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Girls are taking almost the same num-
ber ofmath courses as boys (2.9 vs. 3.0)
however they are less apt to take Trig or
Cala fit, s.

In 1979 women accounted for 9% of the
science and engineering work force: in
1988 that Increased to 16%. However
women are 45% of the total work force.

National Science Board

In the last 15 years, many things have
changed with regard to girls and math.
While boys still outnumber girls in
upper-level math, girls are no longer
uncommon. And while women are not
entering careers that need math in
numbers equal to men, neither are
women a rarity in these fields. At all
levels there has been increased aware-
ness of the underrepresentation of
women in math, science, and engineer-
ing and what this could mean for the
country, as well as for individual women.
Calling it an issue of "paramount con-
cern," former National Science Founda-

M Lion director Erich Block urged Amen-

:61
cans to look to underrepresented mi-
norities and women to meet the growing
demand for scientists and engineers In

V") the United States.'
Society's perception of women and

math is changing, albeit slowly. Televi-

sion scenes of mothers telling children
to wait for their father for help with
math homework because the mothers
were "never any good at math" are being
matched by scenes such as the Novem-
ber 1990 "Evening Shade where the
father tells his daughter to wait until

...mmummium
Thanks to research,
we now know that sex
differences in math
achievement are small
and declining.
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her mother gets home to get help with
math homework because the mother is
so much better in math. Even in the
movies, women who can't balance their
checkbooks are being replaced by
women such as the wife in Presumed
Innocent who had a Ph.D. In math and
a husband who had loved her helping
him through algebra. Of course. she
was the murderer, but . . .

"Math gap" narrows
During the past few years, there has
been an explosion of research on girls
and boys and math. Thanks to re-
search, we now know that sex dffer-
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ences in math achievement are small
and declining.

Analysis across hundreds of stud-
ies :las found that in the general popu-
lation women and girls outperform men
and boys tn math by a very small
amount. Females score slightly higher
in computation. males slightly higher
in complex problem solving, and there
are no differences In math concepts.

There are no sex differences in
problem solving until high school, when
differences favoring males occur.
Greater male superiority in math
achievement shows up in more aca-
demically selective populations.

Analysis of studies done before and
after 1974 has found sex differences
declining ove.,.. the years to negligible
levels. While women still lag behind in
some aspects of spatial abilities and in
math achievement at the top levels of
mathematics, they are gaining on men
in mathematics as a whole?

Research has also identified at least
one of the reasons that boys show more

If you would like to get additional
copies of the WEEA Digest, to be
added to our mailing list, or to
receive our free catalog of gender-
fair materials, call 800-225-3088.
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interest in math. Boys in math classes
tend to receive more teacher time and at-
tention than girls. Teachers have been
found to give boys more praise, more
criticism, more remediation, and to be
more apt to accept boys' responses.
They also respond more frequently to
boys' requests for help and talk to boys
more about ideas and concepts.3 Boys
are much more apt than girls to be in
the small group of btudents who receive
most of the teacher's academic time
and interest and to receive more en-
couragement from their parents to take
advanced math.'

Giving more attention and resources
to boys is so much the norm that teach -
ers who try to give equal attention to
girls often feel uncomfortable because
they feel the boys are being slighted.°

=1110111111111111INEO2

Boys in math classes
tend to receive more
teacher time and
attention than girls.
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Questioning a "math gene"
The great preponderance ofevidence in-
dicates there is no "rnathgene." Sex dif-
ferences in mathematics achievement
have become small enough in most
areas to be considered negligible. While
society may change fast enough for this
to happen, biology doesn't. Genetic
differences tend to remain stable. but
sex differences in mathematics achieve-
ment are decreasing.

Sex differences in such tradition-
ally "masculine" areas as spatial rela-
tions have been eliminated by changing
teaching practices and providing both
girls and boys with opportunities to
build their skills.° Practice can improve
many things, but not genes.

