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Abstract

A review of the empirical literature conceming the underrepresentation of women in science and engineer-
ing is presented. Since factors involved in this underrepresentation are sensitive to societal changes, only research
conducted in the past decade has been included. Factors including mathematical ability, earty childhood socializa-
tion, education, self-efficacy, perceptions of engineering, career choice and persistence are included.

Introduction

Despite the fact that previously male-dominated occupations including law, medicine, dentistry and busi-
ness have increased the participation of women by 1200% in recent years, there remains an underrepresentation of
women in science and engineering. In January, 1994, only 2.9% of all women entering coll@e planned to major in
engineeringz. In May, 1991 there were 74,783 engineers; only 3.1% of whom were femaleS. One study found that
women's interest in the sciences actually declined by more than two-fifths during the past 20 years?.

While researchers have been interested in the phenomenon of women and men clustering into different
occupations since the late 1960s2, the factors involved in the continuing underrepresentation of women in certain
fields remains somewhat a mystery. This paper will review the empirical literature conceming the factors in the under-
. Tepresenation of women in science and engineering. However, since changes in the conventional wisdom regarding
women in the workplace affect these factors, only research conducted in the past decade has been included.

Mathematical Ability: Genetic or Environmental?

Some researchers have speculated that the reason for the underrepresentation of women in quantitative
fields is genetic.  In fact, “math and science achievement are linked to innate abilities more than achievement in any
other discipline™. However, innate sex differences fail to explain the underrepresentation of women in science and
engineering’. Recent studies have refuted the idea that males have genetically superior math ability8.

The average sex difference in mathematical ability is very small, but like differences in spatial abilities, it is
decreasing over time, supporting the argument that these differences are envi ronmentally determined, since genetic
differences do not change that fast®. There are some differences, however. Girls outperform boys in computation
during elementary and middle school while boys outperform girls in problem solving during high school and
college. However, using typically “feminine” terms and examples in math and logic problems increase corect
responses for girls and decrease correct responses for boys' 1. Males outperform females on the GRE quantitative
measure but not on the analytical measure. There do not appear to be any sex differences on SAT Math scores 12,
but girls obtain higher grades in high school math courses. Indeed, SAT scores have been found to under Rredict
women’s academic performance in college1 3, Finally, boys score higher than girls on spatial ability tasks 4.

While some research does suggest that males possess genetically superior spatial abilties 1 15, 16
cross-cultural research indicates that child-rearing practices and societal gender roles effect gender differences in
spatial ability1 1. Also, while boys' play gives them practice with spatial skills, girls’ play typically does not. Since
school curriculums do not address spatial abilities at all, ginsareata disadvant%ge 6 However, there has been
some debate as to whether spatial ability has any impact on math ability/» 15, 16

Attitude toward math, thinking and feeling decision-making styles, and the perception of how much engi-
neers deal with people differentiates women who will enter math careers, teach math, or enter a career not related to
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math7. Math anxiety, and the perception that math is more difficutt for girls than for boys éeven when her math abili-
ty is approximately equal to the boys’), is a hurdle many girls must overcome in school®: 12, 18, Math anxiety is an
important predictor of math grades and course-taking plans for giris®. What a mother believes about the difficulty of
math for her children is directly related to math anxielyg. Math anxiety does not appear to be caused by previous
math performance, but does affect future math performance?.

There is also a tendency for gis to see math as less useful than boys do'8. 19, Boys view math and sci-
ence as relevant to their adult life'8, and plan to study more of it than the giris do as ear‘liy as the seventh grade®.
This may related to the fact that both boys and girls perceive math to be masculine12: 14, 20, However those girs
planning to pursue engineering or the ph!sical sciences value and enjoy math more than giris who plan to enter law,
social science, humanities, or education?!. Math background and scholastic ability is highly correlated with a
woman's choice to enter engineering=<. Women in engineering majors have taken more science courses in high
school and haye higher seif-ratings for their math and science abilities than even women choosing other quantitative
fields of study23. Furthermore, research has found that gender differences in math ability does not appear among
students with strong math and science coursework backgrounds?4.

