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Substantial progress has been made in the iast fifteen years
for women in mathematicss sciences and engineering. TYhe propor-
tion of women earning doctorates in scierce and engineering, for
examplies has risen from 7% in 1965 tc 28% in 19FC {Nztional
Fesearch Council, 198C}. As Figures 1 showsy; howevers; most of
this increase 1is attributable to large proportions cof women in
the social and life sciences; women are still at cor below 12% in
mathematicss physical sciencesy and encineering. A&t the under-
craduate Tevel, the proportion of women planning majors in sci-
ence and engineering -also has been increasing {(Astin et al.,
1974-1982}. The greatest percentage increase has been in the
field of engineering, in which there were 358 womer who earned
tachelorfs degrees in 1970, representing O0.8% of the graduating
class; and 5,680 women in 1980 representing 9.7% of the graduat~
ing class. MWith a projection for 1584 of 1%, it is cliear that
thkere have been impressive inrocads in the area of encineering.
Yet, at this rate of 1% per vear, it will be 2020 before there

zre equal numbers of women and men earning encineerinc degrees!

& similarly mixed picture appears when the employment of
women scientists and engineers is surveyed. Female degree hold-
ers have higher unemployment rates than male degree hcliders, are
Tess 1likely to be employed in science and engineering jobs, and
are paid Tess. In academic settings, for example, 62.5% of the
iren with doctorates had tenure while only 35.2% of the women with

docteorates had tenure in 1979 {Vetters, 1¥81}.

Examination of participation and ackieverment of young women



in mathematics and science, relative to young mens incdicates that
the message is also inconsistent. Some national enrcliment sur-
veys have found parity in election of mathematics courses in high
school {Armstrongs 1582}, except at the hichest TJevel of cal-
culus, though investigation from state to stste shows that there
are still substantial differences at the intermediste level of
Algebra 1I1 (California BRasic Educational Deta fystem, 19811}.
fome researchers are not finding sex-related differences 1in
achievement in areas in which they used to find them coensistently
le.g. spatial visualization, see discussion belowl}. Un the other
hands; the National Assessment of Educat?cna! Procress continues
te find sex-related differences in science and mathematics
echievement that increase from age 9 to zge 13 to age 17 {(Fennema

& Carpenter, 1981}).

The progress of women in science is, of courses due Yo =
number of factors. In this chapter, howevers we will concentrate
¢n the roles of educztional research and of educatieral program
developments and their interrelationship, as major contributors
to this progress. It is our contention that the close relation=
ship between research and development activities related to
women’s participation in math-related fields 1is an important
catalyst for advancement 1in both research and develcpment.. A
cood example is the research of the Berkeley sociologists Lucy
teilssy who investigated the persistence of women ancd minorities
in different doctoral fields ({Sells, 1975}. She found that
mathematics training in secondary schools was a Ycritical filter®

for these groups; keeping many students from studying various



scientific fields as undergraduate or graduate studenis. Her
personal enthusiasm prompted the founding of the PFath/Science
Network, now & group of 1000 scientists, educators, and community
people who work together to promote the participation of women in
math=related and non=traditional fieldse Several Network pro-
crams are described in Tater sections in this chapter. The popu-
Tarization of the %Ycritical filter® idea (Ernest, 1976} caused
many educators to take an interest in secondary school mathemat-

ics course enrollments.

At about the same times Maccoby and Jacklin (1974) published
their landmark review of the published ard unpublished literature
on psychological sex differences. While they cast serious doubt
en many longheld mythss they allowed to stand as "fairly well
established,® ®that boys excel in mathematical abiltitv* (p. 352).
They noted that males and females are similar in mathematical
ckills through elementary schools but at about ages 12-13, boys”?
mathematical skills increase faster than girls?. They alsc indi-
cated that the rate of improvement was nct entirely a function of
the number of mathematics courses studieds though that question
tad not been extensively studied at that tire. Shortly
thereafters howevery, the work of Fennema and Sherman (1977}
showed that, among students whose matheratics backcgrounds were
similars, sex-related differences in mathematics achievement were
found inconsistently, were small; and were related tc affective
factors such as confidence, perceived usefulness of mathematics,

and perceptions of significant others.



The emerging emphasis on enroliment in elective mathematics
classes Ted to two paralliel movements. The desire tc understand
the causes of Jlower enrollment amonc females prompted the
National Institute of Education ({NIE} tp commissicn papers to
2ssist them in planning their research acenda for 197¢ and 1979
{Foxy Fennema, & Sherman, 1977). A ccncerted resegrch program
wés launcheds in which researchers with various perspectives and
metho&o?ogies set out to investigate the participation and
echievement of women ir mathematics. These studies «constitute
some of the classics to be reviéwed in the following section. (A
book is being prepared by Susan Chipman and Donna Kitsen of NIE
which will present and synthesize this work.} The desire to
influence the enroliment of girls and women in mathematics and
science courses and programs and to increase thejr success once
enrolled prompted & number of educators to step up their activity
in programs for women in science and mathematics education.
There have been interaction and cooperation between the research-
ers and the developers, and many individuals have paerticipated in
both types of activity. For purpases of examining the impact of
these activities, howevery it is helpful to summarize the issues
raised by the research first; then to detail the ways in which
these issues have been addressed by intervention programs and
changes in the educational system. Similtarly, the prerequisite
nature of mathemstical achievement for science and engineering
participation dictates a consideration of mathematics ahead of

trhe other sciences.

This literature review identifies and suymmarizes an



extensive literature in the following categories: bicloecical fac-
tors {quantitative and spatial skills), socializaticn factors
{modeling, expectations, and experiences}, atfitudinal factors
{confidence, sex-typing, perceived value of mathl, and affective

factors (anxietyl.
Issues Iderntified by the Research op HWomen In Eatbematlics

EicYocigcal Factors

Some scientists attribute the sex differences in performance
end participation in mathematics to irnate ability or aptitude
differences. Proponents of this theory ergue that there are con-
sistent sex differences on tests of both quantitative and spatial
skil1s which account for performance and participation differ-

ences. Fvidence related to each of these conclusions is reviewed

belowe

Sex differences on tests of guysntitstive skills. The fol-
iowing results are fairly consistent across stucdies using a
variety of achievement tests: (a) High school boys perform a lit-
tle better than high school girls con tests of mathematical rea-~
soninc (primarily solving word probiems); (b} Boys and giris per-
form similarly on tests of algebra and basic mathematical
know ledge; and {c) Girls occasionally outperfocrm boys on tests of
cemputational skills (Armstrongs 19803 Burnett, tanes L Dratt,
1979 3 Conncor & Serbiny 19803 E.T.S.s 19795 Fennema, in press;

Fennema & Shermans, 1977, 197835 MHyde, 198137 Schratz, 19783
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Shérman, 1980, 1981: Starrs 1979; Steel ¥ Wises, 1979: HWittig &
Fetersen, 1979}, Among normal popylations achieverent differ=~
ences favoring boys do nel emerge with any consistency prior tc
the 10th grade, are typically nof very large and are not univer-
sally found even in advanced high school populationss. There s
some recent evidence, however, that tfre general psattern of sex

differences may emerge somewhat earlier zmong gifted and talented

students {Benbow & Stanley, 1980; E.T.S. 19791},

sex differences ip spatial skills. The findincs regarding
tex differences in spatial skills are alsoc fairly consistent,
though not universal, and do not emerge rrior to abocut the 10th
crade. Among these older adolescents, boys outperform girls on
~ome measures of spatial skills byt the magnitude of the sex
difference varies depending on body type {(Petersen, 1979}, on
rersonality characteristics associated with masculinity and femi-
rinity (Nash, 1979}, on previous experience with spatial activi-
ties (Burnett & Lane, 1980¢: Connor, Serbins; & Schackman, 19773
Cennory, Schackman, & Serbins 1978)s on ethnic backorounds paren=
tal styles, and sociceconomic status {(Fernema & Shermans 1977;
Nashs 19793 Schratz, 1978}, on maturational rate {Habers 1979},
and con the particular test given (Connor & Serbin, 1980}. In
facts in a recent national Survey study cf 3240 junicor and senior
high school students, 13~year~old girls did better on a test of
spatial skill than 13-year-old boys: 12th grade boys and girls
did equally well {Armstrong, 1980). Thus as Connor and Serbin
{1980, D 36) concludes ¥junior and senior high school

