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Introduction: Women out of the Loop

Maria is a college student majoring in computer science. She tells us about
her first semester in college and her feeling that her male peers know much
more than she does about computing:

I keep reminding myself, “You have only been here a month. Give yourself some
time, and you will learn something.” Meanwhile, I am sitting here thinking, “How
come they know how to do this, but I don’t know how to do this? .. . Ishould have
been prepared at the same rate they were.”

Maria says that when she asks her male peers how they already know so
much about computing, they say, “Oh, we learned all of this on our own,
years ago. We have been programming like this for ages.” Maria “tries not
to be jealous.”

Another student, Rebecca, tells us how her family got a computer when
she was quite young and how she watched her older brother, who “just to-
tally took to it.” She began to wonder, “What is this thing?” Her brother
would “play little games on it, little stupid games,” and sometimes he took
the computer apart: “he’d take it apart and tinker with something, and
he’d put it back together . . . and it would work again. And I always
thought it was pretty interesting.” Rebecca never learned to program the
computer and never tinkered with the machine, as her brother did: “Inever
pulled them apart, said, ‘Oh, I wonder what this does.” For whatever rea-
son, I never did. He always did.”

Maria and Rebecca are two of the more than 100 college students we in-
terviewed over a period of four years—from 1995 to 1999. These two
women are part of the forefront of information technology, but already
they feel its male dominance.

Amid the tumultuous changes technology is making in the way we live our
personal and professional lives, women and girls are out of the computer
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science loop. At the turn of the century, women are surfing the web in
equal proportion to men, and women make up a majority of Internet con-
sumers. Yet few women are learning how to invent, create, and design
computer technology. In the nation’s research departments of computer
science, fewer than 20 percent of the graduates are female. Fewer still en-
roll in high school programming or advanced computer science classes.
Despite the relative youth of the computer industry, much of which has de-
veloped since the rise of the women’s movement, women have lost ground
in the world of computing. As featured in a thirty-year-old children’s book
titled I'm Glad I'm a Boy! I'm Glad I'm a Girl!, the gender distinction
“boys invent things and girls use things that boys invent” remains uncom-
fortably true today.

Why should it matter if the inventors, designers, and creators of com-
puter technology are mostly male? At the most basic and individual level,
girls and women who have the necessary talent and inclination but do not
become engaged in the technology are missing the educational and eco-
nomic opportunities that are falling into the laps of computer-savvy young
men. Computing salaries are high, jobs plentiful, and entrepreneurship op-
portunities unbounded. Furthermore, a command of information technol-
ogy is an asset in many contexts outside the field itself. Since so many facets
of education and the economy are driven by technology, an understanding
of the workings “under the hood” can be invaluable.

The stakes are high for the national economy as well. The information
technology profession, by most accounts, is in the midst of a severe work-
force shortage; it is estimated that more than 900,000 jobs are unfilled.
One survey of software projects found that 40 percent had been canceled
and another 35 percent had serious problems, with much of the difficulty
attributed to a shortage of skilled workers. The cost to the economy of this
labor shortage has been estimated at $3 billion to $4 billion per year in
Silicon Valley alone. Yet every day, talented girls and women who could
fill these gaps are disaffected or discouraged from pursuing computing
careers.

In the long run, the greatest impact may be on the health of computing as
a discipline and its influence on society. The near absence of women’s
voices at the drawing board has pervasive effects. Workplace systems are
built around male cultural models, and entertainment software fulfills
primarily male desires. In a particularly poignant example, some early
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voice-recognition systems were calibrated to typical male voices. As a re-
sult, women’s voices were literally unheard. Similarly, some early video
conferencing systems, in which the camera automatically focused on the
speaker, ignored the participation of women. If women could not be
heard, they could not be seen. These examples show how a product-design
group that is not representative of its users can go wrong. Similar cases are
found in many other industries. For instance, a predominantly male group
of engineers tailored the first generation of automotive airbags to adult
male bodies, resulting in avoidable deaths for women and children. A
mostly male group of engineers designed artificial heart valves sized to the
male heart. Women must be part of the design teams who are reshaping the
world, if the reshaped world is to fit women as well as men.

Along with technology’s power come responsibilities to determine what
computing is used for and how it is used. These concerns may not be on the
mind of adolescent boys who get turned on to computing at an early age
and go on to become the world’s computer wizards. But these concerns
must be part of a computer scientist’s line of work. The conversation
among computer scientists should not be isolated to all-boy clubhouses;
women’s voices and perspectives should be part of this conversation. For
this to happen, women must know more than how to u#se technology; they
must know how to design and create it.