Early Childhood Socialization

Women engineers are typically from families of high socioeconomic standing25. Their fathers are usually
employed in science or engineering2, but f not, fathers are stil likely to be well educated2”> 28, Interestingly, while
chances are good that her mother works, her mother is fess likely to work than the mother of a girl who will pursue a
traditionally feminine career2’. However, her parents are more likely to have college degrees and be employed ina
professional positions than the parents of a male engineer2®. Birth order does not agpear to affect a gi's chances of
becoming a scientist or engineer28, nor does it matter what gender her siblings are2®.

Differential treatment of boys and girls from bitth, by their parents and others, has been confimed by an
abundance of studies'”. Women who have pursued nontraditional fields tend to report high levels of instrumental
characteristics, while those in traditional fields report expressive characteristics®0. Instrumental characteristics
include being goal directed, task-oriented, and independent, while expressive characteristics include being concemed
with interpersonal relationships, understanding and dealing with emotions, and the ability to keep others content31.
These charactefistics probably emerge when a child develops a sense of gender identity32, which begins around 18
months of age33. Expressive and instrumental characteristics have been found to remain stable from first through
twelfth grade, and to affect career choice™. Men and women scoring high in instrumentality report greater levels of
supervisory and technical responsibility, salary, involvement in professional activities, and satisfaction 3°.

. Female enqineers typically either have masculine perception of themvelves6, or value stereotypically mas-

culine characteristics 7. Masculinity later in life tends to be associated with childhood masculine interests and activi-
ties°’. However, women engineers score significantly higher on feminine and androgynous scales and lower on
masculine scales than male engineers. Female engineers also have different gender-oriented childhood play experi-
ences than male engineers>°.

Women scoring high on masculinity scales tend to employ problem-solving rather than emotion-focused
coping, and have higher self-efficacy, defined below, than low-masculine women3S, Women who score highon
masculinity scales also tend to have better spatial and mathematical performances than other women?0.

Women in nontraditional majors typically have more egalitarian sex role attitudes#?, and believe that
women have a right to compete for jobs traditionally held by men<”.

Education

There is substantial evidence to suggest that teachers interact more often with male students than with
female students, even when girls indicate similar levels of confidence in their abilities. This interaction differential
increases from seventh to eighth grade1 . Research suggests girls don't receive as much “wait-time” as male class-
mates after a question has been asked, a factor that increases the likelihood of correct responses '°.

Sadker and Sadker, who have done a multitude of research in this area, report that “the more precise, the
more valuable, and the more evaluative the teacher comments, the more likely they were to be directed at male stu-
dents (p. 301)" 16. While teachers give detailed instructions to boys, they simply do things for the girls, resulting in
“Yeamed helplessness” 42. Evidence suggests that girls become less assertive over time, volunteering answers less
often, and having fewer experiences with instruments, materials and techniques of science1®.

Parents and teachers influence career choice more often for male and female students choosing careers in
engineering and science?4, however women in engineering majors often blame a lack of encouragement from teach-
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ers and counselors in high school for the underrepresentation f women in engineering3, 44.  Science majors typical-
ly report a strong positive influence from a high school teacher26.

However, it isn't just the teachers that have an effect on girls during school years. Girls’ groups stress differ-
ent values than boys’ groups (being popular, cute and sweet vs. being strong, a good student and a good athI%te)45.
Girls are dissuaded from taking advanced math courses and skipping grades for fear they won't be accepted16. In
fact, girls in one study reported that 76% of the girls they knew had “played dumb” to be aocepted46.

Exposing students to the p;rlormanoes of competent females may be an effective method for changing
biased attitudes about gender roles#”. When students read about a female involved in a “masculine” activity, they
were more likely to think that females could and should participate in that activity'®. However, science texts have few
illustrations of women6 and only 1/4 of al high school physics teachers are women. Of these, many complain they
are being forced to teach a subject they are ill-prepared to teach and don't really like?8.

Self-efficacy

Research suggests that the socialization of women provides them with less access to the sources of infor-
mation necessary for them to develop career self-efficacy. Self-efficacy is the belief about one’s ability to successfully
perform a given task or behavior. The sources of information that are important for self-efficacy development include
performance accomplishments, modeling, and support for achievement-related behaviors4®. Low self-efficacy may
be amajor factor in the restriction of women’s career options®V.