The finding that gifted seventh-
grade boys are much more likely than
girls to score highly on the SAT: Math
is often used to justify a biological basis
to math sex differences. However, this
reasoning is seriously flawed. Funda-
mental errors occur when researchers
'assume that because girls and boys
have been in the same math classes
they have had the same experiences.
assume that differences on SAT, a test
the courts have found to be biased
against women, are biological, assume

that gifted children whose parents pay
over $30 for their children to take a test
represent the population as a whole.
(and) tell girls and boys before they take
the SAT that girls don't do as well as
boys!"

In earlier ages, it was believed that
women could not pursue mathematics
because their heads were too small,
their nervous systems too delicate. or
their reasoning capacities insufficient.
Even such an eminent educational
theorist as Rousseau believed that
women were not qualified for research
in abstract areas such as mathematics
and science because their brains were
unfit. While such notions are clearly
passe, they do have twentieth- century
counterparts'

Changing the question
The question we should be asking is not
is there a math gene?" but rather "Why
are there so many fewer women than
men in math-related fields, when the
sex differences are so small?"

We have bee.i successful in en-
couraging middle-class girls in math
and science at the precollege level, but
we have not been as successful at the
college level where young women enter
math and science fields at much lower
rates than young men and also drop out
of math and science majors in greater
numbers than do similarly talented
young men with the same grades.°

We have also not been successful in
encouraging low-income girls and girls
of color in math and science even at the
precollege level. And math is still a
critical filter. Low-income students and
students of color who take algebra and
geometry go to college in numbers equal
to wealthier whites. However, only half
as many low-income students and
students of color take these important
courses.'°

Where to start
The irony is that we know what to do.
Based on research and evaluation we
know how to get girls to take more math
and science." Here are some of the
strategies that we know work.

Intervene in seventh and eighth
grades. In most schools, students de-
cide in eighth grade if they will take
algebra, an important first step to con-
tinued math involvement. After being
in a program with activities showing

that algebra can be fun, and being en-
couraged that they could do math. one
group of low-income, urban, Hispanic
girls all decided to take algebra.'2

Intervene in ninth and tenthgrades.
Sophomore year is another key deci-
sion-making time. While girls and boys
are equally apt to take algebra and
geometry, girls are more likely than
boys to stop there and take no more
math.13

Design programs and math classes
that incorporate what girls feel they are
currentlymissing in much"school math."
Girls decide to take more math and
science (and continue taking the
courses) after participating in math
sessions they see as more fun, more
relaxed, with less pressure and less
competition. with more hands-on work
and problem solving, and with teachers
who explain more and answer ques-
tions, "making sure you understand. ""

smizionffigarmi

The question we should
be asking is not "Is there
a math gene?" but rather
"Why are there so many
fewer women than men
in math-related fields,
when the sex differences
are so small?"
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The career question
We also know some successful strate-
gies to get girls to consider math and
science careers.

Get girls beyond the "nerd" factor.
Stereotypes about people who are good
in math and science are still a problem.
Informal social sessions with adult sci-
entists have been shown to change high
school girls' views of people who are
good in math and science from "nerdy"
and 'strange" to people who are social
and have a sense of humor. This holds
for both white girls and girls of color.' 5

Emphasize career exposure, not
career choice. Sessions on selecting a
career for high school and middle school
students don't seem to work in encour-
aging girls to choose math- or science-
related careers. However, talking with
scientists and engineers about their
work has caused girls in several pro-
grams to consider those careers for



themselves. 18
Involve girls in activities that reflect

the work of people in different science
and math careers. Participating in
hands-on engineering activities made
girls In one program six times more
likely to consider engineering as a ca-
reer."

Reduce the isolation freq' ently felt
by girls who are already interested in
math and science. Scheduling time for
girls to "just talk" to each other has
helped them find out that there are
"girls just like me" who "have the same
problems (of bei ng a 'smart' girl in math
and science]." Where follow-p is done.
it has been found that most of the girls
continue to keep in touch and provide
each other with an ongoing support
structure.' 8

Chalk:ages ahead
While there is much we know, we have
several important challenges left to face.

How do we institutionalize effective
programs? Programs to encourage girls
in math and science are "dependent on
the kindness (or at least the funding] of
strangers." Effective programs need to
become institutionalized, to become
budget items of the organizations that
have hosted them for so long.

