or "Other Spanish" in 

response to this second question. Due to sample size limitations, only respondents 

who indicated an ethnic identity of "Black," "White," or "Hispanic" are included in 

my analyses. It should be noted that this excludes only 5 % of the original 1980 base 

year cohort because of membership in the racial groups of "Asian and Pacific 

Islander," "American Indian/Aleutian," and "Other." 



51 

A second control variable is the respondent's parents' socioeconomic status 

(SES) reported during their senior year in high school, 1980. This variable is a 

composite of the respondent's father's occupation and education, mother's education, 

family income, and the family's material possessions in the house.4 Earlier research 

(but not based on multivariate analysis) indicates that engineering students often come 

from lower SES families - sons of working class and lower-level management 

fathers - than non-engineers (Bugliarello, 1991 and Eichhorn, 1969). 

A control for academic ability is also used in all models. The variables High 

School GPA and GPA, 1982 - respondent's grade point average for high school and 

that reported for 1982, respectively - are taken from the base year (1980) and first 

follow-up surveys. High School GPA is used as the academic performance control 

for models of students' intended major, while GPA, 1982 is the comparable control 

for the models of students' actual major reported in 1982. Eichhorn (1969) found that 

engineering students were drawn from the ranks of high ability students. 

2.3.3 Variables Testing the High School Preparation Explanations 

I use three variables to test the High School Preparation or pipeline 

explanations, which hypothesize that women's lower rate of participation in 

engineering is a result of sex differences in high school preparation in math and 

4 Material possessions in the house included such things as encyclopedias, a place to 
study, typewriter, fifty or more books, pocket calculator, two or more cars, own room, 
electric dishwasher, and a daily newspaper. 
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science and in visual-spatial abilities. First, I construct the variable High School 

Math as the total number of advanced high school math courses the respondent 

reported. These courses include a standard sequence: Algebra I and IT, Geometry, 

Trigonometry and Calculus. Respondents range from 0-5 courses. Second, the 

variable High School Physical Sciences is coded as the total number of advanced high 

school physical science courses the respondent reported. These courses were 

chemistry and physics. Biology courses are not included since engineering curricula 

most often involve physical rather than life scienceS. Respondents ranged from 0-2 

courses. It is necessary to keep these the respondents' math and science course data 

separate not only because these are separate dimensions of their high school 

experience, but also because engineers, as opposed to the other majors, often have 

taken high levels of both math and science in high school, whereas other majors may 

have taken a high level of only one of these two types of courses. 

A third variable, 3-D visualization skill, is taken directly from the HS&B data. 

During the base year of the survey (1980) the senior cohort was given a nine-item test 

of 3-D visualization skill. The standardized score for each respondent is computed. 

According to Benbow and Benbow (1984) and Kimura (1992), such a test is indicative 

of mathematical reasoning ability. Although mathematical reasoning ability is related 

to high school math courses taken by a student, inclusion of this variable enables 

5 Although recent fields such as biomedical engineering do require some biology 
courses, physical science courses in chemistry and physics are required in order to take the 
basic mechanics courses that are central to all engineering curricula. 
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incorporation of a separate measure of the particular mathematical skill that would be 

required for success in college math, science and engineering courses. 

2.3.4 Variables Testing the Sex-Role Socialization Explanations 

A number of variables are coded to test several hypotheses derived from the 

theoretical perspectives emphasizing sex role socialization and the culture of 

engineering. These perspectives argue that because women's sex role socialization 

varies from men's, the resultant value differences regarding work cause men and 

women to choose different major fields of study in college. The literature about the 

culture of engineering further suggests that engineers' views regarding education and 

occupations vary from the views of non-engineers. Because these views are more 

consistent with the views held by male as opposed to female college students, 

proportionately fewer women than men choose to major in engineering. 

The HS&B data set contains several appropriate variables to test the sex role 

socialization and culture of engineering perspectives. A number of potentially useful 

variables were analyzed via factor analysis to determine composites. The composites 

were developed using the entire base year senior cohort. Table 2.1 summarizes the 

questionnaire items used in the construction of my variables. 
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Questions from High School and Beyond Surveys Independent Variable 
Constructed . 

How important is each of the following to you in 
your life? 

Being successful in my line of work. Career 

Being able to find steady work. Career 

Finding the right person to marry and having a happy Family 
family life. 

Having children. Family 

Having lots of money. Work, extrinsic 

How important was each of the following factors in Note: These items were 
determining the kind of work you plan to be doing asked during 1980 
for most of your life? only. 

Good income to start or within a few years. Work, extrinsic 

Work that seems important and interesting to me. Work, intrinsic 

Freedom to make my own decisions. Work, intrinsic 

Meeting and working with sociable, friendly people. Work, intrinsic 

Table 2.1 High School and Beyond Items Used to Measure Attitudes 

All of the survey items in Table 2.1 had a three-category response scale of 

"not important," "somewhat important," and "very important." The second series of 

questions was asked after respondents had indicated their occupational aspiration at 

age 30. 

Three work orientation measures are coded for both 1980 and one for 1982. 

The first measure respondents' career orientation defined as the extent to which the 
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respondent envisions their work as a life-long personal commitment. Two items 

comprise this scale, which is the standardized sum of the two items from Table 2.1 

regarding the importance of finding steady work and being successful at work. This 

composite has a reliability of a = .48 for the 1980 data and a = .48 for 1982. 

Historically men more often than women conceptualized work as a "career." 

Therefore, if this conceptualization is still true, then men are more likely to choose a 

college major that leads to a career such as engineering. 

The second and third work orientation variables measure the relative importance of 

a job's extrinsic and intrinsic rewards are to the respondent. According to the sex

role socialization literature, men place a greater emphasis on the extrinsic rewards of 

work such as salary and bonuses, while women place a greater emphasis on the 

intrinsic rewards such as a pleasant work environment and the meaningfulness of 

work. 

Engineering salaries, as mentioned in Chapter 1, are quite high and the 

demand for engineers is projected to be quite high for a number of years (Engineering 

Manpower Commission, 1990). However unlike other occupations with high salaries 

and demand, such as medicine and law, the intrinsic rewards of engineering as a 

profession are less obvious. The sex-role socialization perspective hypothesizes that 

women will seek jobs that offer greater intrinsic rewards, while men will seek jobs 

with greater extrinsic rewards. Since the extrinsic rewards of the engineering 

profession are clear but the intrinsic rewards are less clear, then women will be less 
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likely than men to select careers in engineering. 

For the fIrst variable, termed Importance of Extrinsic Work Rewards, 1980, 

the responses from two survey items are summed and standardized. These items 

reflect the importance of money to the respondents. The reliability for the composite 

for the base year data is Ci = .58. The second variable, Importance of Intrinsic Work 

Rewards, 1980, is constructed from similar survey items, which allow respondents to 

indicate the relative importance of various intrinsic rewards of work. Respondents' 

scores were summed and standardized for the base year, 1980 with a reliability of 

Ci = .57. Unfortunately, both of these items were not included in the first follow-up 

survey of 1982. 

Next, a family orientation variable is constructed based on two separate survey 

items. Responses to the questions about the importance of a happy family life and 

having children are summed and standardized to construct the variable Family 

Orientation, 1980 and 1982. These measures have reliabilities of Ci = .64 for the 

base year and Ci = .58 for the 1982 survey data. Based on the sex-role socialization 

hypothesis, high scores on "family orientation" are taken as indicative of a 

"traditional" sex-role orientation. For women, the "traditional" female sex role 

implies that women are more "home" oriented and less "career" oriented (Schwartz 

1989 and Pleck 1977). Men with high scores on the family orientation measure, on 

the other hand, are expected to be more "career" oriented, since a career is consistent 

with men's family work role (Pleck 1977). 
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The implication of this difference in orientation is that women who are more 

inclined towards this "traditional" role will be less willing to put forth the added 

sacrifice and effort required to earn an engineering degree (Robin 1969 and 

Bugliarello 1991). Given that engineering coursework demands a high level of math 

and science preparation, equally ill-prepared men and women who might consider 

majoring in engineering are faced with the same dilemma of taking extra math and 

science courses to be able to take an engineering major. 

In this scenario, women who are more committed to a traditional view of 

women's homemaker role would be less likely to extend their college education time. 

However, men who adopt this same view might be willing to accept a longer period 

of higher education in order to secure a higher salary consistent with the 

"breadwinner" role - especially if they also hold more conservative views regarding 

their wives' work. Also, demographically, though the average age of first marriage 

has increased for both men and women, women still marry two years on average 

sooner than men (U.S. Census Bureau 1992). However, men who place the same 

high value on family, are expected to act differently because their family work role 

has been oriented towards a career (Shelton, 1992; Kanter, 1977; and Pleck 1977). 

Men who place a high value on family are expected to seek occupations that enable 

them to earn consistently high wages over the course of a long career. In short, 

although men's work and family roles are consistent, women's work and family roles 

continue to involve a certain amount of inconsistency. Because of the consistency of 



men's roles, the existence of short term higher costs are more likely to be offset by 

long term benefits. 

2.3.5 Summary of Models and Variables 
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Table 2.2 summarizes the two models I use to answer the question of why 

college women are less likely than college men to choose an engineering major. As 

indicated by the table, the 1980 measures of attitudes are used in the models of 

students' intended major reported in 1980 while the 1982 attitudes measures are used 

to model the 1982 major field of study. Given the rough scales on which these 

variables are measured, and given that people's attitudes are subject to constant 

change, I take these measures as concurrent indicators for the respondents. 
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Dependent Intended Major, 1980 Current Major, 1982 
Variable 

Categories of (1) humanities and social sciences Same as Intended Major, 
the dependent (2) business 1980. 
variable. (3) biological/life sciences 

(4) math/physical sciences 
(5) engineering 

Sample All who indicated an intent to go to All who were enrolled in 
college in 1980. a 4-year academic college 

between 1980 and 
October 1982. 

Separate Yes. Yes. 
models by 
sex? 

Controls RACE, SES (1980), RACE, SES (1980), 
High School GP A (1980) GPA, 1982 (1982) 

Independent High School Math and Physical High School Math and 
Variables Science, 3-D Visualization Skill, Physical Science, 3-D 

Career Orientation, 1980, Visualization Skill, Career 
Family Orientation, 1980, Orientation, 1982, 
Importance of Intrinsic Work Family Orientation, 1982, 
Rewards, 1980, Importance of Intrinsic 
Importance of Extrinsic Work Work Rewards, 1980, 
Rewards, 1980. 

Table 2.2 Summary of Models of Major Choice 
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2.4 Modelling College Completion 

With respect to the attrition question, engineering has traditionally been unique 

among the choices compared here. Although other majors have shown a comparable 

attrition rate of students who switch to some other field of study in college (Davis 

1965, cited in Perrucci and Gerst! 1969), few students switch !Q engineering during 

college. According to Prrucci and Gerst! (1969), engineering leavers outnumber 

recruits by 6: 1. Also, among engineering educators, there is an impression that 

attrition out of engineering is higher among women than it is among men. 

2.4.1 Dependent Variables 

There are two stages to this analysis with several dependent variables 

modelled. The first question of interest concerns the general issue of gender 

differences in completion of post-secondary education programs. The students in this 

sample first attended college in the fall of 1980 or spring of 1981, so by the spring of 

1984, some of them would have completed a four-year degree. By 1986, given that 

students increasingly needed more than four years to complete bachelors degree 

programs in the 1980's, far more students would have complete their first bachelors 

degree. The variable, Post-Secondary Education Status, 1984 was coded as follows: 

(1) Left college without a bachelors degree (dropped out). 

(2) Still in college, no bachelors degree. 

(3) Earned a first bachelors degree by 1984. 
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The variable, Post-Secondary Education Status, 1986 was coded as follows: 

(1) Left college without a bachelors degree (dropped out). 

(2) Still in college, no bachelors degree. 

(3) Earned a first bachelors degree by 1986. 

Students were coded as "Still in college" if they reported during the relevant 

questionnaire (1984 or 1986) that they had taken a post-secondary course since the 

time of the previous survey but who did not yet report having earned a bachelors 

degree. This means that if a student earned a bachelors degree in 1984 - as reflected 

by either their own responses or by their transcripts - then her/his post-secondary 

education status for both 1984 and 1986 would be coded as 3, even if the student 

actually reported attending college classes in 1986. I am interested in attainment of 

the first bachelors degree, which often requires more than four years to earn. 

Post-Secondary Education Status, 1984 and 1986 for the basis of several 

models. First, logits which explain dropping out versus not dropping out of college 

were run. The relevant dichotomous variables, coded as DSTA T84 and DST A T86 

were coded as 1 for those in either categories 2 or 3 of the above variables and as 0 

for those who dropped out of college. A third additional variable was coded for the 

primary goal of determining the factors that delineated students who completed 

bachelors degrees in 1984 from those who completed bachelors degrees in 1986. This 

variable was coded as follows: 
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(1) Left college without a bachelors degree (dropped out) by 1986. 

(2) Still in college, no bachelors degree by 1986. 

(3) Earned a first bachelors degree between 1984 and 1986. 

(4) Earned a first bachelors degree by 1984. 

Finally, another variable, Bachelors Degree Field (abbreviated BS Field), was 

coded in the same way as Intended Major, 1980 and Current Major, 1982. The 

respondents' first bachelors degree was awarded is modelled similar those from 

section 2.3. Again, the multinomiallogit model (MNL) is used, with separate models 

run by sex. Also, as with the models of students' major choices (Intended Major, 

1980 and Current Major, 1982), the decomposition procedure was used to analyze sex 

differences in the likelihood that men and women complete college degrees in 

engineering versus other fields of study. 

2.4.2 Independent Variables: Controls 

The same variables used above - race, parents' SES, and academic 

performance measured by grade point average (coded for the year in which the 

respondent received her/his degree) - are used in all equations. Children from 

families with a high SES are expected to have more financial resources, which enable 

them to graduate from college "on time" as opposed to students who may postpone 

graduation because of the need to work during college. Likewise, students who 

perform academically well in college compared to high school are also more likely to 



63 

finish "on time." The change in students' GPA between high school and college was 

coded to capture not only college performance, but college performance relative to the 

level of performance to which the student is accustomed. 

2.4.3 Independent Variables: Structural Factors 

A number of structural factors may intervene to prevent students' completion 

of college in four years. First, it is not unreasonable to expect students who work 

during college to reduce semester courseloads, necessitating more semesters of work 

to complete a degree. Work can take several forms. First, co-op students - students 

who work in the profession for which they are training (increasingly common among 

engineering students) - miss one or more semesters each year, which means that they 

will take an extra year or two to complete a degree. A dichotomous variable is coded 

as 1 for those students who reported they had worked on a co-op job, and 0 for those 

who had not. 

Students may also need to take a part time job in the labor force during their 

regular school semester. In this case, students may reduce their courseload but, 

unlike a co-op job, will still take some coursework while working. The variable JOB 

is coded as 0 for the situation where the student reported never working while taking 

classes and n = the number of semesters the student reported having to work some 

number of hours in addition to taking classes. A similar measure was coded to 

account for the time a student might devote to unpaid family labor. This variable was 



also coded as a continuous measure equal to the number of semesters the student 

reported that they were "keeping house" while attending college classes. 
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Finally, students who get married and/or have children while still in college 

bear a larger familial responsibility than students who do not get married and/or have 

children. Although housework is increasingly being shared by men and women, 

women still bear a larger share of the responsibility for household tasks and childcare. 

Also, the tasks that women do are less discretionary in terms of when the tasks can be 

performed (Shelton, 1992). Women who get married during college and who also 

hold a very "traditional" view of their role as a housewife, may even drop out of 

college altogether. Children are an added burden for a college student because they 

impose constraints on the parents in terms of daycare, etc. Parents may have added 

difficulty in scheduling courses required for graduation since childcare considerations 

may limit their options. Marriage and children, however, impose separate sets of 

constraints, so four dichotomous variables were coded, marital status 1984 and 1986 

were set to 0 for those who were married and 1 for those who were not married at the 

time of the second and third follow-up surveys, respectively. The other two 

dichotomous variables, children, 1984 and 1986 were also coded 0 for those who 

reported they had at least one child and 1 for those who indicated they had no 

children. Although it could be argued that taking care of two children is more work 

than taking care of one child, the real distinction here is between those who do not 

have the additional responsibilities of children as opposed to those who are. These 
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dichotomous variables were coded as mentioned so that coefficients estimated by SAS 

will represent increments to the intercept for students with children or married. 

A more direct measure of the extent to which the respondents adopted a 

"traditional" view of women's sex role was available in the 1986 third follow-up 

wave. A series of eight questions were asked with a standard 5-point Likert response 

scale (see Appendix B for a description). All items were recoded as necessary so that 

high scores indicate increasingly "traditional" opinions regarding women's appropriate 

social position. Respondents' scores on each item 'Nere summed, then standardized to 

create three variables. The first variable, Q' = .69, measures students' traditionality 

of attitudes regarding women's home and family roles. The second measure, 

Q' = .80, provides a measure of students' attitudes regarding women's work and 

public roles. Finally, the third variable, Q' = .78, incorporates all of the measures of 

the first two into one measure of traditional attitudes towards women. Women who 

adopt a more traditional view of womens' role are more likely to be concerned with 

being in a male-dominated field such as engineering. 

The three work-related variables used in the models of major choice, 

importance of extrinsic and intrinsic rewards of work and career orientation are also 

used in these models. The same questions asked in the base year survey were 

repeated in the 1986 third follow-up survey. It is expect~ that the vague notions of 

how jobs compared on these three dimensions students may have held in high school 

or shortly thereafter will have been replaced during the college years with a firmer 



sense of how different occupations rate in terms of these characteristics. 

2.5 l\fovement Into and Out of Engineering: The Culture of Engineering and 

Tokenism Explanations 
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The analyses in which the measures of the culture of engineering will be used 

appear in Chapter 6. This chapter focusses on those students who, at any point in 

time, indicated that they were an engineering major. Due to small sample sizes (eg. 

only 123 females), multivariate procedures were not used. Instead, a number of 

variables relevant to students who attended engineering school form the basis for a 

number of two-sample comparisons of males and females within different statuses, 

defined below. Three of the many transition periods will be shown to be most 

salient: 

(1) the student's intended major versus the student's actual, first college 

major field of study. 

(2) the student's first college major versus the student's current college 

major, reported in 1982. 

(3) the student's current college major, reported in 1982 versus the major 

field in which the student received a bachelors degree. 

Three statuses are defined for the first two time periods: 

(1) Engineering Persisters: students who were engineering majors at both 

points in time. 



67 

(2) Engineering Leavers: students who were engineering majors at the first, 

but not at the second point in time. 

(3) Engineering Enterers: students who were engineering majors at the 

second, but not the first point in time. 

Another set of seven statuses are used to describe students over the third time period, 

coded as follows: 

(1) Graduated Engineering Persisters: students who were engineering 

majors at both points in time - received a BSE degree. 

(2) Graduated Engineering Leavers: students who were engineering majors 

at the first, but not at the second point in time - received a bachelors 

degree in a non-engineering field of study. 

(3) Graduated Engineering Enterers: students who were engineering majors 

at the second, but not the first point in time - received a BSE degree. 

(4) Engineering Persisters: students who were engineering majors at both 

points in time - still in college. 

(5) Engineering Leavers: students who were engineering majors at the first, 

but not at the second point in time - still in college. 

(6) Engineering Enterers: students who were engineering majors at the 

second, but not the first point in time - still in college. 

(7) Dropped Out: students who were engineering majors in 1982 and had 

left college without a bachelors degree by 1986. 
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The tokenism explanation posits that, because women are relatively few in 

number, they are subjected to greater scrutiny. According to this perspective, 

attrition of women from engineering programs would be lowest at those colleges 

where women comprise a larger proportion of all engineering students. Therefore, 

the percent of all engineering students who were women at engineering schools in the 

early 1980's was coded for each school attended by each woman who ever indicated 

that she was an engineering major or intended to major in engineering. 

The culture of engineering explanation posits that women will be more likely 

to leave colleges at which the culture of engineering is "strongest." The measure of 

the culture of engineering is based, to some extent, on Kanter's theory of the· 

importance of relative numbers, where engineering students are taken to represent one 

particular group of students. The culture of engineering is expected to be greater at 

colleges where engineering students are a large portion of the student bo~y. 

According to Hacker (1981) and McIlwee and Robinson (1992), camaraderie among 

students is a common feature at engineering schools. Many engineering schools 

require students to live in the dorm during the first year or two in order to enable 

formation of these social bonds. Engineering students often "cooperate to graduate." 

For example, majoring at engineering at the Massachusetts Institute of 

Technology, where engineering students represented 98% of the student body, versus 

the University of Georgia, where engineering students accounted for only 5 % of the 

student body in the early 1980's, are very different experiences. In the case of MIT, 



69 

students are very likely to form peer groups with students who are studying similar 

subjects, since the 2% of students not studying engineering are so few. At a school 

with such a large engineering program, there are more engineers on faculty and it is 

more likely that there are more engineers in administrative positions as well. At the 

University of Georgia, however, since engineering students are a small minority of 

the student body, it is likely that students' peer groups will include many friends from 

many fields of study. 

The percent of all students at a given college who majored in engineering was 

coded as the measure of the culture of engineering from several archival sources. 

First, in 1981, Peterson's Guides (a popular series about colleges and degree 

programs) published a guide to undergraduate engineering programs. Over 240 

colleges with accredited engineering programs were included in this guide, which 

reported enrollment characteristics of each school. These enrollment statistics 

reported the percent of all students at the college who were engineering majors, the 

percent of all engineering majors who were female, and minority enrollment 

characteristics. In most cases, colleges attended by students in the HS&B sample who 

majored in engineering were included in this guide. In some cases, however, other 

college guides were consulted. In cases where a student attended a college not listed 

in the Peterson's Guide, I consulted two other sources for engineering enrollment 

data: Cass' Comparative Guide to American Colleges for Students, Parents and 

Counselors (1983) and Peterson's Guide to Undergraduate Study (1981). 
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Unlike its effect on women's success at engineering school, men's success at 

engineering school would be positively related to the culture of engineering. As the 

proportion of engineering students increases, the likelihood of completing college with 

a bachelors degree in engineering ought to also increase according to the culture of 

engineering perspective, since more extensive beneficial social bonds would have been 

formed among engineering students. 

When the issue of relative numbers and the culture of engineering are taken 

together, it is possible that women in engineering are subjected to more sexual 

harassment than women who select other majors, given the extent to which the culture 

of engineering involves notions of masculinity. There is quite a bit of anecdotal 

evidence to support this notion. The discussants at the 1975 Cornell conference on 

women in engineering discussed the issue of sexual harassment, the Society of 

Women engineers has also documented harassment of women, and the accounts of 

women in several engineering magazines also indicate the persistence of sexual 

harassment of women. According to the tokenism theory (Kanter, 1977), harassment 

is expected to be related to relative numbers. Sexual harassment is not the only 

consequence of fewer women. In the accounts of women given in various engineering 

magazines, other consequences of being so visible are also mentioned. For example, 

because women are more visible due to their smaller relative numbers, it is more 

noticeable when they miss a class. Women also reported being required to perform a 

variety of female sex-typical tasks not required of men. In general, however, the 



evidence of the effects high visibility for women does seem to focus on issues of 

sexual harassment. 
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When the culture of engineeering and the tokenism hypotheses are considered 

in tandem, however, the effect on retention of women is somewhat different than 

when these perspectives are applied individually. According to the culture of 

engineering perspective, women would be expected to leave those schools at which 

the culture of engineering is "strongest" - in this case, colleges where engineering 

students make up a large portion of the student body. However, if engineering peer 

group relations are an important feature of engineering school for both men and 

women, then colleges with more engineering students ought to improve retention of 

students who are able to form peer group relations. 

At colleges where there are relatively few women in engineering but where 

engineering students comprise a large portion of the student body, the culture of 

engineering is expected to influence female students in negative ways. At engineering 

colleges where there are far more women - closer to 20 % - and where there is a large 

percentage of engineering students, the culture of engineering is expected to have far 

less detrimental effect on the women's success in college. 

As mentioned above, small samples preclude the use of the MNL model. 

However, in addition to the culture of engineering and tokenism explanations, an 

alternative explanation why students leave engineering programs is based on 

performance within those programs. Therefore, data from the Post-Secondary 
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Transcript Files regarding the specific courses were used to develop several variables. 

Students' performance in technical courses - math, science and engineering courses -

are coded from these files. In addition to the GPA estimates within each of these 

types of courses as well as for all technical courses, the number of each type of 

course the student took as well as failed during college are coded. According to 

Ethington and Wolfle's study of Stanford first year students in technical courses 

(1986), women are less likely than men to persist in a subject area in which they are 

doing poorly. 

2.6 Summary of Models and Variables 

The tables below summarize the models I construct to answer the question of 

why women and men experience differential rates of college completion in general 

and specifically within engineering fields of study. The dates in parentheses 

following a list of variables indicates the year in which the variable is measured. In 

all cases, separate models were computed for males and females. Also, since the 

focus of this work is on the implications associated with an engineering major, a final 

dichotomous independent variable was coded as 0 for engineering majors and I for 

non-engineering majors based on students' reported current major in 1982. 
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Dependent Bachelors Field Post-Secondary Dichotomous Post-
Variable of Study Education Status, Secondary 

1984 Education Status, 
1984 

Categories of (1) liberal arts. (1) dropped out of (0) still in college 
the dependent (2) business. college or received a 
variable. (3) life sciences. (2) still attending bachelors degree by 

(4) math and college. 1984. 
physical (3) bachelors (1) dropped out of 
sciences. degree received by college. 
(5) engineering. 1984. 

Controls RACE,SES, RACE,SES, RACE,SES, 
GPA (1982) High School GPA High School GPA 

Independent Children, Children, Children, 
Variables Married, Married, Married, 

Co-op, Co-op, Co-op, 
Family & Family & School, Family & School, 
School, Work & School, Work & School, 
Work & Schoo!., % Change in GPA, % Change in GPA, 
% Change in 1980-1982, 1980-1982, 
GPA, 1982- Career Orientation, Career Orientation, 
1984, Family Orientation, Family Orientation, 
Traditional 1982 Engineering 1982 Engineering 
Attitudes About Major Major 
Women, (1984). (1984). 
Career 
Orientation, 
Family 
Orientation, 
Importance of 
Intrinsic Work 
Rewards, 
Importance of 
Extrinsic Work 
Rewards (1986). 

Table 2.3 Summary of Models of College Completion 
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Dependent Post-Secondary Post-Secondary Dichotomous Post-
Variable Education Education Status, Secondary 

Status, 1986 1986A Education Status, 
1986 

Categories of (1) dropped out (1) dropped out of (0) still in college 
the dependent of college. college. or received a 
variable. (2) still attending (2) still attending bachelors degree by 

college. college. 1986. 
(3) bachelors (3) bachelors (1) dropped out of 
degree received degree receive.d college. 
by 1986. between 1984-1986. 

(4) bachelors 
received by 1984. 

Controls RACE,SES, RACE,SES, RACE,SES, 
GPA (1982) High School GPA GPA (1982) 

Independent Children, Children, Children, 
Variables Married, Married, Married, 

Co-op, Co-op, Co-op, 
Family & Family & School, Family & School, 
School, Work & School, Work & School, 
Work & School, % Change in GPA, % Change in GPA, 
% Change in 1980-1982, 1982-1984, 
GPA, 1982- Career Orientation, Traditional 
1984, Family Orientation, Attitudes About 
Traditional 1982 Engineering Women, Career 
Attitudes About Major Orientation, Family 
Women, (1984). Orientation, 
Career Importance of 
Orientation, Intrinsic Work 
Family Rewards, 
Orientation, Importance of 
Importance of Extrinsic Work 
Intrinsic Work Rewards (1986). 
Rewards, 
Importance of 
Extrinsic Work 
Rewards (1986). 

Table 2.4 Summary of Models of College Completion 
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CHAPfER3 

THE 1980 HIGH SCHOOL SENIOR COHORT 

This chapter will present descriptive statistics, leaving more complex 

multivariate analyses for Chapters 4 and 5. The purpose of this chapter is to place 

the 1980 senior high school cohort, from which the data sample is drawn, in historical 

perspective. The data presented here will also describe differences among students 

within this sample based on post-secondary education experiences. 

The data used in this study are drawn from the 1980 senior cohort of the 

National Center for Education Statistics' High School and Beyond (HS&B) survey. 

The 1980 high school senior cohort graduated during the year in which Ronald 

Reagan was elected president. President Carter did not go out on the campaign trail 

in 1980 due to the Iran hostage situation. The United States did not participate - as 

well as a number of other non-communist countries - in the Moscow Olympic Games 

because the Soviet Union had sent troops into Afghanistan. In the larger world that 

met the 1980 graduating seniors, domestic economic problems, the Cold War and 

Iranian fundamentalism put a damper on the previous, liberal administration of 

President Carter. 

The 1980 cohort came of age in an era of Title IX. Unlike their older 

brothers and sisters of the 1970's, the 1980 high school senior cohort witnessed 

women's increased participation in a number of formerly "male" pursuits. These 
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students were babies when President Kennedy was shot. Malcolm X and Martin 

Luther King Jr. were also figures in history books to this generation of American 

students. Although pockets of severe racism persisted, the outright segregation 

characteristic of the "Jim Crow" era was no longer permissible. In short, to this 

generation of graduating seniors, the rights of men and women, whites and non-whites 

alike were protected by law. 

The 1980 cohort experienced a different America than did earlier cohorts. 

Though members of earlier cohorts might have been able to get jobs in manufacturing 

facilities after high school, by 1980, the label "Made in the U.S.A." had come to be 

synonymous with bad qUality. Between 1980 and 1986, there was a net loss of 

1,292,000 manufacturing jobs in the U.S. (Statistical Abstract of the U.S 1989: 392). 

Furthermore, union membership also declined during the same period. Between 1970 

and 1980, union membership as a proportion of all workers declined from 27.3% in 

1970 to 21.9% in 1980. By 1990, only 16.1 % of the American labor force was in a 

union QYorld Almanac 1992: 180). Hence, going to college increasingly became 

necessary to be qualified for jobs with decent pay and security. 

The remainder of this chapter is comprised of a number of comparisons, 

starting at the most general level and ending at the specific level of an analysis of the 

members of the 1980 cohort in the HS&B survey who were majoring in engineering 

as of 1982. Comparisons were perfomed by sex within categories of post-secondary 

educational status as well as within sex by categories of post-secondary educational 



experience. In section 3.1, I compare and contrast the 1980 cohort with the earlier 

cohorts in terms of post-secondary educational experiences, gender differences and 

attitude differences. 
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Section 3.2 focusses on the sample of students who participated in the HS&B 

study. First, differences between students (males compared to females, college 

attendees compared to students who did not attend college, etc.) of the 1980 cohort 

will also be analyzed with respect to their various post-secondary educational 

experiences in the two years after high school graduation. Then, differences among 

the students who had attended an academic post-secondary educational program will 

be discussed. A comparison of engineering and non-engineering students will also be 

presented. Finally, differences between male and female engineering majors will be 

analyzed. 

3.1 Differences Between the 1980 Senior Cohort and Earlier Cohorts 

The rates at which women have completed various professional programs 

underwent great change after the women's liberation movement of the late 1960's and 

early 1970's. As shown in Table 3.1, women's participation in the fields of 

medicine, dentistry, law and engineering have increased during the 1970's and 

1980's. Between 1960 and 1970 women's rate of participation in these fields 

increased slightly. However, between 1970 and 1980, the decade during which the 

first high school students to come of age during the women's liberation movement 
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entered college, the rates at which women entered the previously male-dominated 

fields of engineering, dentistry, law and medicine changed dramatically. While 

women comprised less than 10% of all graduating doctors and lawyers in 1970, by 

1980 nearly one quarter of all new doctors and more than 40% of new lawyers were 

women. In 1988, one third of all new MD's were women. 

I II 1960 I 1970 I 1980 I 1988 I 
Medicine (MD) 5.5% 8.4% 23.4% 33.0% 

Dentistry (DDS 0.8% 0.9% 13.3% 26.1% 
and DMD) 

Law (LLB and JD) 2.3% 5.7% 43.2% 40.4% 

Engineering (all 0.4% 0.8% 8.7% 13.2% 
levels) 

Table 3.1: Percent of Women Graduated with Professional Degrees l 

Although women comprised less than 1 % of the 1960 and 1970 graduating 

engineers and dentists, by 1980, 13% of new dentists and almost 9% of new 

engineers were women. In dentistry and engineering, women's participation 

continued to increase during the 1980's so that more than one quarter of all new 

Sources: Statistical Abstract of the United States 1982-1983. 1983. U.S. 
Government Printing Office, p.168. Statistical Abstract of the United States 1991. 1991. 
U.S. Government Printing Office, pp. 168-169. 
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dentists and slightly better than one in eight new engineers in 1988 were women. 

Between 1970 and 1980, there were also substantial differences in the overall 

pattern of major selection at the undergraduate level. As shown in Table 3.2, in 1970 

the humanities and arts, social sciences and education were far more popular than in 

1980. By 1980, more students were selecting the "careerist" majors of business and 

engineering. 

I Probable field of study I 1970 I 1980 I 
Arts and humanities 16 9 

Education 11 7 

Social Science 14 7 

Biological Science 4 4 

Physical Science 2 3 

Business 16 24 

Engineering 9 12 

Table 3.2 Probable Field of Study of College Freshmen (in percent)2 

3.1.1 Attitude Differences: 1970-1980 First Year College Students 

The 1970 college freshman class can be characterized as more liberal than the 

college freshmen of 1980. Table 3.3 summarizes some of the attitudes and the 

political orientation of students in 1970 and 1980. In terms of political orientation, 

2 Source: Statistical Abstract of the United States. 1991. U.S. Government 
Printing Office, p. 161. 
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17% of both the 1970 and 1980 freshmen indicated they were conservative. 

However, only one in five of the 1980 class as opposed to one in three of the 1970 

class identified themselves as politically liberal. When data from the HS&B survey 

were considered, the high school graduating class of 1980 appears largely to be 

apolitical. Of the 10,518 respondents to the question about political attitudes, 32.5% 

indicated "moderate" while the largest categories of "none" and "don't know" 

together comprised 36% of the responses. Only 9% of the HS&B 1980 seniors 

indicated that they were "conservative or very conservative" and 22.4% indicated that 

they were "liberal" or "very liberal or radical." 

I 1970 1980 

Political Orientation 

Liberal 34 20 

Middle of the Road 45 60 

Conservative 17 17 

Attitudes - agree or strongly agree 

Activities of married women are best 48 27 
confined to home and family. 

Capital punishment should be abolished. 56 34 

Legalize marijuana. 38 39 

There is too much concern for the rights of 52 66 
criminals. 

Table 3.3 Political Orientation and Attitudes3 

3 Source: Statistical Abstract of the United States. 1991. U.S. Government 
Printing Office, p. 161. 

I 
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The students' responses to the attitude items described in Table 3.3 also 

indicate some attitude differences between the 1970 and 1980 cohorts. Although the 

1980 cohort may appear less liberal than the 1970 cohort as indicated by the higher 

level of agreement with the statement that the there is too much concern for rights of 

criminals and the lower level of agreement with the idea of abolishing the death 

penalty, the 1980 cohort seems to have more "liberal" attitudes regarding women. 

Nearly half of all freshmen in 1970 still felt that a woman's place was in the home, 

while only 27% of the 1980 freshmen felt this way. 

3.1.2 Gender Differences: 1970-1980 College Students 

In 1970, women comprised only 45 % of the first-time, full-time, freshman 

class. By 1980, however, the ratio in this class had shifted to 51 % women. As 

indicated above, between 1970 and 1980 women increasingly earned professional 

degrees in medicine, dentistry and engineering. Whereas only 9.0% of all business 

bachelors degree were awarded to women in 1970, women comprised 33.5% of the 

graduating business class of 1980 (Statistical Abstract of the U.S 1972: 133 and 1982-

1983: 167). Combined with a decreased belief in the notion of "woman's place is in 

the home," it is not unreasonable to say that the women who entered college in 1980 

were more careerist than their 1970 counterparts. Though the white women who 

started college in 1980 were likely to have a mother who did not participate full time 

in the labor force while they were young, for black women in this cohort, who 



82 

historically were concentrated in the household service occupations (Dill 1980), 

college in the post-Civil Rights years was an avenue to careers in business rather than 

jobs of scrubbing floors. 

Though the students who began college during the 1970's did so at a time 

when the women's liberation movement was advocating for equal rights for women, 

there is much anecdotal evidence about the salience of women's traditional role to the 

women who attended college in the 1970's. Many women who attended the Cornell 

conference on women in engineering expressed concerns about making more money 

than potential marriage partners, for example (Ott 1975). Researchers at Purdue in 

1969 and at Cornell's conference on women in engineering in 1975 expressed the 

belief that, in fact, women had a more difficult time in the engineering major because 

of women's flawed gender-role socialization. These researchers went so far as to 

suggest that if women could simply be more like men, then there would not be such a 

problem with high rates of women's attrition from engineering fields of study. 

By the 1990's, however, such gender differences began to be interpreted in a 

different light. Unlike conceptualizing women as "flawed" because of their gender

role socialization, popular news magazines (U.S. News and World Report 1991) as 

well as engineering trade magazines (IEEE Spectrum 1992 and Hispanic Engineer 

1992) place a more positive spin on the issue of diversity. These magazines highlight 

the ways in which inclusion of women's traditional "feminine" values (e.g. greater 

communication, non-confrontational style, inclusiveness, etc.) can be assets for 
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corporate America and the engineering profession. 

