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Women are under-represented in science, technology, engineering and mathematics (STEM)
majors and careers in most industrialized countries around the world. This paper explores the broad
array of explanations for the absence of women in STEM put forth in the literature of the last 30
years. It is argued that some proposed explanations are without merit and are in fact dangerous,
while others do play a part in a complex interaction of factors. It is suggested that the very nature of
science may contribute to the removal of women from the ‘pipeline’. Recommendations for reform
in science education to address this problem are also provided.

Introduction

A metaphor frequently used to describe the fact that women are under-represented
in science, technology, engineering and mathematics (STEM) careers is to propose a
‘leaky pipeline’ carrying students from secondary school through university and on to
a job in STEM. This pipeline leaks students at various stages: students who express
interest in science careers sometimes change their minds when applying to colleges
and universities and select other areas of study. Others begin their post-secondary
education in a STEM program, but change majors before graduation. Finally, some
students leave the pipeline after graduating with a STEM degree when they select
another field as a career. One interesting feature of these leaks is that women leak out
more than men do. The effect of differential leaking is to create a sex-based filter that
removes one sex from the stream and leaves the other to arrive at the end of the pipe-
line. No one in a position of power along the pipeline has consciously decided to filter
women out of the STEM stream, but the cumulative effect of many separate but
related factors results in the sex imbalance in STEM that is observed today.

There is no dispute that women are under represented in science, technology,
engineering and mathematics (STEM) majors and careers1 (NCES, 2001). Cronin
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and Roger (1999) describe the absence of women in STEM as both progressive
(the farther along the pipeline, the fewer women you find) and persistent (the prob-
lem has not gone away in spite of treatments). Though the numbers have improved
over the last 20 years, there is still a long way to go before women are equally
represented.

Some argue that widespread success in technical fields of enquiry is evidence that
nothing is wrong with the status quo. There are three compelling reasons to dispute
that claim. First, there is the issue of equity. Every person should have an equal
opportunity to study and work in the discipline she or he chooses. Second, as long as
women are under-represented in STEM, a substantial number of intelligent,
talented women are choosing other subject areas in which to study and work. These
might be women who could make important contributions to science or engineering
if given a chance. Finally, scientific and technical endeavors can only be improved by
having a greater diversity of perspectives in the search for knowledge and solutions to
human problems. As scientists construct understanding of the world, the ability to
see questions and answers from many perspectives will help make scientific explana-
tions more robust and complete.

The challenge of bringing more women into science is not a new problem.
Educators have been working for over 20 years to encourage more girls and women
to participate in school science through programs like Girls Into Science and Technology
(GIST) and Women In Science and Engineering (WISE) in the UK and Project Access
in the US (Sonnert, 1995a). Scholars in a wide range of disciplines have paid a great
deal of attention to the issue of women and science recently. I have chosen to concen-
trate on the factors that keep women from studying science or working as scientists.
The statistics cited above show that existing efforts to attract women to science have
not worked. Why not? What have researchers put forth as explanations for the absence
of women in STEM? Which of these explanations are valid and useful in thinking
about science teaching? What can and should be done to bring about change?

Layers in the filter

One of the significant challenges when looking at the literature on girls or women and
science is devising a way to organize the very disparate subtopics into meaningful
categories. I will be discussing research conducted in many different disciplines and
over a span of many decades, so the wide divergence in methodology and focus is
perhaps not surprising. I will begin by defining some of the important terms used in
this literature, and then explain the taxonomy around which I will organize the
remainder of the paper.

When exploring the difference in numerical scores between male and female
respondents, the standard statistical measure is the standardized difference in mean
scores, or ‘d’. d is calculated by finding the difference between the mean male score
and mean female score, and dividing by the average of the male and female standard
deviations.2 d values of 0 to 0.2 are considered quite small, between 0.2 and 0.5 are
small but notable, 0.5 to 0.8 are medium, and d values greater than 0.8 are considered
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to be large (Cole, 1997). Another way of looking at d is to realize that a d value of 0.6
means that about 60% of men fall above the combined male–female median, while
only about 40% of women fall above that same combined median. Psychometricians
often use the d statistic when designing standardized tests. IQ tests in particular have
been carefully manipulated to produce a d of zero for male and female test takers so
that no bias will exist in IQ scores. (This is achieved by using some questions that
favor males and others that favor females, which results in no difference in the average
scores of men and women.)

In writing this paper I was faced with the challenge of dealing with sex equity in
science or sex equity in STEM. The majority of the research articles I will be discuss-
ing deal with science as a particular subject area, rather than addressing all areas of
science, technology, engineering and mathematics. A few articles report research in
mathematics or engineering courses, and it seems reasonable to include them, since
the under-representation of women in those subjects is very similar to the situation
in physics and chemistry. ‘Science’ includes both biology and physics, which have
very different distributions of men and women as active participants, so in some
ways grouping all the sciences together could be a mistake. Because my eventual
goal in this paper is to recommend changes in science education, my emphasis has
been to collect literature focused on science, rather than mathematics, engineering
or technology.