How do we reach large numbers of
teachers? There will never be enough
programs to reach all students who
need them. Yet many of the character-
istics of effective programs-more
hands-on and fun work, less individual
competition-can and should become a
part of math and science classes.

How do we move away from the
syndrome of "them that has. gets"?Most
programs and classes are for boys and
girls. Yet in coed settings -even those
Incorporating gender equity-boys tend
to get the lion's share of attention and
opportunities. Indeed, at the end of one
gender-equity effort, teachers listed
fewer girls as interested in science than
they listed before the program started!
We must learn how to make special
programs special for all.

Researchers and practitioners.
scholars and activists need to join to -
gether. to share what we know and to
learn from each other. Those whose
major interest is in equity must be
involved in math reform efforts to en-
sure that these efforts are equitable,
and those whose major interest Is in

math reform must be involved in eq-
uity eff.)rts to ensure that these efforts
are effective.

As Paul Tsongas reminds us.
"Equal opportunity, we have learned.
is more than an open gate. It Is the
appropriate complement of skills and
fundamental self-esteem that makes
the open gate meaningful. To justopen
the gate is to engage in a cruel gesture,
no matter how innocently it is done:"

The gate is opening, much of the
knowledge is there. It is up to us

3

whether girls are offered a real chance or
just a cruel gesture.

Patricia B. Campbell, Ph.D.
Campbell-KiblerAssociates

For further reading on Dr. Campbell's
research, see her article "So What Do We
Do with the Poor, Non-White Female?
issues ofGender. Race, and Social Class
in Mathematics and Equity," in Peabody
Journal of Education (voL 66, no. 2 (dated
Winter I 989; forthcoming19911).
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WEEA offers innovative approaches to math
Over the last 15 years the Women's
Educational Equity Act (WEEA) Pro-
gram has funded a number of projects
that have addressed the issues sur-
rounding females and the study of math.
The WEEA Publishing Center carries
many innovative and proven curricula
developed by these projects.

The publishing center's latest
publication, Add-Ventures for Girls:
Building Math Confidence, combines
teacher developmentand empowerment
with the strategies that we know work
in teaching girls. Called "a major break-
through in creating a more equitable
mathematics environment," this
teacher-developed program educates
teachers on issues related to girls and
mathattitudes, making math relevant,
the learning environment, computers.
test-taking skills, and moreand then
presents specific strategies and activi-
ties that address these issues.

Add-Ventures for Girls is available
in two volumes, one for elementary
teachers and one for middle school
teachers, thereby helping girls get a
good start in math. Sections in both
volumes help teachers plan practical
steps to involve parents, school coun-
selors, administrators, and other teach-
ers in encouraging math for girls.

Newly developed through a 1989
WEEA grant is a series of brochures by
Dr. Patricia Campbell that highllght her
latest research on effective strategies
for encouraging girls in math, science.
and engineering. The brochures are
aimed at different groups, including
parents, teachers, and program admin-
istrators. They translate research into
practical strategies for designing effec-
tive programs, for evaluating programs,
for collaboration between schools and
outside programs. and for helping par-
ents to encourage their girls in math
and science.

A new curriculum entitled Science
EQUALS Success contains over 30 ac-
tivities that utilize approaches identi-
fied by the nationally recognized
EQUALS Program as being particularly
successful with girls. These activities
are designed for girls in grades 4-9. and
work to interest and motivate girls

during one of the critical periods when
many lose interest in math and science.

A number of WEEA products ad-
dress specific issues in teaching and
learning math. Spatial Encounters is a
self-directed program for all ages that
helps students develop and practice
spatial visualization and orientation
skillstools that help students in
classes such as geometry and that are
necessary in many math- and science-
related professions.

One of the recommended strategies
for making math relevant for girls is to
discuss career options in math- and
science-related fields. A number of
WEEA products do this. in ways that
appeal particularly to girls. Some of
these books include Expanding Your
Horizons in Science and Mathematics;
How High the Sky? How Far the Moon?
An Educational Program for Girls and
Women in Math and Science; and The
Sky's the Lirnit in Math-Related Careers.
And two handbooks are targeted to-
ward adu:t women: Beating the Num-
bers: AWoman' s Math Careers Program
Handbook and Science, Sex, and Soci-
ety.