3.2 Differences Within the 1980 Senior Hia=h School and Beyond Cohort 

There were several levels at which differences among the students sampled for 

the High School and Beyond (HS&B) survey were compared. First, I use t-tests to 

compare the means of the students based on their post-secondary educational 

experience as of October of 1982: those who had no post-secondary education; those 

who received vocational post-secondary education; and those who had participated in 

an academic program leading to a bachelors degree. I compare all students who 

participated in the base year survey. The variables which form the basis of the 

comparisons were those discussed in Chapter 2, the variables used in models of 1980 

and 1982 major choice, to be presented in Chapter 4. 

At the second level of analysis, I consider differences among the academic 

post-secondary group on the basis of sex and, to a limited extent, race. Again, t-tests 

and contingency table analysis (using the t goodness of fit test) were used to 

demonstrate salient differences among those students who attended an academic post

secondary educational program within two years of high school graduation. 

Next, I analyze differences between those students who reported an 

engineering major as of 1982 and those students not majoring in engineering at that 

time. Although this means that physical scientists were placed in the same category 

as French majors, the unique features of engineering students were a part of the 
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culture of engineering, presented earlier and which will be discussed in greater detail 

in Chapter 6. Finally, sex differences among those students who were majoring in 

engineering as of 1982 were considered in this chapter. 

The tables in this section report the results of t-tests of group means. These 

tables include a column labelled "Sig." between each group. The character in this 

column indicates the following: 

> The group mean on the left is significantly greater than the group mean 

on the right. 

< The group mean on the right is significantly greater than the 

group mean on the left. 

= The two groups' means are not significantly different. 

In all cases, I use the Q' = .05 level of significance, two-tailed test. 

3.2.1 Differences Within the 1980 HS&B Cohort Based on Post-Secondary 

Educational Experience 

Many differences exist in the attitudes of the 1980 seniors depending upon 

their after-high-school plans. The 1980 cohort has been divided into three groups for 

comparison: those who went to an academic college after graduation, those who went 

to some other post-secondary educational institution, such as a vocational school, and 

those who did not pursue any post-secondary education. 

Table 3.4 summarizes differences between the three groups of students from 
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the 1980 cohort. Academic post-secondary students had the highest averages on the 

high school preparation and skills measures - GP A, years of advanced math and 

science, and 3-D visualization - and vocational students had the next highest average 

levels on these variables. Students who received no post-secondary education scored 

significantly lower than students who had received some post-secondary education. 

The differences in the attitude variables shown in Table 3.4 were less well

defined than the preparation and skills differences among groups. With only one 

exception, two groups of students, rather than three, were delineated by these t-tests: 

those who received some post-secondary education versus those who no such 

education. Mean career orientation (1980 and 1982) and the average importance 

placed on intrinsic work rewards were significantly greater for both the vocational and 

academic students than for the students who did not pursue any post-secondary 

education. Though average scores on the family orientation measure were pairwise 

not significantly different as shown in Table 3.4, the academic students' scores were 

significantly higher than those for the students who had not attended any post

secondary educational institution. 

The vocational students and non-students, on average, rated extrinsic work 

rewards as more important than academic students. In the case of the importance 

attached to extrinsic work rewards (measured in 1980), vocational and non-students' 

scores were not significantly different. 
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No Post- Vocational Academic 
Secondary Post- Post-
Education Sig. Secondary Sig. Secondary 

Education Education 

Parents' SES, 1980 -0.505 < -0.307 < 0.024 
(.695) (.765) (.781) 

High School GPA 2.550 < 2.772 < 3.126 
(.668) (.657) (.648) 

Number, HS Advanced 1.304 < 1.847 < 2.950 
Math Courses (1.319) (1.402) (1.389) 

Number, HS Advanced 0.344 < 0.446 < 0.873 
Physical Science Courses (.618) (.673) (.807) 

Visualization Skill 46.331 < 47.699 < 51.152 
(9.246) (9.383) (10.085) 

Visualization Skill, -0.235 < -0.096 < 0.253 
Standardized (.935) (.949) (1.020) 

Career Orientation, 1980 -0.107 < 0.055 = 0.073 
(1.135) (.925) (.886) 

Family Orientation, 1980 -0.036 = 0.OD8 = 0.029 
(1.022) (.983) (.986) 

Importance of Intrinsic -0.068 < 0.059 = 0.034 
Work Rewards, 1980 (1.088) (.954) (.932) 

Importance of Extrinsic 0.108 = 0.057 > -0.124 
Work Rewards, 1980 (.969) (.966) (1.029) 

Career Orientation, 1982 -0.076 < 0.027 = 0.049 
(1.069) (.983) (.946) 

Family Orientation, 1982 -0.022 = -0.010 = 0.022 
(1.000) (.989) (1.OD5) 

Table 3.4 Means and Standard Deviations (in parentheses) of the 1980 Senior Cohort 
for Various Levels of Post-Secondary Education 



3.2.2 Gender Differences 

There are several gender differences shown in Table 3.5. 

Males Sig. Females 

High School GPA 2.716 < 2.932 
(.713) (.687) 

Number, HS Advanced Math 2.173 > 1.999 
Courses (1.612) (1.500) 

Number, HS Advanced 0.664 > 0.506 
Physical Science Courses (.804) (.697) 

Visualization Skill 49.810 > 47.645 
(10.488) (9.215) 

Visualization Skill, 0.117 > -0.102 
Standardized (1.061) (.932) 

Career Orientation, 1980 -0.012 = 0.011 
(1.052) (.953) 

Family Orientation, 1980 -0.081 < 0.069 
(1.026) (.972) 

Importance of Intrinsic Work -0.134 < 0.114 
Rewards, 1980 (1.078) (.913) 

Importance of Extrinsic Work 0.127 > -0.108 
Rewards, 1980 (.981) (1.003) 

Career Orientation, 1982 0.056 = -0.046 
(.935) (1.049) 

Family Orientation, 1982 -0.077 < 0.064 
(1.015) (.983) 

Table 3.5 Means and Standard Deviations (in parentheses) of 
the 1980 Senior Cohort by Gender 

87 



88 

The only variables on which males and females did not differ were the 

measures of orientation towards work as a career, measured in both 1980 and 1982. 

Career orientation, like the family orientation measure, were a standardized 

composites of the responses to two questions. This means that these variables have a 

mean of 0 and a standard deviation of 1. In 1980, the female mean career orientation 

score was slightly above zero while the male mean was slightly below zero. The 

direction of this relationship changed in the measure of career orientation from 1982. 

However, the male and female distributions of these variables was nearly identical. 

Males on average scored higher than females, on average, on all but one of 

the high school preparation and skills variables. Though females' overall high school 

grade point average reported in 1980 was 0.2 point higher than males' average, males 

on average took more advanced math and physical science courses and scored higher 

on the test of 3-D visualization skill. Females averaged just under two math courses, 

while males average slightly more than two. Both males and females averaged less 

than one advanced physical science course, although males' 0.664 science course is 

significantly greater than females' 0.506. Finally, males' average score on the 3-D 

visualization test of 49.8 was significantly greater than females' average of 47.6. 

Turning now to the attitude and value differences reported in Table 3.5, in 

both 1980 and 1982, females' average scores on the family orientation measure were 

significantly greater than males' average scores. In both cases, females scored just 

above zero while males scored just below zero on this measure of orientation to 
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family. Male and female attitudes differ concerning work values, however. As 

expected, males placed significantly greater emphasis on the extrinsic features of jobs 

while females placed significantly greater emphasis on the intrinsic features of jobs. 

It should be noted that the wording of the question on the base year, 1980, survey 

from which these variables were developed made it possible for respondents to rate 

job characteristics independently. This finding is consistent with recent literature on 

gender differences in occupational values (Bridges 1989; Elias 1985; and Marini and 

Brinton 1984). 

3.2.3 Who Goes to College? 

Table 3.6 shows post-secondary educational experience (as of October, 1982) 

by race and sex. Figures 3.1 and 3.2 show the 1980 and 1982 (respectively) college 

attendees by race and sex. Black and Hispanic males are least likely to receive post

secondary education of any kind (vocational or academic). Just under 50% of the 

black males and just over 50% of the Hispanic males in the HS&B sample had 

participated in some form of post-secondary education. More than two thirds of white 

females (69.9%), more than 60% of white males and black females and just under 

60% of all Hispanic females had enrolled in either a vocational or academic post

secondary program. Though females were slightly more likely than males to have 

enrolled in a vocational rather than an academic program, the racial differences in 

rates of participation in vocational versus academic programs were small. 
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No Post- Vocational Post- Academic Post-
Secondary Secondary Secondary 
Education Education Education 

Hispanic Males 48.8% 18.6% 32.6% 
------------------------- ------------------- ------------------- ------------------
Hispanic Females 42.8% 22.6% 34.6% 

Black Males 50.2% 15.7% 34.1% 
------------------------- ------------------- r-------------------- ------------------
Black Females 38.6% 22.8% 38.6% 

White Males 37.1% 17.0% 45.9% 
------------------------- ------------------- ------------------- ------------------
White Females 30.1% 21.3% 48.6% 

All Males 43.6% 17.1 % 39.3% 

All Females 35.8% 22.0% 42.2% 

Table 3.6 Post-Secondary Educational Experience by Race and Sex 



White Males (26.0%) 

Hispanic Males (9.5%) 

Black Males (8.5%) 

White Females (31.8%) 

Jmpanic Females (11.6%) 

Black Females (12.6%) 

Figure 3.1 Expected College Attendees by Race and Sex, 1980 
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White Males (25.2%) 

I&panic Males (9.7%) 

Black Males (9.7%) 

White Females (30.8%) 

Hispanic Females (11.1 %) 

Black Females (13.5%) 

Figure 3.2 College Attendees by Race and Sex, 1982 
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Males are slightly less likely than females to pursue post-secondary educational 

opportunities. Whereas 64 % of females had enrolled in either a post-secondary 

educational program since leaving high school, only 56.2% of all males had done so. 

Part of the reason for this could be the sex gap in pay. When educational 

qualifications - but not years of experience - are controlled, male high school 

graduates earn average wages of $18,936 annually while female high school graduates 

can expect to earn about half that, or $9,420 annually. Females who receive "some 

college" can expect to earn another $1300 on average; those who pursue a vocational 

educational program can increase their earnings by an average of about $4500; and 

those who receive a college degree can expect to earn an average of $14,472 for an 

Associates and $16,656 for a Bachelors degree (U.S. Bureau of the Census 1987). In 

short, the sex gap in pay combined with the 1980 females' similar orientation to work 

as a career means that women must pursue post-secondary education in order to earn 

wages above the poverty line of about $11,000 for a family of four. Although both 

men and women can garner higher salaries with a college degree, if women do not 

earn at least a two-year degree, then they are likely to earn poverty-level wages. 

3.2.4 Gender Differences Among Academic College Attendees 

Table 3.7 compares the males and females in the sample comprised of those 

who had attended an academic post-secondary educational program since high school. 

The high school preparation and skills variables, show the same pattern of difference 
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as with the full HS&B senior sample. That is, males on average took more advanced 

I I Males I Sig. I Females I 
Parents' SES, 1980 0.084 > -0.023 

(.768) (.780) 

High School GPA 3.055 < 3.208 
(.660) (.625) 

Number, HS Advanced Math 3.135 > 2.824 
Courses (1.406) (1.371) 

Number, HS Advanced 1.039 > 0.745 
Physical Science Courses (.834) (.761) 

Visualization Skill 52.930 > 49.980 
(10.700) (9.449) 

Visualization Skill, 0.432 > 0.134 
Standardized (1.082) (.956) 

College GPA, 1982 2.717 < 2.767 
(.625) (.652) 

Career Orientation, 1980 0.070 = 0.069 
(.921) (.861) 

Family Orientation, 1980 -0.009 = 0.051 
(.993) (.986) 

Importance of Intrinsic Work -0.084 < 0.113 
Rewards, 1980 (.992) (.872) 

Importance of Extrinsic 0.010 > -0.240 
Work Rewards, 1980 (1.010) (1.030) 

Career Orientation, 1982 0.059 = 0.045 
(.931) (.954) 

Family Orientation, 1982 -0.015 < 0.054 
(1.003) (.996) 

Table 3.7 Sex Differences: Academic Post-Secondary Students 
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math and science courses and scored higher on the 3-D visualization test than did 

females. Females, on the other hand, had a higher mean high school grade point 

average than males. Females' mean grade point average was still significantly greater 

than males' mean in 1982, however, the gap between males' and females' grade point. 

averages had declined from 0.153 in 1980 to 0.05 in 1982. 

In terms of the attitude measures, males and females who pursued academic 

post-secondary programs were not significantly different in their orientation to work 

as a career, as measured in both 1980 and 1982. Family orientation, measured in 

1980, also was not significantly different for males or females. However, by 1982 

(with those biological clocks ticking and Nancy Reagan buying new china and curtains 

in the White House), females on average placed a significantly greater importance 

than males on the family issues of getting married, having children and having a 

happy family life. Finally, as with the full 1980 senior HS&B cohort, males on . 

average placed significantly greater importance than females on the extrinsic 

characteristics of jobs while females placed significantly greater importance than 

males on the intrinsic features of jobs. However, with respect to the intrinsic features 

of jobs, the gap between males' and females' scores narrowed as compared to the full 

HS&B 1980 senior cohort. In the full cohort, the difference between the male and 

female scores was 0.248, while for the sample who had attended academic post

secondary programs, the difference was 0.197. 

Figures 3.3, 3.4, 3.5 and 3.6 show the choices of field of study in 1980 and 
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1982. Table 3.8 reports male:female ratios for each field of study for 1980 and 1982 . 

. 1980 1982 
Males: Females Males: Females 

Liberal Arts 0.58 0.56 

Business 0.76 0.86 

Life Sciences 0.57 0.52 

Math & Physical Sciences 1.30 1.30 

Engineering 4.30 4.30 

Table 3.8 Male:Female Ratios by Major, 1980 and 1982 

As shown in Table 3.8, men and women are almost equally represented in 

business and math and physical sciences fields of st~dy. Women are overrepresented 

in the Liberal Arts and Life Sciences (at almost two women to every man in those 

fields). Men are overrepresented in engineering. The ratio of men to women is 

greatest in engineering with over four men for every woman. Of the traditionally 

male-dominated major fields of study, engineering persists in its male dominance, 

while other fields have approached a more balanced gender distribution. When the 

percentage of all college men majoring in engineering is divided by the percentage of 

all college women in that field, men are five times more likely than women to select 

an engineering major. 
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Engineering (3.5%) 

Liberal Arts (44.0%) life Sciences (25.2%) 

Business (21.1 %) 

Figure 3.3 Intended Majors, Women, 1980 
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liberal Arts (32.3%) 

Math & Physical Science; 

Life Sciences (18.3 %) 
Bus~ (20.3%) 

Figure 3.4 Intended Majors, Men, 1980 
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Engineering (3.3%) 

Math & Physical Sciences (7.1 %) 

life &iences (19.0%) 

liberal Arts (45.6%) 

Figure 3.5 Field of Study, Women, 1982 
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liberal Arts (31.9%) 

Math & Physical Science~ 

Life Sciences (12.2%) 

Business (26.9%) 

Figure 3.6 Field of Study, Men, 1982 
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3.2.5 Differences Between Engineers and Non-Engineers 

Table 3.9 compares engineers, defined as those students who indicated an 

engineering major in 1982, to non-engineers. A word of caution: the category "non

engineers" includes a wide range of major choice categories, since it is comprised of 

arts, humanities and social science majors, as well as business, science and math 

majors. However, by highlighting the difference between engineers and non

engin~rs, I hope to shed light on some of the features of the culture of engineering. 

Hacker (1981) has indicated that one aspect of the culture of engineering involves the 

dichotomization of the world into those who are mechanically, technically adept, 

versus those who are not. The culture of engineering "lumps together" all non

engineers into the category "inept." 

First, in terms of the high school preparation and skills variables, engineering 

students were more highly prepared for their major during high school. Engineering 

students on average had taken almost four years of advanced math and one and a half 

years of advanced physical science courses in high school. Non-engineering students, 

on the other hand, had taken significantly fewer of these courses than engineering 

majors, with an average of just under three years of advanced math and just under 

one year of advanced physical science. The visualization skill of engineering students 

was significantly greater than that of non-engineers: 56.8 for engineers as opposed to 

50.8 for non-engineers. Finally, though engineers' average high school grade point 

average of 3.30 was significantly greater than non-engineers' average of 3.15, by 
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1982, engineers' and non-engineers' GPAs were not significantly different at 2.74. 

I I Engineers I Sig. I Non-Engineers I 
Parents' SES, 1980 0.099 = 0.030 

(.770) (.780) 

High School GPA 3.302 > 3.150 
(.624) (.636) 

Number, HS Advanced Math 3.972 > 2.919 
Courses (1.117) (1.361) 

Number, HS Advanced 1.513 > 0.830 
Physical Science Courses (.730) (.787) 

Visualization Skill 56.808 > 50.858 
(9.889) (9.957) 

Visualization Skill, 0.825 > 0.223 
Standardized (1.000) (1.007) 

College GPA, 1982 2.746 = 2.744 
(.674) (.626) 

Career Orientation, 1980 0.106 = 0.069 
(.921) (.894) 

Family Orientation, 1980 -0.046 = 0.038 
(.991) (.985) 

Importance of Intrinsic Work -0.141 < 0.041 
Rewards, 1980 (.961) (.927) 

Importance of Extrinsic 0.102 > -0.159 
Work Rewards, 1980 (.911) (1.041) 

Career Orientation, 1982 0.083 = 0.045 
(.897) (.953) 

Family Orientation, 1982 -0.001 = 0.027 
(.936) (1.007) 

Table 3.9 Differences Between Engineers and Non-Engineers, 1982 
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The frequency distributions shown in Tables lOa, lOb lla and llb show the 

number of years of high school advanced math and advanced physical science courses 

completed by students by college major and sex. Regardless of major, men most 

often had taken four years of advanced high school math. Women's modal category, 

however, depended more on their major field of study. Women in the Liberal Arts 

and Business fields most often had three years of advanced math while those in the 

sciences or math had four years. More than half the women majoring in engineering 

in 1982 had five years of high school math. 

The modal number of advanced physical science courses taken shows a distinct 

relationship between those fields often referred to as "non-quantitative" and those 

referred to as "quantitative." Men and women enrolled in Liberal Arts or Business 

fields of study in 1982 most likely had taken neither of the advanced physical science 

courses in high school. Women enrolled in science and math programs in 1982, were 

likely to have taken one of the two courses. Men in the sciences and math and both 

men and women in engineering, however, most often had taken both of the courses. 
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Math 
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Math & 
Life Physical 

Liberal Arts Business Sciences Sciences Engineering 

7.8% 4.8% 4.0% 2.4% 

12.9% 10.5% 6.8% 5.3% 

19.6% 17.9% 16.4% 9.5% 

22.8% 27.4% 22.6% 13.0% 

26.1% 30.7% 32.2% 39.0% 

10.8% 8.7% 18.1 % 30.8% 

Table 3.lOa Frequency by Major, 1982: Years of Advanced 
High School Math, Males 

Math & 
Life Physical 

1.6% 

2.7% 

7.4% 

14.8% 

39.1% 

34.4% 

Liberal Arts Business Sciences Sciences Engineering 

6.3% 5.3% 5.4% 4.7% 

11.1% 12.8% 9.3% 10.9% 

24.2% 20.4% 16.7% 13.3% 

28.0% 31.2% 26.6% 22.6% 

22.8% 22.5% 27.4% 29.7% 

7.7% 7.8% 14.7% 18.8% 

Table 3.lOb Frequency by Major, 1982: Years of Advanced 
High School Math, Females 

0.0% 

3.2% 

6.4% 

3.2% 

36.5% 

50.8% 
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Years ofHS Math & 
Physical 
Science 

0 

1 

2 

Life Physical 
Liberal Arts Business Sciences Sciences 

40.1% 40.8% 22.6% 21.8% 

34.0% 36.5% 31.5% 25.3% 

25.9% 22.8% 45.8% 52.9% 

Table 3.lla Frequency by Major, 1982: Years of Advanced 
High School Physical Science, Males 

Years of HS Math & 
Physical 
Science 

0 

1 

2 

Life Physical 
Liberal Arts Business Sciences Sciences 

47.5% 54.2% 29.6% 35.7% 

36.7% 33.0% 39.4% 39.7% 

15.8% 12.8% 31.0% 24.6% 

Table 3.llb Frequency by Major, 1982: Years of Advanced 
High School Physical Science, Females 
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Engineering 

15.6% 

17.4% 

67.0% 

Engineering 

7.7% 

33.8% 

58.5% 

In terms of the attitude measures reported in Table 3.9, engineers and non-

engineers did not differ with respect to career and family orientation measures, as 

measured in both 1980 and 1982. However, engineers placed significantly greater 

importance than non-engineers on extrinsic work components and significantly less 

importance than non-engineers on intrinsic work components. In this regard, 

engineers values regarding the intrinsic/extrinsic components of jobs more closely 
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resemble the attitudes of the members of the 1980 HS&B senior cohort who did not 

pursue post-secondary education directly after high school than those of their 

academic college classmates. The finding that engineers place less emphasis on 

intrinsic work rewards and more on the extrinsic rewards as compared to non

engineers supports the notion, which I presented earlier, that the extrinsic rewards of 

engineering as an occupational choice are more clear than the intrinsic rewards and 

that students perceive engineering as an occupation with high pay and salary, but not 

as an occupation with many intrinsic rewards. 

3.2.6 Differences Among Engineering Majors 

Table 3.12 compares male and female engineers. As above, engineers are 

defined as those students who reported an engineering field of study in 1982. It could 

be argued that the above engineering/non-engineering differences could be attributed 

to the fact that there are proportionately so many males versus females majoring in 

engineering that the field of engineering simply replicates the preparation, skills and 

attitudes of male college students. Because of the predominance of males in 

engineering, females' preparation, skills and attitudes may differ drastically from 

those of males, but would simply be washed away by shear relative numbers. 

Table 3.12 indicates that female engineering majors are more like male 

engineering majors than they are "like" the average female college student. Male and 

female engineers show no significant difference in terms of the attitudes measured 
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here, including the intrinsic/extrinsic work rewards measures. Both male and female 

engineers' average scores on the importance of extrinsic work components are greater 

than zero (college women overall averaged less than zero) and both male and female 

engineers ratings of the importance of intrinsic work rewards averaged less than zero 

(college women in general scored above zero). 

The only differences between male and female engineers concern high school 

preparation. Female engineers' high school grade point average was a 3.5, versus 

males' mean grade point average of 3.2. By 1982, however, male and female 

engineers' grade point averages were no longer significantly different. Female 

engineers on average had taken more advanced high school math than their male 

counterparts. Not only did female engineers complete an average of 4.2 courses to 

males' 3.9, more than half of these women had completed five years of high school 

math as opposed to only 34% of engineering males. If four and five years of high 

school math are combined into the category "four or more," 87.3 % of engineering 

women versus 73.7% of engineering men had completed four or more years of 

advanced high school math. 



Whlte Females (8.2%) 

VV'..l'.?V'v<..l'. 

1I111~ Hispanic F'emales (4.9%) 

Black Females (5.7%) 

White Males (45.9%) 

Black Males (16.6%) 

Figure 3.7 Composition of Engineering as Intended Major, 1980 
by Race and Sex 
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White Females (9.7%) 

Black Females (5.0%) 

While Males (47.4%) 
Black Males (14.5%) 

Figure 3.8 Composition of Engineering Majors, 1982, 
by Race and Sex 
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Males Sig. Females 

Parents' SES, 1980 0.094 = 0.121 
(.735) (.908) 

High School GPA 3.253 < 3.515 
(.621) (.598) 

Number, HS Advanced Math 3.902 < 4.254 
Courses (1.132) (1.015) 

Number, HS Advanced 1.514 = 1.508 
Physical Science Courses (.751) (.640) 

Visualization Skill 57.279 = 54.827 
(9.9OO) (9.673) 

Visualization Skill, 0.872 = 0.624 
Standardized (1.oo1) (.978) 

College GPA, 1982 2.725 = 2.836 
(.678) (.654) 

Career Orientation, 1980 0.101 = 0.129 
(.839) (.746) 

Family Orientation, 1980 -0.002 = -0.234 
(.950) (1.135) 

Importance of Intrinsic Work -0.160 = -0.064 
Rewards, 1980 (.956) (.983) 

Importance of Extrinsic 0.105 = 0.087 
Work Rewards, 1980 (.912) (.916) 

Career Orientation, 1982 0.091 = 0.052 
(.921) (.793) 

Family Orientation, 1982 0.048 = -0.206 
(.905) (1.037) 

Table 3.12 Differences Between Male and Female Engineers, 1982 
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3.3 Summary 

This chapter has presented numerous comparisons between groups. First, it 

was shown that the 1980 senior high school cohort entered a different world and held 

a different set of values, especially those regarding women's role in society, than their 

older brothers and sisters who graduated from high school in the early 1970's. 

Specifically, the 1980's students were less politically liberal, but held less traditional 

views of women's roles. Both males and females in the 1980 senior cohort accept the 

notion that work outside the home, a career, will form a large portion of their lives. 

Second, it was shown that those students who went to college were most often 

white and female. In general, both female and male academic college attendees were 

more highly prepared for college in terms of advanced math and science coureswork, 

high school grade point average, and visualization skill than were other members of 

the High School and Beyond senior cohort who either did not attend post-secondary 

school or who attended non-academic post-secondary educational institutions. Male 

college attendees held a set of values most consistent with the sample who did not 

participate in any post-secondary education. Specifically, males deemphasized, on 

average, the intrinsic features of work, but placed greater emphasis on extrinsic 

features, consistent with the notion of the male gender role of "breadwinner. It 

Female college attendees' values concerning intrinsic and extrinsic work 

rewards are different than those of male college attendees'. Women, regardless of 

post-secondary experience, but especially those who attended academic post-secondary 
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programs, placed significantly higher importance on intrinsic work features than men. 

These intrinsic features include: freedom to make decisions; doing work that is 

interesting or important; and meeting and working with sociable, friendly people. 

The comparisons of engineers and non-engineers indicate that engineering 

students, as posited, were more well-qualified in the technical areas measured - math 

and science course taking and 3-D visualization - but also had a higher average high 

school GPA than their non-engineering counterparts. Engineers' values, however, 

were quite similar to those of non-engineers, except for the rating of the importance 

of intrinsic and extrinsic features of jobs. Engineering students placed significantly 

greater emphasis on extrinsic features, while non-engineering students placed greater 

emphasis on intrinsic features. 

Finally, there were few differences betweeen male and female engineering 

students. Male and female engineers shared values regarding family, career, and 

intrinsic and extrinsic importance of jobs. The only way in which male and female 

engineers differed was in terms of high school GP A - females on average were higher 

than males on average - and math preparation. Just over half of the female 

engineering students had taken five years of high school math with an average of just 

over four years, while male engineers averaged just under four years of advanced 

high school math. Both male and female engineers' average 3-D visualization scores 

were more than 4 points higher than the overall male and female group averages for 

academic post-secondary students. 
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CHAPTER 4 

THE DECISION TO MAJOR IN ENGINEERING 

Students' college major choice was measured at two points in time. 

Multinomiallogits (MNL), discussed in Chapter 2, were used to model students' 

intended major indicated in 1980 and students' actual major, reported in the 1982 

follow-up survey. The MNL models were run separately for males and females for 

each of the two dependent variables. Students' choice of major - which I have 

recoded into five categories of choice - were modelled as functions of high school 

preparation and skills variables and a set of four attitude measures. Controls for race, 

parents' socioeconomic status, and general academic performance were also included 

in the models. 

This chapter will first discuss the models of 1980, intended major, in section 

4.1. Next, in section 4.2, I present results of the 1982 major choice models and 

compare these models to those computed for 1980. College-bound high school 

seniors often have limited information regarding how college majors are matched to 

occupations. Students' knowledge and understanding of the content of various college 

major fields of study is also vague. Because of this problem of imperfect 

information, models of college-bound students' intended major as compared to actual 

majors reported after some time at college are one way to determine the impact of 

information change on major choice. Chapter 5 will delve more fully into the factors 
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that motivate students to change their majors. 

Two tables are reported for each model. The first table reports the logit 

coefficients and the related statistics while the second table reports the likelihood 

statistics associated with these coefficients. Likelihood coefficients are determined by 

taking the exponent of each MNL coefficient. In section 4.3, I analyze the MNL 

models with respect to fit. I present the results of the decomposition analysis 

performed on the MNL's in section 4.4. There are two basic decomposition 

procedure used here. First, I manipulate the female MNL equations in order to assess 

the relative importance of women's "endowments" (endowments meaning group 

average attributes and skills) on women's choice of engineering. According to the 

policy literature (most recently, National Research Council 1992), women's lower 

level of preparation in math and science during high school is the cause of women's 

lower level of participation in science and engineering. This literature argues that if 

girls were encouraged to take more advanced math and science courses in high 

school, then more girls would pursue the technical fields in college. Others 

(Bugliarello 1992, Thomas 1990, and Perrucci and Gerstl 1969) have suggested that 

because women's values and attitudes differ from those of their male peers, women 

are less likely to choose engineering. The goal of the first decomposition procedure 

is to determine how much these endowments would effect changes in women's 

participation in engineering. For example, when the female MNL equations are 

evaluated at the male group mean on the number of years of advanced high school 
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math (but female group means on all other independent variables), according to the 

policy literature, the models ought to indicate an increase in the percentage of women 

who would choose engineering. 

Another decomposition procedure is aimed at determining not only the net 

effect of gender, but also the effect on major choice of differences in cognitive 

processing. Several authors have suggested that if women attached the same weight 

to their endowments and if women thought of fields of study in the same way as men 

(Bugliarello 1992, Thomas 1990, and Perrucci and Gerstl 1969), then more women 

would select engineering. The decomposition implied by these theories requires 

substitution of women's group means on all independent variables into the males' 

MNL equations. The intercepts and slopes (to use the ordinary least squares 

terminology) of the MNL equations computed separately for men and women are 

taken to represent separate cognitive models. In this case, the term cognitve model 

refers to the outcome of sex-differentiated socialization processes, experiences and 

influences. Another way to think of this decomposition is as an estimate of the effect 

of unmeasured sex differences on the choice of engineering. This decomposition will 

be described in more detail in Section 4.4. Finally, section 4.5 summarizes the key 

findings of this chapter. 

4.1 The Intention to Major in Engineering 

Tables 4.1 and 4.2 show the MNL coefficients and related likelihood statistics 
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for the model of males' intended major reported in 1980. First, no one variable 

serves to delineate students who choose engineering as opposed to the other majors. 

Interpretation of the intercepts of the MNL indicates that males are 33 times more 

likely to major in the liberal arts, 13.8 times more likely to select business and 3.3 

times more likely to choose the life sciences than to major in engineering given that 

all other variables have been set to zero. However, males are equally likely to 

indicate an intent to major in math or the physical sciences as in engineering. None 

of the control variables -- parents' socioeconomic status, race, or high school 

performance as measured by grade point average -- are significant determinants of the 

selection of probable area of study. 

Male students who intend to major in engineering are most clearly different 

than those male students who intend to major in Liberal Arts. Six of the variable 

measuring high school preparation and skills and gender-role socialization are 

significant determinants of this choice. Though students who scored high in their 

evaluation of the importance of intrinsic work rewards were more likely to select 

liberal arts majors rather than engineering, the opposite effect is noted regarding the 

measure of the importance of extrinsic rewards. Students with high scores on the 

measure of importance of extrinsic rewards as well as those who scored high on the 

career orientation measure, were more likely to select engineering rather than liberal 

arts majors. This is consistent with the notion of engineering as a field seen to 

possess good pay and career prospects, but for which the intrinsic rewards are either 
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vague or perceived as absent. 

Technically well-prepared students were more likely to indicate an intent to 

major in engineering rather than liberal arts. Males who had more high school 

advanced math or physical science courses or who scored high on the test of 3-D 

visualization skill were more likely to choose engineering. For example, for each 

additional year of advanced high school math taken during high school, the likelihood 

of choosing liberal arts is reduced by 0.7 as shown in Table 4.2. Likewise, for each 

additional year of advanced physical sciences taken during high school, males' 

likelihood of selecting a liberal arts versus an engineering major was reduced by 0.4. 

Males intending to major in engineering are somewhat different than those 

who selected business or life sciences majors as intended areas of study, as indicated 

by the presence in each of these two MNL of four significant independent variables. 
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Table 4.1 Logit Coefficients: Models of 1980 Intended Major, Males 

Hath & 
Life Physical 

Liberal Arts Business Sciences Sciences 

Intercept 3.5034 * 2.625 * 1.190 * 0.337 

Race 
Hispanic -0.230 -0.231 0.052 -0.158 

Black -0.196 -0.162 -0.239 0.024 

SES, 1980 0.060 0.104 0.234 0.168 

High School -0_184 -0.287 0.092 0.082 
GPA 

High School -0.367 * -0.062 -0.258 * -0.140 
Hath Courses 

HS Physical -0.952 * -1.125 * -0.321 -0.414 * 
Science Courses 

3-D Visualization -0.210 * -0.487 * -0.344 * -0.152 
Skill (Standardized) 

Career -0.241 * -0.124 -0.174 -0.326 * 
Orientation 

Farni ly 0.148 0.303 * 0.124 0.145 
Orientation 

Extrinsic -0.445 * 0.068 -0.308 * -0.182 
Rewards 

Intrinsic 0.338 * 0.243 * 0.274 * 0.054 
Rewards 

Sample Size 1162 
Likelihood Ratio 3271.01 * 
Degrees of Freedom 4600 

~(O) = -1870.2, ~(B) = -1635.5 

p2 = .125, 1/ = .113 

* indicates significance at p < .05. 



Table 4.2 Transformed Coefficients, Intended Major, 1980, Males 

Math & 
Liberal Life Physical 
Arts Business Sciences Sciences 

Intercept 33.2 13.8 3.3 1.4 

Race 
Hispanic 0.8 0.8 1.1 0.9 

(1.3) (1.3) (1.2) 

Black 0.8 0.9 0.8 1.0 
( 1.2) (1.2) (1.3) 

SES, 1980 1.1 1.1 1.3 1.1 

High School 0.8 0.8 1.1 1.1 
GPA (1.2) ( 1.3) 

High School 0.7 0.9 0.8 0.9 
Math Courses (1.4) (1.1) (1.3) (1.2) 

HS Physical 0.4 0.3 0.7 0.7 
Science Courses (2.6) (3.1 ) (1.4) (1.5) 

3-0 Visualization 0.8 0.6 0.7 0.9 
Ski II (1.2) (1.6) (1.4) (1.2) 

Career 0.8 0.9 0.8 0.7 
Orientation ( 1.3) (1.1) (1.2) (1.4) 

Fami ly 1.2 1.4 1.1 1.2 
Orientation 

Extrinsic 0.6 1.1 0.7 0.8 
Rewards ( 1.6) (1.4) (1.2) 

Intrinsic 1.4 1.3 1.3 1.1 
Rewards 

Note: For transformed coefficients < 1, the inverse is in parentheses 
below the transformed coefficient. 
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Males who scored high in their evaluation of the importance of intrinsic work rewards 

were more likely to select business or life sciences majors rather than engineering. 

Another variable that sets potential engineers apart from both of these areas is 3-D 

visualization skill. Students with high 3-D visualization skill were more likely to 

select engineering rather than business or life sciences. For each additional unit of 

3-D visualization skill, students were 1.6 times more likely to select engineering 

rather than business and 1.4 times more likely to select engineering rather than the 

life sciences. 

Males who scored high on the measure of the importance of extrinsic rewards 

were more likely to select engineering versus life sciences. Such students, however, 

are equally likely to select business majors. Males with high family orientation scores 

are more likely to select business instead of engineering. Finally, although more high 

school math serves to distinguish male engineers from life sciences majors, physical 

science courses distinguish potential engineers from potential businessmen. 

Only two variables delineated males who intended to major in math and 

physical sciences from males who intended to pursue engineering in college. First, 

each additional advanced physical science course taken ill high school increased the 

likelihood of selection of engineering versus math and physical sciences by 1.5 times. 

Also, the significant negative coefficient on the career orientation variable indicates 

that those with higher scores on this measure were more likely to be potential 

engineers than to be interested in the more theoretical areas of math and physical 
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science in college. 

The MNL models of females' 1980 intended major are reported in Table 4.3 

with the corresponding likelihood statistics reported in Table 4.4. These models 

indicate that women are over 1000 times more likely to major in the liberal arts, 

business or the life sciences than engineering when all other variables are set to zero. 

Women, unlike men, are 61.5 times more likely to indicate an intent to major in math 

and physical sciences than in engineering given all other variables are set to zero. 

Men, as shown above, were equally likely to intend to major in engineering as in 

math and physical sciences. Although Hispanic women are more likely than white 

women of similar SES and with similar skills and attitudes to indicate an intent to 

major in engineering as opposed to the liberal arts, business and the life sciences, 

women of all races are still far more likely to choose any major besides engineering. 

Females who intend to major in the liberal arts are quite different than females 

who planned to major in engineering. Higher levels of preparation in math and 

science during high school are significant factors in increasing the likelihood of 

planning to major in engineering instead of the liberal arts. For example, for each 

additional advanced math course taken during high school, the likelihood of selecting 

engineering versus liberal arts increases by 3.8. For each additional science course, 

women are 1.7 times more likely to choose engineering rather than liberal arts. 

There are also three significant attitudinal differences between women who 

chose engineering and women who indicated an intent to major in the liberal arts. 
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Females who scored high on the measure of the importance of family or the 

importance of intrinsic work rewards were more likely to choose the liberal arts 

rather than engineering as their intended major. However, a high score on the 

importance of extrinsic rewards measure increases the likelihood of the intent to 

major in engineering as opposed to the liberal arts. This is consistent with the 

findings concerning males who intended to major in engineering as compared to males 

who intended to pursue the liberal arts. 