I came to this literature review with the idea that women are under-represented in
STEM and that the situation ought to be changed. I looked for all the explanations I
could find in the literature and attempted to categorize them and evaluate each
perspective on its own merits. As a review of every paper written on the topic of
gender and STEM would be the work of a lifetime, I have chosen sample papers to
describe and analyse in the following pages. Starting from articles in major
publications, such as the Journal of Research in Science Teaching (Weinburgh, 1995)
and the American Journal of Physics (Seymour, 1995), I sought out the sources
referred to in those initial papers. This broadened my search into the governmental
reports, international journals and books treated in this paper.

The subject of women and science has attracted attention from a broad array of
researchers, including psychologists, educators, sociologists and scientists. Perhaps
because of their widely diverse backgrounds, the many researchers who have tried to
understand why women leave STEM careers have proposed widely divergent
explanations. I have found the following explanations put forward in the research
literature: 

1. Biological differences between men and women.
2. Girls’ lack of academic preparation for a science major/career.
3. Girls’ poor attitude toward science and lack of positive experiences with science

in childhood.
4. The absence of female scientists/engineers as role models.
5. Science curricula are irrelevant to many girls.
6. The pedagogy of science classes favors male students.
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7. A ‘chilly climate’ exists for girls/women in science classes.
8. Cultural pressure on girls/women to conform to traditional gender roles
9. An inherent masculine worldview in scientific epistemology.

Clearly these explanations lead to very different conclusions about how best to rectify
the current situation of women in science, or even if such a remedy is possible. I will
argue that some of the above theories hold very little water, while others make some
contribution to explaining the under-representation of women in science. As with any
complex social situation, in the process of young people choosing a career it is almost
impossible to isolate variables completely. Some of these nine explanations interact
with each other so intimately that it is impossible to find a single causative factor.

Biology

Psychologists, physiologists and educationalists have explored the biological differ-
ences between men and women for over a century. Early attention focused on directly
measurable traits like height, arm length, muscle size or the size of the head. Head
size was seen as an indicator of brain size, and so indirectly a measure of intelligence.
Scientists saw the difference in size of men’s and women’s brains as the cause of
female ‘intellectual inferiority’ (Sadker & Sadker, 1994; Hyde, 1996). Some research-
ers even went so far as to compare women’s brains to those of gorillas, based on the
size and shape of women’s skulls (Russet, cited in Birke, 1992). Eventually, the idea
of a link between brain size and intelligence was discarded when researchers realized
that when corrected for overall body mass, men and women have brains of equal size.
Another nail in the coffin was the fact that postmortem examinations showed that
some highly respected male geniuses had relatively small brains.

IQ tests have been designed to show no average difference in overall intelligence
scores for men and women. But psychologists have broken down intelligence tests
into many sub-tests to look at a variety of ‘kinds of intelligence’ including verbal,
mathematical, spatial, and logical abilities. This has enabled researchers to find sex
differences in intelligence, resulting in the almost canonical belief in male superior-
ity in mathematical and spatial abilities and female superiority in verbal abilities
(Hyde, 1996).

Janet Shibley Hyde conducted two meta-analyses of gender differences in cognitive
abilities and summarized her results in Hyde 1996. The only significant differences
in ability she found are in mathematical performance (d=0.43) and spatial perception
(d=0.45). Surprisingly, she found the difference in verbal ability was not substantial
(d=−0.24), in sharp contrast to the conventional wisdom that girls are better with
words than boys. The difference she found in spatial perception, while measurable and
statistically significant, is not sufficient to explain the degree of under-representation
of women in engineering careers. If a spatial ability at or above the ninety-fifth percen-
tile is required to be a successful engineer, the d values Hyde found would predict that
about 7% of men and 3% of women would meet that criterion. So then the degree to
which men out perform women in spatial ability could explain a two to one ratio of
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males to females in engineering, but not the 20 to one ratio that is observed. Hyde
did not find evidence to support any other significant differences in cognitive ability
between men and women. Ability may play a small contributing role, but cannot be
the only factor causing the under-representation of women in engineering.