Math anxiety is a common reason
some female students have trouble in
mathematics courses. A Mindset for
Math: Techniques for Identifying and
Working with Math-Anxious Girls helps
teachers reduce .flath anxiety among
upper elementary and middle school
students. And Developing Math Learn-
ing Skills: A Parallel Support Course for
the Math Anxious Student helps adult
students or program participants de-
velop successful strategies for learning
and enjoying mathematics.

Listed below are the products
mentioned in this article. All were
developed with funds from the Women's
Educational Equity Act Program and
are available from the WEEA Publish-
ing Center. unless other wise noted. The
WEEA Publishing Center materials may
be purchased by mailing a check or
money order for the amount of the order
(plus $2 shipping for orders under $25:
$4 for orders $25 and over) to the WEEA
Publishing Center. To order by phone.
using MasterCard, Visa, or purchase
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orders over $25, or for information on
additional resources available through
the WEEA Publishing Center, call 800-
225-3088 (in Massachusetts call 617-
96`)- 7100).

Add-Ventures for Girls: Building Math
Confidence, by the Research and Plan-
ning Center, University of Nevada
Volumes for elemen tary school teachers and
middle school teachers use fun, hands-on
activities that incorporate strategies and ap-
proaches particularly effective with girls.
(#2709 elementary schoolvolume $25.00;
*2710 middle school volume $28.00)

"Nothing Can Stop Us Now: Designing
Effective Programs for Girls in Math.
Science and Engineering"
Working Together, Making Changes:
Working in and out of School to En-
courage Girls in Math and Science"
"What Works and What Doesn't: Ways
to Evaluate Programs for Girls in Math,
Science, and Engineering"
"Math, Science, and Your Daughter:
What Can Parents Do'?" by Patricia
Campbell, Campbell-Kibler Associates
These four brochures target different audi-
ences with results of the latest research on
what works in math and science program-
ming for girls. Highly readable and strategy
oriented. All are available from Campbell-
Kibler Associates. Groton Ridge Heights,
Groton. MA 01450.

Science EQUALS Sucr:::ag, by Char-
lotte EQUALS
Contains over 30 hands-on, discovery-ori-
ented science activities designed especially
for girls and students of color in grades 4-9.
The activities incorporate problem solving,
cooperative learning, spatial skills, and ea -
reer awareness. processes recommended by
the EQUALS Program. A collaborative effort
of the University of North CarolinaChar-
lotte, the Charlo tte-Mecklenburg School Sys-
tem, and the Science Museums of Charlotte,
Inc. (#2711 $16.00)

Spatial Encounters, by the Institute
for Applied Research Services, Univer-
sity of New MexicoAlbuquerque
Exercises in spatial awareness that combine
fun and learning. The activities include
memorization of shapes, figure completion.
and figure rotation and emphasize real world
applications. For K-12 and adults. (112434
$27.00)

Continued on page 6



Math equity in the classroom
A vision of reform from the Urban Mathematics Collaboratives

As the nation moves closer to the year
2000 and to a new vision of education
under the National Education Goals,
academics, researchers, and classroom
teachers are looking at ways in which to
both examine and rectify inequities in
mathematics instruction. Some, like
Elizabeth Fennema at the University of
Wisconsin are exploring the develop-
ment of cognitively based instruction
as away to increase equity in the teach-
ing and learning of mathematics. Oth-
ers, like the Family Math Program at
Berkeley, work directly in communities
and schools to introduce new ap-
proaches to tmching.

And, beyond this is the develop-
ment of new discussions around gen-
der, race, language, or ethnic differen-
tiation within mathematics education.
Although Fennema's work is one at-
tempt to create an education model
that focuses on cognitive rather than
affective issues, very little has yet been
done to explore what is happening in
tenns of perceived or actual equity within
mathematics classrooms. For instance,
even within mathematics software de-
velopment, many developers have
admitted that in their focus on creating
good software, they have not yet begun
to look at the issues of gender differen-
tiation as Ciey apply to the use of their
models.