Women with high self-efficacy are more likely to select a science-based college major51. Math self-ffi c¥
has been negatively correlated with math anxiety, and positively correlated with degree of self-reported rnasculinict;" .
Itis unclear whether there are gender differences in math self-eﬁicacysz’ 53 "I fact, even Hackett and Betz94, who
originated this area of research, found that women's math self-efficacy was not unrealistically lower than men’s,
although there was a tendency for men to be overconfident and for women to be underconfident about their mathe-
matical abilities. There is evidence that other types of self-efficacy do play a role in career choice, however.

Self-efficacy has been found to predict the choice of a math-related major more significantly than gender,
years of high school mathematics, ACT math score, or math anxiety®4, 5. Academic milestones self-efficacy (confi-
dence in one’s ability to negotiate ma'bor hurdles in an engineering program) was found to be the strongest predictor of
academic performance in one study®S, Participants in another study r%poned higher self-efficacy for same-gender-
dominated occupations than for cross-gender dominated oocupations2 . Those with high self-efficacy for educational
requirements are more likely to achieve higher grades and persist longer in engineering programs than those with low
self-efficacy®°. However, most college-aged women have extremelg low self-efficacy for engineering and drafting

- careers, as well as for most other traditionally masculine careersd’» 58,

A significant negative correlation between age and self-efficacy, with older females having lower self-effica-
cy for male jobs than younger females (age range = 17-36), has been found®”. In fact, one study found that younger
women were more likely to enroll in college-level math courses than older women (median ages = 25.7, 36.8) 9,

Perceptions of Engineering

Another factor in the underrepresentation of women in science and engineering is how women and society
view those fields. Engineering is consistently rated as masculine, even more than physical sciences and math®0.
Research suggests that those occupations rated as more masculine are also rated as more difficult, and the probabili-
ty of success is rated lower, even when occupations are matched on the basis of training requirements?1, 60

While many males perceive the occupation of physician as being the most difficult, many females perceive
engineering to be the most difficult*®. In one study, 70 percent of the males, but only 30 percent of females felt they
could successfully complete engineering educational requirements9. While females perceive en%ineering to be more
difficult than nursing, success at nursing was seen as more important than success at engineering?!

A comparison study found that in 1964 men and women thought that engineering was not feminine. By
1992, men felt that engineering was too demanding for a woman to combine with family responsibilities, while women
felt that male engineers resent their women colleagues®!. Women in nontraditional majors do, indeed, appear to
expect more difficulties than women in traditionally feminine programs4?, and their perceptions may be accurate.

Career Choice

Féctors involved in choosing a major in science and engineering are different for women and men. For
women in one study, having highly educated parents, extremely high SAT Math scores, a strong desire for control,
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prestige and influence, and a desire for positive interaction with others was important. For men in the same study,
having high grades in science courses their freshman year and being certain about the choice of a major the summer
before entering college was importanlﬁz.

The decision to pursue engineering is influenced by courses and work-related experiences for both men and
women in engineering 9, but men may make their career decisions sooner than women do2S.

Enjoying a science course more than other courses during their freshman year is also a significant predictor
for declaring a science major for both men and women, however more men than women in one study reported that a
science course was the most enjoyable for them®2.

More women than men reported that direct recruitment efforts to enter science and engineering was in‘gor-
tant in one study28. Other important factors are money, fringe benefits83: and the availability of jobs and salary2 .

Once a woman has entered engineering, she may have a different career path than men. For women in
one study, market and sales engineering positions looked interesting, while the men gave priority to construction and
field engineering. The women in engineering thought of it as an opportunity to help others and do challenging work28.