Fewer variables delineated prospective female engineers from prospective 

businesswomen. All three of the preparation variables - math, science and 

visualization skill - are quite important in increasing the likelihood of the intent to 

major in engineering versus business. Also, for each unit increase on the family 

orientation measure, females were 1.4 times more likely to indicate an intent to major 

in business rather than engineering. 

Only three variables (not including the significant Hispanic race coefficient) 

are important in discriminating between females who intend to major in engineering 

and those who intended to pursue the life sciences. Though more high school 

advanced math classes increased the likelihood of an intent to major in engineering, 

neither of the other preparation variables were significant. Females who scored high 

on the family orientation measure were more likely to indicate a desire to pursue the 

life sciences, while those who placed a high level of importance on the extrinsic 

rewards of work were 1.4 times more likely to plan on engineering careers. 
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Table 4.3 Logit Coefficients: Models of 1980 Intended Major, Females 

Hath & 
Liberal Life Physical 
Arts Business Sciences Sciences 

Intercept 8.600 * 6.908 * 7.025 * 4.119 * 
Race 

Hispanic -0.583 * -0.538 * -0.508 * '0.532 

Black -0.343 -0.287 -0.272 0.002 

SES, 1980 -0.078 -0.170 -0.070 0.049 

High School -0.244 0.076 -0.131 0.301 
GPA 

High School -1.343 * -1.184 * -1.282 * -1.118 * 
Hath Courses 

HS Physical -0.540 * -1.142 * 0.169 -0.159 
Science Courses 

3-D Visualization -0.272 -0.387 * -0.246 -0.178 
Skill (Standardized) 

Career -0.263 -0.134 -0.126 -0.142 
Orientation 

Famil y 0.285 * 0.315 * 0.302 * 0.180 
Orientation 

Extrinsic -0.521 * -0.087 -0.348 * -0.068 
Rewards 

Intrinsic 0.438 * 0.216 0.275 -0.068 
Rewards 

Sample Size 1521 
Likelihood Ratio 3683.56 * 
Degrees of Freedom 6036 

~(O) = -2448.0, ~(B) -1841.8 

p2 = .248, 1? = .238 

* indicates significance at p < .05. 



Table 4.4 Transformed Coefficients, Intended Major, 1980, Females 

Intercept 

Race 
Hispanic 

Black 

SES, 1980 

High School 
GPA 

High School 
Hath Courses 

HS Physical 
Science Courses 

Math & 
Liberal Life Physical 
Arts Business Sciences Sciences 

5431.7 1000.2 1124.4 61.5 

0.6 0.6 0.6 0.6 
(1.8) (1.7) (1.7) (1.7) 

0.7 0.8 0.8 1.0 
(1.4) (1.3) (1.3) 

0.9 0.8 0.9 1.1 
(1.1) (1.2) (1.1) 

0.8 1.1 0.9 1.4 
(1.3) (1.1) 

0.3 0.3 0.3 0.3 
(3.8) (3.3) (3.6) (3.1) 

0.6 0.3 1.2 0.9 
(1.7) (3.1) (1.2) 

3-D Visualization 0.8 0.7 
( 1.5) 

0.8 
(1.3) 

0.8 
(1.2) Skill (Standardized) (1.3) 

Career 
Orientation 

Fami ly 
Orientation 

Extrinsic 
Rewards 

Intrinsic 
Rewards 

0.8 
(1.3) 

1.3 

0.6 
(1.7) 

1.5 

0.9 
(1.1 ) 

1.4 

0.9 
(1.1) 

1.2 

0.9 
(1.1) 

1.4 

0.7 
( 1.4) 

1.3 

0.9 
(1.2) 

1.2 

0.9 
(1.1) 

0.9 
( 1.1) 

Note: For transformed coefficients < 1, the inverse is shown in parentheses below 
the coefficient. Since the inverses were computed using numbers to several 
decimal places and then rounded, not all inverses for the same number are the 
same. 
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Finally, only the number of years of advanced high school math serves to 

delineate the future engineers from the future mathematicians and scientists. For each 

additional year of high school math, women were 3 times more likely to select 

engineering as their planned field of study rather than math or physical sciences. On 

all of the other independent variables, there were no significant differences between 

the women who indicated a preference for an engineering major and those who 

preferred the pursue math and physical sciences. 

4.2 The Decision to Major in Engineering. 1982 

The results reported above were of the intent to major in engineering versus 

the other categories of majors. The actual choices ultimately made by the members 

of the 1980 senior cohort are discussed in this section. Models of 1982 major choice 

as compared to the 1980 models of intended major reflect students' initial collegiate 

experiences, particularly the salience of "better" information about the content of 

different major fields of study as well as the ways majors are matched to occupational 

careers. 

Tables 4.5 and 4.6 show the results of the models of males' choice of college 

major, measured in 1982. According to the intercepts of the MNLs in Table 4.5, 

males are more likely to major in the liberal arts and business than they are to major 

in engineering as of 1982. Males are equally likely to major in the life sciences, 

math and physical sciences as they are to major in engineering. This is slightly 
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different than the intentions reported in 1980: in 1980, males were more likely to 

have chosen the life sciences as opposed to engineering. To put this another way, in 

1982 males were more likely to have chosen the "non-quantitative" fields than 

engineering, but equally likely to have selected the other "quantitative" fields as 

engineering. The magnitude of the likelihoods also varies between the 1980 and the 

1982 models. Although males were 33 times more likely to select liberal arts over 

engineering in 1980, by 1982 males were only 7 times as likely to make this same 

choice given all other independent variables were set to zero. 

Again, as with the MNL models of 1980 intended major, male liberal arts 

majors are most clearly delineated from male engineering majors. All three high 

school preparation and skills variables - math, science and visualization - are 

significant in increasing the likelihood that a college male will choose engineering as 

opposed to the liberal arts. However, males with high college grade point averages 

are more likely to have chosen the liberal arts over engineering. Males who scored 

high on the family orientation measure were more likely to have chosen to major in 

engineering in 1982 than to major in the liberal arts. Here it should be noted that 

without a measure of the importance of extrinsic rewards, the family orientation 

measure alone will indicate for males the salience of the "breadwinner" role. Hence, 

as with the 1980 MNL results, it is clear that engineering continues to be perceived as 

more appropriate to men who may value their role as a family provider. 

Males who had chosen to major in the life sciences by 1982 were also quite 
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different than those who had chosen to pursue engineering. Greater numbers of 

advanced high school math courses or a higher score on the 3-D visualization test 

were significant factors that increased males' tendency to select engineering rather 

than the life sciences. However, males with higher socioeconomic status in 1980 and 

those who scored high on the measure of the importance of intrinsic work rewards 

(also measured in 1980) were more likely to prefer the life sciences over engineering 

in 1982. With the exception of the significance of socioeconomic status (and given 

the absence of a measure of the importance of extrinsic work rewards), these results 

are the same as those evident in the MNL models of males 1980 intended major. 

Business majors and engineers were delineated by only the three high school 

preparation and skills variables in 1982. These measures were all significant 

indicators of an increased likelihood of selection of engineering rather than business. 

Though there were a couple of attitude differences between prospective engineering 

and business majors in 1980, none of these attitude differences persisted in 1982. 

Finally, there were only two important differences between males who selected 

math and physical science fields of study and those who had selected engineering in 

1982. Though higher college grade point averages increased the likelihood of 

selection of a major in the physical sciences or math, more advanced math courses 

taken during high school increased the chances that a male would select engineering. 

The career orientation difference noted between those who intended to major in 

engineering versus math and physical sciences in 1980 is no longer evident in 1982. 
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Table 4.5. Logit Coefficients, Models of 1982 Major, Males 

Math & 
Life Physical 

Liberal Arts Business Sciences Sciences 

Intercept 1.955 * 2.301 * 0.n1 -1.034 

Race 
Hispanic -0.201 -0.165 0.130 -0.116 

Black 0.040 0.057 -0.017 0.247 

SES, 1980 0.148 0.262 0.314 * 0.160 

GPA, 1982 0.469 • 0.131 0.294 0.595 • 

High School -0.428 * -0.257 • -0.357 * -0.058 
Math Courses 

HS Physical -0.892 • -1.024 • -0.311 -0.468 • 
Science Courses 

3-D Visualization -0.268 • -0.395 • -0.296 • -0.202 
Skill, Standardized 

Career -0.087 0.139 -0.031 -0.220 
Orientation, 1982 

Family -0.194 • -0.032 -0.114 -0.162 
Orientation, 1982 

Intrinsic 0.109 0.109 0.345 • -0.015 
Rewards 1980 

Sample Size 1171 
Likelihood 

Ratio 3317.82 
Degrees of 

Freedom 4640 

;e(0) = -1884.6, ;e(B) -1658.9 

p2 = .120, 1/ = .108 

• indicates significance at p < .05. 
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Table 4.6. Transformed Coefficients, 1982 Major, Males 

Math & 
Liberal Life Physical 

Arts Business Sciences Sciences 

Intercept 7.1 10.0 2.2 0.4 
(2.8) 

Race 
Hispanic 0.8 0.8 1.1 0.9 

(1.2) (1.2) (1.1> 

Black. 1.0 1.1 1.0 1.3 

SES, 1980 1.2 1.3 1.4 1.2 

GPA, 1982 1.6 1.1 1.3 1.8 

High School 0.7 0.8 0.7 0.9 
Math Courses (1.5) (1.3) (1.4) (1. 1) 

HS Physical 0.4 0.4 0.7 0.6 
Science Courses (2.4) (2.8) (1.4) (1.6) 

3·0 Visualization 0.8 0.7 0.7 0.8 
Sk.ill, Standardized (1.3) ( 1.5) (1.3) (1.2) 

Career 0.9 1.1 1.0 0.8 
Orientation, 1982 (1.1) ( 1.2) 

Fami ly 0.8 1.0 0.9 0.9 
Orientation, 1982 (1.2) (1.1) (1.2) 

Intrinsic 1.1 1.1 1.4 1.0 
Rewards 1980 

*Note: For coefficients < 1, inverse shown in parentheses below the coefficient. 
Due to rounding, inverses vary. 
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For the females, there are many differences between the MNL's of 1980 

intended majors and the MNL's of actual majors in 1982 as shown in Tables 4.7 and 

4.8. Although the attitude measures were important in distinguishing between 

potential engineers and those who wished to pursue other fields of study in 1980 (six 

of 16 coefficients were significant), these measures no longer differentiated the 

sample with respect to major choice in 1982. In the 1982 MNL models, only one 

significant coefficient (of twelve possible) indicates that women who scored higher on 

the family orientation measure in 1982 were more likely to select the life sciences 

rather than engineering. Also, whereas Hispanic females were more likely than 

otherwise comparable white females to indicate an intent to major in engineering 

rather than liberal arts, business or life sciences in 1980, this difference no longer 

exists in 1982 MNL. That is, Hispanic women's choices, after adjustments for 

socioeconomic status, are likely to be similar to white women's choices in 1982. 

However, black women are more likely than white women to choose engineering 

rather than liberal arts fields of study. 

The 1982 MNL models in Table 4.7 of women's college major also have 

rather large intercepts, like those reported in the 1980 models. Again, when all other 

independent variables are set to zero, the intercepts indicate that women are far more 

likely to choose any field besides engineering. The intercepts have, however, 

diminished in size. For example, in 1980 women were over 5000 times more likely 

to select liberal arts instead of engineering. However, by 1982, women were only 
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350 times more likely to make this same choice net of all other factors. 

The high school preparation and skills variables seem to be the most important 

factors in delineating women's major choices in 1982. Again, as in the 1980 models, 

the more years of advanced math a woman had in high school significantly increases 

her chances of choosing an engineering major rather than any other major. The other 

two variables, 3-D visualization skill and the number of high school physical science 

courses, distinguish the liberal arts and business majors from those who chose the 

more "quantitative" fields of math, science and engineering. Higher levels of either 

of these measures increases the likelihood of selection of an engineering major versus 

the liberal arts or business. 
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Table 4.7 Logit Coefficients, Models of 1982 Major, Females 

Math & 
Life Physical 

Liberal Arts Business Sciences Sciences 

Intercept 5.859 * 4.820 * 4.790 * 3.758 * 
Race 

Hispanic -0.094 -0.198 -0.148 -0.176 

Black -0.649 * -0.274 -0.249 -0.214 

SES, 1980 -0.027 -0.088 -0.053 -0.234 

GPA, 1982 0.298 0.400 0.183 0.068 

High School -1.011 * -0.852 * -0.953 * -0.744 * 
Math Courses 

HS Physical -0.645 * -0.934 * -0.075 -0.422 
Science Courses 

3-D Visualization -0.363 * -0.342 * -0.304 -0_117 
Skill, Standardized 

Career -0.129 0.085 0.028 -0.096 
Orientation, 1982 

Farnil y 0.210 0.267 0.284 * 0.153 
Orientation, 1982 

Intrinsic 0.272 0.178 0.112 -0.002 
Rewards 1980 

Sa~le Size 1521 
Likelihood Ratio 3829.36 
Degrees of 6040 

Freedom 

9:(0) = -2448.0, ;£(in = -1914.7 

p2 = .212, p2 = .209 

* indicates significance at p < .05. 



Table 4.8. Transformed Coefficients, 1982 Major, Females 

Math & 
Liberal Life Physical 

Arts Business Sciences Sciences 

Intercept 350.4 124.0 120.3 42.8 

Race 
Hispanic 0.9 O.E. 0.9 0.8 

(1.1) (1.2) (1.2) (1.2) 

Black 0.5 0.8 0.8 0.8 
(1.9) (1.3) (1.3) (1.2) 

SES, 1980 1.0 0.9 0.9 0.8 
(1.1) (1.1 ) (1.3) 

GPA, 1982 1.3 1.5 1.2 1.1 

High School 0.4 0.4 0.4 0.5 
Math Courses (2.7) (2.3) (2.6) (2.1) 

HS Physical 0.5 0.4 0.9 0.7 
Science Courses (1.9) (2.5) (1.1) (1.5) 

3-0 Visualization 0.7 0.7 0.7 0_9 
Skill, Standardized (1.4) (1.4) (1.4) (1.1) 

Career 0.9 1.1 1.0 0_9 
Orientation, 1982 (1.1) (1.1) 

Family 1.2 1.3 1.3 1.2 
Orientation, 1982 

Intrinsic 1.3 1.2 1-1 1.0 
Rewards 1980 

*Note: For transformed coefficients < 1, the inverse is shown in parentheses below 
the coefficient. Due to rounding, inverses for the same number vary. 
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4.3 Assessing Model Fit 

There are several problems associated with assessing the fit of multinomial 

logit models. Due to the sparseness of the data in the multidimensional table 

generated prior to estimation, the chi-square statistics are inappropriate for testing 

model fit but are one way to compare models (Agresti 1991). Two other statistics, p2 

and li, are used by Ben-Akiva and Lerman (1985) to compare models. 

Where: 

1 - ~(l3) 
~(O) 

;;2 = 1 _ ~(l3) - K 
~(O) 

(4.1) 

(4.2) 

~(l3) = value of log-likelihood junction with estimated parameters, 
~(O) = value of log-likelihood junction when all parameters = 0, 

K = number of estimated parameters. 

The tables that report the results for the models indicate several statistics, including 

p2, p2, ~(O), ~(B), and the likelihood-ratio chi-square. Table 4.9 summarizes 

statistics for the four models I have presented here. 
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I I 
Males Females Males Females 

Statistic 1980 1980 1982 1982 

Likelihood Ratio 3271.01 3683.56 3317.82 3829.36 
Chi-Square 

-2[~(0) - ~(B)] 469.32 1212.35 451.49 1066.55 

p2 0.125 0.248 0.120 0.212 

Ji 0.113 0.238 0.108 0.209 

Table 4.9 Comparisons of Model Fit 

As shown in Table 4.9, the 1980 models do a better job of fitting the data and 

the models of female major choice do a better job of describing females' choices than 

the similar models of male's major choices as indicated by the greater reduction 

-2[~(0) - ~(B)] and the higher values of p2 and p2. However, similar to those 

reported by Ben-Akiva and Lerman (1985), the p2 and p2 values for all of the models 

are quite low. In all cases, the likelihood-ratio chi-square as computed by SAS is 

significant, indicating that, taken as a whole, the variables specified by the models are 

significantly related to major choice, the dependent variable. 

Two other analyses to assess model fit were performed. Both rely upon 

analyzing the predicted distributions of majors. The MNL models were evaluated at 

the appropriate group means. The term "group" refers to sex = {male, female}. 

Since race was a categorical variable, the coefficients associated with this variable are 

increments to the intercept for race. Therefore, distributions for race = {Hispanic, 
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Black, White} were computed. In total, given year = {1980, 1982}, twelve different 

Year-by-Race-by-Sex distributions of students among the five categories of major 

choice were estimated. 

The first technique to assess fit of the MNL employed a different chi-square 

technique. Given the predicted distributions, I computed expected cell frequencies for 

each major field of study using equation 4.3. 

Where: 

E[fvl;] = expected frequency of cell ijk, 
nijk = total sample size of group ij € year Ie, 
Pijk = predicted percent of group jk €year i, . 

i = sex = {male, female}, 
j = race = (Hispanic, BUzck, White) 

(4.3) 

Once predicted cell frequencies are computed, these can be compared to observed (or 

actual) cell frequencies using a straight-forward chi-square test with 5-1 =4 degrees of 

freedom. This analysis will answer the question: do the distributions of students 

across the five categories of major choice predicted by the MNL models evaluated at 

relevent group means on the independent variables accurately represent the actual 

distribution? Results of this analysis are reported in Tables 4.10 through 4.13. 

Another technique, reported in Ben-Akiva and Lerman (1985) was used to 

answer the question: how well was each separate category of major choice modelled 
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by the MNL models? Ben-Akiva and Lerman report a 95 % confidence interval for 

observed cell frequencies. The confidence intervals were determined by estimating 

the variance of the multinomial variable as the variance of a binomial distribution, 

given in equation 4.4. Then, equation 4.5 was used to define the upper and lower 

limits of a 95 % confidence interval on the observed cell frequency. 

(4.4) 

(4.5) 

Where nijkl is the observed frequency, Pijkl is the observed proportion who 

chose major category 1 in year k, and the subscript ij refers to the race by sex group. 

The confidence interval is one way to determine how well the fitted model predicts 

the distribution of the sample across the categories of the dependent variable. If the 

predicted frequency falls within the 95% confidence interval, then the model can be 

said to accurately reflect the choice of that major, 1, among the group ij during year 

k. If the predicted frequency is greater than the upper limit of the confidence 

interval, then it can be said that the model overestimates participation of members of 

group ij in major I during year k. On the other hand, if the predicted frequency is 

less than the lower limit of the confidence interval, then the model is said to 

underestimate the rate of participation of group ij in major 1 during year k. The 

results of this analysis are reported in Tables 4.10 through 4.13. 
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Tables 4.10 through 4.13 enable me to answer two related questions. First, is 

the expected distribution (computed from the MNL equations evaluated at relevent 

group means on the independent variables) of students among the five categories of 

major choice statistically the same as the actual distribution of students? This 

question is answered by the chi-square test, the result and significance of which are 

reported in the tables. The second question, then, how accurate are these models in 

predicting each of the categories of major choice for each sub sample given that 

estimates are based on an evaluation of the model at the group means on the 

independent variables? This question can be answered by determining whether the 

expected frequency as predicted by the model is within a 95 % confidence interval of 

the observed frequency. One word of caution: only female and male group means 

were used. Separate group means for blacks and Hispanics were not included in these 

analyses. It is most likely that there is, indeed, an interaction effect between race and 

the independent variables. However, the focus of this dissertation is on sex 

differences, with the myriad issues relevant to race by sex differences left for later 

work. 

As can be seen in Tables 4.10 through 4.13, the models constructed here do 

accurately reproduce the actual distribution of males in 1980 but not females in 1980. 

The 1982 models do not accurately predict the distribution of white males and females 

among the five categories of major choice but these same models do predict black and 

Hispanic male and female major choices in 1982. These findings are indicated by the 



chi-square associated with each model as compared to a chi-square with 5-1 =4 

degrees of freedom at the 95% level of confidence (ex = .05). 
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Upon closer examination of the results shown in Tables 4.10 and 4.12, the 

comparison of predictions from the male 1980 and 1982 models respectively, it can be 

seen that these models accurately predict the number of men who major in the liberal 

arts regardless of race and year. In all cases, participation rates in business and 

engineering are either accurate or underestimated by these models. Participation rates 

for men in the life sciences and math and physical sciences categories of major choice 

are either accurate or overestimated. These discrepancies are most likely due to the 

ambiguity -- especially the rather inadequate measures of values and attitudes -- of 

the independent variables. That is, as reported earlier in this chapter, the independent 

variables I have measured most clearly distinguished male engineers from liberal arts 

majors. These variables also differentiated engineering majors from business majors 

to a lesser extent and were least able to differentiate engineering majors from the 

math and physical science majors. 

The pattern of discrepancies in the female comparisons reported in Tables 4.11 

and 4.13 are rather interesting. As indicated by the chi-square tests, none of the 1980 

predicted distributions of women by race across the five categories of major choice 

are significant. The source of the error is revealed by comparing the predicted values 

to the 95% confidence intervals of the actual values. For white women, the 1980 

MNL models are very accurate in predicting the first four categories of choices: 
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liberal arts, business, life sciences and math and physical sciences. However, the rate 

of participation in engineering is substantially underestimated (by about 58.7%). 

Black women's participation in both the liberal arts and life sciences categories are 

overestimated, while participation in engineering and business categories are 

underestimated. The extent of the underestimation of engineering is 70%. Finally, 

looking at the accuracy in predicting Hispanic women's major choices in 1980, the 

MNL models are quite accurate in predicting the rates of participation in business, 

liberal arts and math and physical science categories. However, the models 

overestimate Hispanic women's participation in life sciences and underestimate (at 

about 58.3 %) participation in engineering. 

The accuracy of the 1982 models of women's major choice is somewhat better 

than that of the 1980 models since the chi-square associated with the black and 

Hispanic females' distributions are significant (although the white female predicted 

distribution is still significantly different that the actual distribution). The source of 

error for the models' estimates of white females' major choices are even greater than 

those evident in the 1980 models. The 1982 MNL overestimate white women's 

participation in both business and life sciences but significantly underestimate their 

participation in the liberal arts and engineering (engineering is underestimated by 

47.4%). Both black and Hispanic women's participation in liberal arts, business, life 

sciences and math and physical sciences fields of study are accurately predicted by the 

models. However, again, participation rates in engineering are underestimated by 
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32.8% for black women and by 50% for Hispanic women. 

With respect to selection of the engineering major, the models presented here, 

for both 1980 and 1982 are most accurate in predicting black males' choice of 

engineering and are somewhat accurate in predicting the choices of white and 

Hispanic males. However, the models consistently underestimate the rate of 

participation of women in engineering. One possible source of estimation error in 

general is measurement error, including unmeasured factors. Though part of the 

cause of this underestimation may be unmeasured factors associated with major choice 

that would delineate female engineering students from other female students, another 

source of error concerns the small number of women in the sample who selected 

engineering. In short, since the MNL estimated likelihood of all other majors 

compared to engineering, and since there were so few women who had selected 

engineering, the MNL coefficients, may have underestimated the likelihood that 

women would select engineering because of the low marginal probability that a 

woman would select engineering. 
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Math & 
Liberal Life Physical 

Arts Business Sciences Sciences Engineering 

White 
x2 = 2.89 * 

Observed 305 178 179 95 169 
Predicted 301.0 180.6 181.5 107.4 154.6 

95 % Confidence 288.6 164.2 165.2 84.4 155.5 
Interval 321.4 191.8 192.8 105.6 182.5 

Black 
x2 = 6.77 * 

Observed 93 71 45 32 61 
Predicted 92.4 57.4 53.4 41.1 57.7 

95 % Confidence 84.1 62.8 38.1 26.1 53.3 
Interval 101.9 79.2 51.9 37.9 68.7 

Hispanic 
x2 = 8.20 * 

Observed 108 70 63 30 69 
Predicted 98.9 59.2 79.2 38.1 64.3 

95 % Confidence 98.3 61.6 54.9 24.1 60.6 
Interval 117.7 78.4 71.1 35.9 77.4 

Note: * indicates significance at a = .05. 

Table 4.10. Comparison of Observed and Predicted Frequencies, 

Males, 1980 
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Math & 
Liberal Life Physical 

Arts Business Sciences Sciences Engineering 

White 
x2 = 26.75 

Observed 523 220 296 63 30 
Predicted 518.4 233.2 296.6 72.4 12.4 

95 % Confidence 500.2 201.9 275.9 52.5 22.7 
Interval 545.8 238.1 316.8 73.5 37.3 

Black 
x2 = 43.19 

Observed 169 112 107 39 21 
Predicted 193.1 91.8 118.7 38.1 6.3 

95 % Confidence 156.4 100.7 95.9 31.7 15.5 
Interval 181.4 123.3 118.1 46.3 26.5 

Hispanic 
x2 = 16.94 

Observed 186 88 100 23 18 
Predicted 182.2 85.9 112.5 27.0 7.5 

95 % Confidence 172.4 76.9 88.3 16.8 12.4 
Interval 199.6 99.1 111.7 29.2 23.6 

Note: * indicates significance at ex = .05. 

Table 4.11. Comparison of Observed and Predicted Frequencies, 

Females, 1980 
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Math & 
Liberal Life Physical 

Arts Business Sciences Sciences Engineering 

White 
x2 = 13.8 

Observed 305 240 112 113 170 
Predicted 310.2 251.9 132.5 111.9 133.5 

95 % Confidence 288.6 224.8 100.7 101.6 156.6 
Interval 321.4 255.2 123.3 124.4 183.4 

Black 
x2 = 7.28 * 

Observed 116 114 40 40 52 
Predicted 117.3 97.0 47.4 52.1 48.1 

95 % Confidence 105.9 104.0 33.2 33.2 44.4 
Interval 126.1 124.0 46.8 46.8 59.6 

Hispanic 
x2 = 6.29 * 

Observed 110 94 51 37 69 
Predicted 107.6 90.6 63.9 42.2 56.3 

95 % Confidence 100.3 84.8 43.7 30.6 60.8 
Interval 119.7 103.2 58.3 43.4 77.2 

Note: * indicates significance at Q' = .05. 

Table 4.12. Comparison of Observed and Predicted Frequencies, 

Males, 1982 
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Math & 
Liberal Life Physical 

Arts Business Sciences Sciences Engineering 

White 
X2 = 30.87 

Observed 570 263 208 75 35 
Predicted 512.2 306.2 231.4 84.0 18.4 

95 % Confidence 546.1 243.0 189.6 63.2 26.8 
Interval 593.9 283.0 226.4 86.8 43.2 

Black 
X2 = 4.27 * 

Observed 184 154 108 42 18 
Predicted 176.6 153.8 118.9 44.5 12.1 

95 % Confidence 170.9 141.5 96.9 34.5 13.0 
Interval 197.1 166.5 119.1 49.5 23.0 

Hispanic 
X2 = 7.85 * 

Observed 191 102 78 30 15 
Predicted 193.0 104.0 82.4 29.1 7.5 

95 % Confidence 177.2 90.1 67.2 22.8 9.8 
Interval 204.8 113.9 88.8 37.2 20.2 

Note: * indicates significance at ex = .05. 

Table 4.13. Comparison of Observed and Predicted Frequencies, 

Females, 1982 
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4.4 Decomposition of Models of Major Choice: Explaining Sex Differences in Major 

Choice 

The goal of the first decomposition procedure is to determine how much the 

percentage of college women who choose to major in engineering would be increased 

if ·women had males' average levels of math and science preparation in high school 

and if women's values and attitudes were the same as men's, but women retained 

their own slope coefficients, or weightings of these attributes relative to the choice of 

college major, and their own intercept parameters, which represent the net evaluation 

of engineering relative to each other major when all other variables are set to zero. I 

am also interested in determining how much of the sex gap in major choice is 

attributable to these "supply side" factors, since these are the factors most often cited 

in policy literature. 

The social scientific literature in which decomposition analysis is often used is 

concerned with estimating the percent of the sex gap in pay between various social 

groups (different racial groups, men and women, etc.). There are usually three 

components that are estimated using regression equations. The first component 

estimates the difference in pay between groups as a function of different average 

group endowments. For example, if men have more work experience and education 

than women, and if education and experience both result in higher pay, then because 

women have less education and experience, that is, fewer or less endowments, women 

will earn less pay than men. 
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A second decomposition, often considered to be part of the portion of the sex 

gap in pay attributable to discrimination, is concerned with sex differences in returns 

to endowments such as education and experience. This decomposition compares the 

slopes in the regression equations of the groups, which are taken to be returns to 

education and experience. If the groups have the same mean levels of education and 

experience, then one way that a sex gap in pay would be observed is if one group has 

greater returns to units of education and experience. 

Two of the decompositions detailed in Jones and Kelley (1984) were modified 

for the MNL and performed. The first procedure required that male group means on 

various independent variables were inserted into the female MNL equations. The 

question to be answered by this decomposition was: "If women had the same 

endowments (Le., means on certain independent variables) as men, would women 

select engineering more often given everything else was the same?" Here I am 

interested in the extent to which changes in women's average levels to men's average 

levels on certain independent variables would result in increased female participation 

in engineering majors, assuming that women retained the parameters of their MNL 

equations as estimated. By manipulating the female MNL models, light can be shed 

on the salience of women's endowments with respect to the issue of major choice. 

A second decomposition described by Jones and Kelley (1984) involves a sort 

of comparisons of returns. The coefficients of the MNL presented here represent 

different weights attached to different skills and attitudes by men and women in their 
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selection of a college major. Though these are not returns in an economic sense - as 

they are with the sex gap in pay question - the sets of coefficients (Le., the MNL 

model) can be viewed as describing a cognitive process. Several researchers (see 

Wolfe 1991 for examples) have documented the phenomenon whereby men on 

average overestimate their abilities, skills, and qualifications while women 

underestimate their abilities, skills and qualifications. Hence, the coefficients for the 

male and female MNLs are not entirely unlike "returns," but relate to group 

differences in terms of cognitive processing. 

For example, if a man and a woman each had two years of high school 

advanced physical science, according to the first equation in Table 4.1, the man 

would be 6.7 (l/exp(2*(-O.952»=6.7) times more likely to select engineering rather 

than liberal arts while, according to the first equation in Table 4.3, the woman would 

be only 2.9 (lIexp(2*(-O.54»=2.9) times more likely to select engineering rather than 

the liberal arts. One way to describe this result is to say that the woman places less 

importance - for whatever reason - than the man on her background in physical 

science than does the man when each selects a major field of study. However, given 

the tendency of men to overestimate and women to underestimate abilities mentioned 

above, this result is not surprising and is an illustration of this estimation 

phenomenon. 

The second decomposition procedure, then, entailed insertion of appropriate 

female group means - specifically, on math, science, visualization skill, and attitudes -
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into the male MNLs. There are two ways of interpreting the results of this second 

decomposition. First, if women's group means on the preparation and skills 

independent variables are lower than those of the men, then when the male's MNL 

equations are evaluated at these lower means, the percentage of men the models 

predict to select engineering will decrease. That is, the amount by which the 

predicted percent of men who would choose engineering decreased when female 

group means are used to evaluate the male MNL model tells us how much the 

percentage of men choosing engineering would decrease if men, as a group, possessed 

women's group means on the independent variables. Clearly, few educators would 

be willing to encourage high school boys to take fewer math and science courses as a 

means to alter the sex composition of engineering students in college. However, 

since this procedure involves estimation of the gap in male and female selection of 

engineering based on females' group means given males' MNL equations - t~at is, 

males' cognitive model of major choice, which included both the intercepts and the 

logit coefficients - the results of this procedure provide some insight into the 

question: "What if women thought the way men thought when they chose a college 

major?" In this case, women would retain their group means on the independent 

variables, but these independent variables would be weighted by the men's MNL 

equations. This latter interpretation will be the interpretation adopted here. 

In addition to assessing the relative importance of endowments versus the 

cognitive model in predicting major choice for women, the related question, 
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concerning the gap between men's and women's choice of engineering, then, is 

straight-forward to answer based on these computations. The change in the size of 

this gap can be estimated using equation (4.6). 

% Gap Explained = Actual Gap - Predicted Gap 
Actual Gap 

* 100% (4.6) 

The results of the decomposition analyses are shown in Figures 4.1-4.3. The 

bar graph in Figure 4.1 shows the incremental change in women's participation in the 

engineering major due to assigning them male group means on the preparation, skills 

and attitude measures. Both the 1980 and 1982 differences are shown. If on average 

women were as "well prepared" as men in terms of math, science and visualization 

skill, then another .85 % of women in 1980 and an additional 1.1 % of women in 1982 

would select engineering. If women's attitudes were the same as men's, then another 

.34% of women in 1980 and .2% in 1982 would be expected to select engineering. 

Since women's average grade point averages in 1980 and 1982 were significantly 

higher than men's, this variable was not manipulated in these analyses. 

Figure 4.2 summarizes the increase in the percent of women who would select 

engineering due to both the endowments and cognitive model decompositions. In 

1980, an additional 1.2 % of college-bound women would intend to major in 

engineering, while in 1982 another 1.3% of all college women would select an 

engineering major if women were assigned male group means on the preparation, 
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skills, and attitude measures within the context of the female MNL equations. 

However, another 7.4% of women in 1980 and 6.4% of women in 1982 would 

choose engineering if women's group means were held constant, but were evaluated 

within the context of the male's MNL, the male "cognitive mode1." These latter 

results answer the question: "What if women's attributes remained fixed, but the 

factors that contributed women's decision regarding major choice were given the same 

weights as men?" In this case, weights refer not only to the slopes, but also the 

intercepts of the MNL equations, which represent net weights associated with each 

field of study compared to engineering when all other independent variables are zero. 

Figure 4.3 shows the percent of the sex gap in the choice of engineering 

explained by both decompositions. First, the sex differences in the independent 

variables, when the female MNLs are evaluated at the male group means on some 

variables, but other parameters remain unchanged are shown. Though the graph does 

not break out specific endowments, I will discuss the relative impact of each of the 

four sets of independent variables incorporated as endowments separately. Two other 

bars in this graph indicate the percent of the sex gap explained by the cognitive model 

decomposition, which estimated women's participation in engineering as a function of 

the male MNL equations, where women's means on the independent variables 

remained unchanged. 

The graph in Figure 4.3 indicates that a rather large portion of the sex gap in 

the intent to major in engineering (1980) as well as the choice of engineering in 1982 
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was explained by the cognitive model decomposition, i.e., by differences in the 

intercepts and slopes of the male and female MNL equations. When the male MNL 

equations were evaluated at the female group means, 47.4% of the 1980 sex gap and 

45.1 % of the 1982 sex gap in engineering was explained. Far less of the sex gap was 

explained by mean sex differences in endowments. Only 7.8% of the 1980 sex gap 

and 9.2% of the 1982 sex gap in engineering was explained when women were 

assigned the male group means on the preparation, skills and attitude measures, 

within the femal~ MNL equations. 

The difference in the average number of math courses taken by males versus 

females explains 3.3% of the 1980 gap and 3.5% of the 1982 gap in the decision to 

major in engineering. The difference in the average number of science courses taken 

by males versus females explains 1.3% of the 1980 gap and 2.8% of the 1982 sex 

gap. The effect of the sex difference in 3-D visualization skill is also shown to be 

slightly greater in 1982 than in 1980. In 1980, 1.0% of the sex gap in the choice of 

engineering is attributable to the sex difference in visualization skill, while in 1982, 

1.4 % of the sex gap is explained by this difference. Finally, attitudes playa larger 

role in the sex gap in choices made in 1980 than those made in 1982. In 1980, male 

and female differences in attitudes explained 2.2 % of the sex gap while in 1982 only 

1.5 % of the sex gap in the choice of an engineering major was attributable to sex 

differences in attitudes. In total, 7.7% of the 1982 gap and 5.6% of the 1980 sex gap 

in males' and females' choice of the engineering major are explained by the different 
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preparation and skills endowments of these groups. When attitudes are also defined 

as endowments, a total of 7.8% of the 1980 gap and 9.2% of the 1982 sex gap in the 

choice of engineering are explained. 

One reason for these relatively small incremental differences in women's 

participation in engineering could be due to the problems associated with the fit of the 

female MNL's. In general, women's participation in engineering tended to be 

underestimated by the model. Therefore, the 7.7% and 9.2% estimates of the percent 

of the sex gap in selection of an engineering major can be interpreted as conservative. 

That is, if the models underestimate women's participation in engineering, then when 

different estimates are produced using these same equations, it is not unreasonable 

that these also would be underestimated. 
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4.5 Summary 

Comparison of both the male and female MNL models of 1980 and 1982 

majors indicates that although attitudes played some role in differentiating students' 

intentions reported in 1980, such attitudes were far less important in 1982. In the 

1980 MNL's, 50% of males' and 37.5% of females' coefficients associated with the 

attitude measures were significant. However, in 1982, only two significant 

coefficients for males and one significant coefficient for females are noted. The 

change in the relative importance of attitudes in choice of major in 1980 versus 1982 

may be due to several factors. It could be that students' perceptions of majors while 

they were still in high school vis a vis the match between majors and attitudes was not 

affirmed during the first two years of college. Hence, although attitudes made a 

difference when intended majors were compared, after the first few semesters of 

college, students' major choices no longer reflected attitude differences. Perhaps 

students came to realize that attitudes did not preclude certain choices. 