males...perform better than females on scme visuai=spatial



peasuresse SOmeE of the timee™

gelagion of spatial skills e pathematics achieyemente
Several studies have demonstrated a strong positive correlation
between spatial skills and 3 variety of mathematicai schievement
test scores {Armstrongs 19803 gurnett et ales 19795 Cennor & Ser =
Liny 1980% fennema & Shermans 1977, 19783 Shermans 1980asb s Steel
g Hises 1979). But verbal abilities also correlate cuite highly
with mathematica? perfcrmance; not all measures of spatia! skills
correlale significantly with atl meaSUres of mathematicaX
achievement; and the patterns of these retations yeries across
crade jevels SEXS and study {Armstrongs 19803 gurrett et ales
1e793 Connof g Serbins 19803 Fennema g Shermains 1977, 197E} Hyde s
Geiringelrs g Yens 1975% Shermans 19¢03% creel & Lises 1979} .
Furthery in a recent factor apnalytic studys Connof and Serbin
£1960) found that the tests of spatial skills factor together and
i ndependent of measures of mathematical achievemente thus the
relation petween spatial skills and mathematic31 achievement is
nct cleare. Furthermores whether ©F not the sex difference in
spatial skillis 1S contributing to the sex difference in mathemat”
ical achijevement 15 even 1€SS clear. While sSome findings are
consistent with this hypothesis {e«Qe purnett et ales 1979%
fennema & Sshermans 19773 and Hyde et ales 1575) 3 others are not

{eoGes connor & Serbins 198C3 steel & Wises 19791 s

whether the sex differences jn either mathematical ability
or spatial skills contribute O the seX differences in course

participation rates iS even MWMOrE debatablee The patter?d of
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resuits is quite mixed. For exémp}e, in Sherman (19€1)} spatial
skills predicted girls’ but not boys? participatione In con-
trasts in Steel and Wise’s study (1979} spatial skills predicted
for boys only. Participation is alsoc predicted by scores on
vocabulary tests {(Shermans, 1981}, by past math achievements
{Armstrongs 198C§ Dunteman Kisenbakery & Taylors, 1979 Fennema,
in press; FParsons -et-—abes In press-a; Steel & Wise, 1979}, by

interest in mathematics and career plans (e.g.s Fenpemas in

press; Parsons Adlers Futte}han, Geff, Kaczalzs Meece, ¢
Fidgley;inwpﬁésssa: Steel & Hise, 1979)y and by a variety of
attitudinal and social factors which will be reviewed in the next

cectioh.

In additions it must be noted that spatial visualization
ckills can be trained {Burnett £ Lane, 1980; Connor et ales 1977,
19765 Goldstein & Chance, 1965}, Thus the magnitude cof the con-
tribution of ©biological factors, the inevitability of their
effectsy and the exact nature of these effects are still to be

determined.

sccializaticn Eactors

Modeling effects. Several studies have found that adult
females are both Tess likely to be engaged:?n math activities and
more 1ikely to express doubts about their math abilities than are
adult males. For example, after sixth grade, fathers are more
likely to help their children with their méth homework than are

mothers ({Ernest, 1976}; advanced math ccurses are more likely to
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te taught be men (Fox, 1977)}; female student teachers have lower
estimates of their math ability and openly admit they are less
comfortable teaching math than their male peers {Aiken, 1970});
and finally, mothers hold a more necative view of their math
sbilities and interest than do fathers (Pargons E¥;;;é¥w;u‘i§éé},
This under-representation of appropriate female role-models could
discourage some girls from engaging in activities involiving
mathematics during the high school years. The success of several
recent intervention programs designed to Tincrease fema?e‘ math
participation through exposure toc female models supports this

Tine of reasoning {(e.g.s Brody & Fox, 1905 Tobin & Fox, 1980].

Socializers’ expectations and related bebaviors. The expec-
tations parents and teachers hold for children are ancther possi=-
b1e source of influence on children’s math involvement. Several
studies indicate that parents énd teschers have hicher educa-
tional expectancies for high school and college age males than
for comparable females (Good, Sikes, & Brophy, 19733 Hilton &
Eerglund, 19743 Searss Maccobys, & Leviny 1957} O0Only & few stu-
dies have directly measured the expectancies that parents and
teachers hold for math achievement. Khile these studies have
vielded a mixed pattern of results, when differences emerge; they
favor boys. For example; in some studies both parents and teach~
ers believe boys are better at math than girls (Casseriy, 19753
Frnests 19765 Havens 19713 Luchins. 197€}. Similariys parents
rate math as more difficult for daughters than for sons and feel
that girls have to work harder than boys in order to do well in

wmath courses (Parsons et alsy, 19823, Other studiess however,
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yield either inconsistent or non=significant sex effects (e.g.

Ernest, 19?6, ParSOﬂS rmgt_ a¥., 1982a,b}. For exsmpies -in the

Farsons; et a?», €19€2) study, ne:trer perents por teachers had

Tower expectattons‘ for thear gsris' math performarnce than for
their boys’;% Thus. st appears that the sex sterectypes held by
parents and teachers are small but favor boys when they are

present.

But do these sterectypes affect stucdents? attituces and if
so how? Parentss teachers, and counselors have all been found to
provide boys more explicit rewards, encouragements and reinforce-
ments for learning math and for considering math relzted careers
than girls {(Astin, 1974; Haven, 19717 Casseriys 1973 Luchins,
19765 Parsons et ales 1082b}s In one study the counselors openly
admitted discouraging girls from taking these courses, citing
reasons that reflected their stereotyped views of appropriate
8dult roles and math abilities. In addition, based on extensive
cbservations in clacssrooms, several investigators have concluded
that the quantity and type of teacher instruction sometimes
varies according to the sex of the studert and the sut ject matter
being taught. Some, but not all, teachers interact more with,
provide more praise tos and provide more formal instruction to
boys than girls, especially in mathematics and sciepce classes
{Bean, 1976; Becker, 1981: Brophy & Gcods 1976 Fennem;, 1982;
Leinhardt, Seewald, & Engel, 1979; Parsons et ala., 19823 Stal=

Tings, 1979). These differences in teacker behaviors when found,

&re most extreme amonc high math ability students.



While the pattern of results associated with differential
treatment 1Is fairly consistent, studies which have attempted to
assess the causal influence of these differences on course
enroliment or career aspirations have yielded a much less defini-
tive picture. Both Heller and Parsons {1981} and Parsons et al.
€19853 tested the relation of student-teacher interaction pat-
terns to both students? attitudes toward math and their plans to
continue taking mathe While both studies found a3 significant
relation between teachers? expectations for a student {as pro~-
vided by the teacher on a written questionnaire}l and student
attitudes even after the effects of the students’ past grades in
mathematics had been partialed out, both studies found very few
significant relations between actual teacher behaviers and stu-
dent attitudes. And those which did emerge were cuite small.
Cther studies, focusing more on the impact of a2 single, salient
teacher, suggest that teachers can have a big impact on girls’
attitudes. But the teachers must provide ggiive encouragement to
the girls in the form of {a) exposure to role models, (b} sincere
praise for high ability and high performances and (c} explicit
advice regarding the value of math and its potentia? utitity for

kigh payings prestigious jobs {Casserlys 1975, 197%}.

Studies demonstrating the causal influence of parents in
shaping sex differences in math participation are virtually non-
existent. For example, Parsons and her collteagues have demon~
ctrated that parents’ sex stereotyped beliefs are related to
cirls? more negative attitudes toward math. It is not cleary

however, whether the parents? sterectyping fcstered the
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daughters’ negative attitudes or the davghters’ necztive attij=-

tudes fostered the parents? stereotypine {Parsons et z¥., 1982?.