The Evidence

This book reports on our multiyear project to understand and improve the
situation of women in computer science education, primarily at the college
level but also at the elementary and secondary levels. We set out to under-
stand the different ways men and women approach and experience com-
puting in college and beforehand. We wanted to understand the daily
experiences of women studying computer science, capture the dynamics
and details of the “leaky pipeline”—the exodus of women from computer
science—and develop ways of increasing women’s participation (Camp,
1997).

In this book, we lay out the blueprints—the doors, walls, and win-
dows—of the “boys’ clubhouse” of computing education. We show how
rarely girls’ interest in computing is kindled and how women who do
develop an interest in computing often have it extinguished in school.
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We discuss what is necessary to remodel education so that girls and
women who are or could be interested in computing can find a home in
the discipline.

The foundation of our analysis is more than 230 interviews conducted
with over 100 male and female computer science students over four years
(from 1995 to 1999) at Carnegie Mellon University, home to one of the
premier computer science departments in the country. During this time Al-
lan, a computer scientist, was associate dean for undergraduate education
at the School of Computer Science, while Jane, a social scientist focused on
gender and education, was a visiting research scientist at the school. Our
research team conducted multiple interviews with male and female stu-
dents about their early experiences with computers, their home and school
environments, their personal and computing interests, their decisions to
study computer science, and their undergraduate experiences. Through
these conversations, observations of classrooms, discussions with faculty,
and comparisons of our data with a growing body of research on the topic,
we found a multifold series of influences contributing to the computing
gender gap.

Very early in life, computing is claimed as male territory. At each step
from early childhood through college, computing is both actively claimed
as “guy stuff > by boys and men and passively ceded by girls and women.
The claiming is largely the work of a culture and society that links interest
and success with computers to boys and men. Curriculum, teachers’ ex-
pectations, and culture reflect boys’ pathways into computing, accepting
assumptions of male excellence and women’s deficiencies in the field.
There is also a subset of boys and men who burn with a passion for com-
puters and computing. Through the intensity of their interest, they both
mark the field as male and enshrine in its culture their preferences for
single-minded intensity and a focus on technology. We found that these in-
fluences express themselves in a variety of ways at different stages of life—
hence the developmental framework of our book.

The corresponding process of women ceding the field, largely through
disinterest and disaffection, is also complex. Careful observation shows
that disinterest and disaffection are neither genetic nor accidental nor in-
herent to the field but are the bitter fruit of many external influences. By the
time they finish college, most women studying computer science have
faced a technical culture whose values often do not match their own and



Women out of the Loop )

have encountered a variety of discouraging experiences with teachers,
peers, and curriculum. Many end up doubting their basic intelligence and
their fitness to pursue computing. One woman student viewed her misfit
with the prevailing culture this way:
When I have free time, I don’t spend it reading machine learning books or robotics
books like these other guys here. It’s like, “Oh, my gosh, this isn’t for me.” It’s their
hobby. They all start reading machine learning books or robotics books or build a
little robot or something, and I'm not like that at all. In my free time, I prefer to read
a good fiction book or learn how to do photography or something different,
whereas that’s their hobbys, it’s their work, it’s their one goal. I'm just not like that
atall. Tdon’t dream in code like they do.

“Dreaming in code” has become one of our working metaphors, em-
blematic of a male standard of behavior in this computer-oriented world.

Outline of the Book

To more comprehensively understand the male claim on the field and the
erosion of girls’ and women’s interest in computing, we found ourselves
looking back from college to the earliest roots of gender socialization.
Chapter 1, The Magnetic Attraction, is based on college students’ ac-
counts of their first attachments to computers. Triangulating these obser-
vations with results from the literature of childhood gender development,
this chapter examines how gender socialization in the home sets in mo-
tion boys’ claim to the computer. Chapter 2 discusses how the conver-
gence of adolescence, peer relationships, computer game design, and
secondary schooling helps further boys’ claim to and girls’ retreat from
computing.

Chapter 3, Computing with a Purpose, begins our examination of
women’s experiences in college computer science. In this chapter we dis-
cuss the interests of women majoring in computer science and how their
orientation toward and concerns about computing are different from what
is offered in most computer science curricula. The next two chapters de-
scribe the processes whereby women who were enthusiastic about com-
puting find their confidence and interest extinguished in the college years.
Chapter 4, on Geek Mythology, talks about women’s alienation and resis-
tance to the norms of “geek culture.” Chapter 5 discusses how women’s
confidence in this male-dominated field diminishes over time and how
drops in confidence precede drops in interest. In chapter 6 we present some



6 Women out of the Loop

counterintuitive stories of women’s persistence that refute the fallacies
that contribute to male claiming and female retreat. Many of these stories
of achievement reveal the promise and the pleasures the computing field
can hold for women.