Only one attitude measured in 1980 was used in the 1982 MNL's: the 

importance of the intrinsic rewards of work. Though this measure was significant in 

delineating engineers from other majors in 1980 for both men and women (four of the 

eight coefficients associated with this measure were significant), this exact same 

measure had far less importance in 1982. It is possible that the better information 

provided during the first couple of years of college attendance enabled students to see 

the ways that any major might lead to work that was intrinsically rewarding. Though 
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engineering may have been perceived by high school seniors as not as intrinsically 

rewarding as other majors, by 1982 this opinion had changed. Hence, students who 

placed a high value on this attribute of work were just as likely to select engineering 

as most other fields, except life sciences, once they learned what was involved with 

engineering. 

The high school preparation variables were somewhat important in 1980, but 

the relevance of these measures in differentiating students with respect to major 

choice was more important in 1982 as indicated by the presence of more significant 

coefficients for these variables as well as the larger size of these coefficients in 1982 

as compared to 1980. By 1982, students who had not been prepared for the math, 

science and technical coursework required of engineering majors may have changed 

majors. Also, students who possessed the math, science and technical prerequisites 

and who had little knowledge of engineering prior to attending college may have 

switched into engineering. 

In terms of the control variables, females' socioeconomic status and grade 

point average were not significant discriminating variables, net of academic 

background, but non-white females are likely to differ from white students vvith 

respect to choices made in 1980 and 1982. For males, however, racial status does 

not differentiate major choice net of SES and academic background, but 

socioeconomic status and academic performance as measured by grade point average 

do delineate (to a limited extent) major choices. 
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The findings regarding the significance of college grade point average have an 

important policy implication for engineering schools. Although engineering students 

and professors alike believe that technical courses are more time consuming and 

difficult than humanities and social science courses (see Perrucci and Gerstl 1969 for 

example), the fact that males with high grade point averages are more likely to select 

math and physical sciences rather than engineering can not be explained away with 

this same argument. For engineering schools this means that if grade point average is 

taken as a measure of the "best" students, then engineering schools are not able to 

attract the "best" male undergraduate students. For each additional unit of GPA, 

male students were 1.6 times more likely to major in the liberal arts and 1.8 times 

more likely to choose math and physical sciences than engineering. 

As demonstrated in research conducted at the University of Arizona (Craddock 

1993), women's grade point averages were, on average, higher than men's grade 

point averages in all major fields of study. The findings here indicate that college and 

high school grade point averages did not delineate female engineering students from 

female students in other fields of study. This means that engineering schools could 

probably be enhanced with the addition of more women. This also implies that if 

engineering schools were to raise their GPA standards in response to a tightening of 

the engineering job market, then more men than women would be excluded, rather 

than the reverse case often cited by educators. 

The results of the decomposition imply that when females' average levels of 
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math and science preparation, 3-D visualization skill are improved and when females' 

attitudes were adjusted to be equal to males', the improvement in mathematics 

preparation was the most important of these variables with respect to increasing the 

number of women who would be expected to major in engineering. However, only 

9.2 % of the sex gap in the selection of an engineering major was explained by sex 

differences in math and science preparation in high school, 3-D visualization skill and 

attitude measures combined. When the male MNL equations were evaluated at the 

female means, however, substantially more of the sex gap in the selection of 

engineering was explained. If women's means on the independent variables remained 

unchanged, but women operated under the same cognitive model as men, nearly half 

of the sex gap (47.4% in 1980 and 45.1 % in 1982) could be explained. Instead of 

3.3% of all college women selecting engineering in 1982,9.7% of such women 

would choose to major in engineering. 

The models I have specified here focus on supply-side factors in the choice of 

an engineering major and do not incorporate demand-side factors. Since engineering 

schools at many universities compete for students with other schools (eg. the business 

school, arts and sciences, etc.), demand-side is used here in a more general way than 

when economists refer to firms in search of workers. The demand-side factors such 

as the culture of engineering, women as a proportion of all engineering students at a 

given college, the availability of special services for women at engineering schools 

will be considered in Chapter 6. 
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CHAPTER 5 

RETENTION IN COLLEGE: EARNING A BACHELORS DEGREE 

This chapter will answer the following questions: which factors enable men 

and women to finish college in a timely fashion and which factors explain the gender 

differences in bachelors degree field of study? Here, outcomes are two-fold. First, 

after attending college during the period of interest, fall, 1980 through spring, 1986, 

students will vary as to whether they received a bachelors degree, were still in 

college, or dropped out of college during that time. Second, there may be variations 

in the fields in which males and females receive their degrees. 

Chapter 5 is divided into three sections. In the first section, 5.1, I examine 

differences in post-secondary educational status as of 1984 and 1986. Multinomial 

logits (MNL) are constructed to determine the relative importance of structural 

characteristics, college performance, high school preparation, and attitudes as 

determinants of the post-secondary outcomes of dropping out of college, completing a 

bachelors degree, and remaining in college at two points in time, 1984 and 1986. 

In section 5.2 students' engineering and non-engineering bachelors degree 

recipients are compared. Also, bachelors degree fields of study are modelled using 

the MNL, comparable to the models in Chapter 4. The dependent variable in these 

models is the bachelors degree field of study using the same categories as the 

dependent variables in Chapter 4. Only students who received a bachelors degree by 
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1986 were included in these analyses. The MNL of bachelors degree field of study 

are analyzed by means of the decomposition procedures set forth in Chapter 4 in 

order to determine sex differences in completion of degree programs. 

Section 5.3 includes summary measures from transition matrices (the full 

matrices are in Appendix C) of students' majors at one point in time versus their 

major at another point in time. The analysis of transition matrices is to compare male 

and female students' changes and persistence in major fields of study during college. 

Three questions to be answered in this section. First, is the attrition from engineering 

programs greater than other programs of study? Second, to what majors do 

engineering students switch? Finally, from what majors do engineering schools 

attract new engineering majors? 

5.1 College Retention 

The first question of interest concerns gender differences in completion of 

post-secondary education programs. The students in this sample first attended college 

in the fall of 1980 or spring of 1981, so by the spring of 1984, some of them would 

have completed a four-year degree. During the 1980's students increasingly needed 

more than four years to complete bachelors degree, hence, inclusion of provided in 

the 1986 third follow-up survey yields a larger sample of students who had completed 

college. Tables 5.1 and 5.2 show the distribution of students across the categories of 

two measures of post-secondary education status, coded as: 
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(1) Left college without a bachelors degree (dropped out). 

(2) Still in college, no bachelors degree. 

(3) Earned a first bachelors degree. 

Students were coded as "Still in college" if they reported during the relevant 

questionnaire (1984 or 1986) that they had taken a post-secondary course since the 

time of the previous survey but who did not yet report having earned a bachelors 

degree. This means that if a student earned a bachelors degree in 1984 - as reflected 

by either their own responses or by their transcripts - then her/his post-secondary 

education status for both 1984 and 1986 would be coded as 3, even if the student 

actually reported attending college classes in 1986. I am interested in attainment of 

the first bachelors degree, which often requires more than four years to earn. 

Table 5.1 shows that relatively few students had "dropped out" of college by 

the time of the second follow-up in 1984. Slightly more women (14.1 %) than men 

(11.3 %) had not taken any college classes since the time of the first follow-up. It 

should be noted that many of the students who were still in college but had yet to earn 

a degree may be part-time students who worked while attending classes. It is not 

unusual for students to take classes when they are able and to take a semester or two 

off to work. College administrators may believe such students have "dropped out" 

because of their slow progress towards a degree, but family care-taking 

responsibilities and paid labor force participation may influence the time available for 

course-taking by students. 
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The data Tables 5.1 and 5.2 indicate that a bachelors degree often requires 

more than four years. By 1984 only 18.7% of males and 20.1 % of females had 

earned a bachelors degree. By the spring of 1986, however, far more students had 

earned a bachelors degree: 41.1 % of the men and 40.7% of the women in the sample, 

comparable to national statistics Statistical Abstract of the U.S. 1992). 

These tables show important differences in college "drop out" rates. Low 

rates of completion are a source of concern among college administrators. However, 

due to the spiraling cost of a college education, even at public universities, more 

students are taking longer to finish a bachelors degree program. It is significant that 

relatively few students had dropped out by 1984, but that by 1986 - two years into the 

second term of Ronald Reagan - almost one quarter of men and more than a quarter 

of all women had decided to "call it quits" on college. The MNL of the post-

secondary education status variables will shed light on differences in completion 

among students. 

Males Females 

Number Percent Number Percent 

Left College wlo a 209 11.3% 326 14.1 % 
Degree 

Still in College 1290 70.0% 1524 65.8% 

Completed a Bachelors 345 18.7% 466 20.1 % 
Degree 

Table 5.1. Post-Secondary Education Status as of 1984 



165 

Tables 5.3 and 5.4 report means and standard deviations of males and females 

(respectively) by 1984 post-secondary education status. For both males and females, 

there was a strong relationship between SES and post-secondary education status in 

1984 and 1986. Students who earned bachelors degrees were from, on average, the 

highest SES families. Students who left college without a bachelors degree (Le., 

dropped out) were, on average, from the lowest SES families. High school grade 

point averages were also significantly higher for those still in college and were highest 

for those who had earned a bachelors degree by 1984 than for those who had dropped 

out of college by 1984. For men, college grade point average, measured in 1982, 

also varied significantly by post-secondary education status. However, there was no 

significant difference in the average GPA of women who were still in college versus 

those who had dropped out of college by 1984. Students (both men and women) who 

Males Females 

Number Percent Number Percent 

Left College wlo a 460 24.9% 680 29.4% 
Degree 

Still in College 626 33.9% 693 29.9% 

Completed a Bachelors 758 41.1% 943 40.7% 
Degree 

Table 5.2. Post-Secondary Education Status as of 1986 

graduated from college by 1984 had significantly higher mean 3-D visualization skill 

than those who had dropped out of college or were still in college as of 1984. 



Table 5.3 Means and Standard Deviations (in Parentheses) By Levels of 
1984 Post-Secondary Education Status, Males 

Dropped Bachelors 
Out of Still in Degree 
college College Earned 

SES, 1980 -0.215 < 0.058 < 0.360 
(0.744) (0.757) (0.741) 

High School GPA 2.746 < 3.000 < 3.441 
(0.646) (0.647) (0.542) 

3-D Visualization 0.282 = 0.391 < 0.666 
Skill, 1980 (1.070) (1.075) (1. 084) 

GPA, 1982 2.369 < 2.674 < 3.062 
(0.686) (0.627) (0.'568) 

% Change in GPA -10.7% -7.9% -9.7% 
1980-1982 (0.306) (0.268) (0.190) 

Family 0.009 = -0.045 = 0.011 
Orientation, 1984 (1.010) (1.050) (0.978) 

Career 0.015 0.078 0.107 
Orientation, 1984 (0.939) (0.905) (0.893) 

Work & College 1.837 < 3.933 3.661 
1984 (1. 705) (2.826) (3.077) 
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Table 5.4 Means and Standard Deviations (in Parentheses) By Levels of 
1984 Post-Secondary Education Status, Females 

Dropped Bachelors 
Out of Still in Degree 
College college Earned 

SES, 1980 -0.261 < -0.058 < 0.256 
(0.673) (0.779) (0.779) 

High School GPA 2.928 < 3.155 < 3.569 
(0.638) (0.616) (0.479) 

3-D Visualization -0.011 0.096 < 0.350 
Skill , 1980 (0.918) (0.951) (0.961) 

GPA, 1982 2.611 2.704 < 3.070 
(0.666) (0.612) (0.537) 

% Change in GPA -10.0% = -12.0% -13.3% 
1980-1982 (0.252) (0.236) (» (0.148) 

Family 0.150 0.046 0.011 
Orientation, 1984 (0.931) (0.967) (1.017) 

Career -0.212 < 0.089 0.127 
Orientation, 1984 (1. 218) (0.891) « ) (0.848) 

Work & College 1.564 < 3.942 < 4.579 
1984 (1.509) (2.835) (2.972) 
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There were no significant differences between students of different college 

enrollment statuses for either of the two attitude measures, family orientation and 

career orientation, among males. Though women's average scores on the family 

orientation measure also did not vary significantly with post-secondary education 
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status (1984), women's scores on the career orientation measure did vary, with female 

drop-outs scoring lower, on average, than other women in 1984. 

Table 5.5 summarizes the sex differences in the means and standard deviations 

reported in Tables 5.3 and 5.4. The differences shown in Table 5.5 are not 

substantially different than those documented in Chapter 3. In short, males who were 

still in college as of 1984 came from families with higher average SES than similar 

females. However, there was no significant sex difference among those who had 

dropped out or those who had graduated with a bachelors degree with respect to 

parents' average SES. Women's average high school GPAs were significantly greater 

than men's. Women who dropped out of college by 1984 had significantly higher 

college grade point averages than similar men, though this sex difference is not 

apparent among other post-secondary education statuses. Finally, males and females 

within categories of post-secondary education status did not differ significantly in 

terms of the two attitude measures: career orientation and family orientation, 

measured in 1984. 

Table 5.6 compares family status by post-secondary education status and sex. 

One fifth of all women and 12% of all men in this sample were married as of 1984. 



Table 5.5 Summary of Sex Differences, By Levels of Post-Secondary 
Education Status, 1984 

Dropped Bachelors 
Out of Still in Degree 
College College Earned 

SES, 1980 M=F M>F M=F 

High School GPA M<F M<F M<F 

3-D Visualization M>F M>F M>F 
Skill, 1980 

GPA, 1982 M<F M=F M=F 

% Change in GPA M=F M<F M<F 
1980-1982 

Family M=F M=F M=F 
Orientation, 1984 

Career M=F M=F M=F 
Orientation, 1984 

Work & College M=F M=F M<F 
1984 
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M>F: Males' average was significantly greater (0 = .05) than 
females' average. 

M<F: Males' average was significantly lesser (0 = .05) than 
females' average. 

M=F: Males' average was not significantly different (0 = .05) than 
females' average. 
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Table 5.6 Family Status of Students by Sex By 1984 Post-Secondary Education Status 

Dropped Out of Still in Earned a Bachelors 
College by 1984 College, 1984 Degree by 1984 Overall 

Males Females Males Females Males Females Males Females 

Marri ed, 1984 58 167 135 276 28 42 221 485 
27.8X 51.2X 10.5% 18.1% 8.1% 9.0% 12.0% 20.9% 

Had Children, 1984 36 112 78 154 6 6 120 272 
17.2X 34.4X 6.0X 10.1% 1.7% 1.3% 6.5% 11. 7"" 

Family & College, 1984 0 1 15 73 3 19 18 93 
O.OX 0.3X 1.2% 4.8% 0.9% 4.1% 1.0% 4.0% 

SES, 1980 
Low 76 119 304 431 47 91 427 641 

37.2% 37.0% 24.0% 28.7"1. 13.7% 19.6% 23.2% 27.7% 

Low-Middle 43 80 261 345 52 77 356 502 
21.1% 24.8% 20.9% 23.0% 15.2% 16.6% 19.3% 21.7"1. 

Upper-Middle 46 79 327 330 90 103 463 512 
22.6% 24.5% 25.8% 22.0% 26.3% 22.2% 25.1% 22.1% 

Upper 39 44 376 396 153 192 568 632 
19.1% 13.7% 29.6% 26.4% 44.7% 41.5% 30.8% 27.3% 

Percents reported are of all in each post-secondary education category. Example: 27.8% of all 
males who had dropped out of college by 1984 were married as of 1984 and 51.2% of all females 
who had dropped out by 1984 were married as of 1984. 
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Marriage and children are both related to post-secondary education status. More than 

half of all women and more than one fourth of all men who had dropped out of 

college by 1984 were married as of that year. Though most students with children 

were still in college in 1984, students who dropped out of college were more likely to 

have children. For example, more than a third of all women who dropped out had 

children as of 1984. The lowest rates of marriage and child bearing were among 

those students who had earned a bachelors degree by 1984. Only 8.1 % of men and 

9.0% of women who had earned a bachelors degree by 1984 were married by that 

time. The 12 students with children who had completed college by 1984 represent 

only 3.1 % of all students with children. 

Finally, Table 5.6 reports the SES quartile distribution for these students. 

Students from upper quartile SES families were likely to complete a bachelors degree 

by 1984. Students from lower and lower-middle SES families were least likely to 

complete bachelors degrees by 1984. 

Table 5.7 and 5.8 report means and standard deviations by 1986 post

secondary education status. The significant differences within sex by post-secondary 

education status are shown by the "=," ">," and II < II symbols in the table between 

columns. Table 5.9 reports significant sex differences within categories of post

secondary education status. All two-tailed t-tests of significance were at the c¥ = .05 

level. 

Similar to the relationship between SES and 1984 post-secondary education 
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status, SES was still highly related to post-secondary education status as of 1986 for 

both males and females. Those who had graduated by 1986 with bachelors degrees 

had the highest mean SES scores. Those who were still in college in 1986 had the 

second highest mean SES scores. Finally, those who had dropped out of college by 

1986 were from families with the lowest mean SES scores. 

Both males and females who had earned bachelors degrees by 1986 had the 

highest mean scores (within sex) on the test of 3-D visualization and the highest high 

school grade point averages. Table 5.7 and 5.8 also indicate a strong relationship 

between college performance, as measured by grade point average, and post

secondary education status. Males and females who dropped out of college had the 

lowest mean GP A while those who had graduated by 1986 had the highest mean GP A 

in 1982 and 1984. However, it is important to note that women who dropped out by 

1986 had the same average GPA in 1982 as women who were still in school in 1986. 

Among males, there were no significant differences on the family orientation 

or career orientation scores measured in 1984 and 1986. For women, family 

orientation was not related to post-secondary education status, but career orientation 

does vary with post-secondary education status as it did with 1984 post-secondary 

education status. Women who had received a bachelors degree by 1986 had a higher 

mean score on the measure of career orientation (in 1984) than did women who 

dropped out of college by 1986. Also, women who dropped out by 1986 had the 

lowest mean score on the 1986 measure of career orientation. Both males and 
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females who graduated from college with bachelors degrees by 1986 scored higher on 

the measure of the importance of intrinsic work rewards and significantly lower on 

the measure of the importance of extrinsic work rewards than did students who had 

dropped out by 1986. 

There were significant sex differences in attitudes towards women as well as 

differences among 1986 post-secondary education statuses. The three scales of such 

attitudes, mentioned in Chapter 2 and detailed in Appendix B, were coded so that 

larger positive numbers indicate more traditional attitudes about women's roles. Scale 

A is a composite of attitudes regarding women's appropriate family role. Males' 

traditional notions of women's family role did not differ by 1986 post-secondary 

education status. Women who had dropped out of college by 1986, however, held 

more traditional views of women's family role than did women still in college or who 

had graduated from college by 1986. Males' attitudes about women's appropriate 

family role are consistently more traditional than women's, regardless of 1986 post

secondary educational status. 

Scale B is a composite of attitudes regarding women's appropriate public and 

work role. Students who dropped out of college or who were still in college held 

significantly more traditional notions of women's public role than did students who 

had graduated from college by 1986. Women's attitudes regarding women's public 

role are far less traditional than are men's within each category of 1986 post

secondary education status. 
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Finally, the third scale combines scales A and B. Men who graduated from 

college by 1986 held less traditional attitudes towards women than did men who had 

dropped out of college by 1986. Women who dropped out of college by 1986 held 

more traditional views about women's social role than did women still in college in 

1986. Women who were still in college held more traditional views about women's 

social role than did women who had graduated from college by 1986. 

Table 5.9 summarizes significant mean sex differences. Females' average 

high school GP As were higher than males high school GPAs in every category of 

post-secondary education status, 1986. Males' average scores on the test of 3-D 

visualization were higher than females average scores in every category of post

secondary education status, 1986. There was only one significant sex difference 

regarding the occupational values measures. Females who were still in college scored 

higher than males who were still in college on the measure of the importance of the 

intrinsic rewards of work. Finally, in all cases, males held more "traditional" views 

about women than did women. 

Table 5.10 reports family status by post-secondary education status, 1986, by 

sex. Similar to data in Table 5.6 marriage and children were again related to post

secondary education status in 1986. Students who had dropped out of college by 1986 

were more likely than others to be married or to have children by 1986. Also, by 

1986 more students were married and had children. Women were more likely than 

men to be married within every category of 1986 post-secondary education status. 



Table 5.7 Means and Standard Deviations, By 
1986 Post-Secondary Education Status, Males 

Dropped 
OUt of Still in 
College College 

SES, 1980 -0.137 < 0.007 
(0.741) (0.769) 

High School GPA 2.807 = 2.908 
(0.631) (0.656) 

3-D Visualization 0.233 = 0.405 
Skill, 1980 (1.076) (1.086) 

GPA, 1982 2.466 < 2.635 
(0.666) (0.636) 

GPA, 1984 1.802 < 2.424 
( 1.359) (0.959) 

" Change in GPA, -8.9X = -5.9X 
1980-1982 (0.300) (0.291) 

" Change in GPA, -24.2" > -4.1" 
1982-1984 (0.577) (0.427) 

Family 0.013 -0.054 
Orientation, 1984 (0.102) (1.034) 

Family 0.006 = -0.096 
Orientation, 1986 (0.950) (1.026) 

Career 0.069 = 0.087 
Orientation, 1984 (0.885) (0.909) 

Career 0.076 = 0.128 
Orientation, 1986 (0.927) (0.844) 

Importance of Intrinsic -0.091 = -0.035 
Work Rewards, 1986 (0.996) (0.974) 

Importance of Extrinsic 0.047 = -0.102 
Work Rewards, 1986 (1.048) (1.020) 

Traditional Values (A) 0.170 = 0.117 
About Women, 1986 (0.995) (0.903) 

Traditional Values (B) 0.323 0.186 
About Women, 1986 (0.971) (0.988) 

Traditional Values (A+B) 0.291 0.186 
About Women, 1986 (0.955) (0.914) 

Work & School, 1986 2.583 < 4.869 
(2.374) (3.107) 
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Earned a 
Bachelors 
Degree 

< 0.278 
(0.738) 

< 3.327 
(0.578) 

< 0.568 
(1.064) 

< 2.926 
(0.589) 

< 2.983 
(0.514) 

< -10.4" 
(0.199) 

< 4.2" 
(0.168) 

-0.032 
(1.036) 

= 0.036 
(0.973) 

= 0.073 
(0.918) 

= 0.096 
(0.908) 

0.074 
«) (0.921) 

= -0.186 
(» ( 1.077) 

= 0.075 
(0.959) 

> 0.034 
(0.999) 

0.072 
(» (0.966) 

> 4.230 
(3.214) 
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Table 5.8 Means and Standard Deviations, By 1986 Post-Secondary 
Education Status, Females 

Dropped Earned a 
OUt of Sti II in Bachelors 
College College Degree 

SES, 1980 -0.252 < -0.098 < 0.195 
(0.724) (0.742) (0.790) 

High School GPA 2.996 = 3.072 < 3.460 
(0.633) (0.635) (0.517) 

3-D Visualization -0.012 = 0.106 < 0.256 
Skill, 1980 .(0.921 ) (0.937) (0.978) 

GPA, 1982 2.618 = 2.650 < 2.954 
(0.649) (0.623) (0.558) 

GPA, 1984 1.693 < 2.496 < 3.033 
(1.439) (0.995) (0.522) 

" Change in GPA, -10.3" -11.4" -13.6" 
1980·1982 (0.266) (0.245) (0.165) 

" Change in GPA, -32.9X > -1.7X < 4.1" 
1982·1984 (0.572) (0.412) (0.160) 

Family 0.075 II: 0.048 0.042 
Orientation, 1984 (0.975) (0.949) (0.989) 

Family 0.042 = 0.024 = 0.007 
Orientation, 1986 (1.021) (0.981) (1.026) 

Career -0.057 = 0.065 = 0.126 
Orientation, 1984 (1.029) (0.967) «) (0.846) 

Career -0.190 < 0.071 = -0.009 
Orientation, 1986 (1.063) (0.933) (0.952) 

Importance of Intrinsic 0.033 = 0.113 = 0.169 
Work Rewards, 1986 (0.983) (0.893) «) (0.841) 

Importance of Extrinsic 0.011 ·0.070 = -0.196 
Work Rewards, 1986 (0.980) (1.042) (» (1.030) 

Traditional Values (A) -0.213 > -0.383 = -0.520 
About Women, 1986 (0.985) (0.976) (0.939) 

Traditional Values (B) -0.353 -0.460 > -0.618 
About Women, 1986 (0.824) (0.794) (0.666) 

Traditional Values (A+B) ·0.335 > ·0.501 > -0.681 
About Women, 1986 (0.903) (0.880) (0.832) 

Work & School, 1986 2.575 < 4.400 < 4.894 
(2.305) (3.144) (3.170) 



Table 5.9 Summary of Significant Sex Differences, 1986 

SES, 1980 

High School GPA 

3-D Visualization 
Sleill, 1980 

GPA, 1982 

GPA, 1984 

% Change in GPA, 
1980-1982 

% Change in GPA, 
1982-1984 

Family 
Orientation, 1984 

Family 
Orientation, 1986 

Career 
Orientation, 1984 

Career 
Orientation, 1986 

Importance of Intrinsic 
Worle Rewards, 1986 

Importance of Extrinsic 
Worle Rewards, 1986 

Traditional Values (A) 
About Women, 1986 

Traditional Values (B) 
About Women, 1986 

Traditional Values (A+B) 
About Women, 1986 

Work & College, 1984 

Dropped 
OUt of 
College 

M=F 

M<F 

M>F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M>F 

M=F 

M=F 

M>F 

M>F 

M>F 

M=F 

Still in 
College 

M=F 

M<F 

M>F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M<F 

M=F 

M>F 

M>F 

M>F 

M=F 

Bachelors 
Degree 
Earned 

M=F 

M<F 

M>F 

M=F 

M=F 

M<F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M=F 

M>F 

M>F 

M>F 

M<F 

M>F: Males' average was significantly greater (a = .05) than females' average. 

M<F: Males' average was significantly lesser (a = .05) than females' average. 

M=F: Males' average was not significantly different (a = .05) than females' average. 
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Table 5.10 Family Status of Students by Sex By 1986 Post-Secondary Education Status 

Dropped OUt of StHI in Earned a Bachelors 
College by 1986 Colleg"e, 1986 Degree by 1986 OVerall 

Males Females Males Females Males Females Males Females 

Married, 1984 102 253 71 143 48 89 221 485 
22.2% 37.2% 11.3% 20.6% 6.3% 9.4% 12.0% 20.9X 

Had Children, 1984 69 167 34 85 17 20 120 2n 
15.0% 24.6% 5.4% 12.3% 2.2% 2.1% 6.5% 11.7X 

Married, 1986 161 323 132 206 167 264 460 793 
35.2% 48.1% 21.2% 29.8% 22.1% 28.1% 24.9X 34.2% 

Had Children, 1986 130 269 62 141 44 59 236 469 
28.4% 40.0% 9.9X 20.4% 5.8% 6.3% 12.8% 20.3% 

Family & college, 1986 0 12 13 57 10 54 23 123 
0.0% 1.8% 2.1% 8.2% 1.3% 5.7X 1.2% 5.3% 

SES, 1980 
Low 143 248 162 194 122 199 427 641 

32.1% 37.1% 26.3% 28.5% 28.6% 21.2% 23.2% 27.7X 

Low'Middle 101 169 132 174 123 159 356 502 
22.7X 25.3% 21.5% 25.6% 16.3% 17.0% 19.3% 21.7X 

Upper-Middle 103 141 150 154 210 217 463 512 
23.2% 21.1% 24.4% 22.6% 27.8% 23.1% 25.1% 22.1% 

Upper 98 111 171 158 299 363 568 632 
22.0% 16.6% 27.8% 23.2% 39.7X 38.7X 30.8% 27.3% 

Percents are as of all in each post-secondary education category. Example: 22% of all males 
who had dropped out of college by 1986 were from upper class families and 16.6% of all females 
who had dropped out by 1986 were from upper class families. 
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Women were also more likely than men to have children. Women who had 

earned a bachelors degree by 1986, however, were as likely as similar men to have 

children. Though few did so, women were more likely to report that they kept house 

while attending college than were men. The data in Tables 5.6 and 5.10 seem to 

indicate, however, that household responsibilities "slow" progress towards a degree 

rather than to deter the attainment of a degree. Finally, though there were some 

similarities with the class differences noted in Table 5.6, the distribution of bachelors 

degrees by class quartiles is somewhat more equitable. 

MNLs were constructed in order to test the relative merit of structural 

conditions versus performance and preparation factors as determinants of students' 

post-secondary status as of 1984 and 1986. Structural characteristics, such as work 

and family responsibilities, changing majors or transferring schools, are expected to 

interfere with students' ability to complete a bachelors degree in four years. Students 

who perform poorly in college or who were ill-prepared for college may be either 

thrown out of college (due to failures) or may decide that college is not the best way 

for them to further their interests. Finally, since the focus of this dissertation is on 

the impact of majoring in engineering, another variable is coded to determine the 

additive effect of being an engineering major. It has been argued that engineering 

majors require more preparation in math and science and that engineering students are 

required to take more courses in college to complete their degrees. Furthermore, 

engineering educators (and students) often contend that these courses are more 
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difficult and time consuming than those courses taken by other majors. Hence, 

engineering majors are expected to require more time to complete a bachelors degree 

than those pursuing any of the other major fields of study. 

5.1.1 post-Secondary Education Status, 1984 

Tables 5.11 and 5.12 report the results of models explaining students' post

secondary education status of 1984. There were two dependent variables. The first 

dependent variable answers the question: Why do students drop out of college? This 

variable, DSTAT84, is coded as 0 for those who left college by 1984 without a 

bachelors degree and as 1 for those students who reported either receiving a bachelors 

degree by 1984 or were still in school as of 1984. This latter category (1) is the 

excluded category. 

The second dependent variable, STATUS84, described above, compares the 

factors that explain the three possible statuses: dropping out, staying in school, or 

finishing school with a bachelors degree. The excluded category of the dependent 

variable is "finished college with a bachelors degree." The coefficients of the logits, 

then, are interpreted as comparisons of dropping out of college versus completing 

college with a bachelors degree and as still attending college versus finishing a 

bachelors degree program. 

Tables 5.11 and 5.12 report the results of the "final" models. Initially, models 

were constructed with many more independent variables than are reported here. 
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However, independent variables which were not significant predictors of students' 

post-secondary educational status were eliminated from the analysis. In the case of 

the models of 1984 post-secondary status, all of the attitude measures as well as the 

measure of students' participation in cooperative education programs were dropped 

due to insignificance. 

The MNL intercepts reported in Table 5.11 show that women are less likely to 

drop out of college while men are equally likely to drop out of college as they are to 

complete a bachelors degree or to still be in college in 1984 when all other variables 

are set to zero. After controlling for structural differences and SES, there are no 

significant racial differences among the women in terms of dropping out. Black men 

are less likely than white men to drop out. Parents' SES - net of the structural and 

performance measures - does not significantly impact women's dropping out, but for 

each additional unit of family SES, men were almost two times less likely to drop out 

than to still be in school or to complete a bachelors degree program by 1984. 

In short, net of other factors, men were more likely to drop out who: 

1) come from low SES families, 

2) are white rather than black, 

3) have low high school grade point averages, 

4) transfer to another college, 

5) do not work during college, 

6) do not have family responsibilities to attend to while taking college classes. 
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Net of other factors, women are more likely to drop out who: 

1) are married, 

2) transfer to another college, 

3) do not work during college. 

Table 5.12 reports results of MNL of the dependent variable STATUS84, 

which delineates three post-secondary statuses. When all independent variables are 

set to zero, the intercepts indicate that both men and women were more likely to still 

be in college in 1984 than they were to have completed a bachelors degree by that 

time. But whereas women were equally likely to drop out as they were to complete a 

bachelors degree, men were more likely to drop out than to complete a degree. 

There are many similarities in the factors that explain men's and women's 

post-secondary education status. Both male and female Hispanics are more likely 

than whites to have dropped out or to still be in college than to have completed a 

bachelors degree by 1984. Socioeconomic status (SES) also has a similar effect for 

both sexes: the higher a students' parents' SES, the more likely the student will be to 

complete a bachelors degree by 1984 than to drop out or to still be in college in 1984. 

Students who were well prepared for college, as indicated by their high school 

grade point average, and students who perform well in college relative to their high 

school performance, as indicated by the percent change on their grade point average 

between 1980 and 1982, were more likely to complete college by 1984 with a 
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bachelors degree than they are to drop out or to still be in college. Students were 

also more likely to drop out of college or to still be in college who had transferred to 

different colleges. Finally, both women and men who reported working while taking 

college classes are less likely to drop out than to complete a degree by 1984. 

Furthermore, black men were more likely than white men of similar SES and 

structural circumstances to complete college than to drop out. Black and white men, 

however, were equally likely to still be in college as to complete a bachelors degree 

by 1984. No such difference between black and white women was observed. Males 

who changed majors were also more likely to drop out of college than to complete a 

bachelors degree. The likelihood of males still being in college versus completing 

college by 1984 increased as a function of the number of times males reported 

working while attending classes. Finally, males who indicated that they were 

majoring in engineering as of the first follow-up ("current" major, 1982) were more 

likely than non-engineering students to still be in college than to have earned a 

bachelors degree by 1984. 

There were some significant differences between the female's MNL and the 

male's MNL of 1984 post-secondary education status. For example, though there was 

no significant impact on men's post-secondary education status due to marriage or 

children, these family status variables did influence women's post-secondary education 

status. Women who were married and women who had children in 1984 were far 

more likely to still be in school or to have dropped out of college by 1984 than to 



Table 5.11 Logit Coefficients, Dropping Out of College, 
1984 and 1986, Males and Females 

Dropped Out, 1984 Dropped Out, 1986 
Males Females Males Females 

Intercept -1.242 -5.342 * -5.555 "" -6.970 

Race 
Hispanic 0.140 0.332 -0.094 0.119 

Black -0.665 * -0.205 0.092 -0.327 

SES, 1980 -0.660 * -0.176 -0.113 -0.377 

High School -0.767 * -0.199 -0.574 * -0.421 
GPA 

Percent Change in -1.226 -0.280 -0.622 -0.696 
GPA, 1980-1982 

Percent change in -------- -------- -0.038 -0.730 
GPA, 1982-1984 

Family Responsi- -4.939 ** -1. 812 -7.433 ** -0.823 
bilities 

Semesters Worked -0.252 "" -0.368 * -0.179 "" -0.122 

Children 0.139 0.327 0.552 * 0.301 

Married -0.007 0.526 * 0.181 0.078 

Transferred -1. 906 "" -1.213 "" -0.486 "" -0.605 
Colleges 

changed Majors -0.259 -0.110 -6.788 *"" -7.304 

Engineering -0.144 -4.239 ** -0.440 "" -0.474 
Major, 1982 

Sample Size 1310 1608 1282 1570 
Likelihood Ratio 293.25 393.30 534.60 705.28 
Degrees of Freedom 1298 1596 1270 1557 

--------------------
* significant p < .05. 
** parameter regarded to be infinite. 
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Table 5.12 Multinomial Logit Coefficients, 1984 Post-Secondary Education Status 

Males Females Males Females 
Dropped Dropped still in Still in 

Out Out College College 

Intercept 5.089 * 1.695 * 6.718 * 6.990 * 
Race 

Hispanic 0.693 * 0.718 * 0.605 * 0.408 * 
Black -0.914 * -0.320 -0.268 -0.116 

SES, 1980 -0.931 * -0.458 * -0.309 * -0.326 * 
High School -2.130 * -1. 420 * -1. 558 -1.350 * 

GPA 

Percent Change in -2.873 * -1.844 * -1.872 * -1. 719 * 
GPA, 1980-1982 

Family Responsi- -5.229 ** -1. 942 0.022 -0.111 
bilities, 1984 

Semesters Worked -0.176 * -0.375 * 0.086 * -0.006 

Children, 1984 0.444 0.921 * 0.333 0.626 * 
Married, 1984 0.049 0.753 * 0.074 0.255 * 
Transferred -2.052 * -1. 613 * -0.183 * -0.478 * 

colleges 

Changed Majors -0.360 * -0.275 -0.113 -0.187 * 
Engineering 0.076 -3.707 ** 0.248 * 0.256 

Major, 1982 

Sample Size 1310 1608 
Likelihood Ratio 1441.66 1876.62 
Degrees of Freedom 2595 3191 

--------------------
* significant p < .05. 
** parameter regarded to be infinite. 
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have earned a bachelors degree. Also, though male engineering students were more 

likely to still be in school females engineering majors were equally likely to still be in 

school as to have completed college with a bachelors degree by 1984. 

5.1.2 Post-Secondary Education Status, 1986 

Tables 5.11, 5.13, and 5.14 report results of MNL comparing students' 1986 

post-secondary education status. Three dependent variables were used. First, 

consistent with the models discussed above, a dummy variable, DSTA T86, was coded 

as 0 for those who left college without a bachelors degree (dropped out) by 1986 and 

1 for those who were either still in college or completed a bachelors degree program 

by 1986. As before, this logit variable answers the question: Why do students drop 

out of college? A second dependent variable, STATUS86, has the same categories 

as STATUS84 and is described in Table 5.2. Finally, a third dependent variable, 

coded as STAT86A, compares the statuses of dropping out by 1986, still being in 

college in 1986 and earning a bachelors degree between 1984 and 1986 to the status 

of earning a bachelors degree by 1984 (the omitted category). 

The intercepts in Table 5.11 show that men and women were more likely to 

either complete a bachelors degree or to still be in college pursuing their first 

bachelors degree in 1986 than they are to drop out of college by 1986. These log its 

also indicate (via significant coefficients associated with relevant variables) that 

students (both men and women) are more likely to drop out who: 
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1) have children. 

2) had low high school grade point averages. 

3) transferred colleges. 

4) changed majors. 

Furthermore, women who had declining grades between 1982-1984 and women from 

lower SES families were more likely to drop out by 1986. Men and women who 

worked during college were less likely to drop out. Women who reported caring for 

families and men who were engineering majors (in 1982) were also less likely to drop 

out of college by 1986. Finally, black women were less likely than comparable white 

women to drop out of college. 