Differential experiences. 1In addition tc the rwore direct
secialization effects discussed thus fars parents z=nd teachers
2lso influence children’s achievement behaviors and values
through the experiences they provide or encourage. Exposure to
different toys and recreational activities has been linked to the
sex differences in both spatial skill and attitudes toward math
2nd sciencs {Astins 19745 Connor et al.s 19783 Hilton & Berglund,

1074},

Early independence training has alsc been suggested as a
cause of sex differences in math invclvement (Ferguscrn & Maccoby,
1966} and since girls may get less indeﬁendence training than
boyss the sex difference in math invoilvement may resuylt from
these differential socialization practicess This hypcthesis has

yet to be tested directly.

summary. The studies reviewed ir this section provide
strong support for the hypothesis that sccializers treat boys and
¢irls differently in a variety of ways that might be Tinked to
math achievement and course selection. But only a few studies
have assessed the causal impact of these socializatien experi=-
ences on students’ math attitudes, math ach ievement, and course
selection. The results of these few studijes suggest that sex
differences in math behaviors and course selection may result
from the differential treatment accorded girls and boys, For

example, encouragement from parents hras emerged in several
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studies as an important factor in girls? decisicns to elect
advanced mathematics courses 1in high school {e.c.s Armstrong,

19803 Fennema & Sherman, 1977, 1378; Haven, 19715 Luckins, 1976;

Parsons et a!.w‘ ?@mwppe5§ab: Sherman & Fennema, 1977)}. The
effects hold up Tongitudinally and are significant even when the
effects of the children’s pa;;ﬁpgrfcrmance in mathemstics are
rartialed out {(Parscns et ales ggiéééés-a}. Thus ¥t seems likely
that parents and teachers are having a negative impact on girls?

math course~takinge.

Attitudinal Eactors

Confidence in one’s math ability. The pattern of findings
regarding confidence in one’s math ability and related attitudes
are quite consistent. While sex differerces are tyrically not
present among elementary schocl childrens by junior high school
boeys are more confident of their math abilities than ciris (e«g.s
Armstrong & Kahl, 1I980; Brush, 1980; Ernest, 197¢; Fennema 2
Shermans 1977; Fennema, in press; Foxs Brodys & Tobin, 19805 Kam=-
inskis Ericksons Rosss & Bradfields, 1976; Parsonc et a1a,~}ﬁ
press—ay-Sherman, 1980). This sex difference,; howevers is not
reflected 1in students’ expectations for their performance in the
cour ses in which they are ggr(gntly enrclled {(Heller & Parsons,
;nﬂp;ess: Parsons et aley igmﬁfess-aja Rather the sex difference
emerges on measures reflecting students? more general rating of

confidence in their math abilities and their expsctations for

future courses.
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Al though sex differences in confidence have been esta-
tlisheds only a few studies have tested the link between confi-
dence In one’s math ability and course selection. These studies
have vyielded a consistent pattern of rositive relation between
confidence and enrclilment patterns (Armstrong, 19803 Kaminski et
2lay 19763 Parsons et alegf&ﬁgﬁﬁ@QSﬁa: Sherman, 19803 Sherman &
Fennema, 1977} More studies. however,; are needed to clarify the

causal significance of this relationship.

Sex typing of mesthematics. ¥hile numercus studies have
shown that when high school students sex=-type mathematics they
classify it as a male achievement domain (Armstronc & Kahi? }980:
Ernests, 1976;: Fennema & Shermans 19773 Farsons et a?.,iﬁé;gnéés-
JafﬂStein £ Smithells, 1969}, the implication of this fact for
math enrollment is not clear for several reascns. Firsts; math is
neither always stereotyped as masauiine lesgssy Fennema & Sherman,
i¢77: Parsons et ales %gig}éés-a: Stein & Smithells, 196%), nor
is it even one of the mest lTikely subject areas to be stereo-
typed; mechanical arts courses and athletics are both more likely
tc be cfaﬁsified as masculine {Stzin & Srithells, 19£9). Second,
boys are more Yikely ¢to stereotype math as masculine than are
cirls (efg., Brush, 1980; Fennema £ Sherman, 19773 Parson§ et
agles 4$;FtTe§?*H: Sherman, 1980}, Thirds studies which have
attempted to assess the relation of sex=typing, Oof math to actual
math achievement, and course plans have yielded mixed resuits.,
Fur thermore, the variations in resulits do not follow 2 consistent

rattern (Boswell, 19793 Dwvyer, '}9?4: Fennema & Shermane 1977

Nash, 1975, 1979; Parsons et al., 19823 Cherman, 1980). Thus the
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relation between the sex-typing of mathematics asnd students?
achievements and course plans In mathematics is not clear at

present.

Perceived VYalus of HMath.

Ratings of the utility value of math 3also wvary by sex.
feveral studies indicete that boyss as early as 7th and 8th
crades, rate math as more uyseful than qgirls {Brush:. 1%B0; Fennema
& Sherman: 1977: Fox, Tcbins % ngﬁy;ﬂl???; Havens 19713 Hilton &
Bergltunds, 19745 Parsons et ales iﬁ;ﬁ?éss~a; Wisey Steel & Hac~
NDonaidy 1979}). These results, howevery, are nct eptirely con-
sistent across age groups and schools {(Fennema & Sherman, I977;

Thermans, 19801).

Perceived value of math and math-related career plans emerge
2s significant predictors of both achievement and course plans in
most studies {e.gesy Armstrong, 19805 Brush, 1980; Fennema, in

press: Fennema & Sherman, 1977 Fox et al., 19805 Fcx & Denham,

1974; Lantz & Smiths 19625 Parsons et ales éﬁw;;$e§§ae$; Hise et
a1.» 1979). Furthermores while Brush (19807 found that the par-
ceived usefulness of math was a relatively weak predictor of
cour se participation in comparison to other predictors such as
ability level, sociveconomic status, and general feelings toward
math, other investigators have found that interest in math and

perceived utility value are two of the most important mediators

of the sex differences in math involvement.
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dffective Eactors

In recent years math anxiety has emerged as vyet another
explianation for the sex difference in meth involvement {Lazarus,

19?4;ﬂTobi§sg 1978; Tobias & Weissbrod, 1980). Although there

are wéh1§ﬁ a”féé emé?;ic31 studies which test for sex differences
in *math anxiety” and these are not entirely consistent, there is
some  support for the hypothesis that in higch school and beyond
cirls have more negative affective response to math than boys
{Brush, 1976, 1980; ODreger & Aikens 1957; Meeces; 15P15 Suinn &
Richardson, 1972). These studies, however, have not controlled
for the possibility that boys may be less willinc to admit to
feelings of anxiety, especially since they regard mathematics as

a2 male domaine.

The few studies that have tested for the caysszl impact of
anxiety on course taking suggest that anxiety does not have a
large direct effect on course plans. Instead it appears to have
its most important effect on other variatles related to students?
course selection such as how much they expect to like the course
and how well they expect to do (Brush, 1980; Meece, 19B1l; Par-~
SONS 5 ;;é%?i In two of theée studies, giris?’ attitudes were
affected more by their anxiety levels than boys. Thus, it is
Tikely that anxiety is having a more negztive effect on giris’

math involvement than on boys’.
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summary of Past Research

We have reviewed several explanations for the sex difference
in math involvement. HNot surprisingiys no one cause has emerged
with unequivocal support. Because aptitude differences appear to
e gquite small and difficult to assess and because the majority
of the researchers have been interested in Iidentifying ppdifiable
determinants of the sex differences in participation, much of the
recent research has focused on social and experientiezl factorse.
Evidence from these studies suggests that social izers have a
powerful influence on students? academic choices. There is also
fairly strong evidence suggesting thet students themselves,
through their attitudes, self-perceptionss and feelings about
mathematics are a major source of the sex differences in both
math echievement and course enrollment patterns. 0Of these vari-
eblesy confidence ability and the perceived value of math appear
to play the most critical role. Finally, there §s scme support
for the possibility that biological factors may be inveolved, but
the exact nature of these factors and their susceptibility to

training are still unknown.

Pelationship of the Women in Science and Encipeering Fesearch to

that in Mathematics.

The research on women in science and encineering begins with
the prerequisite abilities in mathermatics: but the differences in
mathematical ability and achievement described above cannot com=-

pletely account for the differences in achievement and
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participation in science and engineering. This section considers
the extent to which the research issues above are 21so relevant
for science, and considers the additional factors in science and

engineeringe.