In chapters 7 and 8 we present stories of educational change, both in
high schools and in universities. We focus on two stories that have deeply
engaged us. The first, described in chapter 7, describes a program we de-
signed with colleagues and during which we worked with 240 high school
computer science teachers from around the country in an effort to recruit
and retain more girls in their courses. Many of these teachers are now ac-
tive and effective agents of change in their classes, engaging increasing
numbers of the next generation’s computing experts and encouraging their
female students to pursue college majors in computer science.

The second story, in chapter 8, involves the impact of our research at the
university level. A variety of formal and informal changes have been and
are being made at Carnegie Mellon University, ranging from the design of
the curriculum to the education of teaching assistants to the way the uni-
versity thinks about admissions. Five years after we began interviewing the
seven women in a class of ninety-six (7 percent), both the size of the enter-
ing class and the proportion of women entering the program have in-
creased. In the fall of 2000, fifty-four of 130 entering students (42 percent)
were women. In this chapter, we discuss how this happened.

The study of computer science education can be seen as a microcosm of
how a realm of power can be claimed by one group of people, relegating
others to outsiders. While not ruling out the possibilities of gender differ-
ences in cognitive preferences, we challenge the assumption that computer
science is “just boring for girls and women” by showing the weighty influ-
ences that steal women’s interest in computer science away from them.
Our book tells the story of women students who were once enthusiastic
about studying computer science and what happens to them in schools.
We describe what teachers and parents need to do to engage and protect
girls” interests and change computer science into a field that is engaging
and interesting for a much larger and more diverse group of students. The
goal is not to fit women into computer science as it is currently taught and
conceived. Rather, a cultural and curricular revolution is required to
change computer science so that the valuable contributions and perspec-
tives of women are respected within the discipline.



Women out of the Loop 7

The Site of Our Investigation

The site of our investigation is the Carnegie Mellon School of Computer
Science (SCS). If computer technology is giving birth to a new world order,
this school is an incubator. Although Carnegie Mellon has less national
name recognition than the Massachusetts Institute of Technology or Stan-
ford University, within computing fields it rivals them. The Carnegie Mel-
lon School of Computer Science is generally ranked as one of the best in the
world. Growing out of the department founded in 1965 by Herbert Simon,
Allen Newell (considered two of the founding fathers of artificial intelli-
gence), and Alan Perlis, SCS has leadership roles in both research and edu-
cation. It features an array of nationally prominent graduate programs as
well as a bachelor’s degree program. This latter program, also ranked as
one of the best in the world, had been male-dominated from its inception
in 1988 up until the beginning of our study in 1995, at which time its en-
rollment was approximately 8 percent female.

Students’ Accounts at the Heart of Our Investigation

From 1995 to 1999 we conducted multiple interviews with fifty-one fe-
male and forty-six male computer science undergraduates, along with
thirty nonmajors. We interviewed some of the students every semester
from their first year all the way through to graduation. Others we inter-
viewed up until they made their decision to leave the major, usually in their
sophomore year.

Students’ accounts of their experiences, interests, and decisions lie at the
heart of our investigation. These longitudinal interviews have allowed us
to see more than just snapshots of students’ lives at single points in time;
the multiple interviews let us observe the evolution of their relation-
ship with the field of computing, through many layers of experience. Our
subjects—being the live creatures they are—change and transform in
response to their own inner workings and to their environment. We
learned that an interview with a student could differ dramatically from
her last one. The first interview with a student might find her overflowing
with enthusiasm about computing and how much she loves program-
ming. A semester later her confidence might be shaky as she worries about
how little she really knows about computing, while everyone else seems to
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understand so much more. In a third interview she might have found re-
newed hope in her ability to do well and seem to have figured out what she
wants to do in computer science. By the fourth interview she may an-
nounce to us that she is leaving the program, having concluded that she
just isn’t interested in computer science. At any point along the way, had
we drawn conclusions prematurely about this student, we would have an
incomplete and possibly a misleading story.

As we turned thousands of pages of interview text into chapters, we
worked hard to keep students’ stories whole. We were careful not to take
quotes out of context. We analyzed across interviews by themes and cate-
gories. In addition to interviews with computer science majors, we also
collected information using classroom observations, surveys of incoming
classes, informal interviews with computer science faculty and graduate
students, computer science online bulletin-boards, student journals, and a
focus group.