Persistence

At the end of their freshman year, significantly less women than men who had been interested in science
entering college will actually declare a major in scientific areas, even though they were equally prepared for a scientif-
ic major by way of aptitude and academic backgrounds in science and math62, However, once in an engineering pro-
gram, with the exoggtion of computer science, there is some evidence to suggest that women persist at about the
same rate as men®?,

GPA and math ability are generally the most important variables in determining persistence84. However,
women in engineering programs cite a number of other issues that ar%mblematic to them, and may be detem'n%
other women from entering engineering: a lack of academic advising™*”, a lack of contact with women in science*3,
gender discrimination?3: 44,3 |ack of work experience and previous exposure to nontraditional work®S, the competi-

tive atmosphere in technical classes®4, and a lack of encouragement, with Euro-American and Mexican-American
men receiving more encouragement than Euro-American or Mexican-American women .

Conclusion

Itis impossible to include all of the literature conducted in the past decade conceming the underrepresenta-

tion of women in science and engineering in six pages. Instead, this paper presents a summary of the findings impor-
tant to understanding the societal, institutional and familial influences that keep women from entering these fields.

) The factors in the underrepresentation of women in science and engineering are not genetic. Girls are
steered away from quantitative interests at an early age; even before 18 months. Parents, friends and teachers have
great influence on a girl during her school years. Unfortunately, these influences often further dissuade giris from pur-
suing math and science. Once her attitudes about these subjects are firm, she is not likely to consider a career in sci-
ence and engineering. If she does, she is faced with further factors that will make her decision a difficult one.

The research included in this paper suggests many means of rectifying this situation. Conventional wisdom
regarding women in the work place has changed in the past thirty years. The time has come to change society’s per-
ception of women in science and engineering.

References

- Rix, S.E. (Ed.). (1988). The American Woman, 1988-1989. New York: W.W. Norton.

. National Research Council. (1994, January 26). Factfile: This year's freshmen: A statistical profile. The
Chronicle of Higher Education, A30.

. National Science Foundation (1991)

- Green, K.C. (1989). A profile of undergraduates in the sciences. American Scientist, 77, 475-480.

. Betz, N.E. & Fitzgerald, L.F. (1987). . New York: Academic Press.

. Reis, S.M & Callahan, C.M. (1989). Gifted females: They've come a long way - or have they? Joumal for the
Education of the Gifted, 12(2), 99-117.

. Jacklin, C.N. (1989). Female and male: Issues of gender. American Psychologist, 44(2), 127-133.

. Freedman, L. (1989). Mathematics and the gender gap: A meta-analysis of recent studies. Review of
Educational Research, 59(2), 185-213.

. Eccles, J.S. & Jacobs, J.E. (1986). Social forces shape math attitudes and performance. Signs:_Joumal of

[\CY

oo~ [ LB )

©o

WOMEN IN ENGINEERING CONFERENCE: EFFECTING THE CLIMATE
1994 WEPAN National Conference



37.
38.

39.
40.

. Letarte, D.C. (1992). An ex

171

Women in Culture and Society, 11(2), 367-380.

. Hyde, J.S., Fennemg, E. & Lamon, S.J. (1990). Gender differences in mathematics performance: A meta-analy-

sis. Psychological Bulletin, 107(2), 139-155.

. Nash, S.C. (1979). Sex role as a mediator of intellectual functioning. In M.A. Witting, A.C. Peterson, and M.

Andrisin (Ed.s), Sex-related differences in cognitive functioning. New York: Academic Press.

. Llabre, M.M. & Suarez, E. (1985). Predicting math anxiety and course performance in college women and men.

Joumal of Counseling Psychology, 32(2), 283-287.

. Rosser, P. (1989). SAT Gender Gap Center for Women Policy Studies.
- Eimore, P.B. & Vasu, E.S. (1986). A model of statistics achievement using spatial ability, feminist attitudes and

mathematics related variables as predictors. j 46, 215-222.

. Ethington, C.A. & Wolfle, L.M. (1984). Sex differences in a causal model of mathematics achievement. Joumal

for Research in Mathematics Education, 15(5), 361-377.

. Sadker, M., Sadker, D. & Klein, S. (1991). The issue of gender in elementary and secondary education. Review

of Research in Education, 17, 269-33:}.' _

on of femininity: elimiting ro emale sox

CO i ' i d i 4]
ster's thesis, Southem lllinois University, Carbondale, IL.

process. Unpublished

. Brush, L. (1985). Cognitive and affective determinants of course preferences and plans. In S.F. Chipman, L.R.