Psychologists have explored other intellectual abilities as well. Field dependence
research began in the middle of the twentieth century as a way of testing military
pilots’ ability to maintain an upright position without a visual reference point.
Subjects were seated in a dark room in front of a tilted frame and asked to place an
illuminated rod vertically within the frame. Those who could accurately place the rod
were termed ‘field independent’ and those who aligned it with the frame were termed
‘field dependent’. When sex differences were measured, women were found to be
more field dependent than men (Haaken, 1996). Field dependence has been associ-
ated with an inability to separate one’s self from one’s environment, so a person who
is field independent has developed a more sophisticated understanding of his/her
place in the world. Feminist scholars have criticized the ‘field dependence’ construct
on several points. Both the experimental setting (the male researcher and the female
subject alone in a darkened room) and the research task (aligning a rather phallic
object within a frame) may have made female subjects uncomfortable and artificially
lowered their scores. Early researchers interpretation of scores put women into a no-
win situation. If a woman was field dependent, ‘Her penis envy seems only to increase
her sexual confusion and guilt’ (Witkin, cited in Haaken, 1996 p. 297). If instead a
woman succeeded at the task and was declared field independent she was described
as ‘narcissistic with sadistic tendencies’ (Haaken, 1996, p. 297). The practical impor-
tance of the distinction between field dependence and field independence has also
come into question (Haaken, 1996). Haaken also points out that ‘field dependence’
could be redefined as ‘context sensitivity’ and that might change how the trait is
perceived. While Haaken’s work is largely a historical treatment of field dependence
research, she chose to criticize the value of the psychological construct, a construct
that I believe is open to critique. However, citing research showing that the distinction
between field dependent and field independent people is not educationally meaning-
ful would have strengthened Haaken’s position.

It is not unusual to hear ‘men and women are different, and that’s just a fact of life’,
to explain the current situation for women in society. It seems clear from the literature
that whatever biological differences there are between men and women, there is very
little difference in scientific or mathematical ability, and certainly not enough to
explain the under-representation of women in STEM careers. There is a danger in
continuing to emphasize biological differences between men and women because the
tendency is to then argue that if unalterable biological differences exist, then no action
need be taken to improve the situation for women.

Academic preparation

Some researchers have argued that women avoid science careers not because of any
biological difference between men and women, but rather because girls lack the
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academic preparation to be successful science students. The Educational Testing
Service (ETS) has conducted a meta-analysis exploring gender differences focused on
American school-based tests, like the Scholastic Aptitude Test, National Assessment
of Educational Progress, Law Scholl Admissions Test, Medical College Admissions
Test, etc (Cole, 1997). The report emphasizes the similarities between boys’ and
girls’ performance and minimizes the differences. Those differences that are reported
are that girls tend to be better at writing while boys tend to be better at electricity and
mechanical subjects. Cole also found that differences increased with age, that is, tests
given in primary school showed very similar results for boys and girls, while secondary
school tests showed more substantial differences. This paper is open to criticism,
however. When counting topics, verbal ability is separated into several areas, all with
some advantage to girls, but ‘natural science’ is one category, possibly obscuring
boys’ advantage in physics and chemistry. This way of counting subjects serves to
minimize boys’ achievements and maximize those of girls. It is also possible that a
corporation which exists to administer standardized tests has a vested interest in
proving tests are a fair and reliable way of assessing students and predicting their
future achievement. A report emphasizing the differences in performance of males
and females could have had negative consequences for ETS if it could be seen to
support testing bias.

Apart from girls’ achievement on standardized tests, it is important to note that
many girls do avoid physics and calculus courses in high school and that makes it less
likely they will choose a STEM major in college, and that in turn will reduce the
number of women earning technical degrees. That, however, is a separate issue from
the attrition of women from STEM majors once they have begun. Strenta (1994,
cited in Erwin & Marutto, 1998) found that regardless of course grades, women in
computer science and math courses were more likely to drop out of college than
men. Stewart (1998) found that of those students choosing to study physics at A
level (advanced study in the UK that prepares students for university) the females
were better prepared than the males, as measured by their course grades and scores
on national exams. In spite of their strong preparation, girls still end up leaving
science

Brainard and Carlin (1998) conducted a longitudinal study of the persistence of
women in undergraduate science and engineering majors at the University of
Washington between 1991 and 1996. Using annual surveys of female science and
engineering majors, they tracked several cohorts of students through the university to
try to understand why some women leave science or engineering and others stay.
Students reported a number of barriers blocking their path toward a STEM degree
which I will address further in the next section of this paper. Interestingly, there was
no difference in performance (as measured by GPA) between those women who
remained and those who transferred out of STEM programs.

It seems then, that even when women are equally or better prepared than men for
scientific or technical majors, they still drop out of the programs at greater rates. If
very well prepared women are still leaving STEM, then there must be other factors
causing their departure. Making sure that young women who graduate from high
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school are equally well prepared to study science as the young men is a worthy goal,
but that alone will not solve the problem of under-representation in higher education
and careers.

Attitude and early experiences

If biology and preparation are not substantial factors preventing women from
becoming scientists, perhaps the problem is that girls just dislike science or math too
much to consider a STEM career. A good deal of research has been done to explore
girls’ attitudes toward science. Molly Weinburgh (1995) conducted a meta-analysis
of attitude research to determine if there is a pattern of difference between male and
female feelings about science. Over all, she found that boys do have a more positive
attitude toward science than girls, but the effect size is relatively small (d=0.2). The
effect size was especially small in biology (d=0.03), as was expected, since other
researchers have noted that girls seem to have more positive attitudes toward biology
than other sciences. The largest effect sizes were in general science and earth science
(d=0.34). The small effect size Weinburgh found in physics (d=0.12) was more of a
surprise, since physics is perceived as a particularly masculine science. This result
may be explained by the fact that the girls who choose to take physics probably have
a more positive attitude toward science than girls who do not. Weinburgh also found
a moderate correlation between attitude and achievement in science. One of the
limitations to meta-analysis papers like this one is that the original studies may not all
have been of equal quality, but their results are all given equal weight. No information
about the quality of the input research is given in this paper.

