ADVOCATES FOR WOMEN IN
SCIENCE, ENGINEERING & MATHEMATICS

discovery.

It is this enthusiasm, re-
tained in adulthood, which lures
people into the fields of science.
Sadly, that enthusiasm fades
more often and sooner for girls
than for boys. Fortunately, the
reasons for this, which we will
explore later in this article,
revolve to a great extent around
actions and attitudes that can be
changed. We all have the oppor-
tunity to help open the doors of
science and technology to girls.

WHY ISIT IMPORTANT TO
ATTRACT GIRLS TO SCIENCE
AND MATHEMATICS?

sweturn the corner to
anew century,
sophisticated technol-

ogy isincreasingly important for our nation’s
economic, political and sociad headth. Almost
every element of society—fields as diverse as
music, sports and agriculture—is being affected by
changing technologies. Statistics predict that by
the year 2000, 80% of al jobs will require a
substantial degree of scientific and technological

literacy. (1)

At the same time that the importance of
technology in the workplace is growing, the ways

but notice their endless curiosity, their
fresh perceptions, their sense of wonder at
the workings of our planet, their immense joy of

B abies are natural scientists. We can't help
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Compelling Reasonsto Engage Girlsin Science

of doing science and engineering are changing.
Teamwork and project management are
transforming a traditionally competitive and
hierarchical style to one that is more collabora-

tive. Often considered a“femaée’ style of
working, collaboration generates a more

Girls natural
instincts to
explore our world
should be
nurtured smply
for thejoy of it,
but also asthe key
to lucrative and
meaningful
careersthat can
help make the
world a better
place.

synergistic effort that results
in a broader range of input,
ideas and solutions.

If wefail to
adequately prepare young
women to excel in the fields
of science and mathemat-
ics—that is, if wefail to
ingtill in them a sense of
competence, ownership and
excitement in these fields—
we are setting up our daugh-
tersfor afuture of economic
dependence and limited
opportunity. We areaso
doing a disservice to the
enterprise of scientific
discovery itself. The inclu-
sion of more women in the
diverse fields of science has
the potential to benefit these
fields by integrating

women's diverse intellectual and problem-
solving skills into the workings of a vast array of
enterprises. We cannot afford to overlook so
much of our nation’s intellectual potential.

However, the strength of our nation’s
economy and the health of scientific endeavors
are not the only reasons we need to encourage
young women in the sciences. \WWomen have
traditionally earned among the lowest incomes
of al workers, and women still earn only 69



cents on every dollar compared to men. However,
science and engineering careers generally provide
a higher income than many of the traditional fields
in which women work, and in some science ca-
reers, especially computer science, women and
men are earning comparable salaries—quite
possibly for the first time in the history of our
country.

By directly or indirectly excluding women
from significant educational opportunities, we are
jeopardizing their chances of attaining the profes-
siona careers that might lift many women from
the cycle of poverty. Girls' natural instincts to
explore our world should be nurtured simply for
the joy of it, but also as the key to lucrative and
meaningful careers that can help make the world a
better place. Moreover, as society embraces more
technology, opportunities for employment in an
ever-increasing range of fields will increase expo-
nentially for those with the appropriate skills. In
addition, as the option of telecommuting becomes
more and more viable in a wide range of scientific
and technological careers, women with the right
skills will be better able than ever to fully integrate
family and career life.

WHAT IS THE CURRENT STATUS OF GIRLS AND
WOMEN IN SCIENCE, MATHEMATICS,
ENGINEERING AND TECHNOLOGY ?

T hirty years after the many advances in
women' shealth, education and welfare
brought about by the women’s movement
of the 1970’s, women continue to be under-repre-
sented in the sciences—as school girls, under-
graduates, graduate students and career
professionals.

This underrepresentation of women in the
sciences increases as girls grow up. At the middle
and high school levels, girls are closing the gender
gap in science, with girls making significant
strides in science and math enrollment in the last
20 years. However, girls still 1ag behind boys in
taking physics and advanced math courses such as
caculus, and girls are still significantly less likely

than boys to envision themselves in a science
career at the end of high school or declare a sci-
ence-related major when beginning college
studies.@)

At the college and graduate level, this gap
widens, with women earning only 28% of
bachelors degrees in physics, calculus, engineer-
ing and mathematics, and only 9% of doctorates in
engineering, 23% in mathematics and 12% in
computer sciences. Only 16% of al career scien-
tists are women, even though women comprise
45% of our country’s overall workforce and 51%
of the American population. In some fields the
figures are even more dramatic: women make up
only 10% of mathematicians, 6% of computer
scientists, and 4% of engineers. (21 Eighty-six
percent of men work in fields related to science;
only 25% of women do.(7)

WHY DOES THIS GENDER GAP EXIST?

