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The extent towhich females are underrepresented in mathematics-and
science-related careers has been well documented. The
underrepresentation of females in mathermatical careers persists despite
the fact that in recent vears, gender differences in mathematics achieve-
ment and participation in mathematics coursework at the high school
level have virwally disappeared. Research examining gender differences
in mathematics and science has nat produced a definitive explanation for
why so fewwomen enter professions that cali for substantial backgrounds
in mathematics and science, but the changing trends in female achieve-
mert and coursework participation suggest that sociccultural factors
must be ar play.

Gender Differences in Mathematics Coursework

Recent datzshow that females are enrolling in higherlevel mathematics
coursework inincreasing numbers, and in some cases at levels that exceed
those of their male peers. Still, at the very highest levels of college
mathematics, males continue to participale in significantly greater num-
hers.

For instance, a recent stiudy of high school transcripts (National Center
for Education Statistics, 1993a) showed that for 1990 high school gradu-
ates, 79% ofthe females had taken Algebra 1, 65% had taken Geometry, and
S1% had 1aken Alpebra 1. This compares to 76% of the males taking
Algebra [, 64% waking Geometry, and 48% aking Algebra 11, Participation
rates in Trigonometry courses were equal for males and females at 18%,
but slight differences favoring males emerge for pasticipation in analysis/
precalculus and calculus courses. Here, 13% of the females compared 1o
14% of the males had taken analysis/precalculus, and 6% of the females
compared 10 8% of the males had aken high school calculus.

Trends at the callege level show fernales participating in mathematics
coursework in greater numbers than in previous years, akhough still not
at the rate of thetr niale peers. According to the National Research Council
of the National Academy of Sciences (1989, women now ener college
nearly as well prepared mathemirically asmen, and -$6% of the mathemat-
ivs haccalaureates goto wornen. But once beyond the bacealaureate [evel,
larger gender differences emerge. with women receiving only 35% of the
master's degrees and 17% of the Ph.D. degrees in the mathematical
Sciences.

Gender Differences in Mathematics Achievement

Gender differences in mathematics achievement paralle! those of
course participation. That is, achievement differences between males and
femalesinmathemavics have, inrecent year ., become negligible (Ethington,
1990: Friccman, 1989; Hyde, Fennema, & Lamon, 1990: Linn & yvde,
1989; Sadker, Sadker, & Klein, 1991).

For example. recent results from the Nationa! Assessment of Educa-
tional Progress (NAEP) show gender differences in nuthenuatics achieve-

ment 1o be minimal a1 ~ges 9 and 13, and only slightly lacger, favoring
males, at age 17 (Natiunal Center for Education Statistics, 1993b). The
difference at age 17 may be due 10 the slight differences in mathematics
course participation, which show a somewhat larger number of males
uking precalculus and calculus,

Ttis more difficult to ascertain what is happening to gender differences
in mathematics 2-hievement at the postsecondary level, as mathemaics
achievement is not routinely assessed using standardized measures.
However, females consistently earn higher grades in their mathematics
courses than their male peers (Linn, 1992).

Gender Differences in Choice of Careers

1t is ironic that, given the apparent success of efforts toincrease female
parucipation in mathematics coursework and to raise the level of female
achievementin mathematics, so few women choose careers in mathemat-
ics. Linn and Hyde (1989) note that female participation in mathematical
and scientific careers has gone from 8.6% in 1975102 mere 13.4% in 1986,
The good news is that the proportion of women in these fields has
increased by more than 50%; the bad news is that an increzase of only 4.8
percentage points can spund like impressive progress because (e repre-
sentation of women in these fields is so low.

Linn and Hyde suggest that the “plass ceiling” that many women
encounter in traditionally male professions, coupled with the fact that
eaming power for women compared to men has not changed overall
during this periud of Lime, may imply that the increases indicated by these
figures actually reflect increased participation primanily in lower-paying
careers related 1o mathematics and science. Disheartening figures such as
these have prompted at least one evaluator of programs to encourage girls
in mathematics and science towonder if these programs really work in the
long run (Campbell, 1994).