In contrast to Weinburgh’s quantitative exploration of girls’ attitudes, other
researchers have come at the question with a qualitative research strategy. In an espe-
cially well-designed study, Dale Baker and Rosemary Leary (1995) explored girls’
ideas about and attitudes toward science by interviewing 40 girls in primary and
secondary grades. In general, they found that girls enjoyed their science experiences
in school, but had strong negative feelings about dissection and could not imagine
themselves as scientists. The girls also noticed the bias in textbooks and television
where very few scientists are depicted as female. Some of the girls made an intriguing
distinction between a ‘scientist’ who studies biology or zoology and a ‘scientist scien-
tist’ who uses chemicals or works with rockets (p. 18). One of the most common
reasons the girls gave to explain their interest in life science as opposed to physical
science was their desire to care for people or animals. Some of these issues could be
seen as ‘public relations’ problems for science as a discipline, but I think the ‘male-
ness’ of science goes deeper than that, and I will return to this idea in the final section
of this paper. Baker and Leary clearly wanted to give female students a chance to
verbalize their feelings about school science. Both their method (interviews) and their
article, which contains many extended quotes from the students show readers how
highly the researchers value children’s voices.

Liz Whitelegg (2001) conducted a literature review to explore why females lose
interest in school science in the UK. She found that many studies only looked at the
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girls in science problem at the secondary level, when science has been separated out
as a distinct subject area. Whitelegg was interested in what happens in primary school
where science is part of the general curriculum, and is more integrated with language
arts and math. Studies of primary school classrooms showed that boys and girls
tended to play in gender-segregated groups, and to interact with building toys (like
Lego) quite differently. Boys also tended to have greater access to classroom
resources than girls, in part because the boys aggressively took control of the
materials. In light of these behavior differences, Whitelegg argues that a ‘hands off’
equal opportunity approach is not enough to generate positive science experiences for
girls. At the same time, she was hopeful that the National Curriculum in the UK
would help increase the participation of girls in science, as it requires all students
study science through age 16. The most recent examination results from summer
2003 show that essentially equal numbers of girls and boys take the science double
award exam at GCSE, and girls outperform boys by a small margin3 (Joint Council
for General Qualifications, 2003). As Stewart (1998) found, however, the trend is
that as soon as girls have a choice they opt out of science courses.

Clearly there are some important differences between boys’ and girls’ attitudes
toward science. Some of the reasons girls express discomfort with science can be
addressed by altering curriculum materials and pedagogy, two areas I will be discuss-
ing in later sections. Primary school teachers also have an impact on the opinions
children have of science through the activities students are asked to complete. Girls’
attitudes toward science seem to be closely tied to other factors that make the subject
unattractive, so making some effort to improve girls’ views of science could pay off in
achievement and retention.

Role models

Men make up the majority of scientists and engineers in most industrialized
countries, and even though the percentages vary from one field to another, the over-
all pattern is clear. This means that there are few role models in science, math, or
engineering departments for young female students to follow. A related idea is the
concept of a ‘critical mass’ below which there are not enough people of a particular
type to maintain a viable population. A low proportion of women in a discipline
probably sends a message to girls that the discipline is unattractive to women, and
they should avoid it too. At the same time, simply increasing the number of women
working in STEM may not be enough. If the only way that women have been able to
‘infiltrate’ these professions is through acting as similar to their male colleagues as
possible, other women will only gain access through following the typical ‘male
model’.

The issue of role models seems to interact with others, like the ‘chilly climate’ since
a dearth of female engineers or scientists would likely correspond to a poor environ-
ment for those women who are in the department. Eileen Byrne (1993) points out
that if a plant doesn’t succeed in a garden we ask what it is about the soil, water, sun
or fertilizer that is causing the problem, we don’t blame the plant first (p. 49).



Woman and science careers 377

Looking at issues like the presence of role models in science is a way of looking at the
environment that girls and women encounter as they learn science, rather than blam-
ing female students for their situation. At the same time, simply increasing the
number of female scientists may not attract more young girls or women to science.
Sonnert (1995b) points out that successful female scientists often did not have
children, and that’s a choice that many young people are unwilling to make, so these
practicing scientists cannot provide a model of how to balance a career and a family.