Some groundwork for such an ex-
ploration of gender and race differentia-
tion within mathematics instruction has
been set bydiscussions within the Urban
Mathematics Collaboratives (UMC).
This Ford Foundation-funded effort to
improve mathematics instruction
around the country currently supports
collaboratives in 14 cities. UMC teach-
ers, who work across the spectrusr, of
K-12 mathematics education in urban
schools, have had to deal directly with
issues of equity since their students
reflect the racial, ethnic, and linguistic
diversityofourcities. Together with the
UMC Outreach Project at EDC, UMC
teachers have drafted a strong policy
statement on equity in mathematics
education that can serve as a guide for
all educators. We quote here from that
statement as one approach to reform in

mathematics education that can pro-
vide a basis for dialogue.

The paper recognizes that "until
recently. the United States had been
able to meet its needs for a mathemati-
cally trained workforce by providing
advanced study for a small, elite seg-
ment of its school population, typically
Anglo and male. In part, too, however,
the causes [of inequity) lay with mathe-
matics education and with the disjunc-
ture between schools and the lives of
their students. Mathematics curricu-
lum, textbooks, and instruction often
failed to speak to the lives and concerns

ISIIIMIN11111111116111M1

"The principal objective
and desired outcome of
. . . mathematics teaching
and learning is the high
achievement of all
students."

1151111WIMMIldeil

of females and other underrepresented
groups. Consequently. these groups
were cut off from real opportunities for
success in mathematics."

The UMC statement also recognizes
that the kinds of changes that must be
made cannot be made byteachers alone.
"The success of mathematics teachers
depends, in part, on the commitment of
others with a stake in mathematics
educationstudents. parents, repre-
sentatives of business and industry,
textbook and test publishers, univer-
sity faculty in mathematics and mathe-
matics education, and district adminis-
trators responsible for mathematics
programs." Together these groups can
begin to solve the inequity in mathe-
matics learning. For those who believe
that mathematics programs must serve
all students as a means of ensuring
equal opportunity and strengthening
the nation's social and economic insti-
tutions, UMC offers a view of equity
embodied in six propositions.

"1. High achievement/ high expec-
tations. The principal objective and
desired outcome of . . . mathematics
teaching and learning Is the high

6

achievement of all students, especially
those v; ho have been underrepresented
in ach anced mathematics study and
mathematically based careers. Mathe-
matics instruction must reflect the as-
sumption that all students can succeed
in learning mathematics. Mathematics
teachers must have high expectations
for the success of each student, and
classroom experiences must be struc-
tured in such a way that students gain
confidence in their ability to do mathe-
matics. Mathematics instruction must
be tailored to the particular learning
needs of students, and teachers must
embrace the racial, ethnic, and linguis-
tic diversity of the student population
as a valuable resource for their teach-
ing. . . .

"2. Student access to rich mathe-
matical content . . . By 'rich' mathe-
matical content we mean rich in mathe-
matical concepts, rich in applications
and connections to students' social
settings, and rich in perspectives and
values that reflect students' cultural
h e r i t a g e s . . . .

"3. Studentassessmentandequity.
. . . Schools must abandon their exces-
sive reliance on standardized, multiple-
choice tests as the principal measure of
student achievement. Too often, re-
sults from these tests are inappropri-
ately used to assign students to tracks
or ability groups, condemning many
capable but low-scoring students to a
devastating cycle of remediation. Teach-
ers must have opportunities to develop
and use new forms of assessment
hands on demonstrations, portfolios,
open-ended questions, and student-
generated teststhat are directly linked
to student performance and that rein-
force student learning rather than
inhibit it. . . .

"4. Teachers' professionaldeuelop-
ment Issues of equity. Mathematics
teachers in urban communities will
need special preparation and ongoing
support to address issues of inequity
and to accommodate the learning needs
of an increasingly diverse student popu-
lation. . . . It is important that urban
mathematics teachers be afforded
meaningful opportunities to understand

Continued on page 6
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Math equity . . . continued
[the needs of their students] and to
learn about effective methods [of teach-
ing]. Equity must become a dominant
theme of preservice and inservice
mathematics education. . . .