Reasons for Female Underparticipation in Mathematics

Rescarchon female underpanticipationin mathematics hascentered un
1wo generat arcas; gender differences in cognitive domains and gender
differences in psychosocial domains. Research in the cognitive domain
has centered on the cxtent to which innate gender differences may exist
in quantitative abilities, particularly in mathematicaily talented children
(cg. Beabow & Stanley, 1980) or in spatial abilities {c.g., Fenncma &
Sherman, 1977). As gender differences in mathematics achievement have
dinrinished in recent years, arguments for inoate differences have grown
less convincing.

Research in the psychosocial domain, however, has explored a rich
variety of factors that may contribute (o female underpanicipation i
mathentics. Sume of these factors include gender differences in aggres-
sion, conlidence, mterest, susceptibility w sovial influence, and wendency
to help others (see Linn & Hyde, 1989, for a ceview). There is specukution
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thar, despite diminishing gender differences in mathematics course par-
iciparion and mathematics achievement, these psychosocial factors may
significantly influence the extent to which women choose careers in
mathematics and science,

The fact that, at the college level, even women who are well prepared
in mathematics and science choase careers in ather fields suggests the
importance of examining factors that inflvence career choice irself. For
instance, Eccles (1986) found thar women perceive male-siergoryped
occupations as more difficult, but not more important, than female-
sterearyped occupations, and that they expect 1o be less successful in
mathematics, regardless of their actual abilities. Both of these findings
were confirmed by Ethington (19923, whoalso found that females tend 1o
value mathematics- and science-relaied careers less than femnale-stereg-
typed occupations.

Dick and Rallis {1951) found thar social influences play a subte yet
powerful role in attracting females 1 mathematics- and science-related
careers, with even women who are academically well prepared in math-
ematics not choosing such careers unless specifically encouraged o doso
by parents or teachers. It should alsobe noted that the hierarchical nature
of mathemarics and science coursework can make it difficult for women
to re-enter mathematical and scientific career paths once they have opled
out of these courses (Ravman & Brett, 1993).

In addition to examining the beliefs and values that females may bring
with them toihe domain of mathematics, some research hasexamined the
actual processes and hehaviors of male and female students, and their
teachers, during mathematics instruction. For example, 2 difference in
preference for autonomous leaming hehaviors, which include working
independently and persistently on high-level tasks, has been suggested as
i possible explanation for gender differences in mathematics {Fennema.
Walberg, & Marrett, 1983), although a recent study of 8th-grade studer.is
found no gender differences in these kinds of behaviors (Caporrime.,
1990). It has heen further speculared that a lack of confidence in theirvwn
abilities may Jead female students Lo rely more heavily on the algorithmic
procedures emphasized in school and thus he less likely to explore
creative, alternative strategics that allow them o grapple wish underlying
mathematical ideas (Linn, 1992).

A related hody of research repents differential parterns of student-
teacher interactions during mathematics instruction (e.g.. Becker, 1981,
Jungwinth. 1991; Leder. 1987, 1990). This research documents the nature
of these parterns, which largely but subtivtend te favor males and seemto
communicate imporznt messages of mathematical competence {or lack
ufit) whath malesand females. The devastating cumulative effectofthese
kinds of differential pawerns of interaction on gids throughout their
education in a range of coment areas has recently been highlighted in
Failing ol Fairness: How America s Schools Chear Girfs (Sadker & Sac..cr,
1994). For young women studving :narhematics or science at the
postseeondziey level, these patterns are panticularly marked, especially au
the graduate level (Peterson & Dubas, 1992; Rayman & Brett, 1993). Given
the widespread nuwre of the differential pauerns of interaction that these
TEROMTS SURECSL, it is quire remackahle that young wemen persist in the
study of mathematics and mathemarics-related fields to the extent that
they do!