It is very difficult to determine what factors actually contribute to final career
choices, even of people who complete science Ph.D.s. Gerhard Sonnert interviewed
a large number of science graduates who had earned prestigious postdoctoral
positions across the US and found that: 

Science careers appeared to be shaped, to a considerable extent, by numerous idiosyn-
cratic events and characteristics that are often insignificant by themselves but become
forceful in their accumulation. (Sonnert, 1995a, p. 123)

The events that lead someone to a particular job at a particular institution are too
specific to create a map easily that others could follow. It seems that the presence of
role models in a science or engineering department would be unlikely to fix the
problem of under-representation of women, but could be one part of a solution.

Curriculum materials and design

In the 1970s attention began to be paid to the problem of sex bias in textbooks.
Researchers looked at the numbers of males and females depicted in illustrations and
photographs in science texts, and found that a majority of the people depicted were
male (Walford, 1981). Not only were girls and women largely absent, the pictures
they were in frequently showed them as passive observers of science being done by
boys. One text used in the UK contained four photographs of women, and three of
those four showed women sunbathing or swimming, which also is problematic
(Walford, 1981). The negative attention this research brought seems to have had an
effect on textbook publishers and authors. The representations of males and females
are much more balanced today, though David Sadker has noted that line drawings
seem to be lagging behind photographs in the reform (personal communication,
May 7, 2001). Other ways that sex bias can show up in texts include the wording of
problems and examples, and in the attention paid to the contributions of female
scientists. Texts do seem to have improved in these areas as well. It is somewhat
difficult to be sure, however, since I was able to find very little recent research in this
area. It is interesting to note that a good deal of the current textbook bias work has to
do with race and ethnicity, not sex.

In addition to textbooks ignoring women and girls, research has shown that some
curricula are more successful with female students than others. Robert Tai and Philip
Sadler (2001) studied the performance of 1500 students in 16 different introductory
physics courses across the US. They found that women were more successful in intro-
ductory physics (as measured by final course grade) at the college or university level
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if they had taken a high school physics course that emphasized depth of coverage
rather than breadth. Also, when men and women with equivalent backgrounds were
compared, the women were more successful than the men in college (algebra based)
physics and men were more successful than women in university (calculus based)
physics. Both of these results indicate that elements of course design—depth vs.
breadth and mathematical level—affect men and women differently. Using the final
course grade as a measure of science performance has its drawbacks, as different
faculty use different criteria in course grades, and grades may not correlate to long-
term learning. However, grades may be the only achievement measure that is widely
available. It is worth noting here that these re-designed science classes may be
effective for other groups who have historically been unsuccessful in science,
including racial and ethnic minorities.

Progress has been made in the effort to eliminate sex bias in school textbooks, but
there remains room for improvement, particularly in noting the contributions of little-
known women scientists. There is also evidence that science curricula could be made
more accessible to girls and women by covering less material in greater depth.

Pedagogy

The perception among some teachers and students is that science is simply a boys’
subject, there is nothing wrong with that and there is nothing to be done about it
(Kelly, 1987). Some might dismiss that attitude as old fashioned, and unimportant
since today teachers would claim that they treat boys and girls fairly in their class-
rooms. This kind of attitude does have an impact on students, however. Margaret
Spear found that given identical samples of student work in science, teachers in the
UK marked it higher if it appeared to come from a male student than if it came from
a female student (Spear, 1987). In this study, Spear gave a set of photocopied papers
to teachers who were asked to grade them and provide written comments. Equal
numbers of male and female papers were given to each teacher, but the sex-cue labels
were switched on half of the pages. Boy’s work was consistently rated better in ‘scien-
tific accuracy’, ‘organization of ideas’ and ‘conciseness’ while girls’ papers were rated
higher than boys’ on ‘neatness’. In a separate study, Spear found that teachers
thought science preparation was more important for boys than for girls (Spear, 1987).
At least some teachers still hold old-fashioned ideas about who can be successful in
science and these attitudes affect their teaching. It is certainly possible that a similar
study conducted today might find different results, since attitudes about boys’ and
girls’ career options have expanded in the last decade. At the same time, many of the
teachers who were working in 1987 are still active teachers, and their views are
unlikely to have changed substantially.

Elaine Seymour (1995) also found that the quality of teaching in science classes has
a substantial impact on the persistence of university science majors. By interviewing
a broad cross section of science majors (and students who have left science programs)
at over a dozen universities across the US, Seymour was able to determine that
pedagogy was a concern of over 90% of students who chose to switch out of science.
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Students felt that science instructors were unapproachable and distant, and the over-
use of competitive grading systems prevented science students from working
collaboratively to improve their understanding. Nearly three-quarters of non-switch-
ers cited concerns about the quality of science teaching as well, indicating that it is a
problem for people who remain in science programs as well as those who leave.