The quantitative and spatial skills associated with high
achievement in mathematics are also associated with hich achieve~-
ment in sciences though the importance of spatial ability for
science achievement is alsc uncertain in science. There is some
evidence that spatial ability may te more important for some
areas of sciences particularly physical sciences and engineering,
than it is for others, namely the 1ife sciences (Kelly, 1975},
Acains because of the confound of differential experience with
spatial activities, most science educators believe that the spa-
tial ability deficit, if it exists; is rodifiable through educa=-

tional experiences.

The sccialization factors discussed above are aisc involved
for sciencee. Some factorss such as mcdeling, may be magnified
with respect tc science because there are fewer women to Serve as
role models, especially in engineering and physics. It has even
been suggested that the most effective strategy for addressing
the 1dow participation of women in science is to recoup the women
who have science training and are not currently active as scien-
tists, This would enlarge the proportion of active women scien-
tists and alleviate the lack of role models and the sense of iso-
Tation that many female scientists feel {Lantz, 19 Y. The sex-

typing of science as masculine has been found as early as first



and second grade, but recent research incdicates that this stereo-
typing may be Fimited now to the physical sciences {(Vockell &
Leboncs 1981}. Similarly, analyzing the National Assessment of
Educational Progress survey informatior on students’ science
experiencesy, Investigators found that females were scmewhat mor e
Tikely than males to report experience with TYiving plants and
enimals, substantially less likely to report experience with mag-
nets and electricity (Kahle & Lakes, 1982}. These experiential

differences increase with age, as do achievement differences in

SCience.

tdditional research has been done in science education that
goes beyond the factors identified for mathematics. It has
focused primerily on career development issues and has been ham~
pered in two important ways. Firsts theories and literature in
career development; especially in the sciences, are models that
Pave been develcped on male samples. A cood examplie of this is a
longitudinal study, using the Project TALENT data banks in which
the prediction equation for factors in high school that predicted
subsequent scientific careers had to be tased on the male sample
because too few women in the sample of 23,700 1960 high school
students became scientists by 1975 {(Gilmertin, MciLasughline Wise,
& Rossiy 1976}« Second, and closely related to the first point,
retrospective studies of women whe have succeeded in scientific
careers have found that tﬁey are extremely capable individuals
who probably could have succeeded in almost any fields so that
their 1lives do not yield particular insights into women in sci-

ence hg; se (e<.g.s Kundsin, 1974). More extensive treatment of
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women’s career development §is given in the carcer education

chapter of this books

Iptervention Programs Designed to Increszse Girls’ and HKomen’s

Earticipation and Achievement In Mathemsticss, Sciences and

Engipeering

Two years ago: the American Association for the Advancement
of Science (AAAS) prepared an inventory of programs focr women and
cirls in mathematics, sciences and engineerinc (Aldrich & Hall,
19801}. It covered projects started irn the United States since
1966 and ended data collection in 1978. While such an inventory
can never be complete, it included 315 prcjects. Observing that
only half of the directors of NSF-funded career days fer college
women had completed the requested summaries; one of the authors
has estimated that there may easily have been twice as many pro-
grams in all of the categories {Aldrich, 1982}, Rezlizing that
it is impossibie to do justice to as many as 600 pregramss in
this section, we will summarize the characteristics of programs
in the directory first, then turn to descriptions of model pro=-
orams. Model programs were selected by virtue of the availabili-
ity of program descriptions and evaluation data, anc judgments
about the 1ikelihood of replication and impact elsewhere. The
presentation of the model programs will be organized by educa-
tional strategy ({curriculum, conferences, etc.) rather than by
the problem that they set out to solve, because most of the pro-

crams had a number of complementary goals.
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0f the 315 projects in the AAAS directorys more than 2 third
covered six or more fields of sciernces nearly 311 of which
included mathematics. Of those projects that covered five or
fewer ¥fieldsy, engineering was the most popular, beinc a focus of
half. Approximately one fifth of the programs concentrated
exclusively on mathematicse The projects were distributed
throughout the educational system in almost a normel curve with
respect to age-—i.e. a few at elementary, more at junicr high and
high schools the larcest number at the unrdergraduate lewel, and
tapering off at graduate and faculty development lTevels. The
projects were also distributed widely around the ccountrys and
nearfy all of them (B84%) were university-based. There was varia-
Bility in the participation of boys and mens and ro project
director reported the exclusion of men from participstion. The
participation of minority and disabled wemen was requested from

the project directorsy but many did not have accurate data on

their presence.

Specizal Classes for Homen

Schocls and colleges for women were founded iritially to
cffer women an education comparabie to that offered to men in
institutions that did nct admit women. hkows of course, women are
admitted to all of the prestigious colleges and universities in
the United States. Comparison of the ferale graduates of coedu-
cational colleges and universities with craduates of women’s col-
leges has shown that graduates of women’s colleges are more

tTikely ¢to obtain Ph.Ds?’s, not only in thke humanities, but in the
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the physical,; 1ife, and social sciences {Tidball & ¥istiakowsy,
1976}, High selectivity and student interest in attending a
women’s college make it impossible to attribute the finding to
the experience of attending a women’s college pepses but there is
some sentiment that achievement for womer is easier §n an all
female environmente. Hith respect to a traditicnally male~
dominated field 17ke science, the sense of being cut cf place is

glleviated by the presence of other women.

With the advent of Title IX, it became more difficult to
conduct sex-segregated classes in public institutionse In
private institutions thaet receive public fundings the picture is
less <clear. There have been several prcjects which have experi-
mented with all-female environments that indicate that there m3y
Fe some advantage to female students from spending scme of their
instructional time in single-sex settings. A1l of the projects
described belows; however; used several strategies in conjunction

with the exclusion of males, so that they cannot be said to test

2 single~sex setting perse.

Bath for Girls. In 1973, the Lawrence Hall of Science,
which offers after-school classes in mathematics, computer sci-
ence, and the sciences, found that fewer than 25% of the partici-
pants were cgirlis. To attract girls to the Hall and to inform
them and their parents that mathematics is an appropriate topic
for girls to studys a "Math for Girl1s® course was established.
The course, which aims to increase positive attitudes towards

mathematics and to increase problem solving skills, has four
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problem solving strands: {1} logics strategiess and pstterns;: {(2)
treaking set; {3} creative thinking, estimatings anc observings;
and (&} spatial visualization. The eight 1 1/2 - 2 hcur sessions
- are taucght by a young women who uses mathematics in her studies
{cften 2 University of California science major}) or in her

careery who establishes & cooperativey, recreaticnal ztwmosphere,

The course is supported by tuition and has not had the the
resources to conduct a formal evaluatior. The oriciral goal, to
increase young women’s participation in Hall course offerings,
has been wmwet in parts as female enrocllment in other courses has
increased from.zﬁﬁ te 40%:. The role of the Math for Cirls course
in influencing this progress cannot be disentangled from several
cther Lawrence Hall of Science cutreach effortss howevere. The
course does remain popular, thoughs and a handbook that gives a
detailed curriculum cuide for the ccurse, has sold ____ copies

{fownies Slesnicks & Stenmark, 1981i%.

An Acceleration Program for Matheratically Gifted ¢&Girlse.

The Johns Hopkins University Study of Mathematically Precocious
Youth {(SMPY was established in 1971 to identify msthematically
precocious vyouth and to encourage their taltent by teilering edu-
cational experiences to their needs., After identifying mathemat-
ically talented students by superior performance on the Scholas~
tic Aptitude Tests SMPY conducted a fast-paced mathematics «class
for students as vyoumg as ten vears old to learn high school
mathematics. The program was far more successful in identifying

and accelerating the progress of boys than of girls {(Foxs 19761},
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so that an experimental program was started just for cirls.

The program and its evaluation are described in Fox (1976}
and Brody. and Fox (1980). Designed to counter the formal, com-
petitives and theoreticel conditions that observation and inter~
views indicated as factors diminishing the girlis? success in the
coeducational class; the girls’ class was taucht in an informal,
cooperative style by three women. The relevance of mathematics
for social problems was stressed through rewritten mathematics
problems and career speakers who described interesting fields,
such as operations researchy, in which wpathematics 1is used to
soive social problems. Female role mocdels also discussed their
combination of interesting mathematics-related careers with rais-

ing families.