Encouraging Females Toward Mathematics-Related Careers

Must efforts o encourage girls in mathematics have focused on (1)
increasing their awareness of the imporance of mathematics, (2 expos-
ing them to high-level mathematics sad developing confidlence in thor
ahility 10 do mathematics. (3) providing opportonities to learn about
careers innnthematics, ifpossible from women working in those careers,

or if not, through examples portraying such women, and () developing
support systems to encourage gicls in mathematics, bothin the lamily and
in the classroom. These efforts were begun in the late 1970s and early
1980s and were very deliberately built on research from thar peried
suggesting that the anitudes and beliefs that girls brought to the study of
mathematics kept them from geing on 1o mathemarics- and science-
related careers (Fennema, 1980; Fennema & Carpenter, 1981).

Many of these efforts 1argeted interested teachers and included work-
shops us well as resources. For example, the EQUALS program developed
ax the Lawrence Hall of Science developed workshops on strategies for
raising awareness of the problem of female underrepresentation in math-
ermatics- and science-related careers, developing problem-solving skills in
mathematics, and encouraging career aspirations (Kaseberg, Kreinberg,
& Downie, 1980). These workshops have reached large numbers of high
school mathematics teachers and, mare recently, middle school and
elementary school teachers.

For teachers seeking additional support, other resources were devel-
oped, such as SPACES: Sofving Problemsof Access to Careersin Engineer-
ing and Science (Fraser, 1982), comaining mathematics and career
aclividies for elementary 2nd secondary students; Math for Girls and
Otber Problem Solrers (Downie, Slesnick, & Stenmark, 1981, the curricu-
lum for a course that brought girls ogether to sclve interesting and
relevany mathematical problems; and Famify Maih (Stenmark, Thomp-
son, & Cossey, 1986), a set of activities tobe used in workshops where girls
and their parents could explore matheinatical problem solving together in
a positive and supporive fashion. Other resources of a simifar nature,
such as How ip Encourage Girls in Math and Science: Strategies for
Parents and Educators (Skolnick, Langbort, & Day, 1982) znd Math
Eguals: Biographies of Women Mathematicians + Related Actfvities
(Perl, 1978}, also appeared during this pericd of time,

While these efforts addressed the beliefs and values that seemed to
contribute to female underrepresentation in maihematics- 2nd science-
related careers, much iess attention was paid to research findings on
differences in behavior of male and female students during mathematics
insiruction, or differential pavterns of interaction between teachers and
their male and female students. It nay have been assumed thai, once
beliefs and values began Lo change, pirls” hehavior during mathennatics
instruction would reflect mare of the problem-solving orientation of their
male peecs. Or, it may have been presumed that teachers who were
actively working 10 encourage girls in mathematics would naturally inter-
acy in ways that conveyed support and encouragemen, 1 their female
students as well as 1o Ltheir male students.

Indeed, only one resource from this period (Skolnick, ot al., 1982
refers 1o intervention in the area of behavior, such 2s how 1w promaote
independence and nsk taking in problem solving, and how to group
children during activities 1o niaximize learning and minimize negative
peer pressure. However, with the very recent puhlicity ahout the wide-
spread nature of differential patterns of intecaction, many efforts are
currently underwavio help reachers look critically 2t theirinteraction with
studentsand find ways lo cqualize the opportunities they provide for their
malc and female stuclents in all content areas. Foresample, wurkshops are
now avadahle in which teachers leam to recognize subtie instances of
sexism through videotapes of classroom interactions, role plaving of
classtoom situations, and critical examination of their own classroom
praciice (Sadker & Sadker, 1994). These teachers develop a range of
strategies for actending to and addressing interactions which disadsan-
tage their female studlents.