Brush & D.M. Wilson (Ed.s), Women and Mathematics (pp. 123-150). Hillsdale, NJ: Lawrence Erbaum .

. Eccles, J.S., Wigfield, A., Harold, R.D. & Blumenfeld, P. (1993). Age and gender differences in children’s self-

and task-perceptions during elementary school. Child Development, 64, 830-847.

. Leder, G.C. (1986). Mathematics: Stereotyped as a male domain? Psychological Reports, 59, 955-958.
. Eccles, J.S. (1986). Gender roles and women's achievement. Educational Research, 28(2), 15-19.
. Singer, J.M. & Stake, J.E. (1986). Mathematics and self-esteem: implications for women’s career choice.

Psychology of Women Quarteriy, 10, 339-352,

. Ethington, C.A. (1988). Differences among women intending to major in quantitative fields of study. Journal of

Educational Research, 81(6), 354-359.

. Dick, T.P. & Rallis, S.F. (1991). Factors and influences on high school students’ career choices. Joumal for

ion, 22(4), 281-292.

. Hannah, J.S. & Kahn, S.E. (1989). The relationship of socio-economic status and gender to the occupational

choices of grade 12 students. Joumal of Vocational Behavior, 34. 161-178.

. Fitzpatrick, J.L. & Silverman, T. (1989). Women's selection of careers in engineering: Do traditional-nontradition-

al differences still exist? Vocational Behavior, 34, 266-278.

. O'Connell, L., Betz, M. & Kurth, S. (1989). Plans for balancing work and family life: Do women pursuing nontradi-

tional and traditional occupations differ? Sex Roles, 20(1-2), 35-45.

. Greenfield, L.B., Holloway, E.L. & Remus, L. (1982). Women students in engineering: Are they so different from

men? Joumal of College Student Personnel, 23, 508-514.

. Jagacinski, C.M. (1987b). Engineering careers: Women in a male-dominated field. Psychology of Women

Quarterdy, 11, 97-110.

. Chusmir, LH. (1983). Characteristics and predictive dimensions of women who make nontraditional vocational

choices. P i 62(1), 43-47.

. Gill, ., Stockard, J., Johnson, M., & Williams, S. (1987). Measuring gender differences: The expressive dimen-

sion and critique of androgyny scales. Sex Roles, 17(7-8), 375-400.

. Chodorow, N. (1978). The reproduction of mothering. Berkeley, CA: University of Califomia Press.
. Condry, J.C. (1984). Gender identy and social competence. Sex Roles, 11(5/6), 485-511.
. Metzler-Brennan, E. (1985). Childhood antecendents of adult women's masculinity, femininity, and career role

choices. 9(3), 371-382.

. Jagacinski, C.M. (1987a). Androgyny in a male-dominated field: The relationship of sex-typed traits to perfor-

mance and satisfaction in engineering. Sex Roles, 17, 529-547.

. Baker, D.R. (1987). The influence of role-specific self-concept and sex-role identity on career choices in science.

Joumal of Research in Science Teaching, 24(8), 739-756.

Lewis & Gerrard (1985)

Cooper, S.E. & Robinson, D.A.G. (1989). Childhood play activities of women and men entering engineering and
science careers. The School Counselor, 36, 338-342.

Long, B.C. (1989). Sex-role orientation, coping strategies, and self-efficacy of women in traditional and nontradi-
tional occupations. Psychology of Women Quarterly, 13, 307-324.

Signorella, M.L. & Jamison, W. (1986). Masculinity, femininity, androgyny, and cognitive performance: A meta-

WOMEN IN ENGINEERING CONFERENCE: EFFECTING THE CLIMATE

1994 WEPAN National Conference



41.

42.
43.
44.
45,
46.
47.

48.
49.

51.
52.
53.

54.
55.
56
57.
58.
59.

61.
62.

172

anlysis. Psychological Bulletin, 100(2), 207-228.

Chatterjee, J. & McCarrey, M. (1989). Sex role attitudes of self and those inferred of peers, performance, and
career opportunities as reported by women in nontraditional vs. traditional training programs. Sex Roles,
21, 653-669.