Another way that teachers seem to affect student attitudes toward school is their
pattern of interactions with students. Researchers have found that girls generally
receive less attention from teachers than boys regardless of the subject or age of
students (Wilkinson & Marrett, 1985; Sadker & Sadker, 1994). Student–teacher
interactions are qualitatively different for boys and girls as well. While boys are asked
follow up questions and comments on the ideas represented in their work, girls are
more frequently complemented for their looks or for the neatness of their work
(Spear, 1987; Eccles & Blumenfeld, 1985; Sadker & Sadker, 1994). Eccles and
Blumenfeld also found that though girls asked more questions than boys, teachers
gave less feedback (positive or negative) on the girls’ answers. Other researchers have
noted that boys in science classes call out responses more frequently than girls, and
that boys receive more disciplinary attention than girls (Morse & Handley, 1985).
Morse and Handley also noted that the differences in participation between boys and
girls were more pronounced when children were in Grade 8 than when the same
students were in Grade 7. They do not attempt to explain this result, but I suspect
that the difference in subject matter may play a role, since the Grade 7 class was on
biology, and the Grade 8 class was on earth science. As I will discuss in greater detail
in a later section, science disciplines seem to be on a femininity/masculinity contin-
uum which makes biology more open to girls and women.

Though these problems are not limited to science classes, some research has found
them to be particularly pronounced in science and math classes, where teachers are
more likely to be men, and the majority of students are male (Sadker & Sadker, 1994;
Morse & Handley, 1985). The continuing message appears to be that boys’ ideas and
participation in class are more important than girls’. It seems likely then, that girls
would eventually get the message and leave, heading for an environment that
recognizes and values their contributions.

Most research into classroom sex bias is open to the criticism that the researcher
enters the setting looking for bias and so finds even if it is not present. This result is
likely if the only data source is the researcher’s observational notes. However, when
observations are combined with video recordings and student interviews, multiple
data sources should mitigate potential bias and enable other experts to check the
researcher’s conclusions against the raw data.

R. G. Hacker is particularly sensitive to eliminating expectancy effects from his
research. Hacker (1991) looked at teacher–student interactions in several Australian
physical science classrooms and found very little difference based on student gender.
Those types of interaction that were different for boys and girls, were found to be
biased toward girls. Hacker emphasized that the researcher who coded teacher–
student interactions did not know the purpose of the observations, so was not biased
to find differences that were not there. Hacker does not include the details of the
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observation protocol in this article, which necessitated reading an earlier publication
with the full description (Hacker, 1984). Hacker’s observation instrument leaves out
any interactions that are not directly course related, and only addresses the intellec-
tual functions of the interaction, such as ‘identifying problems’ or ‘interpreting data’
without considering any possible social functions of interactions. Some important
interactions could be missed using this instrument. Hacker also claims that his
observer was able to see and interpret the non-verbal interactions of students
throughout an entire classroom with a single ceiling-mounted camera. Based on my
experience videotaping in classrooms, this does not seem possible, since a lens that
would provide a view of the whole classroom would not provide a detailed picture of
any part of the room. If classroom bias is really there, anyone should be able to see it,
but I am not convinced that Hacker’s observational instrument provides a true
picture of science classrooms.

The methods teachers use to teach science to young people clearly have an effect
on how students perceive the subject. Science pedagogy can re-enforce girls’ negative
attitudes about science by devaluing the contributions of female students and over-
emphasizing rote learning.

Chilly climate

Recent attention to gender differences in the UK has focused on boys’ underachieve-
ment on exit exams, particularly in English. When the term ‘gender gap’ is used in
the UK, authors are referring to the substantially higher performance of girls, that is
in part caused by a ‘laddish anti-learning culture’. This gender gap does not translate
into high participation in science by girls, however. Warrington and Younger (2000)
still found that girls still encountered science teachers with sexist attitudes and low
expectations for their achievement. Teachers tended to be overly generous in their
predictions of boys’ scores on national exams in science, while tending to underesti-
mate girls’ scores on the same tests. Girls complained of boys’ bad behavior prevent-
ing entire classes from conducting lab experiments or other enriching activities.
Teachers sometimes expressed the sentiment that though boys behave badly and
don’t complete their work, ‘Boys frequently present more original work, whereas girls
copy sentences from textbooks …’ (p. 505). There was also a strange admiration for
boys who did not do their work, but still managed to pass exams, while girls who
consistently did their assignments lacked ‘sparkle’. It is small wonder that girls dislike
science and choose other subjects to study at university when their efforts are
consistently devalued.

The Brainard and Carlin (1998) longitudinal study described earlier also revealed
evidence of a chilly climate in university science. The researchers found that women
cited barriers blocking the route to their degrees. (While 20% of freshman reported
no barriers, only 3% of seniors could say the same.) These included feelings of
isolation and intimidation, as well as a loss in self-confidence as they progressed
through their major program. Those women who left the science or engineering track
frequently cited poor teaching and their own lack of interest in the subject as their
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reasons for leaving. It would be interesting to know more about why some women lost
interest in the subject, but this study did not look into that question. Those women
who changed majors out of science and engineering had lower self-confidence ratings
than their peers who stayed even though both groups had the same GPA.