Effurtsat the postsecondarvlevel to encoueage women in mathenyatics-
and science-related careers have featured mentoring progeams (Rayman
& Brett, 1993 and sperial progeams such s the Women in Scicnee Project

BEST COPY AVAILABLE




iy

@cszvma

at Dantmouth College (1993), that also includes such componenis as
research internships, industrial site visits, career seminars, and an elec-
tronic newsletter. However, like manysimilareffors ai earlier gradelevels,
these intervention programs rarelyaddress the nawre of the mathematics
and science instruction itself and rarely involve faculty who teach those
CONtert area courses. A rare exception is the mathematics program at the
Stte University of New York College at Potsdam, which produces a large
numher of female mathematics majors, and w' ¢ e instruction deliberately
invokes inquiry, discussion, and collaboration (Rogers, 1990).

New Questions and Directions

Efforts o promote interest in mathematical careers among girls and
women have focused largely on changingtheirbeliefsand values about the
field of mathematics and their relationship to it. These efforts have
included raising awareness of the importance of mathematics, teaching
about career opponunities in mathematics and science and the activities
of women in those fields, and building support networks for girls. Judging
from the closing gap between males and females in mathematics course
participation and mathematics achievement, these strategiies appeariobe
working. However, at the postsecondary level, and particularly at the
graduate level, the effects of these efforts appear to be washing out, and
women are choosing careers other than those in marhematics and sci-
ence. These findings raise questions about the extent to which women can
ultimately see themselves as members of the mathematics and science
community.

Recent discussionsabout women in mathematics and science question
whether mathematics and science, as they are often taught, are compat-
ible with "woinen's ways of knowing”™ (Belenky, Clinchy, Goldberger, &
Tarule, 1986). Some mathematics educaiors are calling for dramatic
changesin the way mathematics is eaperienced and studied (e.g., Becker,
1994; Borasi, 1990, 1992; Damarin, 1990, 1994; 1saacson, 1989}, This new
kind of mathematics instruction, often referreo to as teaching mathemat-
ics from a feminist perspective, strives o provide opporiunities to explore
more humanized and contextualized aspects of mathematies rather than
the "pure” mathematics thul has heen traditionally taught. 1 it is true that
there is something intrinsically incompatible with the way girls and young
women have been experiencing mathematics in the past, then it may be
that they are persisting in mathematics only long enough tu serve their
purposes and are fater choosing career aliernatives that they perceive as
hetter suiting their needs nd interests.

Mathematics education is currently undergoing a reform in which
fundamentally new ways of thinking ahout ruathematics teaching, math-
endlics learning, and mathematics itselfare heing explored (NCTM. 1989,
1991). Much of the research on factors contributing w female
underpanicipation in mathematics was undertaken within an older para-
digm in which malthematics teachers gave explanations and students
listened, remembered. and provided correct answers. We donotyetknow
very much about the ways in which gender issues might unfold in this new
paradigm for mathematics educativn, where there is sirong emphasis on
problem solving, reasoning, communication, and connecuons, with many
paralfels to “women's ways of knowing” as mentioned earlier.

Insome ways, the efforts 1o encourage girls and women in mathematics
initizted in the early 1980s helped change the culture of the mathemaugat
cxperience hy stressing problem solving and collahoration, and by placing
atleast some mathematics in the context of careers, although much of the
lutertook place vutside ufformal mathematics instruction. At the college
level, mathematics education reform has made much less headway, but
the Putsdam example of an instructional program that Is compatible with
reform recommendations appears wo be making a marked difference in

Promoting Interest in Mathematical Careers

the extent 1o which women can view themselves as a part of the lacger
mathematics community. Thus, current initiatives are beginning to ad-
dress postsecondary mathematics education reform, and it s critical that
these effcris be supported.

However, the culture of the mathennatics- and science-related work-
place remains an issue vet tobe addressed. Just as it is important that girls
and women be encouraged 1o prepare for mathematics- and science-
related careers through educational environments that recognize and
support their abilities. it 15 equally important that, once in the workplace,
they encounter an environment thar nurtures their talents and rewards
their contribuuons.
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