The all-giris class was more successfyl in attracting girls
to the accelerated class than the coeducational class had been,
znd the completion rate was similar to the coeducational classes.
Eighteen of the 27 girls completed the experimental class, mean~
ing that they had learned Algebra I over a three menth summer
reriods meeting about four hours a week. Their perfcrmance on a
ninth grade normed Algebra I test was at the 89th percentile,
significantiy higher than control boys and girlis who had been

matched from the SMPY sample for SAT scorese.

Attempts to place these girls in Algebra Il when they were

eighth graders met administrative barrjers, sc that only 11 girls

were able to accelerates Follow-up studies were conducted annu-=

ally and they revealed that the control boys had accelerated in
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wrathematics on their own while few of the control girls had done
so., By the end of the I976~77 school vyeers 42% of the experimen-
tal girlss 46% of the control boyss and F% of the contrel girls

had accelerated.

An Experiment st the Ccllege Level. A special section of a
mathematics course for women has also been tried successfully at
the college level. In 1974-75, the University of Missour~Kansas
City conducted an NSF-funded project that offered 2 special sec~
tion of the introductory mathematics sequence (MacDonald, 1980}.
This section enrolled 33 students in the first semester and 22 in
the second semester, compared with 55-60 students in the regular
sectionse. Taught by a female prefessor and a female advanced
graéuate students the class was precedad by a one~hour optional
tutoring session in which students worked in small ¢roups in a
socials informal atmosphere. Other supplemental activities
included discussions of the socialization of women, services
svailable to students on campuss social and cultural issuess and
rersonal experiences. Students were given take-home review tests
and had the chance to take each test a second times cocunting the
second Score if better or the average if net. A comparison of
participants in the special course with women in the regular sec~
tions showed that they had higher orades and a better completion
rate. While the retaking of tests may have contributed to higher
gradess the women in the special section had been selected
because of weaker backgrounds. Women in the special sectiocn also
reported greater satisfaction with the cocurse than those in the

regqular sectionss and they reported that they had spent more time
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studying mathematics. it is not possitle to determine which of
the many differences contributed to success, but 56% c¢f the par-
ticipants went on to enroll in ancther mathematics courses com=

pared with 17% of the women in other sections.

Retention of HWomep ip the Science DRisciplipes. 4 program at
- Purdue University combined intensive counseling, & special
courses and special laboratory projects for freshman students in
gn effort to increase the retention ¢f women in undergraduate
science majorss and found that the effects of these interventions
were cuﬁu?ative {Brown,; 197€). The counselinc was irn addition to
the usual level offered to freshmen and the special course
offered students the opportunity to meet women from various
scientific fields and learn about the rewards and hazards of pur-
suing a scientific career. The component of the procram that has
special relevance for this section, however, was the finding con-
cerning the special projects, in which students were &ssigned te
small laboratory groups to work on projects directly with profes-
sorss an  experience not usually given to freshmen. A&Vthough no
female reported experiencing discrimination in the laboratory
¢ ftuations it was found that the greatest percentace of female
students who completed the project and reported the greatest per-
sonal satisfaction were participants in either all female groups
or groups in which females were at 1lesst half of the group
membershipe The sex composition of the group did not have a
similar effect on the male students. The author pointed out that
the small numbers iInvolved {120 women in the entire project) and

the veoluntary character of the sample (zfter random selection,
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participation was not required) 1limit the reliability and the

ceneralizablility of the findings.

Homwen ip Engineeripg. Another program at Purdues in its
Engineering Departments was designed to meet the special needs of
freshmen engineering women, particularly tc address their lack of
"hands-on®™; technical experience compared with males? childhood
experience gained through hobbies and educational experiences.
The course corbined Tlaboratory experiences {hand teolss power
toolss engines, plumbincgs metalss and lectures from a variety of
rale and female role models. Students were selected randomly
from those who had expressed interesty; yielding one section that
was predominantly female (85% and cne section that wzs balanced.
Pretest posttest comparisons showed that male and femzle partici-
pants in the special course gained ir technical knowledge and
self-confidence when compared with the control groups. The pro=
cress of the women in the two sections was similar, such that the
cap between the experimental women and men was substantially nar-
rowed during the one semester course {(Heckert, LeBcld, Butler,

Kniggas Smith, Blalock, Hoover, 1978},

Reeniry Programs for Homen in Sciespce. Surveys have shown
that as many as 0% of all women scientists drop cut cof the labor
force at some time {Burks & Connollys 19773 Vettery; 1978}, To
rectaim ¢this under-utilized segment of the labor force, reentry
programs have been developed to bring these women back finto the
sciencess updating their competency sc that they can te full par-

ticipants. A successful group of reentrv programs wes funded by
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the Women in Science Program of the Mationazl Science Foundation
{NSFJls all of which emphasized a strong zcademic compcnent though
inctuding confidence buildings study skillss and other com-
ponents. The NSF=-supported programs concentrated on updating a
wemen’s knowledge n an area in which she &glready had a
tschelor?s degree, facilitating a change of major (e.g.s from
mathematics tec electricsel engineerirg}) or combining these
features. The gocal of accomplishing this transfcrmation in
approximately one academic or calendsr vyear has encourazed
creative approaches to curricula. In addition, most programs
have included skills for success, counselings and assistance with
child care. Linking the academic program with industry helps
students gain Internship experiences ard assists with placement

upon graduation.

Dne of the most successful of these NSF-sponscred programs
is that at the University of Daytons directed by Carol M. Shaws
which provides a mechanism for «career c¢hange from science to
chemical and electrical engineering. The program offers tradi-
tiona} lecture courses {15 weeks), sequeptial short courses (7
week s} and self-paced instruction over an 11 172 month period.
With an initial group of 71 studentsy 60% of whom were unemployed
or underemployed, 63 students completed the program. 61 of whom
are employed and one of whom is in graduate schcol. The students

received an average of three job offers each {(Shaws 19 J.
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Special Classes to Address Problems Eaced by Women

& thin line sepafates the courses described aboves, which
were explicitly designed to attract woren and in some cases are
restricted to female enrolliment, and the courses that will be
described in this section, which were designed to address the
issues in mathematics and science instruction that have been
identified as particularly important for women. £#s indicated
atove, Title IX restricts schools fror providing educaztionatl
cpportunities on the basis of sex, so that cautionh must be exer-
cised in creating courses that would segregate students by sex.
In additions it can be arqued that special courses for girls and
women reinforce the idea that females have deficliencies that need
to be remedied; and therefore contribute fo the prob1em they are

trying to solve.

y*/"Math without Fear Continugr. In the

A

mid=70fss & number of pecople in institutions of hich education
tecame aware that existing mathematics curriculs did not meet the
needs of students who were unprepared to take calculus. As wcmen
undergraduates particularly were seeking fields cf study and work
that required quantitative skills, they found that there were not
appropriste courses to address their lack of confidence and/or
competence in mathematicse. There were a number of factors in
these students’® elementary and secondary education that were
identified as probable causes of this situations clustering

eround the idea that mathematics is often taucht in such a way

that it «creates strong negative feelings in students that are
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increasingly hard to overcome. Two major approaches have been
used in higher education settings to assist studernts who lack
confidence in their mathematical ability and skills==zttempts to
decrease math anxiety and attempts tc teach mathematics in an
environment that will Increase confidence. Hiile these
approaches are usually combined in most interventions, they will

be described first separately for purposes of discussion.

The *math anxiety¥ approach was popularized by Skeila Yobias
{1978}, who coined the phrase that captured the frustration and
difficulty faced by many students when confronted with failure in
mathematics. Working with professicnal psychologcists, she set up
the Math Anxiety Clinic at Wesleyan University, where she was
Associate Provosts, and provided counseling for students to assist
them in overcoming the negative feelincs about themselves as
Tearners of mathematics. The success of the clinic in enabling
students to conguer their math anxjety so that they could take
courses and graduate school entrance examinations that had been
prectuded before Ted to considerable replication of this
approachs. Tobias has catalogued the programs arnd resources
available regarding math anxlety from an Institute for the Study

of Anxjety in Learning that she established in Washinctons D. C.

{Tobiass 19 }.