Table 5.13 reports results of MNL of the dependent variable, STATUS 86, 

coded as 1 for those who left college without a bachelors degree (dropped out) by 

1986, 2 for those still in college as of 1986, and 3 for those who had completed a 

bachelors degree by 1986. The intercepts of these models indicate that both males 

and females were more likely to still be in school and less likely to drop out of school 

than to have completed a bachelors degree by 1986. There was no significant 

difference between Hispanics' and whites' likelihood of completing college with a 

bachelors degree versus dropping out or still being in college. Likewise, for males, 

being black has no significant additive effect on post-secondary education status net of 

the other independent variables. However, consistent with the results reported for the 

1984 models, above, black women are less likely to drop out of college than are 
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comparable white women. 

Women and men from high SES families are more likely to have completed a 

bachelors degree by 1986 than to still be in college at that time. High SES women 

are also less likely to have dropped out of college, while high SES men are equally 

likely to have dropped out of college as they are to have completed a bachelors degree 

by 1986. 

All of the performance and preparation measures are related to successful 

completion of a bachelors degree. Students who had higher high school grade point 

averages and who had increasing rather than decreasing grades in 1980-1982 and 

1982-1984 were more likely to complete a bachelors degree by 1986 than to drop out 

or to still be in college at that time. 

Similar structural effects for men and women include the following: 

1) students with children in 1986 were more likely to drop out of college. 

2) students who transferred schools or who changed majors were more likely 

to both drop out of college and to still be in college in 1986. 

3) students who worked while attending college classes were less likely to drop 

out and more likely to still be in college as of 1986. 

4) students who reported taking care of family while attending college classes 

were less likely to drop out than to complete a degree by 1986. 

The only structural differences between men's and women's 1986 post-secondary 

educational status concerned children and majoring in engineering. Women with 
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Table 5.13 Multinomial Logit Coefficients, 1986 Post-Secondary Education Status 

Males Females Males Females 
Dropped Dropped Still in Still in 

Out Out College College 

Intercept -2.133 * -2.745 * 4.133 * 4.236 * 
Race 

Hispanic 0.072 0.227 0.212 0.167 

Black 0.097 -0.349 * 0.049 -0.043 

SES, 1980 -0.311 -0.620 * -0.302 * -0.391 * 
High School -1. 481 * -1. 292 * -1.380 * -1. 226 * 

GPA 

Percent Change in -1.793 * -1. 806 * -1.702 * -1. 512 * 
GPA, 1980-1982 

Percent Change in -0.772 * -1. 336 * -0.938 * -0.740 * 
GPA, 1982-1984 

Family Responsi- -7.738 ** -0.806 * 0.084 0.008 
bilities, 1986 

Semesters Worked -0.105 * -0.099 * 0.116 * 0.041 * 
Children, 1986 0.663 * 0.689 * 0.169 0.502 * 
Married, 1986 0.091 0.060 -0.144 -0.014 

Transferred -0.938 * -1. 224 * -0.715 * -0.940 * 
Colleges 

Changed Majors -7.130 ** -7.191 ** -0.354 * -0.394 * 
Engineering -0.248 -0.446 0.261 * 0.037 

Major, 1982 

Sample Size 1282 1570 
Likelihood Ratio 1756.79 2120.34 
Degrees of Freedom 2538 3113 

--------------------
* significant p < .05. 
** parameter regarded to be infinite. 
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children were not only more likely to drop out by 1986, but they were also more 

likely to still be in college rather than to have completed a bachelors degree by 1986. 

Males who reported majoring in engineering in 1982 were more likely to still be in 

college than to have completed a bachelors degree by 1986. 

A third set of MNL were computed to model another measure of students' 

post-secondary education status as of 1986. The purpose of these models is to 

compare the characteristics associated with earning a college degree by 1984 with 

those of earning a bachelors between 1984 and 1986, of still being in school in 1986 

and of dropping out by 1986. The dependent variable, STAT86A, was coded as 1 for 

those who had dropped out by 1986, 2 for those still in college as of 1986, 3 for 

those who had earned a first bachelors degree between 1984 and 1986, and as 4 for 

those who had earned a bachelors degree by 1984 (this was the excluded category). 

Table 5.14 reports the results of MNL of the four category dependent variable, 

STAT86A. Some key differences in the intercepts indicate that the likelihood that 

students drop out of college by 1986 is the same as the likelihood that they will have 

earned a bachelors degree by 1984. There are several additive effects of race shown 

in Table 5.14. Hispanic women and men were less likely than comparable whites to 

have completed a bachelors degree program by 1984 than to occupy any other of the 

statuses. Consistent with earlier findings, black women were less likely to drop out 

of college by 1986 than white women. Black men were less likely than comparable 

white men to earn a bachelors degree by 1986 than by 1984. 



191 

Students from high SES families were more likely to have completed a 

bachelors degree by 1984 than they were to still be in school or to have dropped out 

of college by 1986. Furthermore, men from high SES families were more likely to 

complete a bachelors degree earlier - by 1984 rather than 1986. Comparable females 

(high SES) were equally likely to complete their bachelors degree by 1986 as they 

were to have completed by 1984. As previously seen, preparation and performance 

measures, as well as the structural barriers (transferring colleges, changing majors,' or 

working during college) were related to earlier completion of a bachelors degree. 

Women and men with children in 1986 are more likely to drop out than to 

have completed a bachelors degree in 1984. Women with children are also more 

likely to still be in college in 1986 than to have completed a degree in 1984. Finally, 

males who majored in engineering in 1982 were more likely than comparable non

engineering majors to still be in college in 1986 than to have completed a bachelors 

degree by 1984. 

5.1.3 Discussion of Post-Secondary Education Status Differences 

Family status was a more important determinant of women's than men's post

secondary education status. Although men with children were more likely to drop out 

by 1986, women with children were less likely to ever receive a bachelors degree. 

Married men were just as likely as unmarried men to receive a bachelors degree by 

1984, yet married women were more likely to drop out of college without a bachelors 
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Table 5.14 Multinomial Logit Coefficients, 1986 Post-Secondary Education Status 
(Excluded Category: Earned Bachelors Degree, 1984) 

Hales Females Males Females Males Females 
Dropped Dropped Still in sti II in Bachelors Bachelors 

Out Out College College 1986 1986 

Intercept 0.699 0.443 7.008 * 7.393 * 3.358 * 4.010 * 

Race 
Hispanic 0.468 * 0.466 * 0.605 * 0.400 * 0.579 * 0.361 * 

Black ·0.145 -0.449 * -0.190 -0.140 -0.354 * -0.141 

SES, 1980 -0.472 * -0.688 * -0.462 * -0.456 * -0.238 * -0.114 

High School -2.212 * -1.983 '" -2.107 * -1.895 * -1.157 * -1.126 * 
GPA 

Percent Change in -3.020 * -3.079 * -2.916 .,. -2.747 .,. -1.961 .,. -2.086 .,. 
GPA, 1980-1982 

Percent Change in -1.188 '" -1.940 '" -1.354 .,. -1.333 .,. -0.649 -0.939 .,. 
GPA, 1982-1984 

Famil y Respons i- -7.854 "'''' -0.653 0.171 0.160 0.163 0.236 
bilities, 1986 

Semesters ~orked -0.042 -0.076 '" 0.178 .,. 0.063 .,. 0.097 .,. 0.039 

Chi ldren, 1986 0.498 * 0.752 '" -0.0005 0.563 .,. -0.287 0.103 

Married, 1986 0.072 0.049 -0.160 -0.025 -0.021 -0.026 

Transferred -0.691 * -1.107* -0.468 * -0.829 .,. 0.431 .,. 0.215 * 
Colleges 

Changed Majors -7.357 ** -7.416 ** -0.528 .,. -0.587 * -0.274 * -0.322 * 

Engineering -0.171 -0.243 0.337 .,. 0.235 0.129 0.305 
Major, 1982 

Sample Size 1282 1570 
Likelihood Ratio 2540.66 2120.34 
Degrees of Freedom 3806 3113 

._.-----------------
'" significant p < .05. 
"'* parameter regarded to be infinite. 



degree in 1984. These findings are consistent with the notion that marriage and 

children continue to have different implications for men and women. While men's 

post-secondary careers were hardly affected by these statuses, women's post

secondary careers were prolonged or cut short due to marriage or children. 

There were some interesting racial differences between the sexes as well. 
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These are best understood when socioeconomic status is discussed simultaneously. 

There are two possible mechanisms by which SES impacts college completion. First, 

students from wealthy families can afford to attend college full time without the 

financial need to' work. Children from wealthy families also are advantaged in that 

their financial background enables them access to tutors during college to help with 

poor performance or to compensate for inadequate preparation. Second, since the 

measure of SES used here incorporates mother's education and father's education and 

occupation, students' whose parents are highly placed in the labor market or who 

themselves have had the experience of attending college may be better equipped to 

provide various forms of non-pecuniary support to their children (see, for example, 

Higginbotham and Weber 1992). 

Consequences associated with not completing college are somewhat different 

for black men and women than they are for whites. There is a positive correlation 

between education and income in the U.S. (e.g. U.S. Bureau of the Census, 1992). 

Those with higher levels of education - especially those who receive educational 

credentials (degrees, diplomas, licenses, etc.) - command higher average salaries than 
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those without such education and credentials, regardless of race. Continued high rates 

of intraracial marriage (Farley 1984 and Wilson 1987) means that families in the 

United States most often involve people of the same race. Furthennore, although 

black and white females' mean yearly earnings are not substantially different, women 

of both races and black men do earn significantly less money than white men, who 

continue to have a labor market advantage due to social networks (Farley 1984). This 

means, as shown in U.S. government documents (e.g. The Statistical Abstract of the 

United States), that black family incomes continue to be lower than white family 

incomes among all family fonns (female-headed household, married couple, etc.). 

Black families comprised of members without educational credentials, then, would 

have lower household incomes than comparable whites. 

Educational attainment has further ramifications for black women, in 

particular. Because of racial discrimination against blacks, black women have 

traditionally needed to work in the paid labor force, unlike white women of similar 

class status who could be full time homemakers. The statistics shown in this chapter 

have indicated that women who dropped out of college were both less career oriented, 

on average, and held more traditional attitudes about women's social role than did 

other women. Although models and means were not compared for black and white 

women, it is possible that these views are consistent with the notion that women who 

leave college without a credential were "veering towards domesticity" (Gerson 1978), 

which has different meanings for black and white women given the existence of racial 
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discrimination against blacks in the labor market (Farley 1984). Hence, it is not 

surprising that when class and other structural conditions are controlled, black women 

are consistently less likely than white women to drop out of college without a degree. 

5.2 Differences Between Eneineerine and Non-Eneineerine Bachelors Recipients 

The distribution of bachelors degrees by sex by field of study is shown in 

Table 5.15. Women are overrepresented among recipients of bachelors degrees in the 

liberal arts (63.1 %) and life sciences (62.1 %) and underrepresented among recipients 

of math and physical science (40.3%) and engineering (21.0%) bachelors degrees. 

Men and women are just about equally represented among business bachelors (women 

earned 52.7% of all business degrees awarded). Women are most underrepresented 

in the engineering fields of study. Furthermore, women are more likely, in general, 

to receive degrees in non-technical areas (i.e., business and liberal arts) than men. 

More than 80% of all bachelors degrees awarded to women were in these two areas, 

versus 69.5% of all bachelors awarded to men. During the 1980's an increasingly 

popular advanced degree was the Masters of Business Administration (MBA). Those 

students who had a technical undergraduate degree combined with an MBA could 

expect to earn more than those students with a non-technical undergraduate degree 

(CPC Annual 1991). Hence, there are subsequent ramifications of women's 

underrepresentation in the technical fields of study: continued perpetuation of the sex 

gap in pay. 



Males Females 

Number Percent Number Percent Percent 
Female 

Liberal Arts 271 36.4% 464 51.6% 63.1% 

Business 249 33.1% 267 29.7% 52.7% 

Life Sciences 69 9.5% 113 12.6% 62.1% 

Math/Physical 40 5.5% 27 3.0% 40.3% 
Sciences 

Engineering 105 14.5% 28 3.1% 21.0% 

Total 725 899 55.4% 

Table 5.15 Bachelors Degree Fields By Sex 

5.2.1 Mean and Status Differences Between Engineering and Non-Engineering 
Bachelors Degree Recipients 

Differences between recipients of engineering degrees (hereafter, BSE) and 
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those who received bachelors degrees in non-engineering fields of study are described 

in several tables. Table 5.16 reports means and standard deviations on the continuous 

independent variables, while table 5.17 reports frequencies on categorical independent 

variables. 

The means in Table 5.16 were compared using t-tests. Four comparisons were 

salient: male and female engineers; male and female non-engineers; engineering and 

non-engineering males; and engineering and non-engineering females. Because of the 
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many comparisons, significance of differences is not reported in Table 5.16. Rather, 

any mean differences significant at a = .05, two-tailed, will be discussed here. 

There are few differences among women between engineers and non

engineers. Within sex categories, high school grade point averages, 3-D 

visualization skill, the number of high school science and math courses were all 

higher, on average, for engineers than for non-engineers. Engineers (both men and 

women) performed better, on average, in college technical courses than did non

engineers as indicated by significant differences in GPAs in science, math and 

engineering courses in Table 5.16. 

There were no significant attitudinal differences between engineering and non

engineering women. However, it is important to note that both engineering and non

engineering females held more non-traditional views regarding women's public (set B) 

than they did regarding women's home role (set A). Engineering and non

engineering males shared a similar set of values and attitudes about work, career and 

family life. However, engineering males held, on average, more traditional views of 

women's home role than did non-engineering males. Views regarding women's 

public role - for example equal pay for equal work - do not differ significantly for 

engineering and non-engineering males. 

There are few significant mean differences between engineering males and 

females. Though engineering females' average high school grade point average was 

significantly higher than males', college performance as measured by 1982 and 1984 



198 

overall grade point averages as well as by grade point averages in math, science and 

engineering courses indicate no significant difference between engineering males' and 

females' college performance. Another important finding was that engineering males 

mean 3-D visualization skill of .829 was not significantly different than females' mean 

of .778. Both of these average scores are quite a bit higher than those for non

engineers. Engineering male and female graduates were equally well prepared in 

math and science prior to college. Finally, although male and female engineering 

degree recipients share similar values regarding the importance of work, family and 

occupational rewards, they diverge with respect to their evaluation of women's social 

role. Male engineers, on average, reported a more traditional orientation to women's 

family and public roles. 

There were more differences between male and female non-engineers than 

engineers, however, I will discuss only a few here. First, non-engineering females' 

average score of .241 on the test of 3-D visualization skill as well as their preparation 

in high school math and science were significantly lower than male non-engineers' 

averages on these measures. Second, non-engineering males' mean career orientation 

score was significantly higher than similar females' score while non-engineering 

females placed more importance of intrinsic work rewards than non-engineering 

males, on average. Finally, as with the engineering sex differences discussed above, 

non-engineering males had more traditional attitudes about women's social role than 

did women. 
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Table 5.17 summarizes several categorical variables by sex and bachelors 

degree field of study. The table includes two numbers per cell. The top number is 

the actual number of each group reporting the given measure, while the bottom 

number is the percent of all members of the given group represented by the top 

number. Engineering graduates were somewhat more likely than non-engineering 

graduates to report having held a co-operative education job. Nearly 5 % of all 

engineering graduates had held such a job compared to just over 1 % of non

engineering graduates. 

Table 5.17 contains data about technical coursework. Since the numbers 

represent non-failures, failure rates can be estimated by subtracting the reported 

percents from 100%. Non-engineering females failure rates in math, science and 

technical courses (overall, the sum of engineering, math and science courses) were 

slightly less than those of comparable males. There was not a large difference in 

engineering males' and females' failure rates of engineering courses. Engineering 

males were slightly more likely than females to have failed a math course, while 

engineering females were more likely to have failed a science course. These are not 

surprising results given the differences in engineering males' and females' high school 

preparation in these areas. Finally, 28.6% of engineering women but 33.6% of 

engineering men had failed at least one technical course during college. 
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Table 5.16 Means and Standard Deviations by 
Bachelors Degree Field of Study and Sex 

Engineers Non-Engineers 
Males Females Males Females 

SES, 1980 0.194 0.439 0.294 0_190 
(0_663) (0.886) (0.751) (0.783) 

High School 3.440 3.694 3.314 3.457 
GPA (0.568) (0.460) (0.576) (0.516) 

1982 GPA 2.962 3.000 2.925 2.953 
(0.634) (0.509) (0.582) (0.561) 

1984 GPA 2.981 2.950 2.986 3.039 
(0.500) (0.497) (0.516) (0.515) 

GPA: Engineering 2.597 2.525 
Courses (0.969) (0.906) 

GPA: Hath 2.670 2.601 2.080 2.201 
Courses (1.006) (0.930) (1.193) (1.257) 

GPA: Science 2.629 2.510 1.907 1.764 
Courses (0.843) (0.960) (1.357) (1.389) 

GPA: Technical 2.690 2.545 2.311 2.388 
Courses (0.756) (0.878) (0.988) (1.021) 

High School Advanced 4.165 4.517 3.594 3.349 
Hath Courses (1.187) (0.738) (1.198) (1.151 ) 

High School Advanced 1.621 1.552 1.259 0.9n 
Science Courses (0.659) (0.632) (o.n1) (0.767) 

3-D Visualization 0.829 0.n8 0.528 0.241 
Skill, Standardized (0.953) (0.866) (1.074) (0.980) 

Career 0.002 -0.206 0.108 0.005 
Orientation, 1986 (0.954) (0.793) (0.903) (0.950) 

Family 0.186 0.261 0.010 0.011 
Ori entat i on, 1986 (0.763) (1.005) (1.006) (1.018) 

Importance, Intrinsic -0.009 0.028 0.080 0.181 
Work Rewards, 1986 (1.070) (0.852) (0.897) (0.831) 

Importance, Extrinsic -0.087 -0.348 -0.213 -0.198 
Work Rewards, 1986 (1.004) (0.964) 0.088) (1.037) 

Traditional Attitudes 0.247 -0.398 0.039 -0.523 
Towards Women, A (1.061) (0.394) (0.941) (0.939) 

Traditional Attitudes 0.080 -0.611 0.018 -0.619 
Towards Women, B (0.966) (0.683) (0.993) (0.664) 

Traditional Attitudes 0.222 -0.589 0.037 -0.684 
Towards Women, A + B (0.979) (0.731) (0.960) (0.835) 



Non-Engineers Engineers 

Males Females Males Females 

Worked a Coop Job 9 11 4 2 
1.4% 1.3% 3.8% 7.1% 

Transferred Colleges 88 97 15 4 
16.1% 12.4% 15.8% 16.7% 

2 High School 282 225 72 15 
Advanced Physical 50.4% 28.3% 72.0% 57.7% 
Science Courses 

5 High School 122 124 47 16 
Advanced Math 22.7% 16.0% 49.5% 61.5% 
Courses 

Failed No Technical 493 728 67 20 
Courses 82.2% 86.9% 66.3% 71.4% 

Failed No Engineering 85 24 
Courses --- --- 84.2% 85.7% 

Failed No Math 514 755 84 27 
Courses 85.7% 90.1% 83.2% 96.4% 

Failed No Science 566 801 91 24 
Courses 94.3% 95.6% 90.1% 85.7% 

Table 5.17 Summary of Differences Between Students Receiving Engineering 
Vs. Non-Engineering Bachelors Degrees, Males and Females 
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The composite measure of family socioeconomic status used here incorporates 

several important features. These include family income, father's education and 

occupation, mother's education and family possession in the house. Appendix D 

contains tables that indicate four of these measures as well as mother's occupation, by 

bachelors degree field of study and sex. These tables are provided in order to 
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determine which features of SES are salient in delineating engineering females from 

engineering males and non-engineering females, although since SES is not a central 

concern here, comment on these tables has been reserved for Appendix D. 

5.2.2 Multinomial Logits of Bachelors Degree Field of Study 

MNL models of bachelors degree field of study, using comparable variables to 

those from Chapter 4 are reported in Tables 5.18 and 5.19. The intercepts of these 

models indicate that women and men are more likely to receive bachelors degrees in 

non-technical areas - business and liberal arts - than they are to receive a first 

bachelors degree in engineering. Men are less likely and women are equally likely to 

earn a BS in math and physical sciences than they are to receive a BS in engineering. 

Women and men are equally likely to receive a BS in engineering as they are to 

receive a BS in the life sciences. 

There are no significant racial differences - net of the other variables in the 

model - in the likelihood that students receive bachelors degrees in other fields of 

study compared to engineering. For women, there are no significant family SES 

differences either. For men, however, Table 5.19 indicates that men from higher 

SES families are more likely to earn degrees in the liberal arts and life sciences than 

they are to earn engineering degrees. When the MNL findings are taken in 

conjunction with the occupational distributions reported in Appendix D, this is 

consistent with earlier work on the relationship between class and the engineering 
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profession, which indicated that male engineers were less often drawn from the ranks 

of the upper classes than from the middle and working classes (Bugliarello 1992 and 

Perrucci and Gerstl 1969). 

High school math and visualization ability are also related to earning an 

engineering degree. Both men and women who had more (rather than less) advanced 

high school math were more likely to complete bachelors programs in engineering 

than to earn liberal arts, business or life sciences bachelors degrees. Men and women 

who scored high on the base year test of 3-D visualization skill were also more likely 

to earn bachelors degrees in engineering rather than the non-technical fields of 

business and liberal arts. However, both men and women with high 3-D visualization 

skill were equally likely to earn degrees in the other technical fields, life sciences and 

math and physical sciences, as they were to complete bachelors degrees in 

engineering. 

There was no significant effect of advanced high school science on women's 

bachelors degree fields of study. However, men with more high school physical 

science courses were less likely to earn degrees in business and the liberal arts than 

they were to earn bachelors degrees in engineering. The measure of college 

performance, 1984 GPA, reveals significant sex differences. Though men with high 

grade point averages in 1984 were more likely to complete bachelors programs in 

math and physical sciences, women with high grade point averages were more likely 

to complete programs in any other field besides engineering. 
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Table 5.18 Multinomial Logit Coefficients, Bachelors Degree Field of Study, Males 

Math & 
Liberal Life Physical 

Arts Business Sciences Sciences 

Intercept 2.407 * 3.066 * 2.241 -7.172 * 
Race 

Hispanic -0.131 0.142 0.616 -0.066 

Black 0.257 -0.062 -0.317 0.173 

SES, 1980 0.570 * 0.168 0.708 * 0.417 

Grade Point 0.477 0.081 -0.355 0.995 * 
Average, 1984 

High School -0.5219 * -0.375 * -0.531 * 0.496 
Math Courses 

HS Physical -0.718 * -0.678 * 0.192 0.238 
Science Courses 

3-D Visualization -0.282 * -0.329 * -0.111 0.134 
Skill (Standardized) 

Career 0.186 0.049 0.253 0.550 
Orientation 

Family -0.405 * -0.202 -0.366 -0.437 
Orientation 

Extrinsic -0.392 * -0.011 -0.334 -0.249 
Rewards 

Intrinsic 0.119 0.088 0.189 -0.091 
Rewards 

Sample Size 523 
Likelihood Ratio 1333.21 
Degrees of Freedom 2044 

--------------------
* significant p < .05. 
** parameter regarded to be infinite. 



205 

Table 5.19 Multinomial Logit Coefficients, Bachelors Degree Field of Study, Females 

Math & 
Liberal Life Physical 

Arts Business Sciences Sciences 

Intercept 4.279 * 4.108 * 0.687 -4.810 

Race 
Hispanic -0.492 -0.647 -0.712 -0.243 

Black -0.279 -0.050 0.161 0.525 

SES, 1980 -0.356 -0.369 -0.630 0.355 

Grade Point 1.342 * 1.170 * 1.450 * 2.080 * 
Average, 1984 

High School -1.348 * -1.220 * -1.009 * -0.498 
Math Courses 

HS Physical 0.753 0.469 0.287 0.592 
Science Courses 

3-D Visualization -0.656 * -0.583 * -0.365 0.020 
Skill (Standardized) 

Career 0.154 0.052 0.080 0.301 
Orientation 

Family -0.271 -0.295 -0.296 -0.593 
Orientation 

Extrinsic 0.002 0.444 0.336 -0.035 
Rewards 

Intrinsic 0.421 0.294 0.674 * 0.176 
Rewards 

Sample Size 679 
Likelihood Ratio 1437.34 
Degrees of Freedom 2668 

--------------------
* significant p < .05. 
** parameter regarded to be infinite. 
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In terms of attitude differences, there are very few significant differences 

between those receiving bachelors degrees in other fields of study and engineering. 

Males who scored high on the family orientation measure and on the measure of the 

importance of extrinsic work rewards were less likely to earn degrees in the liberal 

arts than in engineering, consistent with the work-family role system (Pleck 1977). 

Women who placed high importance on the intrinsic rewards of work were more 

likely to have earned degrees in the life sciences than engineering. This is also not 

surprising, given that medical fields (pre-medicine, nursing and other health 

professions) are included as life sciences. For men and women, career orientation is 

not significantly related to earning a degree in other fields of study as opposed to 

engineering. For men, intrinsic rewards and for women, family orientation are also 

not related to differences between earning a degree in other fields of study versus 

engineering. 

5.2.3 Decomposition of MNL: Sex Differences in Bachelors Degree Fields of 

Study 

Figures 5.1-5.3 show results of the two decomposition analyses used here. As 

with the analyses performed in Chapter 4, there were two decompositions performed. 

First, the importance of women's endowments (i.e., women's compared to men's 

means on selected independent variables) was determined by inserting male group 

means on some of the independent variables into the female MNL equations. These 
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equations were used to determine an estimated percent of women who would have 

received bachelors degrees in engineering if they had the same endowments as men. 

The second decomposition procedure viewed the MNL as a cognitive model. 

Since there were separate equations for men and women, the estimated parameters of 

the models (analogous to the slopes and intercepts of an ordinary least squares model) 

were taken to be two separate cognitive models, one for men and one for women. 

This decomposition involved substituting the female group means on all independent 

variables into the male's MNL in order to estimate the percent of women who would 

receive bachelors degrees given no change in endowments, but a different cognitive 

model (specifically, men's model). 

Figure 5.1 indicates that an additional 1.01 % of women who received 

bachelors degrees would have earned engineering degrees if women's mean number of 

high school math courses, 3-D visualization skill, and attitudes were the same as 

men's. The largest contribution to this increase was due to math. If women who 

graduated from college by 1986 had taken as many math courses in high school as 

comparable men, then another .6% of these women would have earned BSE degrees, 

which represents 5.2% of the sex gap in engineering. The second most-important 

factor was 3-D visualization skill which explained 3.3 % of the sex gap in receipt of 

BSE degrees. If women's mean 3-D visualization skill were the same as men's, 

another .4% of women would receive BSE degrees. Finally, attitudes did playa 

small role in the sex difference in attainment of a BSE degree. Approximately.01 % 



of women bachelors recipients would have earned their bachelors degrees in 

engineering if women's attitudes were more like men's (on average). Attitudes 

explain .4 % of this sex gap. 
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In the analyses in Chapter 4, high school physical sciences preparation was 

shown to be related to the sex gap in the choice of engineering as a major field of 

study. Here, however, high school science preparation is conspicuously absent from 

Figures 5.1-5.3. If women had the higher men's mean number of high school 

physical science courses, their rate of receipt of BSE degrees would not increase, but 

would decrease by -.25%. 

Figure 5.2 shows the incremental increase in the percent of women who would 

receive bachelors degrees in engineering due to endowments and cognitive model. If 

women had the same mean level of 3-D visualization skill, high school math 

preparation and attitudes as men, then an additional 1.01 %, for a total of 4.11 %, of 

women who received bachelors degrees by 1986 would have received BSE degrees. 

When female's means were held constant but evaluated within the male MNL, 

however, an additional 8.8 % of women would earn BSE degrees for a total of 11. 9 % . 

According to the graph in Figure 5.3, this cognitive model difference accounts for 

77.2% of the sex gap in receipt of engineering degrees, while the differences between 

men's and women's endowments accounts for only 8.9% of the sex gap. 
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5.3 Pathways Throu2h Majors Towards Bachelors De2rees 

The purpose of this section is to determine the differences between men's and 

women's pathways through major fields of study towards a bachelors degree. First, I 

discuss MNL of students' bachelors degree fields of study. These models use the 

same variables as those models reported in Chapter 4. The next section features an 

analysis of a number of transition matrices. The primary tables presented in this 

second section summarize transition matrices, included in Appendix D, which report 

three salient statuses. The first such status is associated with persistence in a major. 

Persisters are those students' whose major at time point one is the same as their major 

at time point 2. Enterers are those students who enter a given major at time point 2 

from some other major at time point 1. Leavers are those students who leave a given 

major at time point 1 to enter another major at'time point 2. Figure 5.1 defines these 

statuses diagrammatically. 

5.3.1 Persistence 

Tables 5.20 and 5.21 show persistence among the five categories of major 

choice for men and women, respectively. Persistence is defined here as the 

proportion of students at the second point in time who had indicated the same major 

at the first point in time. These tables show the percent of all bachelors degrees 

awarded in each field of study to students who had indicated that field of study at 

each time point. There are five points in time of interest here: 1980, the intended 



Time 1 Time 2 

(1) Major A Persisters 

(2) Major A Enterers (from Major B) 

(3) Major A Leavers (to Major B) 

Figure 5.4 Definitions of Transition Matrix Statuses 
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major; 1982, the first major at the first college; 1982, the current major; 1984, the 

current major or bachelors field of study (if the student had completed a bachelors 

degree); and 1984/1986, the bachelors field of study as appropriate. Not surprisingly, 

persistence increases over time. That is, bachelors recipients in all fields of study are 

increasingly those who indicated they were majoring in that field of study. For 
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example, males' overall persistence ranges from 54.3% to 89.7% and females' overall 

persistence ranges from 62.2% to 90.5%. This means that of all the bachelors 

degrees awarded to women in 1984 and 1986 combined, 62.2 % of those degree were 

awarded to women in fields of study these women had reported as their intended field 

of study in high school. Likewise, more than half of all bachelors degrees awarded to 

men were in fields of study the men reported as their intended field during their 

senior year of high school. However, almost all bachelors degrees awarded in 1984 . 

and 1986 in all fields of study were awarded to students who had indicated that same 

field of study in 1984. In other words, the likelihood that a student will earn a 

degree in a given field of study is related to the length of time the student has pursued 

that field of study. It should be noted, however, that the categorization scheme used 

here obscures many of the changes of majors that occur. For example, the liberal 

arts category is quite large, .hence, if a student switched from education to English, 

this would not be recorded as a change of major. 

Here, however, I am interested in comparing engineering to the other fields of 

study. Among men, 70.8% of all bachelors degrees in engineering went to men who 

had indicated they intended to major in engineering, while 79.8% of such degrees 

were awarded to men who indicated that engineering was their first field of study in 

college. Among women, intended major seems less important - 64% of all bachelors 

degrees in engineering were awarded to women who had intended to major in 

engineering - while first major is more important than for men - 87 % of all bachelors 
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1980, First 1982, 1984, 
Intended College College College 

Major Major Major Major 

Liberal Arts 54.6% 80.7% 74.0% 93.2% 

Business 44.9% 66.5% 68.1% 89.4% 

Life Sciences 71.4% 73.4% 80.6% 86.8% 

Math/Physical Sciences 38.5% 81.1% 71.8% 80.0% 

Engineering 70.8% 79.8% 85.1% 87.4% 

Overall Persistence 54.3% 75.2% 74.2% 89.7% 

Table 5.20 Persistence in Fields of Study, Males 

1980, First 1982, 1984, 
Intended College College College 

Major Major Major Major 

Liberal Arts 68.9% 82.5% 85.5% 92.9% 

Business 47.9% 67.6% 68.6% 87.5% 

Life Sciences 75.5% 78.3% 80.8% 90.8% 

Math/Physical Sciences 28.0% 58.3% 53.8% 81.5% 

Engineering 64.0% 87.0% 89.3% 85.7% 

Overall Persistence 62.2% 76.9% 79.0% 90.5% 

Table 5.21 Persistence in Fields of Study, Females 

Persisters: Percent of bachelors degrees in each field awarded to students studying in 
that field at each point in time (Row percent of diagonal elements of transition 
matrices in Appendix C.) 
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degrees in engineering were awarded to women who indicated that their first major 

was engineering. The converse of these statistics is also important. By 1986, only 

20 % of all bachelors degrees awarded to males in engineering and 13 % of those 

awarded to women were awarded to students who had not chosen engineering majors 

as their first major in college. Hence, two conclusions are possible: either college 

students do not "switch" into engineering or engineering is a difficult field to "switch" 

into and still earn a bachelors degree within the student's original four or five-year 

time horizon. 

Comparisons across fields of study reveals that persistence in engineering is 

quite high. This supports the notion that engineering requires an early commitment 

by the student in order that the student can receive a bachelors degree in four or five 

years. Other majors are "easier" to enter at a later time and still be able to earn a 

bachelors degree in four or five years, as revealed by comparing persistence reported 

in the 1982 column of Tables 5.20 and 5.21. 

5.3.2 Leavers 

Tables 5.22 and 5.23 show summaries of the same transition matrices, but 

highlight engineering leavers, those who left engineering. These matrices answer the 

question: which fields of study did engineering students switch to between each time 

point? About one third of all males who had intended to major in engineering in 

1980 actually selected some other field of study as their first major at their first 
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college after high school. Slightly more females, 38%, had "switched" majors by the 

same time. Males and females who intended to major in engineering were equally 

likely to select the liberal arts as their first field of study: of those who switched, 

30.9% of men and 30.4% of women selected liberal arts rather than engineering 

majors as their first field of study. 

Females who had intended to major in engineering were more likely to select 

majors in the other technical fields, life sciences and math and physical sciences than 

men, who were more likely to switch to business fields of study. Almost one third of 

men who had reported an intent to major in engineering in 1980 actually majored in 

business fields in their first year of college and slightly more than a third had decided 

to pursue other technical fields. More than half of the women who had changed their 

minds, however, decided to pursue other technical fields rather than engineering as 

they had originally intended. 

Between the first major and the 1982 current major, there was far less 

"switching" among engineering women than men. Whereas men's pattern of leaving 

engineering between their first major and their current major, 1982, mirrors the 

pattern of switching between the intended and first actual major, women's patterns 

differ substantially. By the end of 1982, women who left engineering were more 

likely to enter business and life sciences. None of the women had switched to liberal 

arts. This is significant because many engineering educators believed that women fled 

engineering because the coursework permitted little opportunity for pursuit of a 
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"classical, liberal" education (eg. Perrucci and Gerstl 1969). These findings seem to 

imply this was not the case, since none of the women who left engineering early in 

their post-secondary academic careers entered liberal arts. Even in the later time 

periods, though more than 40% of females who left engineering between 1982-1984 

and 1984-bachelors degree (1986) entered liberal arts fields of study, these rates are 

comparable to males rates. Therefore, this is not a significant sex difference even if 

it is true that such students do yearn for the "classical, liberal" education. 

Women's overall rates of leaving engineering are slightly higher than men's. 

Because women's relative numbers in engineering programs are quite small, it is not 

unlikely that engineering faculty are correct in their assessment that women drop out 

of engineering more often than men, but they may overestimate these rates. 

Tables 5.24 and 5.25 compare the rates at which students leave the five major 

fields of study. Other researchers claim that engineering leavers outnumber 

engineering enterers, however, this is not borne out here (and in the related tables 

shown in Appendix C). Rates at which men and women both left engineering are not 

substantially greater than the "loss rates" of other majors. Retention within 

engineering of women, once the women arrive at college and choose engineering, is 

quite "good" compared to other majors. Only 8.8% of women left engineering 

between 1980 and 1982 and the 30% that left between 1982 and 1984 was comparable 

to women's rates of leaving the other sciences and math during that time. 
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Intended 1st Major - 1982 - 1984 
Major - 1st 1982 1984 Major Major -

Actual Current Bachelors 
Major Major Degree 

Liberal Arts 30.9% 35.3% 37.9% 63.6% 

Business 32.1% 23.5% 45.5% 18.2% 

Life Sciences 7.4% 11.8% 7.6% 0.0% 

Math/Physical Sciences 29.6% 29.4% 9.1% 18.2% 

Overall % Switching 33.2% 7.7% 26.2% 10.9% 

Table 5.22 Engineering Leavers, Males 

Intended 1st Major - 1982 - 1984 
Major - 1st 1982 1984 Major Major -

Actual Current Bachelors 
Major Major Degree 

Liberal Arts 30.4% 0.0% 42.1% 40.0% 

Business 17.4% 60.0% 26.3% 60.0% 

Life Sciences 13.0% 40.0% 21.1% 0.0% 

Math/Physical Sciences 39.1% 0.0% 10.5% 0.0% 

Overall % Switching 38.3% 8.8% 30.2% 17.2% 

Table 5.23 Engineering Leavers, Females 

Leavers: Percent of engineering majors at first time point that switched to each other 
field of study at the second time point. 
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Intended 1st Major- 1982 - 1984 
Major - 1st 1982 Major 1984 Major -

Actual Major Bachelors 
Major Degree 

Liberal Arts 29.4% 21.0% 20.8% 8.8% 

Business 26.1% 11.7% 18.0% 7.5% 

Life Sciences 55.5% 18.9% 42.4% 13.2% 

Math/Physical Sciences 49.6% 15.6% 73.4% 27.3% 

Engineering 33.2% 7.7% 26.2% 10.9% 

Table 5.24 Leavers, All Fields, Males 

Intended 1st Major - 1982 - 1984 
Major - 1st 1982 Major 1984 Major -

Actual Major Bachelors 
Major Degree 

Liberal Arts 25.1% 12.7% 19.1% 6.9% 

Business 25.2% 20.0% 15.2% 9.1% 

Life Sciences 55.8% 14.2% 34.8% 37.5% 

Math/Physical Sciences 63.3% 17.6% 81.5% 54.2% 

Engineering 38.3% 8.8% 30.2% 17.2% 

Table 5.25 Leavers, All Fields, Females 

Leavers: Percent of each field that left between first time point and second time point. 
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5.3.3 Entcrers 

Tables 5.26 and 5.27 answer the question: from what fields are engineers 

drawn? These tables are summaries of the transitions from other fields into 

engineering between each point in time: engineering enterers. Between high school 

and the students' first major, women are more likely to enter engineering than are 

men. However, in the later comparisons, men and women enter engineering from 

other fields at comparable rates. 