While the climate for women can be merely cool if they do not feel welcomed by
their male peers, at times the atmosphere becomes openly hostile in cases of sexual
harassment. Gerhard Sonnert (1995b) reports that of the 191 female fellowship
recipients surveyed, 12% had been sexually harassed during their graduate school or
early professional experience. One woman reported that on the day of her tenure
meeting, a male colleague came to her office and said ‘Go to bed with me at noon or
I’ll vote against you at four’. She received tenure in spite of throwing him out of her
office, but there is no indication that she reported his behavior.

The ‘chilly climate’ for girls and women that seems to exist in many science class-
rooms I think is largely comprised of the sexist course materials and poor pedagogy
that I discussed in prior sections. At the same time, the possibility (some would say
probability) of harassing behavior toward women by male colleagues and professors
cannot be ignored, and has to be addressed by society at large.

Pressure to fill gender roles

Boys and girls begin learning how to be men and women almost as soon as they are
born. Adults teach children how to be a ‘grown up’ through explicit lessons and
through daily interactions with each other. Barrie Thorne deals extensively with the
socialization of boys and girls in Gender play: girls and boys in school (1993). Thorne
describes the process of girls and boys separating into ‘opposite sides’ both in the
classroom and on the playground. Teachers often re-enforce this taking of sides by
seating girls on one side of the classroom, and boys on the other, or by setting up class
competitions of boys vs. girls. The idea that boys and girls are on opposite sides seems
to also infect children’s ideas of appropriate career goals and aspirations. Women who
have become physicists report that one of the major obstacles in their path on the way
was the expectation that they would also be the primary caregiver for their children
(Ivie, Czujko, & Stowe, 2002).

As part of their literature review exploring the cause of differences in mathematics
performance of boys and girls, Fennema and Peterson (1985) point to the effect of
sex-role identity on student achievement. 

Mathematics is not seen as an appropriate domain for females. Therefore, achievement by
a female in the mathematical domain results in her not fulfilling her sex role identity
adequately. She perceives that teachers and peers have lowered expectations of her math-
ematical success because she is female. … others see her as somewhat less feminine when
she achieves in mathematics … she thinks others have negative feelings about her success’
(Fennema & Pterson, 1985, p. 25)

While it is possible that students’ and teachers’ perceptions of girls and mathematics
have changed since 1985, I think this is still an important issue. Students generally
live up to the expectations of their teachers, and want to fill the roles that are expected
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of them, so math and science teachers should be taught to have equally high expec-
tations for their male and female students.

The masculine worldview of science

There is little argument that at times in the past, scientific theories have been used to
further questionable political agendas. Scientific research was done to support White
male scientists’ ideas that Blacks and women had inferior mental capacity, either
because of head size or facial structure. Women were excluded from medical research
trials because doctors thought the menstrual cycle would invalidate their results. Men
and women with low IQ scores were sterilized to prevent further damage to the gene
pool. Virtually all scientists working today would dismiss such work as ‘bad science’.
Many then argue that scientists have learned how to be more objective today, and
therefore science is no longer biased toward the masculine. Future scholars may be
just as critical of our science as we are of some work from the late nineteenth century.
(Scientific apologists for the tobacco and oil industries come to mind.) Another idea
is that science is inherently masculine in its structure, epistemology and methodology.
This is the position taken by feminist critics of science like Evelyn Fox-Keller, Jane
Gilbert, Sandra Harding, Donna Haroway, Helen Longino and others.

Many science educators seem a bit afraid of feminist science because is challenges
the foundations of science, so many literature reviews leave this material out. It is
naïve to pretend that science is above criticism, and this material can provide infor-
mation about how to go about reforming the science part of science education. Some
argue that women are unsuccessful in science because science itself is a masculine(ist)
enterprise. Science is based upon positivist objective rationality, which is seen by
some feminist scholars as entirely masculine, and therefore closed (or at least
unattractive) to women. There are three dominant perspectives in this category
(adapted from Harding, 1991; Kerr, 2001): 

● Feminist standpoint theory—Sandra Harding argues that science should be done
from the perspective of women, because their position outside the dominant social
order (as mothers and caregivers) endows women with a more objective view of the
world than men have. The vision of those in powerful positions in society is clouded
by their power, while the powerless have a less distorted view. Harding argues that
knowledge claims should be judged upon the social context of their production.

● Situated knowledge—while agreeing with the idea that people have different points
of view from which they see the world, Donna Haraway (1991) believes that every-
one takes on different standpoints at different times, and people can temporarily
take on the standpoint of others. Harraway conceptualizes varied research perspec-
tives as different ways of seeing and argues that every view has both blind spots and
focal points.

● Feminist empiricism—instead of evaluating knowledge claims on their social
context, Helen Longino (1990) argues for ‘contextual empiricism’, connecting
truth claims to the available evidence, but also recommending that scientists use
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their political beliefs to guide their theoretical positions. Instead of trying to avoid
political bias, scientists should acknowledge the biases they have and work with
from their political position.