Investigations of the math anxiety construct have found that
anxiety can be broken down into two compcnents=--math test anxiety
end numerical anxiety {Hendel, 1981). This findinc points out

cne of the subtleties in research and program develoorent in this
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area~=that the anxiety that is observed comes from more than one
sources Khile some of the negative feelings are associated with
the sub ject matter per ses another socurce of negative feelings is
the typical environment of mathematics courses, which includes
rore frequent assessment than other courses and a more prevalent

message that there is just one right answer (Brush, I%€0),

An alternative approach to conquering math anxietys thens
has been to change the classroow environment in which mathematics
is taught sc as to reduce the feelings of Tinsecurity that are
present in traditional classes. One exazmple of thic approach is
the “Math without Fear™ course established by Diane Resek at San
Francisco State University in 1975 (Resek & FRupley, 19 1}
Resek?s premise is that a great deal of the disconfort that many
students experience in mathematics courses comes from the stra-
tegy they have used te learn mathematics. Having tried to memor~
ize a set of rules or procedures for solving problems rather than
understanding mathematical concepts, they have no fallback stra-
tegy when their memor ies fall them. The course tries to convert
these ”ruie;oriented' students to a conceptual arproach to
mathematics that will enable them to solve probiems for which
they have no set aligorithm to follow. Techniques o©of guessings
using physical materials to build abstract conceptss vsing visual
representations to sclve problems, small group and recreational
activities, and explicit recognition of difficulties are used to
increase students’ probliem solving capabilities. The ¥Math
without Fear® course has been successful in moving 7¢¥ to BOY of

its students to a concept-orientation in one semester. A Center
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for Mathematics Literacy has been established at Sen Francisco
State that has added ¥Statistics without Fear¥ and ®Computers
without Fear® courses to fncrease acces§ to these cquantitative
fields for the students, primarily women and ainoritiess who
arrive at the university without adecuate preparztion for the

standard, entry level courses.

A sister course to the one at San Francisco State was
started by Ruth Afflack at California State University, Long
Beach. It was more formally evaluated by external evaluators
{Davis & Stage, 1980}, who found that students? attitudes towards
mathematics and problem solving were iImproveds that their
mathematics skills improved, and that their performance in subse-
cuent mathematics courses exceeded their performance in courses

they had attempted prior to taking "Math without Fear.®

Combined Approach. As indicated above, most programs for
adults with Tow mathematics confidence combine anxiety reduction
with mathematics instruction. Some have c¢riticized the *®math
enxiety¥ approach as an example of ®blaming the victim® since it
identifies the problem as a patholocy of the student rather than
the educationa] and social systems which inf?uenced ter. Not all
math anxiety programs teach mathematics, but many do (Tobias &
Heissbrod, 1980}. Converselys not all building math confidence
programs deal explicitly with the psychological barriers to suc-
cess in mathematics {Davis & Stage, 19F0}, but most of them do.

There are, however, courses that have explicitly adopted com-

ponents of both models, one of which is offered at Humboldt State
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The ®Building Math Confidence in Women®™ course at Humbeoldt
{which was open to mens as well)l 1is a twoc-quarter sequence
described by Gales; Francess Friel, and Gruber {(197€). The first
guar ter prepares the student psychologically for a regular col-
Jege mathematics course and provides intensive tutorirg in basic
math skilis. The second «quarter provides psychclogical and
mathematics tutoring support while the student is enrciled in a
regular college mathematics course at the level of algebra or
kigher. The psychology instruction includes relaxation training,
anxiety control, acquiring a positive seif-image, and acquiring
zssertiveness in the mathematics c¢lassroom. The mathematics
instruction emphasizes logical thinking. Evaluaticn showed sig-
nificant gains in arithmetlic skills and improvement on the Math
Anxiety Ratineg Scale and acceptable performance in regqular

rmathematics coursess

Curricula Desigped to Address Specisl Needs of Homep

& thin line also separates the special courses described
above from the curriculum development efforts that have tried to
increase females? achievement and interest in mathematics and
sciences As with the courses, some curricula have focused on a
rarticular issue,; such as the usefulness of mathematics for
future careerss while others have taken & more globsl approach
and tried to influence many areas. In this secticn cne general

program and two specifically targeted approaches will be
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Selving Problems of Access to Careers jin Ergipeeripg angd

Science (SPACES). The SPACES project at the Lawrence Hall of
Tcience took a broad mandate, to develop a set of 20 enrichment
activities for grades three to ten that would provide careser
awareness and certain mathematical skills that are important for
problem soi;ing. The career awareness activities emphasize the
variety of employment options available to people with good
mathematics background, inclqding non~traditional areas for women
such as construction and the trades in addition te the sciences
and engineering. The mathematical skills that are empghasized are
problem solvings particularly the gathering and orcanizing of

data, and spatial visualization.

Trial versions of the activities were used in 100 classrooms
in 1980-81, and evaluated by pre~and posttesting students on six
ma jor objectives. Significant improvement was founds above the
improvement observed in the comparison croups, in five of the six
ereas tested. Hhile attitudes towards mathematics did not
changey the SPACES students improved in career awareness {career
interest, career knowledge, and idertification of toclis} and in
mathematical skills (word problem solvirg and spatis? visualiza-
tion). The program was developed to assist g¢girls in areas in
which they have traditionally not been strong, but it was effec-
tive for boys and girls who used the materials, which are avail-

able from the Lawrence Hall of Science {Frasers 1982},

Carger Qrienied PFodules ifo Explcre JYopics ip Scienge
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{COMETS]. The COMEYS project at the University of Kansas is a
parallel in science to SPACES in maths but it has focused on the
particular strategy of using role models to encourage Science
career intereste. Each of the 24 modules describtes science
activities which role mode?s,_ca?]ed community resource people,
can use to arouse jnterest in a science concept that 1is being
studied by the students and is used in the person?s caresr. Fol-
lowing an introductory activitys such as conducting 2 perc test
with a2 geologist, the geologist can go on to describe his/her own
testing of soils for various characteristics. The rescurce kper-
son  is then asked to talk about the career and how she or he
prepared for it and how it relates with cthér parts of her or his
Tife, such as family roles. The materials are produced so that
 the introductory activities can be conducted by the classroom
teacher in preparation for the resource person?s visit; they pro-
vide teachers with additional information about women’s contribu-
tions to sciencey §ncluding biocraphical and Tlanguage arts
materfals. Following field testing and evaluastions, & revised set
cf materials are available at cost for national trial from the

developer, Walter S. Smith, University cf Kansas (Smith., 1982).

#ultiplying Optiens and Subtracting Bias. This set of
videotapes focuses on the decision to take elective mathematics
courses by addressing issues and concerns of four specific
eroups: junior and senior high students,; mathematics and science
teachers, parents, and counselors. The program aims to ihcrease
knowledge about sex-related differences in mathemztics and to

improve attitudes of femaless their male peerss and the adults
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who influence them, about females as mathematics students. The
tapes provide specific Information about the amount of mathemat-
ics required for various careers and discuss stereotyping and
differential treatment of males and femaies with regard to
wmathematics and counseling. A facilitator’s guide accompanies
the tapes to provide an outline for ezch workshep, including
information and points for discussion to be held in con junction
with viewing the tapes, It is recommended by the authors
{Fennema, Beckers, MWolleats and Pedro, 1980} that the tapes be
used in a full intervention, i.e. with each of the target groups
in a school or school system, since the attitudes of younc women
are influenced by these other groups and, in some c2sess are less

in need of intervention than these significant others.

An evaluation of the videotapes alone (i.e. without the
work shops) in nine high schools in Minnescta and Wisconsin
(Fennemay Holleat, Pedro, 4 Beckery 19g1) using a
pretest/posttests control group designs found that the tapes were
rere successful with students than with the adultse. A1 though
meles? increase in high school mathematics plans was npet as great
as Temales’ increase, experimental males and females made similar
gains in after high schocl plans and ir thelr knowledge of sex-
related differences in mathematics. Few chances were observed in

teachers and counselors.
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As indicated above, the attitudes and knowledge c¢f teachers
are important influences on students; attlitudes and achievement,
and several programs have been developed to address tte particu-
Tar issues of concern in mathematics. ¥ith regard tc elementary
teachers; the observation has been made that thelr owrn avoidance
of mathematics may be perpetuated in their subsegquent teaching,
sc that elementary programs have tried tc improve the attitudes
and skills of the teachers themselves to begin toc break the
cycles Twe such programs, one concentrating on attitudes and one
emphasizing spatial visualizationy will be describted below.
Then, an inservice program that works to change the school and

cliassroom climate will be detailed.