About one third of men who decide to pursue engineering as their first field of 

study had originally wanted to pursue the liberal arts, another one third had expected 

to pursue math and physical sciences. Women were more likely to leave the life 

sciences and liberal arts to pursue engineering in college. Engineering was least able 

to attract students who had intended to major in business: only 12.5 % of men and 

10% of women who had intended to major in business fields of study had decided to 

major in engineering instead. 

Over time, however, students increasingly left liberal arts fields of study in 

order to pursue engineering. On college campuses during the 1980's students would 

have learned that engineers were able to earn large starting salaries. This information 

meshed well with the general shift among college students in more materialistic values 

discussed in Chapter 3. 

In general, after the first compared time difference, engineers were less drawn 

from those students who had been in the life sciences. This is not surprising given 



Intended Ist Major - 1982 - 1984 
Major - 1st 1982 Major 1984 Major -

Actual Major Bachelors 
Major Degree 

Liberal Arts 33.3% 59.3% 43.2% 53.8% 

Business 12.5% 11.1% 25.0% 23.1% 

Life Sciences 20.8% 3.7% 11.4% 7.7% 

Math/Physical Sciences 33.3% 25.9% 20.5% 15.4% 

Percent "New" 22.3% 11.7% 19.1 % 12.6% 
Engineers of All at 
Time Point 2 

Table 5.26 Engineering Enterers, Males 

Intended 1st Major - 1982 - 1984 
Major - 1st 1982 Major 1984 Major -

Actual Major Bachelors 
Major Degree 

Liberal Arts 25.0% 42.9% 36.4% 100.0% 

Business 10.0% 28.6% 18.2% 0.0% 

Life Sciences 50.0% 0.0% 9.1% 0.0% 

Math/Physical Sciences 15.0% 28.6% 36.4% 0.0% 

Percent "New" 35.1% 11.9% 20.0% 14.2% 
Engineers of All at 
Time Point 2 

Table 5.27 Engineering Enterers, Females 

Engineering Enterers: Percent of engineering majors at second time point that 
switched from each other field of study at the first time point. 
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the wide differences between life sciences curricula and engineering curricula. 

Engineering students take many physical science courses, while life sciences majors 

take a large number of biological science courses. Not only would biological science 

courses not be useful prerequisites for engineering courses, but it is unlikely that such 

courses would "count" in most cases towards an engineering degree. As mentioned in 

Chapter 2, engineering degrees are already demanding somewhat greater numbers of 

credits than other bachelors degree fields of study, hence, coursework that won't 

"count" is an impediment for students, especially those who need to complete a 

degree in less than six years for financial reasons. 

5.3.4 Summary of Transitions Findings 

The factors that discriminate between recipients of bachelors degrees in 

engineering and in various other fields of study are not substantially different from 

those noted in Chapter 4. The largest difference between the MNL reported in 

Chapter 4 and those reported here (with the bachelors degree field of study as the 

dependent variable) is the size and significance of the intercepts in the females' 

models. In the earlier models, women were far more likely to choose ~ non

engineering major. According to the models presented here, however, women are 

more likely to complete a bachelors degree in the non-technical fields than 

engineering but are equally likely to complete a degree in life sciences, math and 

physical sciences as they are to complete a bachelors degree in engineering. Also, 
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whereas in the earlier models, the number of advanced high school math courses 

clearly delineated engineering women from women who chose all other fields of 

study, in the models predicting the field in which these women actually received a 

bachelors degree, there was no significant difference between those who received 

degrees in engineering versus math and physical sciences. This indicates that women 

without adequate mathematics preparation increasingly left the math and physical 

science areas. 

5.4 Summary 

This chapter set forth several questions about men's and women's post

secondary education outcomes, where outcomes are defined as both the condition of 

earning a bachelors degree, remaining enrolled in college or dropping out of college 

during the time period of interest (1980-1984, 1980-1986) as well as the field of study 

in which students receive their degrees. Another set of analyses focussed on 

describing group differences between those who received engineering degrees and the 

students who had received bachelors degrees in other fields of study. This second set 

of analyses also included some comparisons among major fields of study of three 

types of transitions: persistence, leaving, and entering. These transitions are defined 

as the three possible combinations of a pair of states defined as "major" and "non

major" over two points in time. The purpose of these analyses was to determine the 

rates at which students entered, left and completed degrees in engineering as 
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compared to other fields. 

The first set of analyses indicate that family status was a far more important 

determinant of women's than men's post-secondary education status. Although men 

with children were more likely to drop out by 1986, women with children were less 

likely to receive a bachelors degree - ever. Married men were just as likely as 

unmarried men to receive a bachelors degree by 1984, yet married women were more 

likely to drop out of college without a bachelors degree in 1984. These findings are 

consistent with the notion that marriage and children continue to have vastly different 

implications for men and women. While men's post-secondary careers were hardly 

affected by these statuses, women's post-secondary careers were prolonged or cut 

short as a result of a marriage or having children. 

Parents' socioeconomic status was shown to be significantly related to 

completion of college. SES was a more significant determinant of post-secondary 

educational status than was race, not inconsistent with Wilson's theory (1984) of the 

declining significance of race in American society. There are two possible 

mechanisms by which SES impacts college completion. First, students from wealthy 

families can afford to attend college full time without the financial need to work. 

Children from wealthy families also are advantaged in that their financial background 

enables them access to tutors during college to help with poor performance or to 

compensate for inadequate preparation. Second, since the measure of SES used here 

incorporates mother's education and father's education and occupation, students' 
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whose parents are highly placed in the labor market or who themselves have had the 

experience of attending college may be better equipped to provide various forms of 

non-pecuniary support to their children (eg., see Higginbotham and Weber 1992). 

Engineering degree recipients were differentiated from non-engineers by their 

levels of high school preparation and 3-D visualization skill. BSE recipients - both 

males and females - had taken more advanced math and physical science courses in 

high school than those who received non-engineering bachelors degrees. 

Furthermore, engineers, as expected, did have mean measures of 3-D visualization 

skill than did non-engineers. Significantly, women who earned BSE degrees had a 

mean score on the 3-D visualization measure equal to that of male engineering 

majors. 

The decomposition analysis of the MNL indicated that far more of the sex 

difference in receipt of bachelors degrees was attributable to differences in the group's 

cognitive models (77.2% of the gap in the receipt of BSE degrees) rather than 

women's endowments (8.9% of the gap in the receipt of BSE degrees). If women 

had men's mean levels of high school math preparation, 3-D visualization skill and 

attitudes, then an additional 1.01 % of women who received bachelors degrees by 

1986 would have earned BSE degrees. However, if women had men's mean level of 

high school science preparation, .25% fewer women would have earned BSE degrees 

by 1986. If women's means on the independent variables remained the same and 

were inserted into the male's MNL equations, an additional 8.8% of women who 
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received bachelors degrees by 1986 would have done so in engineering rather than the 

other four fields of study. 

As has been found by others, engineering persistence was quite high, but 

varied for men and women. Among males, 70.8% of bachelors degrees in 

engineering were awarded to men who had intended to major in engineering during 

their senior year of high school. However, only 64% of all bachelors degrees in 

engineering were awarded to women who had indicated this intent, but 87 % were 

awarded to women who had selected engineering as a first major. This means that 

women in this sample decided to major in engineering later than the men, but had 

done so within their first year of college. 

To determine retention in engineering, two other types of transitions, leaving 

and entering, were considered. After the beginning of college and by February of 

1982, 7.7% of all males and 8.8% of females who selected engineering as their first 

college major had left engineering for other fields of study. Most men and women 

left engineering to pursue liberal arts, perhaps in search of a less constraining 

curriculum, as per Bugliarello (1991) and Perrucci (1969), however, this is not a sex 

difference. During this time period the engineering students would have spent most 

of their time taking pre-requisite science and math courses, hence, it is not surprising 

to see some engineers decide to pursue these fields of study instead of engineering. 

Even more men and women left engineering between 1982 and 1984. During 

that time period they would have begun taking real engineering courses after having 
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completed the pre-requisite math and science sequences. Again, the rates of leaving -

26.2% of men and 30.2% of women - are quite comparable. Between 1984 and the 

earning of a bachelors degree, there was a reduction in the rate of leaving 

engineering, perhaps due to the notion that once a student had already put in three or 

four years in a subject, it is difficult to change one's major and earn a degree in an 

entirely different field with very different requirements in less than two years' time. 

In these latter two periods, as with the first, mentioned above, engineering majors 

opted to enter liberal arts fields of study and business, which has been suspected by 

some engineering educators to be the "black hole" that steals engineering majors from 

engineering schools. It is important to note, however, that within this sample, 

engineering retention was comparable to that of other fields. Although in the later 

college years (after 1982) engineering retention was on par with that in the other 

sciences and math, retention in these fields during that time was also lower than that 

in business and liberal arts. 

Finally, the fields from which engineering attracted students were the liberal 

arts and math and physical sciences, followed by business. Very few engineering 

majors switched to life sciences nor did life sciences majors switch to engineering, 

possibly because of the very different curricular content of these areas. 
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CHAnER 6 

MOVEMENT INTO AND OUT OF ENGINEERING 

The primary question with which this chapter is concerned is: are there gender 

differences in retention within engineering fields of study? The sample of interest in 

this chapter are all students who indicated an intent to major in engineering or 

actually reported an engineering major during any of the High School and Beyond 

surveys. Since this sample was quite small - only 123 women and 325 men were 

included - the statistical analyses presented in this chapter are confined to t-tests to 

determine significant group mean differences and chi-square tests to determine 

significant group differences on categorical variables. 

The chapter is organized in three sections which correspond to three important 

transition periods. The first transition period concerns students' intended field of 

study as indicated on the 1980 base year questionnaire as compared to their actual 

first major field of study at college. The second transition period is within the first 

year and a half of college. Students' first major field of study is compared to the 

field of study they report as their current field of study at the time of the first follow

up survey in February, 1982. High school seniors often lack good information about 

a variety of college majors, especially those majors for which there may not be 

comparable high school courses such as engineering. Though students may take 

drafting, physics or calculus, none of these courses provides a student with a good 
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idea of the coursework involved with engineering. Hence, though students may 

initially select engineering, after a year and a half of taking courses, they may have a 

better idea about their strengths, weaknesses and interests and how these can be 

satisfied within the institutional structure of a college. 

For the transitions analyzed in Sections 6.1 and 6.2, two variables were coded 

in a similar manner. Engineering Status, 1980 and Engineering Status, 1982 were 

coded as follows: 

1) Persisters: Engineering was selected as major field of study at both 

time points. 

2) Leavers: Engineering was selected as the major field of study at the 

first time point. The student either dropped out or selected some other 

major at second time point. 

3) Enterers: Engineering was selected as the major field of study at the 

second time point. Another major had been selected at the first time 

point. 

Section 6.3 examines the transition over the 1982-1986 period. Tables 5.20 

and 5.21 in Chapter 5 reported that 85.1 % of all bachelors degrees in engineering 

awarded to men were awarded to men who had indicated an engineering major in 

1982. Likewise, women majoring in engineering as of 1982 accounted for 89.1 % of 

all bachelors degrees in engineering awarded to women in the High School and 

Beyond Sample. There are seven possible post-secondary engineering statuses: 
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1) Graduated Persisters: those who were majoring in engineering in 1982 

and who received a bachelors degree in engineering (BSE) by 1986. 

2) Graduated Leavers: those who were majoring in engineering in 1982 

and who received a bachelors degree in another field of study by 1986. 

3) Graduated Enterers: those who were not majoring in engineering as of 

1982 but who received a BSE by 1986. 

4) Student Persisters: those who were majoring in engineering in 1982 and 

were still in college pursuing an engineering bachelors degree in 1986. 

5) Student Leavers: those who were majoring in engineering in 1982 and 

were still in college pursuing a non-engineering bachelors degree in 

1986. 

6) Student Enterers: those who were not majoring in engineering in 1982 

but were pursuing a BSE in 1986. (No other bachelors degree 

received.) 

7) Dropped Out of College: those who were majoring in engineering as of 

1982 but who had dropped out of college by 1986. 

Comparisons among categories by sex as well as comparisons by sex for each 

category were performed using t-tests and chi-square tests as appropriate. 

In addition to the independent variables used throughout this dissertation, two 

additional variables are introduced in this chapter since they have specific 
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ramifications for engineering education. First, Hacker's work on the culture of 

engineering focussed on how that culture denigrated women so that under such 

conditions women would be expected to leave the hostile environment of engineering 

school. One way to quantify the potential impact or strength of the culture of 

engineering is to determine the number of engineering students as a percent of all 

students at a given college. At colleges with a heavy emphasis on engineering, 

proportionally more students would be engineering students. This relates to culture in 

that as engineering students account for more of the students, their professors account 

for more of the professors, and most likely administrators, at the college as well. 

According to Hacker's (1981) description of the "Engineering Institute," as 

the concentration of engineers increases, so does the possible extent of the culture of 

engineering. The effect of the culture of engineering on women, according to 

Hacker's perspective, is that women's attrition from engineering will increase as the 

culture of engineering at a college increases. 

However, the culture of engineering would be expected to have a far different 

impact on men's attrition. Men's retention at engineering colleges ought to increase 

where the culture of engineering is strongest. At colleges at which engineering 

students comprise a relatively small portion of the student body, say, less than 15 %, 

the college experience for engineering students will, most likely, be different than if 

engineering students comprise a large portion of the student body. At a college such 

as the Massachusetts Institute of Technology or the United States Air Force Academy, 
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both colleges at which a large portion (98% and 30% respectively) of the 

undergraduate student body majors in engineering, formation of camaraderie among 

engineering students may be easier than at universities at which few students are 

engineering majors. Some engineering colleges have a variety of institutional ways 

of aiding in the formation of bonds of camaraderie by requiring that all students live 

in a specific dorm during their first year or two of college. Peer groups at 

engineering schools "cooperate to graduate" by providing a certain amount of 

emotional support (camaraderie) as well as substantive help with coursework. 

The second new independent variable is based on Kanter's (1977) theory of 

relative numbers. According to Kanter's theory, whenever a numerical minority 

exists, the members of both the majority and minority groups treat each other in 

"stereotypical" ways. In cases where the numerical balance is highly skewed, for 

example, when one group accounts for less than 20% of the members of the larger 

group, then there are special effects due to the token position of the minority group 

members. In the case of engineering, because women are so few in number at most 

engineering schools, women would be more likely than men to have extra attention 

paid to their actions. The stress of being in the spotlight, then, would result in 

women leaving engineering schools. The measure based on the tokenism hypothesis 

is quite straight-forward: female students as a percent of all engineering students at 

each college. 

Finally, as was suggested in the introduction to this dissertation, it is possible 
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that the culture of engineering and tokenism interact. If camaraderie is an important 

feature of the engineering school experience which increases men's retention, then 

this same social force ought to operate to increase women's retention as well under 

conditions where women are not tokens. In other words, if a college has a higher 

than average proportion of women engineering students, then the negative effects of 

the culture of engineering ought to be mitigated to some extent. However, at a 

college where women engineers comprise proportionately less than the average 

number of engineering students, the negative effects of the culture of engineering 

would be expected to be more oppressive. 

6.1 Intent to Major in Engineering Vs. Actual First College Major 

Table 6.1 reports means and standard deviations of many independent for 

males by engineering status, 1980. Two tailed t-tests were performed to compare the 

three pairs of group means. Results significant at Ol = .05 are indicated by an 

appropriate mathematical symbol between columns of data. The last column of the 

table, where "P" represents "persisters" and "E" represents "enterers," clarifies the 

relationship between means shown in the first and third columns of the table. 

There are several differences among the males by category of engineering 

status, 1980. First, engineering persisters, enterers and leavers did not have 

significantly different mean levels on many variables. Mean family socioeconomic 

status (1980), high school and 1982 college GPAs, GPAs in technical, science and 
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math courses in college, career and family orientation scores and the importance of 

extrinsic work rewards were not significantly different for males among the categories 

of engineering status, 1980. 

Males who left engineering between high school and college had fewer 

advanced high school math and physical science courses, had lower mean 3-D 

visualization skill and performed less well in engineering courses in college, on 

average, than did engineering persisters, males who intended to major in engineering 

and who actually selected engineering as their first field of study at college. 

Engineering leavers' mean GPA in engineering courses was also significantly lower 

than enterers, therefore, these men seemed to have "self-selected" out of engineering 

prior to having taken any engineering courses. 

Male engineering persisters placed significantly less mean importance on 

intrinsic work rewards than did enterers. Engineering enterers were as well prepared 

as were engineering persisters in terms of high school math and science coursework 

and had a mean score on the test of 3-D visualization equivalent to that of persisters. 

However, males who left engineering and those who entered engineering in 1980 did 

not differ significantly on mean 3-D visualization skill. 

Table 6.2 reports means and standard deviations as well as two tailed t-test 

results for females by engineering status, 1980. There were no significant differences 

among female engineering persisters, enterers, and leavers on several variables. 

Females in all three categories of 1980 engineering status had taken about the same 
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number of advanced physical science courses in high school, performed about equally 

in college math and technical courses, and shared attitudes regarding family, career 

and the importance of extrinsic work rewards. Engineering leavers came from 

families of significantly lower average SES than did female engineering enterers. 

Women who left engineering had taken fewer high school math courses, on average, 

than did persisters. However, such women still had taken an average of more than 

four advanced math classes in high school. Leavers' mean 3-D visualization skill and 

college engineering GPA were also significantly lower than either enterers' or 

persisters' means on these variables. Leavers also performed less well, on average, 

in college science courses than did persisters. Finally, females who decided not to 

major in engineering between high school and college (leavers) placed, on average, 

more importance on the intrinsic rewards of work than did females who followed up 

on their intent to major in engineering. 

There was only one significant difference between female enterers and 

persisters. Persisters' mean high school GPA was significantly higher than that of 

enterers'. However, as with the male persisters and enterers, females who decided 

to pursue engineering after the base year survey were as well-qualified as women who 

had reported an early intention to major in engineering. Women who pursued 

engineering in college were a highly select group in terms of 3-D visualization skill. 

Female persisters' mean of .753 was statistically the same as enterers' mean of 

.6610n the measure of 3-D visualization skill as compared to the mean of .059 for 



women who decided not to major in engineering. 

Table 6.3 summarizes the sex differences in means by each of the three 

categories of engineering status, 1980. Males and females who decided to pursue 

engineering between the time of the base year survey and their first semester of 

college (i.e., engineering enterers) differed on only one measure. Male enterers' 

mean grade point average in college technical courses was significantly higher than 

that for female enterers. 
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Male and female engineering persisters were differentiated on only two 

measures. Female persisters had, on average, taken more advanced high school math 

courses and had higher mean high school GPAs than male engineering persisters. 

Males and females who left engineering reveal more sex differences. Females 

who left engineering placed, on average, more importance on intrinsic work rewards, 

than did males who left engineering. Though females who left engineering had taken 

more of the high school advanced math classes than did comparable males, males who 

left engineering performed better, on average, in college science courses than did 

comparable women. Finally, males who opted to major non-engineering fields in 

college had significantly higher mean 3-D visualization skill than did females who 

decided not to major in engineering. It is interesting to note that male engineering 

leavers' mean 3-D visualization score of .645 was not significantly different than the 

mean 3-D visualization skill score of either female engineering persisters or female 

engineering enterers. 
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Table 6.1 Means and Standard Deviations, 
By Engineering Status, 1980, Males 

Persisters Leavers Enterers 

SES, 1980 0.193 - 0.064 = 0.198 P=E 
(0.671) (0.819) (0.774) 

High School Advanced 4.075 > 3.704 3.929 P=E 
Math Courses (0.969) (1. 200) (1.135) 

High School Advanced 1.646 > 1.284 = 1.444 P=E 
Physical Sciences (0.649) (0.836) (0.755) 

3-D Visualization 0.969 > 0.645 0.721 P=E 
Skill, Standardized (0.932) (1. 002) (1.024) 

High School 3.318 = 3.235 = 3.146 P=E 
GPA (0.605) (0.571) (0.676) 

1982 GPA 2.718 2.731 = 2.745 P=E 
(0.652) (0.682) (0.633) 

Change in GPA -0.161 -0.138 -0.105 P=E 
1980-1982 (0.211) (0.233) (0.269) 

GPA: Engineering 2.066 > 0.898 < 1. 750 P=E 
Courses (1.273) (1.290) (1. 302) 

GPA: Math 2.195 1.994 = 2.341 P=E 
Courses (1. 043) (1.156) (0.999) 

GPA: Science 2.006 1.836 2.230 P=E 
Courses (1.836) (1.198) (1.154) 

GPA: Technical 2.218 2.173 2.313 P=E 
Courses (0.880) (0.916) (0.806) 

Career 0.113 0.065 = 0.224 P=E 
orientation, 1980 (0.870) (1. 040) (0.560) 

Family -0.023 = -0.095 = 0.016 P=E 
Orientation, 1980 (1. 013) (0.907) (0.942) 

Importance, Intrinsic -0.240 = -0.342 < 0.018 P<E 
Work Rewards, 1980 (1.012) (0.485) (0.690) 

Importance, Extrinsic 0.084 0.230 0.221 P=E 
Work Rewards, 1980 (0.917) (0.879) (0.915) 

sample Size 163 95 72 
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Table 6.2 Means and Standard Deviations, 
By Engineering Status, 1980, Females 

Persisters Leavers Enterers 

SES, 1980 0.133 = -0.200 < 0.399 P=E 
(0.927) (0.808) (0.775) 

High School Advanced 4.588 > 4.100 = 4.211 P=E 
Math Courses (0.613) (0.912) (0.976) 

High School Advanced 1.556 1.400 1.389 P=E 
Physical Sciences (0.607) (0.681) (0.698) 

3-D Visualization 0.753 > 0.059 < 0.661 P=E 
Skill, Standardized (0.998) (0.913) (0.829) 

High School 3.662 3.544 = 3.325 P>E 
GPA (0.487) (0.520) (0.613) 

1982 GPA 2.843 = 2.750 2.737 P=E 
(0.650) (0.632) (0.714) 

Change in GPA -0.217 = -0.170 = -0.165 P=E 
1980-1982 (0.169) (0.333) (0.261) 

GPA: Engineering 1.825 > 0.529 < 1.386 P=E 
Courses (0.529) (1.078) (1.314) 

GPA: Math 2.191 = 1.973 1.828 P=E 
Courses (1.102 ) (1.217) (1.212) 

GPA: Science 1.905 > 1.293 = 1.723 P=E 
Courses (1. 082) ( 1.130) (1.212) 

GPA: Technical 2.123 1.867 1. 730 P=E 
Courses (0.886) (1.120) (1.095) 

Career 0.240 = 0.180 -0.019 P=E 
Orientation, 1980 (0.658) (0.609) (1. 032) 

Family -0.221 -0.400 = -0.154 P=E 
Orientation, 1980 (1.111 ) (1.186 ) (1.055) 

Importance, Intrinsic -0.321 < 0.151 -0.082 P=E 
Work Rewards, 1980 (1. 069) (0.787) (0.823) 

Importance, Extrinsic 0.265 -0.114 = 0.025 P=E 
Work Rewards, 1980 (0.901) (1.021) (1. 043) 

sample Size 37 32 25 



Table 6.3 Summary of Sex Differences by Engineering Status, 1980 

SES, 1980 

High School Advanced 
Math Courses 

High School Advanced 
Physical Sciences 

3-D Visualization 
Skill, Standardized 

High School GPA 

1982 GPA 

Change in GPA, 1980-1982 

GPA: Engineering Courses 

GPA: Math Courses 

GPA: Science Courses 

GPA: Technical Courses 

Career Orientation, 1980 

Family Orientation, 1980 

Importance, Intrinsic 
Work Rewards, 1980 

Importance, Extrinsic 
Work Rewards, 1980 

Persisters Leavers 

M = F M F 

M < F M < F 

M F M F 

M F M > F 

M < F M F 

M F M F 

M F M F 

M F M F 

M F M F 

M F M > F 

M F M F 

M F M F 

M F M F 

M F M < F 

M F M F 

Enterers 

M F 

M F 

M F 

M F 

M F 

M F 

M F 

M F 

M F 

M F 

M > F 

M F 

M F 

M F 

M F 

240 
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Males and females who had selected engineering as their first college major 

(persisters and enterers) had equally high scores on the test of 3-D visualization skill 

and performed equally well in math, science and engineering courses. Often 

opponents of "equal opportunity" claim that the entrance of minorities into fields 

previously closed to minorities erodes standards. The evidence here does not indicate 

that females perform less well than males in engineering (and related) coursework. 

Also, the very high 3-D visualization skill of engineering students, and especially of 

female engineering students, suggests that this facet of skill, a facet on which women 

often score lower than men, is one source of sex difference in the choice of 

engineering majors in college. 

Men and women who decided not to major in engineering after indicating an 

intent to major in engineering during their senior year of high school also may have 

been influenced by institutional factors. For example, if a student attends a college at 

which engineering is not offered as a major, then, obviously, that student will choose 

some other major besides engineering. Some small liberal arts colleges offer "3-2 

degree programs" in which students may earn both a bachelor of arts degree as well 

as an engineering degree at a "sister college." For example, Morehouse, a small, 

traditionally black college in Atlanta has a 3-2 degree program with nearby Georgia 

Tech. However, a student must be willing to take five years to complete such a 

program, the same amount of time to complete both a bachelors and a masters degree 

in engineering in some cases. 
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Table 6.4 reports information about the first colleges attended by students who 

had indicated an intent to major in engineering, but who chose some other major 

instead when they arrived at college. 

I I Males I Females I 
2-Year Technical Program 13 5 

Liberal Arts College with a 3-2 Degree 5 0 
Program 

Number and % who went to a college 24 8 
without an engineering program of its own. (25.3%) (25.0%) 

Average Engineering Students as a % of All 11.2% 6.4% 
Students 

Sample Size 95 32 

Leavers as a % of intended engineering 31.8% 46.4% 
majors. 

Table 6.4 Characteristics of Colleges Attended By Engineering Leavers, 1980 

The college characteristics shown in Table 6.4 indicate that choice of college 

is related to students' ability to pursue an engineering major. One fourth of all men 

and women who had intended to major in engineering late in their senior year of high 

school but who had selected some other major field of study by their first semester at 

college had attended colleges without engineering programs. Some of the men had 

attended colleges with 3-2 programs, but this was not the case for women. Of the 

five males who attended liberal arts colleges with 3-2 programs, 3 were black. Two 
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of these men attended Morehouse and the third attended the Hampton Institute, both 

traditionally black colleges. 

The students who decided not to follow-through on their intent to major in 

engineering as reported during the 1980 base year survey attended schools where, on 

average, 11.4% of students (for males) and 6.4% of students (for females) were 

engineering majors. In comparison, according to Peterson's Guides to 

Undergraduate Engineering Programs (1981), the 268 engineering schools included 

in this guide reported that engineering students accounted for an average of 19.8% of 

all students. In comparison, women who received BSE degrees by 1986 had attended 

colleges where more than one fourth (27.8%) of all students were engineering majors. 

Therefore, it appears that schools at which there is a lower than average number of 

students majoring in engineering - i.e., where the culture of engineering is less central 

- the likelihood that a student who wanted to study engineering will actually study 

engineering is low. 

Furthermore, the women who decided not to major in engineering attended 

colleges where the average number of female engineering majors as a percent of all 

engineering majors was 10.2%. In comparison, according to Peterson's Guides to 

Undergraduate Engineering Programs (1981), women accounted for an average of 

12.2 % of all engineering students at the school included in the guide. As a basis for 

comparison, the women who had received bachelors degrees in engineering by 1986 

had attended colleges at which 15.1 % of the engineering students were females. 
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Hence, there is no support for the notion that women will avoid engienering programs 

at colleges where there are fewer than the average proportion of female engineering 

majors, since there is no substantial variation in the percentage of female engineering 

students for women who varied in terms of their engineering status. 

Of the 12 female engineering leavers who attended a college that did have an 

engineering program, 5 (42%) had attended a college at which there were special 

services for women while 7 (25 %) of the women who earned BSE degrees by 1986 

did so at colleges with special services for women. Though schools in the guide 

varied greatly in terms of what constituted "special services," the University of 

Arizona Women in Science and Engineering (WISE) is one example. WISE sponsors 

a variety of seminars, provides tutoring and counseling for women students who may 

be interested in the sciences or engineering and engages in outreach efforts to 

adolescent girls in the Tucson area. According to Kanter's theory of relative 

numbers, in conjunction with the culture of engineering, it is possible that engineering 

students view "special services" as inconsistent with the formation of bonds of 

camaraderie. That is, male and female engineering students alike may view such 

services as "boundary heightening" mechanisms given the importance of cooperation 

among students and given that such services are available to only certain students. 

6.2 Early Switch in&:: Choices within the First Two Years of Colle&:e 

Tables 6.5 and 6.6 compare means and standard deviations for students based 



245 

on their engineering status in 1982. Students were coded as persisters, leavers and 

enterers, consistent with the above coding scheme. The two time points of interest 

here, however, are the first college major and the college major students reported was 

their current college major as of the first follow up survey in February, 1982. The 

comparisons differ from the comparisons involved with engineering status, 1980 

because these represent actual changes in program of study. Whereas lower 

engineering grade point averages of 1980 engineering leavers indicate that students' 

were "right" to self-select out of engineering, such a result here would indicate that 

students were more likely to have been acting on poor performance in engineering 

courses. 

Males who left engineering between their first semester of college and 

February, 1982 had lower mean high school grade point averages, performed less 

well in engineering math and technical courses and were more career oriented (in 

1982) on average compared to males who were still majoring in engineering as of 

1982. For these men, average high school preparation was on par with that of men 

who were majoring in engineering in 1982. 

Males defined as engineering persisters and engineering enterers were not 

significantly different. Male engineering enterers and persisters differed on only two 

of the variables shown in Table 6.5. Males who switched into engineering had taken, 

on average fewer high school advanced math courses than had persisters. 

There were no significant differences in the mean levels of 3-D visualization 
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skill for the males in this sample. Likewise, in Table 6.6, women who left 

engineering between 1980 and 1982 did not differ significantly from women who 

continued to pursue engineering during that time in terms of 3-D visualization skill. 

According to Table 6.6, females who left engineering during the first two 

years of college differed from women who persisted in engineering in four ways. 

First, although there were no high school preparation and skills differences, women 

who opted out of engineering had lower mean overall college and engineering course 

GPAs than did women who were still pursuing engineering fields of study in 1982. 

Also 1980 and 1982 career orientation measures indicate an interesting difference 

between female engineering leavers and engineering persisters. Engineering was 

hypothesized to be a field of study consistent with the male gender role, and hence, 

consistent, with high career orientation values. Women who left engineering had 

significantly lower scores on the career orientation measure in 1982 but significantly 

higher scores on the career orientation measure in 1980 than did persisters. 

Therefore, it is possible that these women's changed career orientation contributed to 

their decision to leave engineering. 

Although women who entered engineering had lower mean 3-D visualization 

skill and had taken fewer high school math courses, on average, than did women who 

had selected engineering as their first college major, these women placed 

significantly greater average importance on intrinsic work rewards than either female 

engineering persisters or leavers. Such women may have been drawn to engineering 
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by the belief that engineering would be an interesting or important job enabling them 

to meet interesting people and offering some level of decision making ability. 

Though the women who entered engineering within the fIrst two years of college may 

not have been as well prepared as those women who started out in engineering, their 

performance in college level technical course, as indicated by their mean GP As in 

math, science and engineering courses and their overall college performance 

(measured by ]982 GPA) were not significantly different than that of women who had 

selected engineering as their fIrst field of study in college. 

Table 6.7 reports results of sex differences within each category of 1982 

engineering status. Male and female 1982 leavers are far less different than were 

male and female 1980 leavers. There were only two sex differences among students 

who entered engineering after first majoring in a non-engineering field of study. 

Males who opted into engineering during the fIrst two years of college placed less 

importance on intrinsic work rewards than did women who opted into engineering. 

However, these men had higher mean 3-D visualization skill than the women who 

entered engineering. This is an interesting contrast because it implies that males' 

skill, but females' perception of work differentiates women and men who are attracted 

to engineering during the college years. 

Finally, men and women who were 1982 engineering persisters differed on 

four of the measures. Female engineering persisters were somewhat better prepared 

in high school as indicated by a higher mean number of high school advanced math 
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courses and a higher mean high school GPA than the male engineering persisters. 

However, this greater level of high school preparation did not translate into higher 

measures of collegiate performance, overall or in technical coursework, as indicated 

by the lack of significant sex differences in college GPA's. Male engineering 

persisters were more highly family oriented than were female engineering persisters in 

both 1980 and 1982. This is not inconsistent with the notion that engineering would 

appeal to males who are highly family oriented but to females who are less family 

oriented based on the family-work role system (Pleck 1977). 

Few engineering students were married or had children as of 1982. By 1982 

only two women (one persister and one leaver) were married while seven male 

engineering persisters and two male engineering enterers were married. Likewise, 

two engineering women and seven engineering men indicated they had at least one 

child by 1982. None of the engineering leavers, male or female, were married by 

1982 nor did any students who left engineering report having a child as of 1982. 



Table 6.5 Means and Standard Deviations, 
By Engineering Status, 1982, Males 

Persisters Leavers Enterers 

SES, 1980 0.151 0.344 > -0.133 
(0.707) (0.591) (0.885) 

High School Advanced 4.000 = 3.857 3.680 
Math Courses (1. 065) (1.167) (1.215) 

High School Advanced 1.558 1.667 > 1.192 
Physical Sciences (0.723) (0.617) (0.849) 

3-D Visualization 0.914 0.561 1.098 
Skill, Standardized (0.951) (1.087) (1.233) 

High School 3.273 > 2.882 3.093 
GPA (0.622) (0.626) (0.589) 

1982 GPA 2.709 2.471 2.704 
(0.657) (0.572 ) (0.724) 

change in GPA -0.152 -0.086 -0.124 
1980-1982 (0.224) (0.274) (0.236) 

GPA: Engineering 1.991 > 0.993 1.283 
Courses (1.286) (1.313) (1.348) 

GPA: Math 2.299 > 1. 553 2.093 
Courses (1.012) (1.156) (1.152) 

GPA: Science 2.015 1.695 1.977 
Courses (1.091) (1.319) (1.227) 

GPA: Technical 2.268 > 1. 752 2.171 
Courses (0.843) (1. 088) (0.955) 

Career 0.118 0.268 -0.187 
Orientation, 1980 (0.828) (0.522) (1.173) 

Family 0.010 -0.087 0.073 
Orientation, 1980 (0.963) (1.208) (0.711) 

Importance, Intrinsic -0.172 -0.295 -0.172 
Work Rewards, 1980 (0.966) (0.912) (0.945) 

Importance, Extrinsic 0.140 0.056 0.119 
Work Rewards, 1980 (0.865) (1.128) (1.026) 

Career 0.080 < 0.522 > 0.003 
Orientation, 1982 (0.952) (0.000) (1. 035) 
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Table 6.6 Means and Standard Deviations, 
By Engineering Status, 1982, Females 

Persisters Leavers Enterers 

SES, 1980 0.198 0.735 > 0.016 P=E 
(0.934) (0.544) (0.662) 

High School Advanced 4.5106 = 4.000 > 2.857 P>E 
Math Courses (0.748) (0.707) (1.069) 

High School Advanced 1.551 1.400 = 1.143 P=E 
Physical Sciences (0.614) (0.548) (0.900) 

3-D Visualization 0.650 0.966 > 0.0004 P>E 
Skill, Standardized (0.952) (0.650) (1. 093) 

High School 3.596 = 3.300 3.214 P=E 
GPA (0.514) (0.837) (0.906) 

1982 GPA 2.853 > 2.200 2.643 P=E 
(0.650) (0.570) (0.748) 

Change in GPA -0.200 -0.168 -0.086 P=E 
1980-1982 (0.183) (0.357) (0.368) 

GPA: Engineering 1.876 > 0.430 = 1.269 P=E 
Courses (1.140) (0.962) (1. 447) 

GPA: Math 2.115 1.719 2.331 P=E 
Courses (1.162 ) (1.216) (0.615) 

GPA: Science 1.983 = 1.474 1.560 P=E 
Courses (1.149 ) (1.418) (1.209) 

GPA: Technical 2.005 = 1.622 = 2.244 P=E 
Courses (0.983) (0.977) (0.449) 

Career 0.151 < 0.453 0.228 P=E 
Orientation, 1980 (0.764) (0.000) (0.594) 

Family -0.293 = -0.109 = 0.461 P<E 
Orientation, 1980 (1.124) (1.181) (1.187) 

Importance, Intrinsic -0.175 -0.561 < 0.460 P<E 
Work Rewards, 1980 (1.007) (0.994) (0.466) 

Importance, Extrinsic 0.240 -0.225 0.428 P=E 
Work Rewards, 1980 (0.907) (1.059) (0.795) 

Career 0.140 > -0.679 = -0.121 P=E 
Orientation, 1982 (0.726) (1.957) (1.181) 

Family -0.310 0.224 0.254 P=E 
Orientation, 1982 (1.040) (0.927) (0.816) 
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Table 6.7 Summary of Sex Differences by Engineering Status, 1982 

Persisters Leavers Enterers 

SES, 1980 M F M F M F 

High School Advanced M < F M = F M F 
Math Courses 

High School Advanced M = F M = F M = F 
Physical Sciences 

3-~ Visualization M F M F M > F 
Skill, Standardized 

High School GPA M < F M F M F 

1982 GPA M = F M F M = F 

Change in GPA, 1980-1982 M = F M F M F 

GPA: Engineering Courses M F M F M F 

GPA: Math Courses M F M F M F 

GPA: Science Courses M = F M = F M F 

GPA: Technical Courses M F M F M F 

Career Orientation, 1980 M F M F M F 

Family orientation, 1980 M > F M = F M F 

Importance, Intrinsic M = F M = F M < F 
Work Rewards, 1980 

Importance, Extrinsic M F M F M F 
Work Rewards, 1980 

Career Orientation, 1982 M F M > F M F 

Family Or ientat ion, 1982 M > F M F M F 
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6.3 Completion of an Eneineerine Bachelors Deeree 

Table 6.8 shows the distribution of students by sex across five of the seven 

categories of engineering status, 1986. These are the five possible statuses that could 

be occupied by students who were engineering majors in 1982. First, more women 

than men who had been reported an engineering major in 1982 had graduated with a 

bachelors degree by 1986. A fairly large number, 41.5%, of women who majored in 

engineering had received bachelors degrees in engineering by 1986 with another 

15.4% of the women receiving bachelors degrees in other fields of study. In contrast, 

31.6% of males who were engineering majors in 1982 had received bachelors degrees 

in engineering by 1986. Another 10.3% of the males received degrees in other fields 

of study by 1986. In total, 56.9% of women and 41.9% of men who were 

engineering majors in February, 1982 received bachelors degrees by 1986. 