Sadker, D. & Sadker, M. (1991). Sexism in American Education: The Hidden Curriculum. In L.R. Wolfe (Ed.)
Women, Work and School. Boulder, Co: Westview Press, 57-76.
Cosgrove, C.R. & Blaisdell, S. & Anderson, M.R. (1994) Foundation Coalition effort to improve retention of
women in engineering. Proceedings of the 1994 ASEE/GSW Conference. Baton Rouge, Lousianna.
Evans, M. (1993). Undergraduate questionnaire for women in science and engineering. Proceedings of the 1993
National WEPAN Conference. Washington DC

Sadker, M. & Sadker, D. (1986). From grade school to graduate school: Sex bias in classroom interaction. Phi
Delta Kappan, April.

Sherman, J. (1983). Girls talk about mathematics and their future: A partial replication. Psychology of Women

7(4), 338-342.

Haemmeriie, F.M. & Montgomery, R.L. (1991). Goldberg revisited: Pro-female evaluation bias and changed atti-
tudes toward women by engineering students. Joumal of Social Behavior and Personality, 6(2), 179-194.

Brush, 8.G. (1991). Women in science and engineering. American Scientist, 79, 404-419.

Betz, N.E. & Hackett, G. (1981). The relationship of career-related self-efficacy expectations to perceived career
options in college women and men. Journal of Counseling Psychology, 28(5), 399-410.

. Hackett, G. & Betz, N.E. (1981). A seli-efficacy approach to the career development of women. Joumal of

Vocational Behavior, 18, 326-339.

Betz, N.E. & Hackett, G. (1983). The relationship of mathematics self-efficacy expectations to the selection of
science-based college majors. Joumal of Vocational Behavior, 23, 329-345.

Lent, R.W., Brown, S.D. & Larkin, K.C. (1986). Self-fficacy in the prediction of academic performance and per-
ceived career options. Joumal of Counseling Psychology, 33(3), 265-269.

Hackett, G., Betz, N.E., Casas, J.M. & Rocha-Singh, 1.A. (1992). Gender, ethnicity and social congitive factors
predicting the academic achievement of students in engineering. Joumal of Counseling Psychology, 39(4),
527-538.

Hackett, G. & Betz, N.E. (1989). An exploration of the mathematics self-efficacy/mathematics performance cor-
respondence. Joumal for Research in Mathematics Education, 20(3), 261-273.

Hackett, G. (1985). Role of mathematics self-efficacy in the choice of math-related majors of college women and
men: A path analysis. Joumal of Counseling Psychology, 32(1), 47-56.

Lent, RW., Brown, S.D. & Larkin, K.C. (1984). Relation of self-efficacy expectations to academic achievement
and persistence. Journal of Counseling Psychology, 31(3), 356-362.

Clement, S. (1987). The self-efficacy expectations and occupational preferences of females and males. Joumal
of Occupational Psychology, 60, 257-265.

Post-Kammer, P & Smith, P.L. (1986). Sex differences in math and science career self-efficacy among disad-
vantaged students. Joumal of Vocationa| Behavior, 29, 89-101.

Blackman, S. (1986). The masculinity-femininity of women who study college mathematics. Sex Roles, 15(1/2),
33-41. )

. Archer, J. & Freedman, S. (1989). Gender-stereotypic perceptions of academic disciplines. British Joumal of

Educational Psychology, 59(3), 306-313.

Morgan, C.S. (1992). College students’ perceptions of barriers to women in science and engineering. Youth &
Society, 24(2), 228-236.

Ware, N.C., Steckler, N.A. & Leserman, J. (1985). Undergraduate women: Who chooses a science major?
Joumal of Higher Education, 56(1), 73-84.

. Stringer, D.M. & Duncan, E. (1985). Nontraditional occupations: A study of women who have made the choice.

The Vocational Guidance Quarterly, 33, 241-248.

. Jagacinski, C.M., LeBold, WK. & Saivendy,‘G. (1988). Gender differences in persistence in computer-related

fields. Joumal of Educational Computing Research, 4(2), 185-202.

WOMEN IN ENGINEERING CONFERENCE: EFFECTING THE CLIMATE

1994 WEPAN National Conference