Jane Gilbert (2001) argues that since science comes out of enlightenment rational-
ity it is by its very nature masculine. She uses the construct of ‘A’/‘not A’ to set up
binary opposites, like rational/emotional, objective/subjective, science/nature, male/
female that support her position on the masculinity of science. Gilbert asserts that all
of the ‘A’ qualities are associated with men and science, and all the ‘not A’ qualities
are associated with women. People are taught to value the rational over the emotional,
and scientists in particular are trained to divorce their emotions from their work.

Many women respond to these feminist critics of science by pointing out that the
above arguments over-emphasize the commonality of women’s experience, and the
importance of motherhood in the lives of women. Not all women become mothers,
and a woman’s identity should not be defined first by her participation (or lack of
participation) in biological reproduction. Many women who have become successful
scientists are quite vehement in their opposition to feminist critiques of science. It is
also notable that few feminist critics of science openly discuss the absence of racial or
ethnic minorities in their groups. The extent to which sympathetic men can partici-
pate in feminist research is another question I find particularly interesting, but that
question is beyond the scope of this paper.

Some science disciplines are more masculine4 than others; biology and other life
sciences are at one end of the spectrum, while physics and engineering are at the other
end. Esther Saraga and Dorothy Griffiths (1981) point out the sciences most strongly
identified as masculine are those that are closely tied to improving economic produc-
tion and developing weapons, two tasks that male-dominated society has decided are
valuable. Biology has historically been less clearly tied to economic development
(except in agricultural science, another male province) and weapons than physics or
engineering. It will be interesting to see if the perception of biology changes as a result
of ‘bio-terrorism’ becoming a threat to society.

The important message I take from all the critics of masculine science is that
political and social power affects the kind of questions that scientists ask and how
scientists interpret the answers they obtain. If only one kind of person asks the
questions and interprets the results, then the field of scientific inquiry will be narrow
and inbred. Science can be improved by broadening the diversity of its practitioners
across gender, ethnic and racial lines and science education can be improved by
acknowledging the political nature of scientific enquiry.

Soluble problems

Many attempts have been made to explain why women are under-represented in
STEM . I believe that I have shown above that some of these explanations are without
merit, while others are part of a complex interaction of factors that tend to push girls
and women away. Cronin and Roger (1999) point out that initiatives to bring women
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and science together focus on one of three areas: attracting women to science,
supporting women already in science, or changing science to be more inclusive of
women. Some initiatives have emphasized one or two of these possibilities and
ignored the other(s). The following are my suggestions to ameliorate the under-repre-
sentation of women in STEM: 

1. Ensure students have equal access to the teacher and classroom resources.
2. Create examples and assignments that emphasize the ways that science can

improve the quality of life of living things.
3. Use cooperative groups in class, or at least avoid dividing students by sex for class

competitions or in seating arrangements.
4. Eliminate sexist language and imagery in printed materials.
5. Do not tolerate sexist language or behavior in the classroom.
6. Increase depth and reduce breadth in introductory courses.
7. Openly acknowledge the political nature of scientific inquiry.

Clearly my emphasis is on improving science and science education, rather than
attempting to ‘remediate’ girls and women. By implementing the above changes to
current classroom practice, schoolteachers would provide an environment where
female students will be more likely to succeed in subjects that have traditionally been
dominated by males.

Conclusion

We believe that the relationship of girls to science, and their performance in it, are too
complex to be understood in terms of one factor, but that several factors must be
integrated in a broader understanding of the social context in which science is carried out,
and in which socialization takes place. … Theories couched in biological terms cannot be
sustained … it is not sufficient just to consider the development of girls in relation to
science—the development and practice of science must also be discussed. (Saraga &
Griffiths, 1981, p. 85)

The problem of female under-representation in STEM careers and majors is
certainly not a simple one. The factors that remove women from the STEM pipeline
can be seen as layers in a sex-based filter, though no single issue can be called the
primary cause. A complex problem like this requires a multi-faceted solution, and
time to allow innovations to take effect. I believe that science educators have a respon-
sibility to change those factors under their control. Over time, individual actions by
sympathetic teachers will help women to break down the filter in the STEM pipeline
and result in equal participation, which will be good for STEM and good for society
in the long term.

Notes

1. Eighty per cent of engineering and 60% of physical science Bachelor’s degrees in the US were
awarded to men in 1999–2000. At the Ph.D. level 84% of engineering degrees and 75% of the
physical science degrees went to men. Even in biology, where 58% of the Bachelor’s degrees
were awarded to women, 56% of the Ph.D.s went to men.
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2. The equation looks like this: 

3. 55.1% of girls earned a score of C or higher, while 52.5% of boys achieved the same
results.

4. I use ‘masculine’ to refer to both the numerical dominances of men in the practice of the
science, and in the perception of the science by the general public.
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