Two other statuses were occupied by students who were still pursuing their 

first bachelors degree in college. Of the 40.4% of men still in college in 1986, 

62.4% were pursuing the BSE while of the 32.3% of women still in college, only 

57.3% were still pursuing the BSE as opposed to other fields of study. 

Finally, 1982 male engineering majors were more likely than their female 

counterparts to drop out of college by 1986. Though 17.7 % of such men dropped out 

of college, 10.8% of 1982 engineering females had dropped out of college by 1986. 

Table 6.9 reports the distributions among all seven categories of 1986 

engineering status. The "new" two categories (in addition those in Table 6.8) 
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I I 
Males 

I 
Females 

I 
1) Earned a BSE by 1986. 31.6% 41.5% 

2) Earned a BS/BA in Non-Engineering Field. 10.3% 15.4% 

4) Still Pursuing BSE, 1986. 25.2% 18.5% 

5) Pursuing Non-Engineering Bachelors, 1986. 15.2% 13.8% 

7) Dropped Out of College by 1986. 17.7% 10.8% 

Table 6.8 1986 Engineering Status of 1982 Engineering Majors 

represent students who had switched into engineering, 1982-1986. Some of these 

students received bachelors degrees in engineering, while others were still in college 

pursuing the bachelors degree. The 4.6% of males who had majored in some other 

field in 1982 but received the BSE by 1986 represent 14.5% of all bachelors degrees 

awarded to men in engineering. The 5.1 % of females in this same category represent 

slightly less, 12.8% of the bachelors degrees awarded to women in engineering. 

Tables 6.10 and 6.11 report the means and standard deviations for men and 

women within each of the seven categories of engineering status, 1986. The means 

within each table were compared using t-tests. Males' and females' means within 

each of the engineering statuses were also compared using t-tests. Because of the size 
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of these tables, significant results are not reported in the tables. Instead, some of 

these results will be detailed below by sets of variables. 

I I Males I Females I 
1) Majored in Engineering, 1982, Earned a 27.2% 34.6% 
BSE by 1986. 

2) Majored in Engineering, 1982, Earned a 8.9% 12.8% 
BS/BA in Non-Engineering Field. 

3) Majored in Non-Engineering Field, 1982, 4.6% 5.1% 
Earned a BSE by 1986. 

4) Majored in Engineering, 1982, Still 21.7% 15.4% 
Pursuing BSE, 1986. 

5) Majored in Engineering, 1982, Pursuing 13.1 % 11.5% 
Non-Engineering Bachelors, 1986. 

6) Majored in Non-Engineering Field, 1982, 9.2% 11.5% 
Pursuing BSE, 1986. 

7) Majoring in Engineering, 1982, Dropped 15.3% 9.0% 
Out of College by 1986. 

Table 6.9 Engineering Status, 1986, Distribution by Sex 

6.3.1 1980 Family Socioeconomic Status (SES) 

There were no significant SES differences within each of the seven categories 

of engineering status, 1986 by sex. Males' mean family SES and females' mean 

family SES within all categories of engineering status, 1986 were not significantly 

different. Women and men who graduated with BSE degrees (and who had indicated 

an engineering major in 1982, persisters) came from families of high mean SES than 
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did women who dropped out of college or who were still in college pursuing a BSE. 

There were no other significant SES differences among women based on the 

insignificance of t-tests of means comparisons of different categories of engineering 

status, 1986. 

6.3.2 High School Preparation and Skills 

Although in many of the other comparisons of males and females, females' 

high school mean GPA was often greater than males' mean high school GPA, no such 

difference was evident among any of the seven categories of 1986 engineering status. 

Females' high school GPA's differed among only a few of the categories of 

1986 engineering status. Women who had majored in engineering in 1982 and had 

earned BSE degrees by 1986 had a significantly higher mean high school GPA than 

did those women who were 1982 engineering majors and who either left engineering 

after 1982 (and were still in college) or those women who left college after 1982. 

Among those who graduated from college by 1986 and among those who were still in 

college in 1986 there were no significant differences in mean high school GPAs. 

Among the males who graduated with BSE degrees by 1986, those who had 

been engineering majors in 1982 had a significantly higher mean level of 3-D 

visualization skill than did those who switched to engineering after 1982. Men who 

were 1982 engineering majors who received bachelors degrees in other fields by 1986 

had a significantly higher mean level of 3-D visualization skill than men who earned 



BSE degrees (but had entered engineering after 1982) or those who had entered 

engineering after 1982 and were still in college in 1986. There were no other 

significant differences between the males' mean 3-D visualization skill measures. 
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Regarding females' groups' means on the measure of 3-D visualization skill, 

there were two definable subgroups. The women who were engineering majors in 

1982 and who either left college by 1986 (without a bachelors degree) or who had left 

engineering by 1982 (and had not earned a bachelors degree) had significantly lower 

mean 3-D visualization skill than did any of the other women in this sample. The 

other five categories of women all had statistically equivalent mean levels of 3-D 

visualization skill. 

6.3.3 College Performance 

There were few college performance differences between the sexes within each 

of the seven categories of major choice. Females who graduated with bachelors 

degrees in non-engineering fields of study by 1986 who had been engineering majors 

in 1982 had significantly higher mean 1982 college GPAs and higher mean college 

GPAs in math courses than did comparable males. The only other performance 

difference between men and women was among those who were engineering persisters 

who were still pursuing the BSE. Males in this category had significantly higher 

mean GPAs in technical courses (math, science and engineering combined) than did 

comparable females. The 2.2 mean GPA for males in all technical courses was 



significantly higher than the 1.5 mean GPA for females. 

Among males, there were many significant college performance differences 

between different categories of 1986 engineering status, all of which support the 

notion that males' college pathways are defined by skills and performance. 
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There were far fewer performance differences among the females than the 

males. There were no significant differences among women who received bachelors 

degrees by 1986 regardless of whether they earned those degrees in engineering or 

some other field or whether they majored in engineering in 1982 or not. Among 

women still in college, there were also far fewer differences in college performance. 

Women who were engineering persisters - had majored in engineering in 1982 and 

were still majoring in engineering in 1986 - had a significantly higher mean GPA in 

engineering coursework than either women who left engineering after 1982 or women 

who had entered engineering after 1982 and who were still pursuing bachelors degrees 

in college. All other mean grade point averages among the women who were still in 

college in 1986 were not significantly different. 

Females who graduated with BSE degrees and who had majored in engineering 

in 1982 had significantly higher mean GPA's in math, science, engineering and all 

technical courses (overall) than did women who were still in college (persisters, 

enterers and leavers) and a significantly higher mean GPA in engineering courses than 

did women who left college by 1986 without a bachelors degree. Females who left 

engineering after 1982 and were still in college in 1986 had a significantly lower 



258 

mean 1982 GPA than did women who majored in engineering in 1982 and received a 

BSE by 1986. Women who were still in college pursuing a BSE (and had majored in 

engineering in 1982) had a significantly lower 1984 GPA than did similar women who 

had earned a BSE by 1986. 

6.3.4 Values and Attitudes 

There were few values and attitudes differences between men and women 

among each of the seven categories of 1986 engineering status. Males who graduated 

with bachelors degrees in non-engineering fields of study (graduated engineering 

leavers) had a significantly higher mean family orientation measure for 1986 than did 

comparable females. Among those students who had left both engineering and college 

by 1986, males' mean career orientation (1986) was significantly higher than 

comparable females'. There were no differences between the sexes on the measures 

of the relative importance of intrinsic and extrinsic rewards of work. 

Most of the attitude differences between males and females concern attitudes 

about women's social role. Three categories of students had no significant sex 

differences in attitudes about women. These were: graduated engineering enterers 

(students who switched to engineering between 1982 and 1986 and had earned a BSE 

by 1986); engineering enterers who were still in college as of 1986; and students who 

left college by 1986 without earning a bachelors degree. In all other categories, the 

differences between males and females were significant, with males reporting more 
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Table 6.10 Means and Standard Deviations by Engineering Status, 1986, Males 

Graduated from College Still in College Dropped 
Persisters Other Enterers Eng. Non-Eng.Switched Out of 

BSE BS/BA BSE Major Major to Eng. College 

SES, 1980 0.214 0.498 0.026 0.067 -0.036 0.108 -0.143 
(0.635) (0.629) (0.840) (0.739) (0.779) (0.767) (0.735) 

High School 3.573 3.483 3.067 3.155 3.105 2.776 2.900 
GPA (0.474) (0.590) (0.495) (0.577) (0.573) (0.591) (0.647) 

1982 GPA 2.971 2.621 2.900 2.706 2.512 2.667 2.570 
(0.630) (0.607) (0.712) (0.676) (0.666) (0.648) (0.693) 

1984 GPA 2.977 2.804 3.067 2.739 2.583 2.682 2.643 
(0.499) (0.497) (0.530) (0.566) (0.541) (0.477) (0.713) 

GPA: Engineering 2.691 1.840 2.559 2.135 1.043 0.775 1.492 
Courses (0.832) (1.336) (1.150) (1. 206) (1. 299) ( 1.242) (1.419) 

GPA: Math 2.819 2.117 1.970 2.134 1.887 1.516 1.668 
Courses (0.864) (0.611) ( 1.369) (0.881) ( 1.154) ( 1.314) (0.969) 

GPA: Science 2.665 1.969 2.700 1.988 1.519 1.345 1.326 
Courses (0.829) (0.702) (0.744) (1.075) ( 1.231) (1.378) (1.155) 

GPA: Technical 2.752 2.185 2.618 2.199 1.907 1.719 1.777 
Courses (0.712) (0.484) (0.720) (0.809) (0.921) (1.224) (0.881) 

High School Advanced 4.375 4.269 3.357 3.852 3.771 3.036 3.128 
Math Courses (0.973) (1.185 ) (1.646) (0.910) (1.087) (1.319) (1.154) 

High School Advanced 1.791 1.655 0.857 1.546 1.447 1.035 0.979 
Sci ence Courses (0.534) (0.670) (0.535) (0.706) (0.828) (0.778) (0.812) 

3-D Visualization 0.894 1.230 0.385 0.786 0.799 0.537 0.798 
Skill, Standardized (0.970) (0.950) (0.855) (1.014) (0.909) (1.010) (1.113) 

Career '0.039 '0.016 0.114 0.170 0.150 0.006 0.088 
Orientation, 1986 (0.971) (1.034) (0.960) (0.832) (0.855) (0.962) (1. 057) 

Farni ly 0.174 0.198 0.174 0.086 -0.284 ·0.234 -0.022 
Orientation, 1986 (0.782) (0.629) (0.625) (0.988) (1.029) (1.113) (0.937) 

Importance, Intrinsic '0.021 0.099 '0.0005 -0.076 -0.147 '0.417 -0.037 
Work Rewards, 1986 (1.078) (0.838) (1.126) (0.957) (0.978) (0.930) (1.144) 

Importance, Extrinsic -0.033 -0.076 -0.320 -0.034 0.005 0.003 -0.017 
Work Rewards, 1986 (0.919) (0.850) (1.428) (0.904) (0.988) (0.961) (1.087) 

Traditional Attitudes 0.209 0.015 0.433 0.306 0.284 0.240 -0.058 
Towards Women, A (1. 082) (0.932) (1.048) (0.920) (1.090) (0.842) (1.010) 

Traditional Attitudes 0.024 0.093 0.196 0.149 0.104 0.037 0.154 
Towards Women, B (0.972) (0.933) (0.905) (1.156) (0.937) (0.843) (1.101) 

Traditional Attitudes 0.160 0.112 0.444 0.296 0.256 0.159 0.054 
Towards Women, A + B ( 1.007) (0.878) (0.893) (1.044 ) (0.936) (0.781) (1.092) 
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Table 6.11 Means and Standard Deviations by Engineering Status, 1986, Females 

Graduated from College Still in College Dropped 
Persisters Other Enterers, Eng. Non-Eng. Switched Out of 

SSE SS/SA SSE Major Major to Eng. College 

SES, 1980 0.461 0.034 0.295 -0.209 0.239 0.072 -0.333 
(0.912) (0.696) (0.783) (0.938) (0.749) (0.980) (0.874) 

High School 3.722 3.750 3.500 3.429 3.111 3.111 3.143 
GPA (0.467) (0.486) (0.408) (0.756) (0.486) (0.741) (0.627) 

1982 GPA 3.000 3.200 3.000 2.679 2.500 2.n8 2.357 
(0.529) (0.483) (0.408) (0.575) (0.559) (0.795) ( 1.069) 

1984 GPA 2.962 3.100 2.875 2.607 2.625 2.357 2.400 
(0.467) (0.516) (0.750) (0.525) (0.443) (0.627) (0.962) 

GPA: Engineering 2.550 1.948 2.368 1.739 0.518 0.541 0.595 
Courses (0.794) (1. 206) (1.607) (0.938) (0.n2) (1.077) (1.018) 

GPA: Math 2.670 2.811 2.167 1.533 1.356 1.089 1.576 
Courses 0.842 (0.665) (1.453) ( 1.002) ( 1.050) (0.878) (1.021) 

GPA: Science 2.575 2.354 2.102 1.348 1.361 0.862 0.801 
Courses (0.812) (0.885) (1.750) (1.111) (1.040) (0.930) (1.030) 

GPA: Technical 2.589 2.444 2.272 1.549 1.382 1.089 1.452 
Courses (0.763) (0.589) (1.557) (0.684) (0.829) (0.882) (0.914) 

High School Advanced 4.577 3.667 4.000 4.231 3.750 2.889 4.429 
Hath Courses (0.703) (1.414) (1.000) (1.301) (0.886) ( 1.364) (0.535) 

High School Advanced 1.500 1.500 2.000 1.462 1.625 0.444 1.429 
Science Courses (0.648) (0.707) (0.000) (0.660) (0.518) (0.726) (0.787) 

3-D Visualization 0.824 0.844 0.492 0.913 -0.184 1.006 0.084 
Skill, Standardized (0.084) ( 1.190) (1. 202) (1.028) (0.969) (0.878) (0.614) 

Career '0.185 '0.407 -0.342 -0.109 0.346 0.056 -1.413 
Orientation, 1986 (0.736) ( 1.347) (1.248) (0.842) (0.575) (0.687) (1.026) 

Farnil y 0.399 -0.467 -0.670 -0.308 -0.389 -0.164 -0.308 
Orientation, 1986 (0.810) (1.174) (1.754) (0.875) (0.984) (1.518) (0.911) 

Importance, Intrinsic -0.0005 -0.090 0.224 0.384 -0.257 0.199 -0.599 
Work Rewards, 1986 (0.862) (0.786) (0.860) (0.764) (0.679) (0.748) (1.088) 

Importance, Extrinsic -0.412 -0.320 0.091 -0.026 0.386 0.046 -0.458 
Work Rewards, 1986 (1.005) (0.952) (0.476) (0.766) (0.312) (1.100) (0.811) 

Traditional Attitudes -0.381 -0.354 -0.510 -0.750 -0.958 -0.174 0.018 
Towards Women, A (0.933) (1.198) (0.672) (0.868) (0.821) (0.976) (0.508) 

Traditional Attitudes -0.650 -0.792 -0.342 -0.n6 -0.805 -0.356 -0.172 
Towards Women, S (0.640) (0.370) (1.002) (0.496) (0.561) (0.908) (0.800) 

Traditional Attitudes -0.599 -0.667 -0.520 -0.918 -1.070 -0.308 -0.080 
Towards Women, A + S (0.730) (0.958) (0.847) (0.708) (0.767) (0.914) (0.508) 
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Table 6.12 Number Who Reported Failing at Least One Course 
by Engineering Status, 1986, by Sex 

Males Persisters Enterers Leavers 
Grad. still Grad. Still Grad. still Dropped 

in Col. in Col. in Col. Out 

Science 7 16 1 5 4 9 14 
8.3% 23.2% 7.1% 18.5% 15.4% 21.4% 31.1% 

Math 12 23 5 14 13 20 18 
14.3% 33.3% 35.7% 51.9% 50.0% 47.6% 40.0% 

Engineering 16 18 0 2 6 6 7 
19.0% 26.1% 0.0% 7.4% 23.1% 14.3% 15.6% 

All Technical 26 36 6 15 15 22 27 
31.0% 52.2% 42.9% 55.6% 57.7% 52.4% 60.0% 

Sample Size 84 69 14 27 26 42 45 

Females Persisters Enterers Leavers 
Grad. Still Grad. Still Grad. Still Dropped 

in Col. in Col. in Col. Out 

Science 4 4 0 2 3 4 1 
16.0% 33.3% 0.0% 22.2% 33.3% 50.0% 14.3% 

Math 1 6 0 4 0 6 5 
4.0% 50.0% 0.0% 44.4% 0.0% 75.0% 71. 4% 

Engineering 4 5 0 1 3 3 2 
16.0% 41.7% 0.0% 11.1% 33.3% 37.5% 28.6% 

All Technical 8 10 0 4 5 7 5 
32.0% 83.3% 0.0% 44.4% 55.6% 87.5% 71.4% 

sample Size 25 12 4 9 9 8 7 
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traditional attitudes, on average, than women within the same status. 

There were several differences among the women between categories of 1986 

engineering status. Women who had been engineering majors in 1982 but had 

dropped out of college by 1986 had more traditional attitudes about women's home 

and family role as well as women's overall social role than did women who were still 

in college and who also had been engineering majors in 1982. Females who dropped 

out of engineering and college were also significantly more traditional in their 

attitudes regarding women's overall social role than were women who earned a BSE 

by 1986 and who had been engineering majors in 1982. Not inconsistent with these 

findings about women's social role, women who left college by 1986 were 

significantly less career oriented and placed less importance on extrinsic work 

rewards, on average, than any of the women who were still in college in 1986. 

6.4 The Culture of Engineering and Women as Tokens at Engineering School 

According to the enrollment statistics in the Peterson's Guide to 

Undergraduate Engineering Study, in 1980, an average of 19.8% of all students at 

the 268 colleges included in the guide were engineering students and women 

accounted for an average of 12.2 % of all engineering students. 

Table 6.13 shows that women who received bachelors degrees in engineering 

did so at schools where more than the average number of students were engineering 

students, schools where the culture of engineering would be expected to be more 
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firmly established. In most cases, women left and entered engineering programs at 

"average" engineering schools - i.e., schools where 19.8% of the student body 

consisted of engineering students and where 12.2 % of engineering majors were 

women. However, women who left engineering between 1982 and 1984 did so at 

colleges with a higher average proportion of engineering students (25.4 % ). 

I I 
% All 

Students 
Engineers % Female 

Overall Average 19.8% 12.2% 

Average for Female BSE 27.8% 15.1 % 

Average for Female Leavers, 19.6% 12.3% 
1st Major - 1982 Current Major 

Average for Female Enterers, 16.6% 11.5% 
1st Major - 1982 Current Major 

Average for Female Leavers, 25.4% 13.7% 
1982 - 1984 Current Major 

Average for Female Enterers, 18.4% 12.0% 
1982 - 1984 Current Major 

Table 6.13 Enrollment Characteristics of Engineering Schools 

This finding is not clear evidence in support of the culture of engineering 

hypothesis, however, when two additional factors are considered. First, both men's 

and women's rates of attrition from engineering during that period were comparable -
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26.2% of 1982 male engineering students and 30.2% of 1982 female engineering 

students leaving engineering during that period. Furthermore, men who left 

engineering programs during this period did so at colleges where an average of 21.3 % 

of all students were engineering majors. This is comparable to the similar statistic 

(i. e., 25.4 %) for women 1982-1984 engineering leavers reported in Table 6.13. 

Second, during the 1982-1984 period, the 1980 seniors of the High School and 

Beyond cohort would have begun taking predominately engineering courses rather 

than the math, science and general education classes of the 1980-1982 period. In 

other words, during 1982-1984, most engineering students in this sample would have 

already selected an engineering specialization and would begin taking courses in 

which they would, at last, receive a "taste" of the actual work involved with being an 

engineer. Hence, it is not surprising that women who left engineering during this 

period did so at schools with larger engineering programs, since such programs would 

have more students to lose. 

Women who received BSE degrees did so at colleges where the ratio of female 

engineers as a percent of all engineering students was slightly higher than average, 

15.1 % versus 12.2%, however, it is unlikely that this 2.9% difference is statistically 

significant. Among the females who either left or entered engineering, however, 

there were no large differences in the size of the female engineering population, 

therefore, there can be few conclusions regarding the tokenism hypothesis independent 

of the culture of engineering. It is important to note, however, that women did enter 
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and leave engineering programs at schools with about the same relative number of 

women. That is, there is no clear pattern that women more often left programs where 

women were far fewer in number and entered programs where women were far 

greater in number. 

Finally, in considering the interaction of the culture of engineering with the 

issue of relative numbers, the data in Table 6.13 indicate little variation in the relative 

number of women studying engineering among different statuses, hence there is not a 

rigorous test of this hypothesis in these data. However, the women who did receive 

BSE degrees did so at colleges where slightly more than the average proportion of 

engineering students were women and where engineering students comprised a 

significantly greater proportion of all engineering students. As shown in section 6.1, 

women who decided not to pursue engineering between high school and college and 

who attended colleges where engineering programs were available, attended colleges 

where, on average, only 6.4 % of all students were engineering majors and where 

10.2 % of all engineering students were women. These findings suggest that the 

interaction hypothesis - that at schools where women comprise a larger than average 

proportion of engineering students and where the culture of engineering is strongest -

may have some credence, but because of the small sample in this dissertation, no 

clear conclusion is evident. 



6.5 Summary 

Although multivariate models were not presented in this chapter, extensive 

analysis of students based on their status within the engineering major reveal some 

interesting sex differences. 
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First, women who were attracted to the engineering major during college were 

less well objectively prepared than students - both male and female - who were 

already majoring in engineering, these women placed significantly higher mean 

importance on intrinsic work rewards than other engineers, both men and women. 

Furthermore, even though their high school preparation in math and science as well as 

their 3-D visualization skill were lower than other engineering students', on average, 

their performance in at the collegiate level was not significantly different than other 

engineering students' performance. 

Men who were attracted to engineering were more likely than the women who 

were attracted to engineering to already possess the skills and training required of 

engineering students and were not substantially different than males who were already 

engineering students with respect to attitudes. Throughout their post-secondary 

careers, men were more swayed by performance than were women. Men who 

decided not to major in engineering prior to college, for example, were far less 

prepared for the engineering major, except that their mean level of 3-D visualization 

skill was the same as male engineering persisters' and enterers'. Overall, 3-D 

visualization differences among males were inconsequential. 
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On the other hand, all of the women in this sample had taken more than four 

years of advanced high school math and a year of advanced high school physical 

science. There were few significant differences among these women's mean high 

school GPAs regardless of engineering status. However, 3-D visualization skill 

differences among women were far more consequential than those among their male 

counterparts. 

Women who left engineering had significantly lower means on the measure of 

3-D visualization skill than those who persisted in engineering. Although this finding 

could indicate that 3-D visualization skill is a barrier to women's successful 

completion of engineering programs, women who entered engineering also had 

significantly lower means on this variable. If it is true that 3-D visualization skill is 

an important cognitive skill for engineers - engineering graduates' 3-D skill was 

shown in Chapter 5 to be significantly higher than that of any other college 

graduates', on average - and if the women who entered engineering had a lower mean 

on this variable but not on objective measures of performance in engineering school 

(i. e., course failure rates and GP As in math, science and engineering course), then it 

is possible that this "deficiency" can by overcome. 

Furthermore, women who entered engineering did have significantly fewer 

high school math and science courses than women who had initially selected 

engineering, but still had more than four years of math, which is greater than female 

college attendees' overall means of under four courses. The women who entered 
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engineering during college, however, did place significantly greater mean importance 

on intrinsic work rewards. Therefore, it is possible that this work orientation may 

have provided a motivation to overcome the 3-D visualization deficiency. 

Second, there was some support for the work-family role system as one 

explanation of why women leave engineering during college. According to the work

family role system engineering would be an ideal occupational choice for a male 

because it is a job with a good starting salary and offers a stable career, consistent 

with the male family role of breadwinner. For women, however, family roles conflict 

with career roles, therefore, women would hesitate to choose engineering. 

There was some evidence that women who left engineering within the first two 

years of college were experienced a simultaneous reduction in their mean level of 

career orientation. Also, although male and female engineering students did not differ 

on their mean level of career orientation, family orientation scores were slightly 

higher for male engineering students. The mean importance of extrinsic work 

rewards were also somewhat higher among engineering persisters than among enterers 

or leavers.Among the women in this sample, few had children or were married during 

the six-year period covered by the High School and Beyond data. Also, females who 

persisted in engineering had lower mean family orientation scores than those who left 

or entered engineering or male engineering persisters, consistent with the work-family 

role hypothesis. 

Finally, women comprised an average of less than 20% of the students at 
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engineering colleges overall, therefore, according to Kanter's definition, women who 

majored in engineering in this sample would be tokens. However, male and female 

rates of attrition from engineering programs during college, as reported in Chapter 5, 

were not substantially different. Although the culture of engineering experienced by 

the 123 female engineers in this sample did vary somewhat, women who received 

BSE degrees did so at colleges where the culture of engineering would have been 

"strong" - i.e., where an average of 27.8% of all students were engineering majors. 

Because there was not a far greater than average proportion of female engineering 

students at these colleges indicates that the culture of engineering may, net of 

tokenism, have beneficial effects for female as well as male engineering students. 
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Chapter 7 

Conclusions and Implications 
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This dissertation sought to answer two questions about the relationship between 

engineering and gender. The first question was: Why do fewer men than women 

choose to major in engineering? The second question was: given that they choose to 

major in engineering, what explains the sex differences in engineering retention 

during college? 

Chapter 3 outlined some of the changes in attitudes that occurred among high 

school seniors between 1970 and 1980. These changes - combined with institutional 

changes which no longer permitted overt discrimination in education based on sex -

implied that women would increasingly penetrate formerly male dominated 

occupations. Since the focus of this dissertation has been on how the educational 

process results in sex segregation, the occupations of interest here were confined to 

those which require academic college degrees. As shown in Chapter 3, women have 

had differential success in penetrating formerly male-dominated technical fields for 

which college degrees are required. For example, in 1987 women accounted for one 

third of all new medical doctors but only 14% of new recipients of bachelors degrees 

in engineering. 

Although neoclassical perspectives may predict that women would more likely 
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pursue those fields in which earnings in the first few years of work could be 

maximized and which require less time in college (polachek 1981 and Zellner 1975), 

such as engineering, women more often chose the medical and legal professions than 

engineering during the 1970's and 1980's -- both of which require a longer period of 

post-secondary education than engineering. Women also selected other bachelors 

degree programs besides engineering, despite the fact that, as detailed in the 

introductory chapter, only with a bachelors degree in engineering could college 

graduate women garner starting salaries on par with those of men during the 1980's. 

Furthermore, engineering starting salaries during the 1980's were far higher than 

those offered to college graduates with bachelors degrees in any other college major. 

The pipeline perspective - represented by the policy research conducted by 

organizations such as the National Research Council (1992) - explains women's lack 

of participation in engineering (as well as other technical fields) as a function of two 

important factors. First, according to these perspectives, women were not as well 

prepared as men at the high school level in math and science, hence not only would 

women's interests in these areas not have been piqued in high school, but also, 

women would not be as well prepared to enter technical degree programs during 

college. 

Second, according to this perspective, women who did enter this pipeline were 

more likely than men at all levels of post-secondary education to leave the pipeline. 

Women would leave the pipeline for several reasons. Women begin child bearing and 
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marriage at earlier average ages than do men (U.S. Census Bureau 1992) -

approximately two years sooner. Also, women continue to bear a larger share of the 

responsibility for domestic work, even when they are in the paid labor force (Shelton 

1992). Therefore, the structural realities of marriage and children are one of the 

pipeline explanations for why women disproportionately leave technical fields. 

Another explanation for the lack of retention of women in technical fields is that 

because there are so few women in those fields, younger female students lack 

appropriate role models and must weather the storm of institutional sexism without 

any support. 

This dissertation has shown that the pipeline hypothesis, that women lack 

technical preparation and, therefore, do not pursue engineering has some merit but 

explains only a small percent of the sex difference in the choice and completion of 

engineering fields of study. First, women's mean levels of math and science 

preparation in high school, though lower than men's were not much lower. 

Furthermore, subsequent models and decompositions shown in Chapters 4 and 5 

indicate that this small mean sex difference explained only 6.8% of the sex gap in the 

choice of an engineering major in college and 5.2 % of the sex difference in receipt of 

bachelors degrees in engineering (BSE degrees). If we then account for the well

documented sex difference in 3-D visualization skill (Kimura 1992), then only another 

1.4 % of the sex gap in choice and 3.2 % of the sex gap in receipt of BSE degrees is 

explained. Finally, unmeasured sex differences, leading to differences between the 



273 

intercepts and coefficients of amle and female MNL models, previously referred to as 

cognitive model differences, account for almost 50% of the sex gap in major choice 

and 77% of the sex gap in receipt of BSE degrees. The decomposition analyses that 

show these findings were those in which males' multinomial equations were evaluated 

at the female's group means. 

According to the pipeline hypothesis, once they have selected engineering, 

women are supposed to leave technical fields more often than men because of family 

responsibilities and because of the lack of role models in engineering and science 

because of women's smaller relative numbers. However, the data I have shown in 

Chapters 5 and 6 indicate two interesting findings about retention rates in general. 

First, women may leave technical fields, but so do men. Men's and women's 

rates of leaving engineering, shown in Chapter 5 and by the matrices in Appendix C, 

are comparable and follow a similar pattern over time. Rates at which students left 

engineering were quite low within the first two years of college: only 7.7 % of males 

and 8.8% of females who selected engineering as their initial field of study had 

switched to other majors by February, 1982. 

During the following two years of college, between February, 1982 and 

February, 1984, the rates of attrition from engineering were higher. During that 

time, which would coincide with the period that engineering students would begin 

taking mostly engineering classes after having completed math and science pre

requisites and general education courses, 30.2 % of females and 26.2 % of males left 
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engineering. Compared to the other two quantitative fields, the life sciences and math 

and physical sciences, however, the rate of student attrition from engineering is not 

high. During the 1982-1984 period, 42.4% of male and 34.8% of female 1982 life 

sciences majors left those majors for other fields of study. The highest rates of 

attrition were in math and physical sciences from which 73.4% of males and 81.5% 

of females left between 1982 and 1984. The sex difference in attrition from 

engineering of 4 % is about half as large as the 8.1 % sex difference in attrition from 

math and physical sciences. Whereas the 8.1 % difference may be statistically 

significant, it is questionable whether the 4% sex difference in engineering attrition is 

statistically significant. It is possible that studies which aggregate math, science and 

engineering as one category obscure this important difference. 

The second interesting finding is that women who were engineering majors in 

1982 were more likely than their male peers to graduate from college by 1986 with a 

bachelors degree in engineering or some other field of study. In Chapter 6 it was 

shown that whereas 31.6% of men who were majoring in engineering in 1982 earned 

a bachelors degree by 1986, 41.5 % women who majored in engineering in 1982 had 

earned a BSE by 1986. Females who majored in engineering in 1982 were also more 

likely than comparable males to earn a bachelors degree by 1986 in some other field 

of study: 10.3% of male 15.4% of female 1982 engineering majors earned degrees in 

other fields by 1986. 

Family responsibilities were shown, in Chapter 5, to increase the amount of 
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time it took women to earn college degrees, but did not affect rates of dropping out of 

college. Few of the engineering students in this sample - either males and females -

were married or had children. Hence, it is possible that engineering students 

recognized that marriage and child bearing could have hindered their progress towards 

a degree. Family responsibilities may conflict with engineering students' ability to 

form peer groups, discussed in Chapter 6. Since women tend to marry and bear 

children earlier, on average, than men, it is possible that engineering is avoided by 

women who are married and/or have children. 

Another explanation for women's lower rates of participation in engineering 

concerns the culture of engineering. The culture of engineering, according to 

fieldwork by Hacker (1981), is allegedly sexist and creates a chilly climate for women 

who dare to pursue engineering degrees. According to this perspective, we should 

observe that women are more likely to leave engineering when they attend colleges 

which have a large proportion of engineering students. The enrollment characteristics 

of engineering schools in the early 1980's, detailed in Chapter 6, indicated that 

engineering students accounted for an average of 19.8% of all students at colleges 

where accredited engineering programs were available. However, the women in this 

sample who received BSE degrees did so at colleges where an average of 27.8% of 

all students were engineering students. Such schools, where more than the average 

number of students were engineering students, are schools where the culture of 

engineering would be expected to be more firmly established. Though women who 
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left engineering between 1982-1984 also did so at schools where more than the 

average percentage of students were engineering students, since men's and women's 

attrition from engineering during that period did not differ, such attrition is more 

likely due to factors other than the culture of engineering. In other cases, women left 

and entered engineering programs where there were an average number of 

engineering students. Hence, it is possible that the culture of engineering experienced 

by the 1980's women was less sexually oppressive than that experienced by Hacker's 

women in the 1970's. 

Kanter's theory of the importance of relative numbers implied that when 

women comprised a larger percentage of all engineering students, then women's 

attrition from engineering programs would be reduced. The findings in Chapter 6 do 

not enable strong conclusions regarding this hypothesis. However, among the females 

who graduated, left and entered engineering, there were no large differences in the 

relative size of the female engineering population. 

Chapter 6 also indicates that men and women who had originally indicated 

during their senior year of high school that they wanted to major in engineering in 

college but who did not major in engineering in college often attended colleges where 

either engineering was not offered or where the engineering program was 

comparatively small. Some students had first attended two-year technical colleges, 

where the educational focus would have been of a more vocational rather than 

academic nature. Such students, who did have equivalent mean career orientation 
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and placed the same mean importance on extrinsic work rewards, may have decided 

to earn some other vocational degree or certificate available at these colleges in order 

to enter the labor market at an earlier point in time. 

That the females who decided not to major in engineering between early 1980 

and their first seme&ter of college held significantly more traditional attitudes towards 

women, were less career oriented and more family oriented than engineering 

persisters, on average, indicates that the neoclassical perspective may explain this 

change in college plans. That is, according to Polachek (1981) and Zellner (1975), 

women who anticipate intermittent employment are more likely than men or career 

women to prefer shorter academic programs and higher starting salaries because of 

their family role. Vocational licensing and two-year associates degree programs often 

are consistent with this view. 

7.2 Unmeasured Factors and Sex Differences in Major Choice 

The decomposition analyses featured two separate methods. The first method 

examined the relative impact of sex differences in mean level of attributes on major 

choice by using relevant combinations of males' and females' means to evaluate the 

female MNL equations. As detailed above, these measured (and manipulable, via 

policy changes) factors - high school preparation and skills and attitudes - accounted 

for a maximum of 9.2% of the sex difference in the choice of an engineering major. 

The second decomposition method assessed the impact of sex differences in cognitive 
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processing of information on major choice. This procedure required that the male 

MNL equations were evaluated at the female group means on all of the independent 

variables. According to these analyses, detailed in Chapters 4 and 5, as much as 50-

77 % of the sex gap in major choice is attributed to sex differences in the cognitive 

model. 

Throughout this dissertation I have used the term "cognitive model" as another 

way of conceptualizing the separate MNL equations that were generated for men and 

women. The intercepts and slope-like parameters associated with these models were 

taken, as a whole, to reveal sex differences in the way college majors are 

conceptualized net of other factors (i.e., the intercepts), as well as the sex differences 

in the meaning associated with one's attributes and skills in relationship to the 

selection of a college major (i.e., the "slope" parameters). Such models are 

conceptualized as the outcome of long processes of highly gendered socialization in 

which girls and boys receive different levels and types of influence from significant 

social others, such as parents and other family members, peers, and school personnel. 

The presence of sexism within primary and secondary educational institutions (Sadker 

and Sadker 1991) and in the media (eg. Bern 1983 and Marini and Brinton 1984) 

reinforces social notions of gender. 