Teacher Education and Mathematics (JEAM}. The TEAM program
was designed to help prospective teachers at Queens College to
develop positive attitudes towards and deal effectively with
mathematics (Chapline & Derkers 1981). Four mathemztics content
modules and four attitudinal modules constitute & course to be
taken prior- to the math methods courses or can be used as supple—-
mentary materials in other preservice courses. Comrparison of
post-course measures of attitudess; math anxietys, and wathematical
concepts indicated that TEAM students berefited from the program.
In additions they were able to suggest ways to counteract sex
role bias in mathematics education and more of them vwvolunteered
to teach mathematics than did a corparison group of student

teachers.
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Improving Teachers” Ability to V¥Yisualize Mathematics. A
course was developed at the University of Washincton b

Cook and Betty Kersh that had three goals: to improve elementary
teachers’ spatial skills, problem solving skills, and attitudes
towards mathematics. The-30 hour course fccused on three aspects
of spatial ability: visual imagery, mertal rotations and mental
transformation. The course was Sequenced in terms of the spatial
taskss the materials used, and the strategy of instruction. The
tasks proceeded from those requiring no wrovement of the image,; to
movement of the complete image, to movement of different parts of
the image; from two dimensions to three dimensions; and from con=-
creie representations to pictures. The instructional strategies
roved from free exploration to structured analysiss All work was
done in pairs and students were encouraged to discuss their jdeas
so that they would become aware of their own thinking and of
individual differences in frames of reference. Significant
improvement was found in three classes of teachers on three spa-
tial tests, a college level algebra word problem sclving test,

and five attitude scales {Cook; 1980}.

EQUALS. The EQUALS program 1is an finservice program for
teachers, administrators, and counselors, grades K=12, to assist
educators in using materials and activities to promote the parti-
cipation and achievement of women and minorities in mathematicse
Fducators attend 10- or 30-~hour inservice workshops during the
schocl vyear. They collect and analyze research findings on sex
differences in mathematics participation and career aspirations,

explore math-retated flields of work and study, participate in



..740-:

activities that promote improved student attitudes and under-
ctanding of mathematics, develop problem sclving skillis, and pian

inservice presentations to disseminate ECUALS to other educatorse.

The evaluation of thé EQUALS prograr has examined its impact
cn  several levels. The most directly affected participantss the
educators who attend the workshopss keep journals and report
their activities at the subsequent workshops. #ost of the
activities and teaching strateglies are used by most of the teach=
erss with an aversge implementation Yevel for each activity of
cver 70%. A follow-up survey conducted in 19681 of 27l partici-
Fants since 1977 found that the majority of them were still using

FOULLS materialse.

The effect of the materials on students has bteern jnvesti=
gated by a pretest/posttest, control greup design using a career
awareness survey and a mathematics attitude scale, for older stu=~
centss and pictures of bears in various occupations for younger
students. Over the years of evaluation the results have varieds
but have indicated modest Improvement in attituces towards
mathematics and increased interest in maeth~related fieldse. An
additional measure of effectivenass has been student enrollment
in elective mathematics classes. While there are many factors
influencing student enrollment, including availability of gquali-
fied teachers and changes In state requirements, there is indica-
tion that increased participation of ¢irls has been associated
with FQUALS activity by teachers in scme schocls (Kreinberg,

is8l}).
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In addition to the regular programs which is held at the
Lawrence Hall of Science, FQUALS staff members have conducted
workshops for school districts throughout California and in 25
other states. Staff development personnel from 12 states have
attended training seminars at the Lawrence Hzll of Science to
enable them to design workshops for their states or districts.
Workshops have aiso been conducted for 300 educational Teaders
(administrators, school board members, community Jeaders} to
inform them of the efforts of teachers ard to assist in their
support of the teachers in their areas. & handbock has been pro-
duced by the program (Kaseberg, Kreinbergs & Downie, 1980) that
has allowed others to conduct EQUALS workshops without direct

assistance from the program.

Efforts of Schocl Districts

Many school districts have surveyed their mathematics
enrocliments and discovered the low participation of females at
the higher levels., & number of them have designed rgrograms to
increase females’ participations or all students’ perticipation,
in mathematics and science courses., In the San Frencisco Say
areas several spinoffs from the EQUALS program hzve evolved,
including projects in Emery, Napas Novatos Santa Cruzs and San
Francisco. Their programs, while adapted to local characteris-
tics, are similar to EQUALS in their emphasis on awareness of the
importance of mathematics achievement for all students, problem
solving and building competence in matheratics, ang thre relation-

chip between mathematics and career opportunitiess
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In Minneapclis, the public schools? 1976 findinc of only 25%
to 35% female enrollment in highest Jevel mathematics courses
prompted a major emphasis on increasing female enroliment in col-
iege preparatory mathematics courses. The goals was discussed at
teacher inservice workshopss department head meetincss and in
communications with teachers, Activities included use of the
MY tiplying Dptions and Subtracting Bias® videotapes ({discussed
shovel}y, participation in the Visiting Women in Science Program
{discussed below}s speakers from focal corporationss and
workshops on mathematics anxiety for teachers. To inform stu-
dents about the importance of mathematics to their future educa=-
tional and career opportunities, a series of six career informa-
tion brochures called *Donft Knock Ity Unlock It With Mathe®
listing careers that demand knowledce of the material in algebra,
ceometryy trigonometrys advanced slgebras probability & statis-
ticss and math analysis were developed and widely disseminatede.
The enrolliment of females has increased in the advanced courses
to 43% to 57%, a substantial improvement in a short period of
time {(Taylor, 1979} W®While other factors may have helped these

enrolilment figures,; they are nevertheless encouraging.

Extra Curricular Activities for Homen

The preceeding sections have described a variety of programs
that have attempted to change the educational experiences that
gairls and women have in educational institutions, either by mak=
ing special classes or curriculas or by changing the outlook or

tehavior of teachers and counselors. A complementary approach to
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these interventions has been seen in the deve fopment ¢f a variety
of extra curricular or cocurricular activities that attempt to
enhance the effect of the regular scheol offerincs including

visiting programs; conferences, and support networks.

The Yisiting Women Scientists Pregram. The idez of inviting
2 woman scientist or mathematician to speak to a group of secon-
dary students about her career has been tried by & wvariety of
croups for several years. The Women and Mathematics Program of
the Mathematical Association of America has arranced for women
mathematicians to visit schecols since 17 , for example, 1In
1977, a targe scale demonstration prograr was contracted by NSF
tc the Research Triangle Institutes to design and implement a
pitot Yisiting Women Scientists programs the purpcse of which was
to motivate female high schocl students to consider careers in
sciences including engineering, mathematics, social sciences, as

well as biclogical and physical sciences.

The program included visits by 40 women scientists to 110
Figh schools across the United States. Approximately 407 of 3
national sample of high schools accepted the offer to participate
in the pilot programs and they were rancdomly assigned to experi-
mental and control groupse The visit of the woman scientist to
the participating high schools included some . combinztion of the
following: Targe and small croup meetings with female students,
meeting with individual (coeducational) classes,; z=nd meetings
with school staff members. Scientists talked about their jobsy

their educational and personal backceroundss and ways cof resolving
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problems associated with combining a career in science with a

full family life.

A major goal of the program wask to encourage bigh school
airls to seek more information about scientific careers (Heiss,
1% ). Students in both experimental and control schools were
civen postcards to request further informations and the return
rate from experimental schools was significantly greater than
from control schools {(21% vs. 6%). A survey of school staff with
career guidance responsibility found that 57% of the experimental
schocls versus 38% of the control schools reported thst more than
the usual number of female students Rhad sought informetion about

scientific careers,

A Manual on Preogram Operations is available frem ERIC: a

Wemen Scientists Roster is available from the Naticonal Science

Teachers Association.