"5. Teachers' professionaldevelop-
ment: Mathematics cur iculum and in-
struction. Mathematics teachers who
work in urban schools must have ac-
cess to a broad spectrum of profes-
sional development opportunities in
their subject areas. Providing all stu-
dents with equal access to mathemat-
ics instruction will be a false promise if
the curriculum itself is outdated or ir-
relerant. . . Intellectual renewal, life-
long learning, and active engagement
with colleagues are all part of teachers'
professional lives. . . .

"6. School restructuring and equity.
School restructuring is essential for
achieving greater equity in mathemat-
ics education. Teachers must have
greater freedom in making curricular
and instructional decisions, in organiz-
ing the school day, in determining stu-
dent assignment, in allocating re-
sources, and in structuring professional
development opportunities if they are
to meet the individual learning needs of
all students."

For a copy of the complete UMC
policy statement, or for information on
other equity work going on in mathe-
matics and science, contact the WEEA
Publishing Center.

Katherine Hanson
Education Development Center

WEEA's innovative approaches
Expanding Your Horizons in Science
and Mathematics, byJoanne Koltnow,
Mills College
A handbook that tells educators and parents
how to plan, conduct, and evaluate confer-
ences for young women who have an interest
in math and science. An accompanying
videotape. Sandra. Zeller Dee r,-4
takes a look at the careers of for.. net:
an astronomer, a veterinarian, a la:- physi-
cist, and an engineer. (#2078 handbook
$6.00; #26551718 video purchase $43.00;
#2656 TES video rental $7.00)

How High the Sky? How Far the
Moon? An Educational Program for
Girls and Women in Math and Sci-
ence, by Sharon Menard
A comprehensive program for teaching sci-
ence and equity at the same time. For grades
K-12, lessons are arranged by grade levels
and contain lesson plans and materials.
(#2104 $13.50)

The Sky's the Limit in Math-Related
Careers, by Judy Askew, Mills College
In this informative handbook, women work-
ing in computer science, engineering, fi-
nance, and other math-related fields offer
lively anecdotes, viewpoints, and inside in-
formation about their careers. For high
school students. (#2237 $6.75)

Be sting the Numbers: A Woman's
Math Careers Program Handbook, by
Boston Math Careers for Urban Women
A detailed handbook for planning and deliv-
ering a 16-week program for high school
graduates or GED students who need im-
proved math confidence and skills to further
their careers. Discrete modules are geared
to specific industries. (#2222 $14.25)
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. . . continued
Science, Sex, and Society, by Ann E.
Kammer, Cherlyn 8. Granrose, andJan
B. Sloan, Kansas State University
A college-level anthology designed to help
young women make knowledgeable choices
about careers in science. Extensive bibliog-
raphies and career counseling resources will
help science professors design a challenging
introductory course. ( #2144 $28.00)

A Mindset for Math: Techniques for
Identifying and Working with Math-
Anxious Girls, by Ohio State Univer-
sity
A program for upper elementary and middle
school students that treats anxiety as a
component of math instruction. Helps girls
recognize feelings of anxiety and learn to
reduce them, using proven stress-reduction
techniques. Activities make math relevant
and fun. ( #2681 $10.75)

Developing Math Learning Skills: A
Parallel Support Course for the Math-
Anzio us Student, by New Mexico State
UniversityLas Cruces
Acomprehensive program for helpingwomen
at college level or in adult programsinclud-
ing teacher trainingwork through psycho-
logicaland knowledge-based barriers to enjoy
and understand mathematics. Participants
in this program have had documented in-
creases in arithmetic and algebra scores.
(2702 $6.75)

WEEA Monographs
Monographs present in-depth discussions
on cutting-edge issues in gender equity.
2744 Teaching Mathematics Effectively and

Equitably to Females $4.00
2795 Building Self: Adolescent Girls and

Self-Esteem 54.00
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