There are two unmeasured factors that have important implications for the sex 

differences in the choice of engineering. First, there is the issue of how fields of 

study are matched to conceptualizations of masculinity and femininity. Though 
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Thomas (1991) is a study of British post-secondary education, her findings regarding 

the relationship between gender and subject choice are also applicable to differences 

in choice of majors among U.S. post-secondary students. In her study comparing 

physics, physical science, communications and English students, Thomas found that 

fields such as physics and physical science were viewed as "masculine" by middle

class students because these fields enabled a student to prepare for a monetarily well

rewarding career. English was viewed by science students as less-masculine because 

it did not lead directly to a monetarily rewarding career. The subjective nature of the 

content of English as a major was taken as further evidence of English as an 

appropriate field for females, but inappropriate for males. 

Issues of conformity and rebellion further complicated the choice of major and 

students' sense of masculinity and femininity. Though there were pressures on female 

science students to conform and be more like men - science was equated with 

masculinity in such a way that femininity was devalued, therefore, female science 

majors had to be more like men in order to be "good" scientists - similar pressures 

were not exerted on male English majors. English was seen as involving greater 

individuality and subjectivity, therefore, the males who majored in English could 

consider themselves to be rebellious rather than conformist. Male English majors, 

according to Thomas, simply needed to show they were different from the female 

English majors. 

According to Thomas: 



The woman who chooses, however, to become (say) an 

engineer would probably be met with a mixture of 

disapproval (for being unfeminine) and admiration (for 

making it in a man's world): she might even receive the 

ultimate accolade of being considered 'as good as a 

man'. (Thomas 1991, p.175). 
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In short, the femininity of women who choose non-traditional fields is called into 

question even though their non-traditional choice tacitly accepts the status quo - i.e., 

the devaluation of female occupations based on the devaluation of femininity in 

general. Other work (Fine 1987 and Williams 1989) also indicates that the pervasive 

cultural sexism - by which masculine attributes and skills are valued above those 

associated with femininity - leads to imbalances in the qUalitative way in which 

gender and occupational choice are matched. Hence, it could be that if - as per 

Hacker (1981), Weisman (1992) and Wajcman (1991) - engineering is considered a 

highly masculine occupation, then sex differences in the choice of an engineering 

major could be due to students' desire to choose a sex-appropriate major. Sex 

differences in major choice due to this factor are, perhaps, part of the reason for the 

large differences between the intercepts associated with the males' and females' MNL 

equations. 

The second important factor not measured here is not entirely inconsistent with 
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the first since it also involves cultural notions of gender. According to many feminist 

authors (eg. Belenky et al 1986 and Wajcman 1991) engineering may be avoided by 

women because it is considered to be inconsistent with feminine values. In this case, 

feminine values are different than the social role differences embodied in the choice 

of a "sex-appropriate" major. By feminine values, authors usually mean nurturance 

and caring, helping others, etc. as well as differences in the relative importance of 

intuition as a way of experiencing the world. 

McPhee's (1989) work, The Control of Nature, and Florman's (1976), The 

Existential Pleasures of Engineering, indicate that engineering involves an orientation 

which may be inconsistent with feminine values. Engineering is involved with 

domination and control of nature, concepts that are alien to women who possess 

feminine values. Furthermore, engineering is interested in unambiguous, 

implementable solutions to problems. Engineers are rewarded well by industry to 

solve problems and to make things work. 

According to Belenky et al (1986) and Wajcman (1991), however, feminine 

values are more likely to imply a different way of solving problems that involves 

greater subjectivity and creativity. Feminists, according to such authors, would 

approach problem solving in a way which would more fully account for diversity and 

which would be more likely to question the actual definition of the problem itself. 

Though the first step in problem solving for engineers is "Definition of the Problem," 

in practice, engineers are embedded in institutional arrangements whereby problems 
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and solution methods are often defined by other people besides the engineer (Wymore 

1990). Hence, the engineer often fulfills a functionalist role within society -- a role at 

odds with feminist views that question the masculinist value structure of society. 

Gender differences in values (Le., differences between masculine and feminine 

values) and problem-solving orientation would result in sex differences in major 

choice equations in two ways. First, there would be some effect noted in the 

intercepts of the equations as a net "gendered" evaluation of fields of study relative to 

engineering given all other factors are zero. Second, the meaning associated with 

one's high school preparation and skills and attitudes would vary by sex - which 

would be reflected in different "slope" parameters in the male and female MNL 

equations associated with the independent variables. For example, if a man possessed 

more science preparation in high school, according to the "gendered values" 

hypothesis, this greater amount of science would be associated with an increased 

likelihood of selecting engineering and science rather than liberal arts. Women with 

more science, however, would be more interested in selecting a field in which that 

scientific preparation could be applied in a more caring and humane way such as the 

biological sciences or in teaching science to others (education was included as a 

"liberal arts" field of study). 
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7.3 Policy Implications: How Can EnKineerinK Schools Attract Students? 

The above conclusions indicate that, in terms of the engineering pipeline, sex 

differences in the receipt of a BSE degree are caused more by sex differences in 

initial major choice rather than in attrition. Therefore, the policy recommendations 

here focus on how engineering can initially attract more women. 

During the 1980's, business programs at many colleges expanded greatly. The 

analyses here, as well as the anecdotal evidence from various engineering professors 

at colleges of engineering, indicate that business programs are increasingly drawing 

students away from many majors, including engineering. Although the early 1990's 

have seen an economic recession in which engineering graduates are facing a 

contracting job market (like their peers in other disciplines, and especially at the 

bachelors degree level), engineering as a profession needs to continue to attract 

technically well-qualified students. White males, the traditional population from 

which engineering students were drawn, represent a decreasing proportion of all 

students who attend college. Furthermore, the skills and preparation of students from 

other groups - especially women - are no longer far lower than those of white males 

(Holden 1987 and Linn and Hyde 1989). 

Although no clear mandate was evinced, there was a moderate level of support 

- as revealed by many different analyses here - that students' initially viewed 

engineering as a field for which one could prepare for an extrinsically well-rewarding 

career. Furthermore, engineering students' mean ratings of the importance of the 



284 

intrinsic rewards of work were often lower than non-engineering students' means on 

this measure, especially women's mean. The implication is that the intrinsic rewards 

associated with engineering are either unclear to students or that engineering lacks 

such rewards. Since the measure of intrinsic rewards includes three items - work that 

is interesting and important, enables one to meet friendly, sociable people, and 

enables them to make their own decisions - and since jobs in engineering do include 

these intrinsic items (McIlwee and Robinson 1992, Bugliarello 1991, Florman 1976, 

and Schaub et al 1986) the former rather than the latter statement must be true. 

Chapter 6 reported results that indicated that women who switched from other 

majors INTO engineering fields of study had placed, on average, significantly more 

importance on the intrinsic rewards associated with work than did women who were 

already engineering majors. However, although such women had less high school 

math and science preparation, and did not do as well, on average, in engineering 

courses, their performance in other kinds of technical courses in college (math and 

science) were not significantly different than the performance of women already 

majoring in engineering. 

These women can be viewed as "late comers" to engineering. Furthermore, 

these women may be attracted to engineering because they perceive it as a field in 

which they can do work that is important or interesting to them, meet friendly people, 

and make some of their own decisions (they may see something that other engineering 

students don't see). Unfortunately, due to the rather small size of the sample, 
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multivariate statistics were not possible to determine if the effect of the measure of 

the importance intrinsic rewards was significant net of other factors. However, the 

overall sex difference on this measure and the low level of this measure for both male 

and female engineering students (as compared to their non-engineering peers) 

indicates there may be some merit in considering the implications associated with this 

variable. 

Hints as to how engineering departments may be able to attract more women 

to their programs are suggested by the constellation of findings about the relationship 

between values and field of study choices at college. If students do lack a clear idea 

about the intrinsic rewards associated with engineering, especially female students 

who place a greater mean importance on these rewards than do men, then it seems 

that if engineering schools clarified how an engineering education prepared one for an 

occupation which was intrinsically rewarding, then more women may be attracted to 

engineering. Though annual engineering week festivities at many colleges may be 

helpful in illustrating some of the work that engineers do, other methods of educating 

the college student body about engineering may also be useful. 

For example, though many colleges require students to take a variety of 

general education courses, rarely are any engineering courses included in this 

requirement. If general education courses taught by the sociology department are able 

to attract students to sociology, there is no reason similar engineering courses would 

not attract students to engineering programs. Because men's and women's prior 
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training in math and science are not as vastly different as they once may have been, 

and because even the cognitive skills differences between men and women are 

narrowing (Linn and Hyde 1989), students attracted to engineering because of such a 

course may not necessarily be ill-prepared for the technical coursework associated 

with engineering. 

Also, students attracted to engineering based on an interest generated by an 

introductory course may even be more "motivated." The results of Chapter 6 indicate 

that this is not an unreasonable expectation. Though women who entered engineering 

during college w'ere less well prepared and had far lower mean 3-D visualization skill 

than women who were already majoring in engineering, these "late comers" were able 

to perform as well as any other engineering students - male and female - in college in 

overall coursework as well as technical coursework. 

Such an introductory course may also be helpful in the retention of students. 

During the first year or so of college, engineering students often take very few actual 

engineering courses. Much of their time is taken up with math and science pre

requisites as well as by general education requirements. Analyses in Chapter 5 

indicated that engineering attrition rates were highest during the 1982-1984 period in 

which engineering students would begin concentrating on engineering courses. If an 

introductory course were available, more of these students may have a better idea of 

why they are taking all the math and science courses. Since such a course would 

need to be geared to people without an extensive background in math and science, 
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attention could be paid to the social role of engineers. This would also help 

engineering students to understand why they need to take general education classes. 

Finally, as highlighted in the introduction to this dissertation, engineers are not 

the most available role models. Not only are engineers sparse within popular culture, 

but it is not often that young children come in contact with an engineer as (s)he is 

performing the occupation. Furthermore, the laissez-faire method of matching young 

people to occupations in the United States means that occupations need to be in the 

business of self-promotion in order to attract good entrants. The National Research 

Council (1992) study suggests that colleges engage in more outreach to local middle 

and secondary schools in an effort to increase awareness of and interest in technical 

fields such as science and engineering. 

Anecdotal evidence suggests that many women who had technical skills simply 

lack knowledge about engineering and did not view engineering as an available career 

option. It could also be that the unmeasured factors - choice of a sex-appropriate 

career and feminine values - also account for women's lower likelihood of selecting 

engineering. If these factors are, indeed, important, the implication is that 

appropriate change in the public image of engineering would also increase women's 

participation in the field (Reyes-Guerra 1981 also discussed this). As mentioned in 

previous chapters, students rarely have access to pre-engineering programs in high 

school or to engineering courses. Taken in conjunction with the findings about the 

importance of the intrinsic rewards of work, it seems that the more information 
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students have about the engineering profession, the more likely that more students 

will find it an appealing occupation. Such information may be even more vital to the 

recruitment of women to engineering since, according to the work-family role system 

and occupational values differences shown in this dissertation and elsewhere, women 

are more likely to choose a major that prepares students for a fulfilling career. 

7.4 Future Research 

It is important that this dissertation has shed some light on the relative 

importance of high school preparation and skills differences in predicting students 

college majors and their success in those majors. Much of the policy literature to 

date has followed the pipeline perspective. About 9 % of the sex gap in the choice of 

an engineering major and 8.8% of the sex gap in completion of a BSE degree are due 

to high school preparation and skills, combined with a constellation of values derived 

from the pipeline perspective. The converse of this statement is that 91 % of the 

difference between the likelihood that a man and a woman will select engineering is 

due to measurement error and a number of unmeasured factors. By evaluating the 

males' multinomial logit equations at the female's group means, it was concluded 

that about 50% of the sex gap in choice and 77% of the sex gap in completion of an 

engineering degree are attributable to unmeasured sex differences, two of which were 

discussed in section 7.2. Recommendations for future research are divided in two 

categories: those concerning entrance of women into engineering and those concerning 
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the retention of women within engineering. 

7.4.1 Research to Determine Sex Differences in Choice of Engineering 

More research is needed to determine the relative impact of the two 

unmeasured factors above, choice of a sex-appropriate job and feminine values, on 

selection of an engineering major. Such research would require extensive interviews 

of students in which their values about occupations and conceptualization of gender 

would be probed in depth - modelled after the work done by Thomas (1991) in Great 

Britain. 

An important missing link may also be social groups and the influence of 

various significant other people on students' choices. Initially, some measures of 

parental, peer, and school official influence were developed, but these did not 

measure influence with respect to college, specifically, and were very crude 

measures. Hence, these measures were not incorporated here. Finally, clubs and 

organizations a student joins while at college may also influence decisions about major 

choice early in students' college careers. 

There were some interesting findings concerning the additive effect of race. 

Black women were more likely than white women, all other factors being equal, to 

choose engineering rather than the liberal arts. Black women were also less likely 

than similar white women (Le., same class, same high school GPA, etc.) to drop out 

of college. This dissertation has not fully explored the race by sex by class 
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interactions that contribute to college career decisions, including the choice to major 

in engineering. 

Work by Higginbotham and Weber (1992) indicates that black women and 

white women of similar working class background receive different signals from their 

families regarding post-secondary education. According to this work, black women 

are given more encouragement to persevere in college, to delay child bearing and 

marriage and to select a college major which is vocationaly oriented (Le., prepares 

them for a specific career such as nursing, teaching, etc.). White women from 

working class families, however, are subjected to greater pressure to get married and 

bear children sooner. These racial class differences may underlie the results, shown 

in this dissertation, that more black females but fewer white females of similar class 

enroll in engineering programs. More light may be shed on race and class by 

replicating the research in this dissertation with race, class and sex used to specify 

different models rather than including race and class additively. Under such a 

situation, since separate models by race-class-sex category would be run, a categorical 

measure of class would be more appropriate. 

Finally, this dissertation did not address the differences in the choice of 

engineering specializations among men and women. There are two approaches 

suggested by this dissertation (as well as another approach which was not possible for 

this dissertation to address) to understanding the sex differences in the selection of an 

engineering specialization, Male engineering students are most likely to be found in 
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mechanical, civil and electrical engineering, while female engineering students favor 

electrical, chemical and industrial engineering. 

The first approach to understanding this sex difference concerns the differences 

in cognitive abilities of men and women. This dissertation has reported some 

significant findings related to a measure of 3-D visualization skill. Two of the 

engineering fields most often selected by men, mechanical and civil engineering, 

involve coursework in which 3-D visualization skill plays a large role. Two of 

women's top choices, industrial and electrical engineering involve engineering 

coursework with a far greater mathematical modelling component and a smaller 3-D 

visualization component. Chemical engineering also requires somewhat less 3-D 

visualization skill than mechanical and civil engineering. Cognitive tests (especially 

of 3-D visualization ability) of men and women who complete coursework within 

various specializations may provide insight into whether men's and women's 

differences in choices of engineering specializations are related to 3-D visualization 

differences. We also need research on the sources of sex differences in 3-D 

visualiztion skill. 

Kanter's (1977) relative numbers hypothesis also sheds light on the problem of 

sex differences in the selection of an engineering socialization. As mentioned above, 

engineering students usually spend 3-4 semesters "together" before their specialization 

differences result in the rise of a new peer group. That is, engineering students are 

known to form peer groups early in their post-secondary education. Some 
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engineering colleges have a variety of institutional ways of aiding in the formation of 

such groups by requiring that all students live in a specific dorm during their first 

year or two of college. Peer groups at engineering schools "cooperate to graduate" 

by providing a certain amount of emotional support (camaraderie) as well as 

substantive help with coursework. 

Since such peer groups may be an important resource for students, these 

groups may influence an individual's decision regarding specialization, since, if an 

individual decides not to major in the same specialization as her or his peer group 

members, then, entering a new group may be required. If peer groups form among 

men and women separately and if these peer groups then influence the specializations 

of members and if women feel uncomfortable being few in number, then it is possible 

that women select specializations in which they know they won't be the only women 

and, if they are really lucky, will have a fair number of females in the room. 

Finally, sex differences may also be the result of historical factors related to 

the qualitative nature of the work in which occupants of different specializations have 

been engaged. Weisman (1992) and Reyes-Guerra (1981) have suggested that as the 

work that engineers performed became more analytical rather than physical, more 

women pursued engineering. However, there remain differences among engineering 

specializations in terms of the type of work engineers do in those specializations. 

Since peer groups operate on a local level, however, the action of such groups 

cannot, itself, be a full explanation for why, at a national level, differences in 
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women's and men's engineering specializations are observed. Instead, the explanation 

might lie in a combination of the action of peer groups over time as women's 

cognitive abilities have approached those of men over time (Linn and Hyde 1989) and 

as engineering work changes over time. 

7.4.2 The Influence of Engineering Schools 

Although there were few sex differences in retention in engineering schools, 

there are several ways in which engineering schools may continue to present greater 

barriers to women's completion of the BSE. The data used in this dissertation were 

drawn primarily from the High School and Beyond files, therefore, the individual was 

the unit of analysis. There were few measures of structural features of engineering 

schools. In conjunction with this, there is no information presented here about the 

selection of engineering specializations at engineering schools or the relative strengths 

and weaknesses of different engineering schools. As discussed above, men's and 

women's specialization choices within engineering vary. Colleges that have larger 

programs in which men specialize and smaller programs in which women tend to 

specialize, may have a lower proportion of female engineering students by virtue of 

course offerings. 

Another important feature of engineering schools not measured here - for the 

entire sample rather than only engineering students - is the culture of engineering and 

how women in engineering schools relate to this culture. Hacker's work on the 
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culture of engineering was undertaken during the mid-1970's. Anecdotal evidence 

and survey research (McIlwee and Robinson 1992) about women's experiences with 

sexism in engineering programs during the 1980's and 1990's do not provide 

conclusive results regarding the extent to which the atmosphere at engineering schools 

continues to be misogynistic. Results in Chapter 6 also indicate that the positive 

elements of the culture of engineering, the camaraderie which aids in retention, for 

example, may be more salient to women in the 1980's than the negative elements, 

since women who graduated with BSE degrees did so at colleges where a greater than 

average proportion of all students were engineering majors. Updated fieldwork is 

necessary to address this issue. 
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The following question was asked during each survey: the base year, 1980, and each 

follow-up in 1982, 1984 and 1986. Responses to this series of questions formed the 

basis for the Family and Career Orientation measures. 

How important is each of the following to you in your life? 

A. Being successful in my line of work. 

B. Finding the right person to marry and having a happy family life. 

C. Having lots of money. 

D. Having strong friendships. 

E. Being able to find steady work. 

F. Being a leader in my community. 

G. Being able to give my children better opportunities than I've had. 

H. Living close to parents or relatives. 

I. Getting away from this area of the country. 

J. Working to correct social and economic inequalities. 

K. Having children. 

L. Having leisure time to enjoy my own interests. 
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All of the above items were rated as "Not important," "Somewhat important," or 

"Very important" by the respondents. The factor analysis used the entire 1980 senior 

cohort. Composites were constructed using data for all Hispanic, black and white 

base year participants. The sum of responses to the relevant items was standardized 

to a mean of ° and a standard deviation of 1. 

The following measures were developed: 

Career Orientation 

Being successful in my line of work. 

Being able to find steady work. 

Family Orientation 

Finding the right person to marry and having a happy family life. 

Having children. 

A factor analysis of all responses to items A-L was performed for each survey year, 

1980, 1982, 1984 and 1986. 
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Year Statistic Career Family 
Orientation Orientation 

1980 Factor Analysis, % of Variance 20.0% 11.8% 

Reliability: 
All .48 .64 
Male College Attendees .54 .64 
Female College Attendees .47 .63 

1982 Factor Analysis, % of Variance 12.1 % 18.3% 

Reliability: 
All .48 .58 
Male College Attendees .42 .60 
Female College Attendees .52 .58 

1984 Factor Analysis, % of Variance 19.0% 12.2% 

Reliability: 
All .43 .59 
Male College Attendees .33 .61 
Female College Attendees .49 .56 

1986 Factor Analysis, % of Variance 19.6% 12.3% 

Reliability: 
All .44 .59 
Male College Attendees .37 .62 
Female College Attendees .47 .57 

A.l Career and Family Orientation Measures 

A reliability analysis was performed to determine the consistency of students' 

responses to the items which comprised the composite measures over time. The first 

analysis examined consistency of the two items from each of the four surveys that had 
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been used to construct the career orientation measure. Likewise, the second analysis 

indicated the consistency of responses from all four surveys that were used to 

construct the family orientation measure. Reliability for the career orientation for all 

four surveys was ex = .66 and ex = .78 for the family orientation measure. 

The following question was answered after the respondent had indicated their 

occupational aspiration at the age of 30. This question was asked in 1980 and during 

the third follow-up in 1986. 

How important was each of the following factors in determining the kind of 

work you' plan to be doing for most of your life? 

A. Previous work experience in the area. 

B. Good income to start or in a few years. 

C. Job security and permanence. 

D. Work that seems important and interesting to me. 

E. Freedom to make my own decisions. 

F. Meeting and working with sociable friendly people. 

All of the above items were rated as "Not important," "Somewhat important," or 

"Very important" by the respondents. The factor analysis used the entire 1980 senior 

cohort. Composites were constructed using data for all Hispanic, black and white 

base year participants. The sum of responses to the relevant items was standardized 

to a mean of 0 and a standard deviation of 1. 
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The two measures developed based on this question were: 

Importance of Intrinsic Work Rewards 

Work that seems important and interesting to me. 

Freedom to make my own decisions. 

Meeting and working with sociable friendly people. 

Importance of Extrinsic Work Rewards 

Good income to start or in a few years. 

Job security and permanence. 

Having lots of money (from the first series of questions, mentioned 

above). 

Year Statistic Importance of Importance of 
Extrinsic Intrinsic 

Work Rewards Work Rewards 

1980 Factor Analysis, % of 37.1 % 17.9% 
Variance 

Reliability: 
All .58 .57 
Male College Attendees .62 .55 
Female College Attendees .61 .50 

1986 Factor Analysis, % of 34.2% 19.1 % 
Variance 

Reliability: 
All .54 .56 
Male College Attendees .57 .52 
Female College Attendees .60 .52 

A.2 Importance of Intrinsic and Extrinsic Rewards Measures 



APPENDIX B 

MEASURES OF ATTITUDES TOWARDS WOMEN 

During the third follow-up survey of 1986, respondents were asked the extent to 

which they agreed or disagreed with the following items: 

Working mom is as good as a non-working mom. 

Better for woman to take care of home, family. 

Men and women should be paid the same for the same work. 

Most women are happiest being homemakers. 
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TE60A 

TE60B 

TE60C 

TE60D 

TE60E 

TE60F 

TE60G 

TE60H 

Women should have the same educational opportunities as men. 

A preschooler will suffer with a working mother. 

Consider women serious as executives, politicians, etc. 

A woman's job is as important as the man's in family decisions. 

These were coded as: 

Agree strongly. 

2 Agree . 

3 Disagree. 

4 Disagree strongly. 

Items TE60A, TE60C, TE60E, TE60H were not recoded, however, items TE60B, 

TE60D, TE60F were recoded as foHows: 



1 = disagree strongly. 

2 = disagree. 

3 = agree. 

4 = agree strongly. 

With this coding scheme, higher scores indicate MORE TRADITIONAL attitudes 

about the role of women. 

Three scales were deyeloped based on a factor analysis as well as reliability 

analysis. These were: 

Traditional Values About Women (A) 

Traditional Values About Women (B) 

Traditional Values About Women (A+B). 
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Traditional Attitudes About Women (A), which measured attitudes concerning 

women's home and family role, consisted of items TE60A, TE60B, TE60D, and 

TE60F. The reliability of this measure was ex = .69 for the entire sample of 

Hispanic, black and white students who participated in both the base year and the 

third follow-up surveys. Both males and females who attended an academic college 

during the 1980-1986 period indicated a reliability of ex = .68. 

The second scale, Traditional Attitudes Towards Women (B), which measured 

students attitudes concerning women's public and work role, consisted of items 

TE60C, TE60E, TE60G, and TE60H. The reliability of this measure was ex = .80 
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for the entire sample of Hispanic, black and white students who participated in both 

the base year and the third follow-up surveys. Males who attended an academic 

college during the 1980-1986 period indicated a reliability of a = .80 while similar 

females indicated a a = .78. 

The third scale consists simply of all eight items from the first two scales and 

measures traditionality of attitudes towards women in general. This measure had a 

reliability of a = .78 for the entire sample of Hispanic, black and white students who 

participated in both the base year and the third follow-up surveys. Both males and 

females who attended an academic college during the 1980-1986 period indicated a 

reliability of a = .76. 
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The fourteen transition matrices reported here were used to compute relevant indices 

reported in Tables 5.20 through 5.27. The labels, 0-4, represent the categories of 

major choice as defined in Chapter 2, where: 

o = Liberal Arts 

1 = Business 

2 = Life and Biological Sciences 

3 = Math and Physical Sciences 

4 = Engineering 
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Males Intended Major, 1980 

1st Major 0 1 2 3 4 Row Total 

0 300 51 71 19 25 466 

1 69 215 36 21 26 367 

2 13 5 109 9 6 142 

3 27 14 19 66 24 150 

4 16 6 10 16 163 211 

Column Total 425 291 245 131 244 1336 

Females Intended Major, 1980 

1st Major 0 1 2 3 4 Row Total 

0 581 71 124 29 7 812 

1 130 282 55 27 4 498 

2 37 5 168 10 3 223 

3 23 17 23 40 9 112 

4 5 2 10 3 37 57 

Column Total 776 377 380 109 60 1702 
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Males 

Bachelors Intended Major, 1980 

Field 0 1 2 3 4 Row Total 

0 293 43 74 10 5 425 

1 58 115 31 29 7 240 

2 16 1 77 6 2 102 

3 6 2 8 7 2 25 

4 3 1 3 2 16 25 

Column Total 376 162 193 54 32 817 

Females 

Bachelors Intended Major, 1980 

Field 0 1 2 3 4 Row Total 

0 581 71 124 29 7 812 

1 130 282 55 27 4 498 

2 37 5 168 10 3 223 

3 23 17 23 40 9 112 

4 5 2 10 3 37 57 

Column Total 776 377 380 109 60 1702 
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Males 

Current First Major at College 

Major, 1982 0 1 2 3 4 Row Total 

0 395 37 13 5 6 456 

1 38 356 4 5 4 407 

2 36 4 120 8 2 170 

3 15 3 10 135 5 168 

4 16 3 1 7 203 230 

Column Total 500 403 148 160 220 1431 

Females 

Current First Major at college 

Major, 1982 0 1 2 3 4 Row Total 

0 740 80 22 4 0 846 

1 33 427 5 3 3 471 

2 61 9 199 11 2 282 

3 11 16 6 95 0 128 

4 3 2 0 2 52 59 

Column Total 848 534 232 115 57 1786 
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Males 

Bachelors First Major at College 

Field 0 1 2 3 4 Row Total 

0 196 23 9 8 7 243 

1 19 141 4 36 12 212 

2 4 4 47 5 4 64 

3 0 0 5 30 2 37 

4 8 3 3 3 67 84 

Column Total 227 171 68 82 92 640 

Females 

Bachelors First Major at college 

Field 0 1 2 3 4 Row Total 

0 344 43 22 4 4 417 

1 46 165 8 20 5 244 

2 15 3 72 1 1 92 

3 6 0 4 14 0 24 

4 1 2 0 0 20 23 

Column Total 412 213 106 39 30 800 
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Males 

Current Major, Current Major, 1982 

1984 0 1 2 3 4 Row Total 

0 358 52 44 19 25 498 

1 55 318 20 83 30 506 

2 13 4 106 16 5 144 

3 7 3 9 46 6 71 

4 19 11 5 9 186 230 

Column Total 452 388 184 173 252 1449 

Females 

Current Major, Current Major, 1892 

1984 0 1 2 3 4 Row 'rotal 

0 642 52 69 16 8 787 

1 101 369 39 70 5 584 

2 42 11 219 7 4 283 

3 5 1 8 22 2 38 

4 4 2 1 4 44 55 

Column Total 794 435 336 119 63 1747 
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Males 

Bachelors Current Major, 1982 

Field 0 1 2 3 4 Row Total 

0 185 22 20 12 11 250 

1 15 154 5 39 13 226 

2 4 1 54 6 2 67 

3 1 1 7 28 2 39 

4 11 0 1 3 86 101 

Column Total 216 178 87 88 114 683 

Females 

Bachelors Current Major, 1982 

Field 0 1 2 3 4 Row Total 

0 371 24 30 4 5 434 

1 39 175 13 24 4 255 

2 14 2 84 3 1 104 

3 5 0 7 14 0 26 

4 1 1 1 0 25 28 

Column Total 430 202 135 45 35 847 



310 

Males 

Bachelors Current Major, 1984 

Field 0 1 2 3 4 Row Total 

0 248 8 2 1 7 266 

1 14 210 2 7 2 235 

2 3 4 59 2 0 68 

3 0 2 4 32 2 40 

4 7 3 1 2 90 103 

Column Total 272 227 68 44 101 712 

Females 

Bachelors Current Major, 1984 

Field 0 1 2 3 4 Row Total 

0 421 21 9 0 2 453 

1 21 231 5 4 3 264 

2 3 1 1 22 0 27 

3 3 1 1 22 0 27 

4 4 0 0 0 24 28 

Column Total 452 254 16 48 29 799 
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APPENDIX D 

ELEMENTS OF SOCIOECONOMIC COMPOSITE MEASURE 

The composite measure of family socioeconomic status used here incorporates 

several important features. These include family income, father's education and 

occupation, mother's education and family possession in the house. Tables 5.18,5.19 

and 5.20 indicate four of these measures as well as mother's occupation, by bachelors 

degree field of study and sex. These tables are provided in order to determine which 

features of SES are salient in delineating engineering females from engineering males 

and non-engineering females. 

First, the three top professions of engineering females' fathers were military, 

professional II, and proprietor/owner. These occupations accounted for nearly half of 

all female engineers' fathers. The Professional II category includes doctors, lawyers, 

dentists, etc. as opposed to the Professional I category, which includes accountants, 

engineers and several others. It is important that engineering females' fathers were 

largely from the Professional II category rather than the Professional I category. 

Anecdotal evidence implies that engineering women often have fathers who also are 

engineers. These findings seem to contradict this belief - only one of the 28 female 

engineers' fathers was (possibly) an engineer (although he may have been an 

accountant). Like female engineers, female non-engineers' fathers were likely to have 

been military men or to have been proprietor/owners. However, proportionately 
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fewer non-engineering females reported that their fathers were Professional II: non-

engineering females' fathers were 3 times less likely to be in this category than 

engineering females' fathers. 

Consistent with earlier work (perrucci and Gerst! 1969), engineering 

males were, indeed, drawn from the ranks of the working and managerial classes as 

indicated by 44.2 % of male engineers reporting that their fathers were crafts, laborers 

or managers. Engineering males' fathers were 3 times less likely to be in the 

Professional II category than engineering females' fathers and half as likely to be in 

the proprietor/owner category. Non-engineering males' fathers were largely managers 

and professionals (I and II). Finally, engineering females were more likely than other 

students to report that their fathers had attended and completed at least one four-year 

college degree. 

Table D.l reports the occupational and educational distribution of students' 

mothers by sex and degree field of study. Only one of the engineering females' 

mothers was a homemaker (3.7% = 1127) as opposed to 10-15% of all other 

bachelors recipients. Like other bachelors degree recipients, however, engineering 

females mother's were quite likely to be employed in clerical occupations and as 

school teachers, both jobs which have been traditionally female-dominated 

occupations. Unlike other students, however, almost one fourth of all female 

engineers reported that their mothers were of the Professional I category. 

Considering the level of education reported in the lower portion of Table 5.19, 
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Table D.I Father's Occupation and Education, 
By Bachelors Degree Field of Study and Sex 

Engineers Non-Engineers 

Father's occupation Females Males Males Females 

Not living with father 11.1% 4.8% 6.6% 10.8% 
Clerical 3.7% 1.9% 1.5% 2.4% 
Crafts 7.4% 17.3% 8.8% 8.5% 
Farm 0.0% 1.0% 3.0% 4.3% 
Laborer 0.0% 10.6% 5.6% 0.1% 
Manager 0.0% 16.3% 15.2% 7.8% 
Military 14.8% 2.9% 2.3% 10.8% 
Operative 3.7% 6.7% 8.1% 1.8% 
Professional I 3.7% 7.7% 11.1% 7.7% 
Professional II 22.2% 7.7% 10.7% 7.8% 
Proprietor/owner 11.1% 6.7% 7.3% 9.8% 
Protective Service 3.7% 1.0% 2.8% 8.3% 
Sales 0.0% 2.9% 5.1% 1.8% 
School teacher 0.0% 2.9% 3.3% 5.3% 
Service 3.7% 2.9% 2.3% 2.7% 
Technical 3.7% 2.9% 2.1% 2.3% 
Never Worked 3.7% 0.0% 0.2% 2.6% 
Don't Know 7.4% 3.8% 4.0% 5.1% 

Engineers Non-Engineers 

Father's Education Females Males Males Females 

Not Living with Father 10.7% 3.8% 6.2% 8.8% 
Less than High School Diploma 14.3% 10.5% 14.2% 16.0% 
High School Graduate 10.7% 25.7% 18.4% 18.7% 
Less than 2 Years vocational 0.0% 2.9% 3.0% 2.2% 
2 or More Years Vocational 3.6% 4.8% 4.8% 4.1% 
Less than 2 Years College 3.6% 6.7% 6.2% 7.5% 
2 or More Years College 0.0% 5.7% 5.4% 5.7% 
Finished College 25.0% 21.9% 19.4% 15.5% 
Master's 14.3% 8.6% 7.5% 8.7% 
PhD, MD 7.1% 3.8% 11.2% 7.7% 
Don't Know 10.7% 5.7% 3.7% 4.9% 

Total With at Least a 4-Year 46.4% 34.3% 38.1% 31. 9% 
College Degree 
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Table D.2 Mother's Education and Occupation, 
By Bachelors Degree Field of Study and Sex 

Engineers Non-Engineers 

Mother's Education Females Males Males Females 

Not living with mother 0.0% 1.9% 1.0% 0.8% 
Clerical 18.5% 21.2% 24.3% 20.7% 
Crafts 3.7% 1.0% 1.6% 1.1% 
Farm 0.0% 0.0% 0.2% 0.6% 
Homemaker 3.7% 14.4% 11.8% 12.2% 
Laborer 3.7% 2.9% 2.1% 1.4% 
Manager 3.7% 5.8% 4.3% 4.7% 
Military 0.0% 0.0% 0.2% 0.2% 
operative 3.7% 2.9% 3.4% 5.0% 
Professional I 22.2% 8.7% 11.0% 8.9% 
Professional II 7.4% 1.9% 2.8% 2.2% 
Proprietor/Owner 0.0% 0.0% 1.5% 0.8% 
Protective Service 3.7% 1.0% 0.2% 5.4% 
Sales 0.0% 6.7% 5.6% 9.0% 
School teacher 14.8% 9.6% 10.7% 9.0% 
Service 11.1% 6.7% 6.6% 8.3% 
Technical 0.0% 1.9% 2.0% 1.8% 
Never Worked 3.7% 5.8% 7.4% 3.7% 
Don't Know 0.0% 7.7% 3.6% 4.1% 

Engineers Non-Engineers 

Mother's Education Females Males Males Females 

Not Living with Mother 0.0% 0.0% 0.7% 0.5% 
Less than High School Diploma 18.5% 10.5% 12.4% 12.1% 
High School Graduate 22.2% 39.0% 33.4% 29.8% 
Less than 2 Years Vocational 3.7% 4.8% 3.6% 5.0% 
2 or More Years Vocational 3.7% 4.8% 4.4% 5.7% 
Less than 2 Years College 3.7% 4.8% 8.7% 9.5% 
2 or More Years College 7.4% 7.6% 8.5% 8.2% 
Finished College 29.6% 19.0% 14.6% 15.3% 
Master's 3.7% 7.6% 7.9% 7.2% 
PhD, MD 3.7% 0.0% 1.6% 1. 3% 
Don't Know 3.7% 1.9% 4.3% 5.3% 

Total with at Least a 4-Year 37.0% 26.7% 24.1% 23.8% 
College Degree 

-



Engineers Non-Engineers 

Females Males Females Males 

Less than $11 ,999 10.7% 6.2% 16.1 % 11.4% 

$12,000 - $19,999 17.9% 36.1% 30.6% 28.7% 

More than $20,000 71.4% 57.7% 53.3% 59.9% 

Table D.3 Family Income by One Thirds, by Bachelors Degree 
Field of Study, by Sex 

however, it is not surprising that female engineers' mothers would hold jobs in 
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accounting, engineering, nursing and other occupations requiring a bachelors degree. 

Although male non-engineers were quite likely to indicate that their mothers were 

engaged in Professional I occupations, they were proportionately half as likely to 

report this category as were female engineers. 

Mother's education was also somewhat different for female engineers 

compared to other bachelors degree recipients. More than a third of all female 

engineers reported that their mother had earned at least a bachelors degree as 

compared to about one quarter of other bachelors recipients' mothers. 

Finally, female engineers were more likely than other bachelors degree 

recipients to come from families with incomes over $20,000. However, it is 

interesting to note that many of these students who had earned a bachelors degree by 

1986 were from families in the upper 113 of the US income distribution. Over 70% 

of female engineers reported family income in excess of $20,000 while between 
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50-60% of all other bachelors recipients reported similar family income. Male 

engineers were least likely to come from families in the lowest third of the US 

income distribution. Only 6.2% of male engineers families earned less than $11,999 

per year versus 10.7% of female engineers and about 13% of all non-engineers. 

Given the findings reported in these tables, however, it is not surprising that female 

engineers' came from higher income families. 
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