A study based on nonquantitative data necessarily raises the question of
how conclusions are to be drawn, especially among readers who, like Al-
lan, have grown up with engineering and “hard” science. To the reader
who may question our data as “just anecdotes,” we provide an explana-
tion offered by Elaine Seymour and Nancy Hewitt (1997), two researchers
whose cross-institutional study of why students leave math and science,
Talking About Leaving: Why Undergraduates Leave the Sciences, was an
invaluable source of inspiration for us. They discuss their use of qualitative
data and refute the charge that their data are “mere anecdotes”:

We sometimes encounter the objection that the state of affairs collectively por-
trayed in students’ accounts is based on “anecdotal” evidence. Strictly speaking
(from its Greek roots), an “anecdote” is an unpublished account. In more general
usage, it is a story which is casually heard and has no coherent, patterned connec-
tion to other stories on the same theme. By either usage, the accounts which form
the text data for this study are not anecdotes. Accounts which are gathered and an-
alyzed in a systematic manner allow the investigator to discover things that cannot
easily be discovered by any other means. In complex human affairs, noticing the
patterns in the independent accounts of expert witnesses plays the same role as lab-
oratory observations in the formation of hypotheses. As the reader will perhaps
concede, there is much to be learned by treating such accounts with respect.
(p. 396)

We also have found that by labeling interview transcripts according to the
patterns of issues that arise, it is also possible to extract quantitative obser-
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vations from qualitative data. This issue is discussed further in the appen-
dix on research methodology.

What about the challenge that students’ accounts are a self-serving
rewriting of history that allows them to “save face” or to construct a story
that makes sense to themselves, their parents, and their peers? Wendy Lut-
trell (1997), in her book School-smart and Mother-wise: Working-Class
Women’s Identity and Schooling, regards the women’s stories she gath-
ered as “accounts,” which as in a mathematical model “must add up” for
each woman as she interprets what she experiences. In Luttrell’s view, as in
ours, these accounts “could be said to provide them a means to reconcile
their past experiences, feelings, and self-understandings in school with
their current lives” (p. 4). And while Luttrell concedes that these accounts
may be “partial,” they also “provide important insights into the condi-
tions shaping the women’s lives” (p. 4).

We have worked to listen carefully to students’ accounts of their experi-
ences and translate them in ways that are both accurate and useful for con-
veying how the gender gap in computer science perpetuates itself. We have
learned that we cannot think in terms of a static set of influences on stu-
dents’ experiences but rather must understand students’ stories in terms of
aweb of influences and a sequence of turning points, at each of which a dif-
ferent set of factors may be critical.

While Carnegie Mellon is particularly competitive and selective, we be-
lieve our findings to be transferable to other settings. Still, we recommend
that other institutions embark on their own studies of their experiences
with female computer science students. This research was a living part of
Carnegie Mellon for four years and became a real impetus for institutional
change. Faculty and administrators who had not given much thought to
this issue began to do so. It is tempting for a community to think “that is
not us” unless the data come from its own back yard.

Gender Generalizations

It is all too easy to fall into thinking that “women are this way and men
are that way”—to simplify the categories and underplay all the contra-
dictions and differences within each individual and within each gender.
At the same time, it is misleading to see women as sharing no unifying
experiences. Feminist theorist Ruth Behar (1993) warns that the “opposite
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tendencies to see women as not all different from one another or as all too
different” can lead one to go too far in either direction and then end up in-
different (p. 301). Wendy Luttrell (1997) adds that going too far in either
direction can lead one to disconnect, to be “unconnected to the lives of
other women” (p. xiv). Throughout our study, we have worked hard to
capture both gender differences and also the wide range of often contra-
dictory experiences women have.

The students we interviewed were predominantly white, Asian Ameri-
can, or international students primarily from Asia, India, and Eastern Eu-
rope. Among the fifty-one computer science women students in our sample
were twenty-four European Americans, sixteen international students,
eight Asian Americans, and three African Americans. Among the forty-six
men were twenty-eight European Americans, seven international students,
six African Americans, and five Hispanics. The underrepresentation of
African American and Hispanic students in our sample reflects the small
numbers majoring in computer science. The Computing Research Associ-
ation Taulbee surveys reveal that such low numbers are pervasive. Among
the 2000 recipients of computer science bachelor’s degrees from Ph.D.-
granting institutions in the United States and Canada, only 4 percent were
African American and 3 percent Hispanic. The 1999 Advanced Placement
College Board Summary Report statistics show that African American and
Hispanic students together make up less than 7 percent of high school ad-
vanced placement computer science test-takers nationwide.