Classroom Bias. Studies point to a number
of factors to explain the gap between boys
and girlsin the science. One of the most
significant factors is bias in the classroom. This
bias can take many forms, and is usually unin-
tended. Teachers often allow boys to dominate
classrooms by interrupting and calling out an-
swers. Girls, who are generally taught to be polite
and quiet, often raise their hands and wait in vain
to be called upon. 16y One study showed that boys
spoke out of turn eight times more often than girls
did. 4 This same study noted that teachers tended
to listen to boys when they called out, but chided
girlsif they did, instructing them to “raise your
hand if you want to speak.” Asaresult, girls come
to feel unimportant, if not invisible, in the class-
room. (4

Teachers can unintentionally reinforce this
sense of invisibility by calling on boys more
frequently than girls. In one study, teachers
initiated discussion with boys 10% more often
than with girls. (2

The kinds of feedback girls and boys
receive from teachers differs as well. Girls' work



isoften praised for clerical valuessuch asnestness,
whileboysreceive praisefor intellectud quality. (i6)
And when teachersdo cal on girls, studies show they
often do not ask the kind of complex, abstract and
open-ended questionsthat consistently challenge boys.
(2,16)

Another difference between boys and
girls experiences in the classroom is in the
amount of hands-on learning. In hands-on class-
room projects, boys use scientific instruments and
computers more frequently than do girls, even
though girls say they are interested in using them.
@ Inone study, boys carried out 79% of all stu-
dent-assisted science demonstrations, while girls
were 300% more likely to be the group “ note-
taker.”

Other studies have revealed that boys are
more often provided with detailed instructions for
working on projects. When boys are struggling
with projects, teachers ask them questions and
listen to their difficulties, while girls who are
struggling frequently have the work simply done
for them by the teacher. (16 1n one science class
that was studied, girls who had difficulty con-
structing an electrical switch were told to “go and
ask the boys for help.” (2

Learning Styles. Studies have revealed that other
aspects of classroom science negatively affect
girls. For the most part, the choice of classroom
activities and teaching styles appears to be biased
toward those that appeal to boys' interests. Even
though considerable research has shown that girls
learn better when they work cooperatively on
projects, competition and

presentation formats that appeal to boys are till
dominant teaching mode. (4)

Textbook Bias. Another factor that affects girls
low participation in the sciences is the subtle bias
towards men that is often found in the contents of
textbooks. Men are pictured more often than
women, and shown in more active roles. The
accomplishments and contributions of women are
usualy omitted or mentioned only in a token
manner. Science topics that are may be of more
interest to women—for example, subjects such as
menstruation and menopause—are excluded. (22)

Textbooksused in schoolsat al academiclevels
frequently reinforce the notion that science is a
man’s world. Sadly, what’s portrayed in the text-
books is often personified in the classroom—
nearly all advanced science and mathematics
courses are taught by men. (7)

Loss of self-esteem. Girls and boys begin -
ementary school with similar self-esteem levels
and fairly equal academic abilities, with girls
demonstrating a dight advantage in language
skills. However, in their middle school years, girls
show a drop in math confidence and achievement.
(In one classic study, the girls' decline in confi-
dence preceded their lowered achievement.) ()
By the end of high school, boys have surpassed
girls in higher-level mathematics, biology, general
science and physics, even though the girls have a
higher overall academic achievement. (2s)

Even gifted and talented adolescent girls
exhibit less confidence about math skills, which
makes them less likely to take college-preparatory
math and less likely to choose college majors and
careers in fields that require mathematics. (4,14)

As agroup, girls experience a dramatic and
well-documented loss of self-esteem as they enter
adolescence. Some of this loss can be attributed to
the over-emphasis placed on physical appearance,
peer popularity and the mixed messages girls often
receive about sexuality and the role women should
play in society. In this age group, boys who are
asked to describe something they like about
themselves will most often mention a talent or
ability, while girls are nearly twice as likely to
point out some physical attribute. 26y Moreover,
studies show that when faced with social or aca-
demic failure, boys tend to attribute the failure to
external forces, while women tend to blame
themsealves. (7)

The loss of self-esteem experienced in
early adolescence can carry over into later life,
where young women remain much less likely than
men to express outstanding confidence in their
abilities. One study, known as the Illinois Valedic-
torian Project, followed the progress of aimost 100
boys and girls who graduated at the top of their
class. After four years of college, students of both



sexes had continued their high academic performance.
Yet when asked to describetheir leve of intelligence at
that point, 25% of the men perceived themselvesas
“Far Above Average,” while 0% of thewomen did,
even though their GPA was higher thanthemen’s.
Although the women had performed academi-
caly better than the men during thosefour years, the
men' sself-esteem increased in collegewhilethe
women'sdecreased. 27y Thisand other studieshave
shownthat girls interestin
higher education and non-
traditiona fields peaksat
13, while men’ ssdlf-esteem
and ambitions continueto
risethroughout their
schooling. )