Expanding Your Herizons Ip Science 2nd Kathematics Confer=

EOCES s Beginning with twc conferences in the S$an Franciscc Bay
erea in 1976, there were 43 Expanding Your Horizons conferences
sponsored by the Math/Science Network in 1982, half of which wer e
cutside California and three of which were outside the United
States. The Math/Science Netwark is a group of over 1000 scien=
tists, educatorss and community people who work together to
increase girls’ and women’s participztion in math-related and
nen-traditional fieldsy, and their sponsorship of these confer=
ences is one of their most extensive efforts. The purpecses of

the conferences, which are held in the Spring on c¢ollege
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campusess are to increase students?’ interest in science and
mathematicsy to foster awareness of career opportunities in math
and science-related fields, and to fprovide students with an
cpportunity to meet and form perscnal cortacts with women working

in traditionally male fields.

While individual conference committees plan and conduct
their own programs,; the Network provides gquidance and technical
assistance (Koltnow, 1979). Features common to the <conferences
are panel presentationss “Yhands-on® workshops, and career
werksheops with women in  non-traditionals math- and science-
related fields. Evaluation includes surveys on the day of the
conference and follow-up surveys six to nine months after the
conference. Students increase the numbter of math, science, and
computer classes they plan to take in hich school and learn more
about these «career fields. They actually enrcll ir as many or
nore mathematics courses as they pian, and they take & number of
actions to further their knowledge of and experience related to
these careers. A kit for evaluating interventions like this is
currently being prepared under a HNaticnal Science Foundation

crant {Sheila Humphreys, Principal Investigator).

NSE Science Career Horkshops. One of the major activities
of the NSF HWomen in Science Program was the support of one- or
two-day Science Career Workshops, desigred to provide factual
information and practical advice regarding careers in science to
prospective women scientists and engineers. During the six years

cf the program, a tctal of 135 workshops were conducted in 37
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statesy; the District of Columbias, and Puerto Ricc by 107 dif-
ferent institutions, the majority of which were universities.
From 1976-1979 the workshops were directed at underaraduate and
craduate students. In 1980-81 at least a third of the partici-
pants were expected to be women with at least a bachelor’s degree

in science who were unemployed or underemployed in science.

Evaluations of these programs took several formss Summer
interns in the Women in Science Program office analyzed Tinal
technical reports in 1978 and 1979, and concluded that the ma jor-
ity of the workshops were extremely effective and veluable, and
that personal feelings of enthusiasm and warmth from the confer-
ences translated into increased confidence and motivation of the
participants. As evaluation methods were not proscribed by NSF,
ft is not possible tc generalize about effects, but two sample
evaluations are presented here as examples. (More information
ebcut the conferences and suggestions for conducting them are
available in a handbook ldeas for laevelcping apd Conductipg &
Womer Jin Scienge Career HWorkshop, written by Nancy Kreinberg and

available without charge from NSF.}

Rutgers?’ Science Ceareer HWeorkshop. Freshmen and sophomore
women were Jdentified by science faculty in twe- and four=-vear
celileges in New Jersey and invited to attend & one-day workshop.
The first half of the program consicted of twelve scientists
speaking about their work and opportunities in their fields,

their personal backgroundss and their attempts to combine scien-

tific carcers with families. For the remainder of the program,
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these scientists led informal discussions for each of the science
disciplines represented. The 161 students who attended the
workshop filled out one questionnaire several weeks prior to the
workshop, one on the day of the workshops and one six months

later.

In the six month fcllow-up (Cohen ¢ Elgart, 1981}y students
reported that the workshop stimulated their thinkirg {(90%) and
that they had become more interested in their chosen fields due
to the workshop (42%) or had become interested in 2 rew field of
science (33%), They also reported that they had learred that it
was possible to combine a science career with a family (75%}, and
that they had learned useful information about ick requirements
and salaries (8%%}, The follow-up also surveyed the science
career-related actions taken by the womer and the extent to which
they were attributed by the participants to their attendance at
the workshop. The proportions of actions taken apd attributed
were: enrolled in a science course {96% took action, 14% of whom
attributed it to the workshop); engaged in research {26%; 46%);
Jjoined science-related organization {2%%, 30%)3 soucht contacts
with women scientists (29%, 60%); sought information in books or
ragazines (71%, 67%); sent for science=-career pamphiets (26%,
€1%35 and watched scientific television program {79%, 28&%).
Since the participants were recruited for their interest in sci-
ence to begin withs the high rates of activities are npot surpris=-
ing. DOn the other hands the discrimination in their gttributions
te the workshop--low for actions they were Tlkely to pursue such

25 coursework, high for actions they learned atecut st the
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workshops such as the willingness of women scientists to speak
with them about their careers=-=-gives confidence that the workshop
probably did achieve some additional career-related activity on

the part of the students.

Homen Movipng Up Conferenges. & totsl of five conferences
were conducted by the Math/Science Network st the Upiversity of
California, BerkeTeys; and Mills College, for women with undergra-
duate degrees' in the sciences to cain information and resources
to advance their careers. Keynote panel discussions by govern-
menty  industrys and academic leaders in science were followed by
work shop sessions on jeb advancement, educations company pro-=
files, employment outlooks, and career development strategies. A
¥omen Moving Up Directory gave additiona?l! information and career
resource lists to participants. Follow=up surveyss six to nine
rmonths after the conferences, found that over 75% of the partici-
pants had taken scme action to advarce their carrerss and at
feast a third of them had taken a ccurse in math, sciences or
computer sciences A similar proportion of the participants had

interviewed for a new job since the time of the conference.

summary and Copclusions

The programs reviewed In this chapter share several elements
that provide guidance for future efforts to ircrease women’s par~-
ticipation and achievement in mathematics, sciences and engineer~
ing. Three general features are present in nearly all of the
successful programs? strong academic emphases, multiple stra=-

tegies, and systems approaches.



Strong Acsdemic Emphbasis. The causes and mechanisms of the
sex-related differences 1in science anc mathematics achievement
are not clearly understood, but program planners have ack-
nowledged their existence by designing curriculs to address the
specific skills identified by research ac potential czuses. Thus
spatial! abilitys problem solving, and mechanical sorkistication
are present in many programs. A commitment tc extending com-
petence by enrolling in advanced courses and scquirinc marketable
skills is presented as an essential goal for young woren In  sci-
ence. By defining such specific and measurable coziss the pro-
cerams can evaluate their efforts and demonstrate meacsurable gains
to otherse. The presence of evaluation and the link to research

srengthens both program development and cdissemination.

Multiple Stratecies. Most successful preograms heve made use
cf more than one strategy to address women®s participation in
science., They have tried to influence the environmernt in which
rathematics and science are taughts tc make it accessible to
women and to present it as a viable option for weomene Role
redels of women in math-related and science-relatec fields are
highly motivational to students as they also deliver information
end strategies for achieving 1in scierce activities. Hands~-on
experiences, particularly in all~female croupsy yield confidence
as well as skills that can be relied on in subseguent courses.
Combined goals of confidence and competence enhance each others,
&s do the complementary attitudes of enjoyment and usefulness of

cuantitative activities. Given the complex oricins c¢f the low

perticipation of women in science, it makes sense that multiple
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strategies are needed to solve the problem; in practices it is

nrot only sensiblesy but effective to mrake use of several stra-

tegies.

3ystems gpproach. As indicated more prominently in the
research section of this chapter than in the procram descrip-
tionss the prohblems for women in science are not theirs alonee.
The expectations and sex-stereotyping of parents and tescherss,
their Tack of awareness of the impcrtance of mathematics and sei-
ence proficiency for all students, and their lack of experience
in problem solving and spatial skills which they neglect to
develop in females, all contribute to women’s difficulties. Some
cf the programs described above have developed materials for
several target groups, notably "Multiplying Cptionss Subtracting
Piass™ and others are extending their efforts to incliude parents,

administraters; teachers; and studentse.

Einal Thought. These elements~-strong academic emphasis,
multiple strategiess and systems approaches~~represent the
strengths of programs to fincrease wowen®s participation and
achievement in maths sciencey, and engineerings but they also
represent sound educational practice. One might arcur that giris
and women are more susceptible to poor educational practicess
cuch as learning mathematics as a collection of rules or science
as a set of formulae. But as long as so few women reach their
potential in the sciences, specific strategies that address the
reasons for their low participation and achievenent must be

designed, implemented; and evaluated.
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