While we were conducting our research, we made every effort to learn as
much as we could about the underrepresented African American and His-
panic students’ experiences. We chronicled their experiences and reported
their high attrition rate. But because of the meager numbers of minority
students enrolled in computer science classes at Carnegie Mellon, we were
not able to analyze systematically the influence of race on students’ experi-
ences. Therefore, we do not disaggregate students beyond the issue of gen-
der, except when we consider the situation of international students. This
means that almost every student quoted in our book is European or Asian
American unless otherwise specified.

The shortage of people of color in the computing profession is even
more dire than the shortage of women. All of the reasons we have cited for
increasing the participation of women in computing are at least as com-
pelling in the case of ethnic minorities. We hope our investigation of gen-
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der and computing can contribute insights and methodological models to
efforts to bring an end to the digital divide in the creation and control of in-
formation systems.

Our “Insider-Outsider” Collaboration

We were introduced by Barbara Lazarus, the associate provost of Carnegie
Mellon, in 1994. She knew that Allan, who was then the associate dean for
undergraduate computer science education, was concerned about the
scarcity of women studying computer science. She knew that Jane’s exper-
tise was in gender and education. Barbara saw the potential for an unusual
interdisciplinary collaboration. As soon as we discovered our common be-
liefs that the absence of women in computer science has large societal im-
plications and that women’s absence is also a social justice issue, we were
eager to venture forth into previously unknown territory and work to-
gether to understand the living dynamics of this multifaceted problem.

As we began our research, we referred to our collaboration as an “in-
sider-outsider” model; at its conclusion, there was no longer any insider or
outsider. By interweaving our two perspectives—]Jane’s expertise in gen-
der, feminism, and education and Allan’s expertise in computer science
and education—we have attained a more layered understanding of the
gender gap in computer science than we had without each other’s perspec-
tive. Each of us had key pieces of the puzzle that the other lacked. Our col-
laboration has allowed us to make vital connections—between insider
knowledge of computing and its culture and an outsider’s ability to see the
unseen, between an emphasis on rigor and an ear for nuance, between
quantitative knowledge and qualitative knowledge, and between an aca-
demic understanding of gender inequalities in our society and the daily ex-
perience of those inequalities. Looking at the problem from different
perspectives has allowed us to see things that we would otherwise have
missed.

This project brings together many strands of our own lives. From 1973
to 1979, Jane worked as a telephone installer, one of the first women to
hold that job in San Francisco. She has experienced firsthand how certain
knowledge (such as working with tools and understanding electric wiring
schemes) is often viewed as inaccessible by women. She experienced first-
hand what it felt like to lack the “physical intuition” that the males around
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her had for working with tools and wiring. She was shocked at how easy it
was to learn the necessary skills with a little bit of “affirmative action”
training. Working as an installer was a life-transforming experience, but
when Jane left the job, she quickly reverted back to a state of dread when-
ever a new form of technology was introduced. The social conditioning
many girls receive as children runs very deep, and it takes a lot to uproot it.

In 1985, Jane enrolled in graduate school and studied gender and educa-
tion at the Harvard Graduate School of Education with feminist Carol
Gilligan. For her dissertation she researched women’s experiences in the
Department of Government classrooms at Harvard—how women ques-
tioned their own intelligence within a very male-dominated culture. Her
next project was the topic of this book.

For Allan, beginning this project was a natural extension of his interest
in enhancing access to computing careers. His first leadership role in edu-
cation at Carnegie Mellon involved the creation of an undergraduate pro-
gram in a department that previously had educated only Ph.D. students;
this led over time to a tenfold increase in the number of degrees granted.
The same motivation led him to design the high school teacher program
discussed in chapter 7, as well as to co-found a new organization, Car-
negie Technology Education. Carnegie Technology Education, which Al-
lan now heads, is a Carnegie Mellon subsidiary that builds and supports
web-based courses in software development for the use of other organiza-
tions, primarily educational institutions such as community colleges. The
focus is to provide a large and diverse student body with access to high-
quality, up-to-date curricula delivered by appropriate and supportive local
instruction.

Boys Invent Things, and Girls Use Things Boys Invent

Today, the world of cyberspace is shaping our environment and our cul-
ture. Very little is unaffected by the onslaught of technology. The actual
products of computer science change the way we do business, the interac-
tion we expect from work, life, and pleasure, and the way we regard enter-
tainment. If boys invent things, and girls use things boys invent, a
cyberspace culture will inevitably reflect the desires and sensibilities of
males to the exclusion and often denigration of females.
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We began working on the gender gap in computer science in 1994 and
have been committed to producing more than a report that sits on a shelf.
We hope that teachers at all levels, parents, students, computer industry
folks, and readers of all types who are interested in processes of gender so-
cialization and the new world of computer technology will be among our
readers. We hope our research will spark conversations on why so few girls
and women study computer science, how early gender socialization and
schooling constrict the options of many girls, and what women can add to
the world of computing.
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The Magnetic Attraction

The following is a journal entry written by Jane after dropping off her
daughter at her kindergarten:

Each morning as I walk my daughter into her classroom, I am struck by the gender
divide that greets us: boys huddled around the computers (sometimes two rows
deep with boys looking over the shoulders of their friends) and girls squeezed
around the art table or falling all over each other on the reading couch.