Lack of Direction. When
the time comes to choose
course schedules, girls are
too often denied informa-
tion about or steered

away from advanced
courses in math and
science. (1)

Numerous studies
prove that girls are
frequently tracked into
low-ability math and
science classes, even
when girls have smilar
scores to boys who were
assigned to the high-
ability groups.s)

When girls do
succeed in high-level math
and science courses, they are often still not encouraged
to pursue scientific careers. 1none study of high school
students who had taken physics and cal culus, 64% of
the boys were planning to mgjor in science and engi-
neering, whileonly 18.6% of thegirlshad smilar goals.
(4)

Parental Support. Research shows that boys re-
celve moretoys related to math and science, thereby
encouraging theminthosefieldseven at avery young

age. (9 Oftenthe parent hasfew choices; educational
games, such as“Baseball Math,” tend to be oriented
towardsboys, and productsfor girlsaredifficult tofind.
Computer games are marketed amost exclusively to
boys, and asaresult boys often cometo the classroom
feeling much more confident and competent about their
computer skillsand other scientific or mathematicsprin-
cipals.(20)

Another study found that parents make
more of an investment
in their sons' college
educations, regardless
of their abilities and
achievements, than
they invest in their
daughters'. (23 More
women attend college
than ever before, but
everything from the
G.1. Bill to expectations
that a career in science
will conflict with a
woman's family life
can discourage girls
from careersin the
sciences.
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Gender Stereotypesin
Careers. The attitude
that engineering,
mathematics and
science are inappropri-
ate fields for women is
still culturdly perva
sive. Studies show that
girls as young as age
two or three are aware of occupational segregation
by gender, and the appropriateness of this segrega
tion is then reinforced in many ways throughout
thelr lives. (o In addition to perceiving careers as
gender specific, misperceptions about the careers
themselves can prevent girls from pursuing certain
fields. For example, the traditionally feminine
values of listening, feeling and maintaining strong
interpersonal relationships may seems incongruent
with scientific careers perceived as impersonal.



How CAN WE HELP BRIDGE THE
GENDER GAP?

The most successful efforts to support girls
in the sciences begin in elementary school
and follow students throughout their high

school years. In addition, successful advocacy for
girls in the sciences involves the resources of an

entire community—parents, schools, businesses

and other local leaders.

The value of mentors. Study after study has
pointed to the presence of positive female role
models in the sciences as being the single most
important factor in sustaining girls interests in the
sciences. In fact, most professional women scien-
tists can point to a single individua whose support
enabled them to pursue their careers.

Mentors can help young women envision
themselves as scientists by providing them with an
image of a“scientist” that differs from the stereo-
type of the man in the lab coat, as well aswith a
model of how to balance career with family,
friendships, activities and hobbies beyond work.

In addition, mentors can help girls with scientific
and mathematical concepts, open their eyesto an
array of scientific fields, give them aredlistic sense
of the challenges and rewards of science careers
and help them to understand the educational paths
necessary for scientific career options.

Role models can take other forms than
forma mentorships while still having a significant
impact on girls perceptions of the sciences. In one
study, women scientists were brought into middle
schools as part of the students' science instruction.
Within just a two month time period, students
developed a more positive attitude toward scien-
tists and specifically women scientists. (2s)

Women scientists speaking before student
groups, at career fairs and other events can respond
to questions and encourage girls interested in
careersin science. Even one-day programs like
“Take Your Daughter To Work Day” offer girlsthe
chance to see firsthand what it would be like to
hold ajob in a scientific field.

Thusmentoring—whether forma or informd,
on-going or short-term—isone of the most successful
toolsfor reversing the under-representation of women

inthesciences.

I from pursuing careers in the sciences are

the same attitudes that, for generations, kept

women from voting, flying airplanes, playing
professiona sports, and holding political offices.
Like countless other activities, women have now
proven that they are not only capable of doing
these things, but of truly excelling at them.

Girls deserve to have everyone in their
community expect the best of them, and they
deserve praise when they rise to this standard. This
must include the expectation that girls curiosity is
as active and as valid as that of boys', and the
recognition that the intellectual energy girls bring
to the world and the questions they ask of it may
open the doors to discoveries that will change all of
our lives. By nourishing every girl’s intellectua
promise, we are giving them the greatest gift we
can—not only the possibility of becoming scien-
tists, but of becoming fully human.

CoONCLUSION

he attitudes and beliefs that keep women
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