When I point this out to the teacher, she shakes her head, acknowledging that she
also sees what Isee. “It’s a self-selection issue. This is where the kids choose to go.”
She tells me how even one of the girl “computer consultants” (the first-graders who
are allowed to turn on the machines for the kindergarten kids) does not spend her
free time at a computer after turning them on in the morning.

Another detail of this scene catches my attention: there are two idle computers.
Boys are not hogging all the computers, using sharp elbows to push the girls off.
The girls remain on the couch despite the free computers.

How do these children make their decisions about where to go first thing in the
morning? Is it individual preference or a group dynamic? Do the kids sense a “boy
side” of the room and a “girl side” of the room? If so, is it mere coincidence that
computers are on the “boy side”? Has the computer row become the new block
corner where boys “voluntarily” congregate and girls are rarely seen? Are parents
and teachers unconsciously guiding their daughters and sons to their respective
corners? When does this all begin? These kids are only five and six years old!

As early as kindergarten, girls use the computer eagerly and skillfully for
writing their stories, but boys race to the computers for free time and play.
Many kindergarten children in America daily play out the scene Jane de-
scribes. Parents scratch their heads in puzzlement as to how this has come
about. Many parents describe their homes as places where sons and
daughters are treated equally. Yet they also wonder about what feels like a
gravitational pull between their children and certain toys and activities
that seems to override notions of gender neutrality. The computer now
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gets added to the list of blocks, cars, chess sets, and other things that boys
play with most and is absent from the list of girls’ favorites.

Boys’ and girls’ relationships to computers revisit some of the thorniest
questions of gender. Why are boys enthralled and girls lukewarm? And
why do these differences appear so early? Why do many more young boys
than girls play with toys that introduce children to mechanical and visual
spatial skills, such as Legos, chess, and now computers? It is not that girls
are not interested in computers. They are. There are plenty of fights be-
tween brothers and sisters over who has the mouse and which game to
play. But quite early an involvement and connection develops between
many boys and the computer that is more intense and all-consuming than
it is for most girls. Many more boys than girls get inside the machine and
become tinkerers. They learn it inside and out, whereas more girls stay on
the outside and limit their involvement.

Despite the rapid changes in technology and some fifteen years of litera-
ture covering the era of the ubiquitous personal computer, a remarkably
consistent picture emerges: more boys than girls experience an early pas-
sionate attachment to computers, whereas for most girls attachment is
muted and is “one interest among many.” These attachment differences
help to shape students’, parents’, and teachers’ expectations that boys and
men, not girls and women, will excel in and enjoy computing.

Boys and Computers: The Magnetic Attraction

As we sit across from more than a hundred enthusiastic male and female
computer science students, listening to them talk about their histories and
experiences with computers, most of the men describe an early, sizzling at-
traction to the computer. It is as if they fell in love at first sight, and from
then on they knew that this would be something they would like to spend
the rest of their lives doing.

Henry, a first-year computer science student, recounts how he loved
computers “probably too much . .. you know, radiation burns on my face.
You know what I mean? I liked computers a lot.” When he was in the sixth
grade, his dad borrowed a computer from a friend. Henry describes the
computer as “an old black and white Macintosh, just a totally self-
contained one-unit thing.” Henry remembers “just playing with that all
the time and trying to figure stuff on it. And that got me really hooked.”
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Then his family bought their first family machine, a 386-16: “I really ex-
plored with that. I learned how to use DOS, and I was really getting into
figuring things out on computers. And I just knew that that was going to be
something for me.”

Larry, an eighteen-year-old student in his first semester studying com-
puter science, recalls how he “got hooked.” The words he uses over and
over to characterize his relationship to the computer are “fascinating,”
“play,” and “fun.” The computer became his ultimate plaything. Larry
says, “So I got a 486 then, and that’s when my interest just—whew!—sky-
rocketed! . ..Tjust played with the computer, and that was like my big toy,
and that’s pretty much how everything happened.”

The fun for the male students is not only in using the computer but in

knowing it and having it do what you want it to do. Jeremy says that what
he likes about the computer is “the fact that I could tell it what to do.” He
describes the computer as “a giant toy that was there for me to play with in
any way [ want.” He explains how the computer is play for him:
Ijust liked sitting in front of a computer. I didn’t find it boring. I found it interest-
ing. It was like playing. I mean, why do you go out and play baseball with your
friends? *Cause it’s fun! Why do youssitin front of a computer? ’Cause it’s fun! I did
both!

Sam told us how he wanted to know every detail of how the computer

worked:
And ever since the start I was just kind of interested in knowing how it worked, like
on the inside—what all the parts did and how you got from the stream of 1s and Os
to Space Plus 3 or whatever video game you play. And I just wanted to know all the
details about what was going on inside the computer. . . . I just wanted to know
how they wrote programs, how they put the whole thing together, and I spent a lot
of time figuring that out.

Discovering and exploring the computer are truly epiphanies for many
of these male students. They start programming early. They develop a
sense of familiarity; they tinker on the outside and on the inside, and they
develop a sense of mastery over the machine. They often are introduced by
a parent who is very involved with computers and is able to seed a budding
interest. They are drawn in by games designed to spark and engage boys’
interests.

Women students have a very different early history to tell. For most, the
attraction is more moderate and gradual.
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Girls and Computers: “He Was the One Who Was Really into It”

Sally is a successful second-year computer science student. Her first mem-
ory of being turned onto computers was when her dad showed her a
brochure for the Apple IIs, which had just come out. This happened rela-
tively early for Sally; she was seven at the time. She thought all the colors
were “amazing.” She remembers saying “Wow, I want one of those.” And
that Christmas when her grandmother bought her a computer, Sally tells
us, “I was caught totally by surprise. I was in love with it. I played with it
all day long. Its OS, as near as you can say, was Basic. So I learned Basic.
AndThad alot of fun.”

But then comes Sally’s qualifying statement: “I mean, I didn’t spend all
my waking hours on it the way some budding hackers might have, but I
really enjoyed just messing around.” While Sally describes her time at the
computer as “fun,” playing at it all day long, enjoying “messing around”
with it, she qualifies her attachment and describes it as different from the
males around her. Many other women students also qualify their attach-
ment to computers. Mary says that her family had a computer when she
was little, but “I never really used it that much.” She says, “I find myself
odd in that sense that I don’t really know much about how to work a com-
puter.” By this she means she does not know the operating systems and
how to program. She states that she was “never the kind of person to sit at
the computer and fiddle with things.” While some people change their
screen background and “change this and that,” all of that tinkering “never
really appealed to me.”

Almost every woman in our study was enthusiastic about learning com-
puter science. We were, after all, interviewing women students in one of
the top computer science departments in the country. Among them were
girl gamers, girls who were the presidents of their computer clubs, and girls
who were on their school computer teams. Yet most came to computer sci-
ence later, in high school, through being “math and science” students who
enjoyed problem solving, doing puzzles, exercising logical thinking skills,
or taking a high school programming class. Most did not have the same ex-
perience of falling in love at an early age that many boys did. Early explo-
ration into the computer is the exception among the women. Sasha, for
example, has a story more typical of what we heard from the men:
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Tjust liked exploring with the computer. I was never someone that would sit down
and read the instructions, like a manual or anything; I would just go in and see what
I could do, which is probably why the hard drive crashed! That was me. But I just
wasn’t afraid of the computer, and I’d try to do anything on it. And you know, it
was fun. It was just like a love of exploring on the computer—Ilooking for different
things and seeing if I could get it to work.

Staying on the Outside

Few of the women students, though, had engaged the machine as deeply as
Sasha. Their earliest stories often begin with descriptions of watching a fa-
ther work at the computer or having an older brother show them how he
programmed the machine. They watched and became interested but from
the sidelines. Recall Rebecca, who reported that

Like my brother, even just a couple of years ago, he started kind of playing on them,
pulling them apart. I never did that. I never pulled them apart, said, “Oh, I wonder
what this does.” For whatever reason, I never did. He always did.

Male students, on the other hand, talk about their “need to know how
things worked.” Larry referred to his need as “pathological.” For Larry,
the computer was the ultimate, the “pinnacle” machine to be explored and
mastered. He describes how it went from “taking my toys apart, to taking
radios apart, to going through all the Radio Shack X-in-1 kits. Like 160,
200, 301, and then finally getting a computer because that was the pinna-
cle of stuff I didn’t understand.” About three-quarters of the men in our
study fit the profile of someone who was magnetically attracted to com-
puters when they were quite young and spent much of their youth con-
sumed with computing. Among the women, in contrast, only about
one-quarter fit the profile.

Overall, the women we interviewed had done less hands-on exploration
of the computer than the men. They gave fewer accounts of working beside
their fathers and more stories of watching from the sidelines. Computing
and tinkering had not been their main childhood activities or focus but one
interest among several. They liked to do “neat stuff,” like playing games,
with the computer, but the machine did not become their all-time favorite
plaything. Few women described epiphany moments of falling in love with
the computer. In fact, most distanced themselves from this type of rela-
tionship to computers. What stands out is how often their accounts of their
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personal histories with computers highlight a male family member as the
one who was “really into computers.”

Computing Begins at Home

Our research confirms how influential home environments are for stu-
dents’ developing an interest in computer science. Daniel, an eighteen-
year-old freshman, remembers his father bringing home “a little
minicomputer” from work when Daniel was quite young. He says that his
father “basically laid out my life for me” because Daniel took to comput-
ers right away and found his life’s passion. Daniel describes his youthful
relationship to computing: “I was very much into it.” His earliest memory
is that he would “go around, punch all these little keys and would watch
[the computer| draw little triangles.” Another male student, who grew up
in a single-parent household, told us, “My mother bought me a computer
back in Alabama when I was four years old, and I guess ever since it has
been me playing video games, thinking “Wow, how did they do that?’ Try-
ing to get it to work.”

Becky describes her household as a “family of nerds.” Her family got its
first computer when she was in kindergarten: “We got a couple more Ap-
ples, got a Compag, got a PC, started upgrading. After the first couple of
years at any given time we would have anywhere from three to five com-
puters in the house, all up and running.” She feels that her family back-
ground gave her ease and comfort with computers, so that working with
computers became “natural” for her.

Forty percent of the male students we interviewed and 65 percent of the
women came from households in which one or both parents were involved
with computing as a hobby or on the job. Parents impart their computer
enthusiasm and skills to their children, and through early mastery ac-
quired at home children gain a competence and confidence they carry with
them into school.

While upper- and middle-income children in the digital generation are
being introduced to the computer at home, long before kindergarten or
even preschool, home access and use are far from universal or uniform.
According to the 1997 National Telecommunications and Information
Administration report “Falling through the Net,” in 1997 white house-
holds were more than twice as likely (40 percent) to own a computer as
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were black (19.3 percent) or Hispanic (19.4 percent) households. This di-
vide cut across all income levels, even at incomes higher than $75,000.
While the August 2000 report “Falling through the Net: Toward Digital
Inclusion” maintains that “groups that have traditionally been digital
‘have-nots’ are now making dramatic gains” and that “rapid uptake of
new technologies is occurring among most groups of Americans,” the
Executive Summary of the report reveals that while a third of the U.S.
population uses the Internet at home, only 16.1 percent of Hispanics and
18.9 percent of blacks do (p. 2).

Children Are Keen Observers

Mike rollerblades into our office to be interviewed. He laughs as he de-
scribes his family lore—his dad’s obsession with computers:

My dad was into those sort of things. My mom tells me this story that when my sis-
ter was born, to celebrate he went out and bought this calculator. It cost like $600
or something back in the mid-70s. It could actually do sine functions. He was all
impressed with it because he was an engineer and he knew that he wouldn’t have to
look up these tables and everything. And my mom couldn’t understand that. She
still doesn’t understand it, and she’s like, “Why do we need a hard drive bigger than
40 megabytes?”

Many students recount a computer gender divide in their families.
Jesse’s father is a professor of computer science, but his mom is “scared of
it.” Mary, a first-year student, describes how her chemical engineer father
bought the new computers as soon as they came out, but her mother
“worked part-time and she’s very computer illiterate. She knows how to
type, do normal jobs like that, nothing very interesting.” Another student
describes how his electrical engineer father built computers out of assem-
bled parts with his friends in the basement; he describes his mom as a social
worker who is “basically computer illiterate, but we keep trying to teach
her.” He continues, “Well, my father is not very patient in teaching her,
but I keep trying to teach her and help her out.” The computer-impaired
mother is a stock character in many students’ stories.

Children are keen observers. They notice whether their mother or father
gets into the driver’s seat or the passenger side, they notice who is called for
when the electric power goes out or plumbing fails, they notice who sends
the thank-you cards, and they notice who tinkers with the computer. In the
two-parent household, male members of the family are most often the ones
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who are “really into it.” More men buy computer hardware and software.
In our sample of ninety-seven computer science majors, 43 percent identi-
fied a male family member as very interested in and knowledgeable about
computers, while just 8 percent identified a female family expert. In a study
of seventy families’ computer use in New York, researchers J. B. Gi-
aquinta, J. Bauer, and J. Levin (1993) found males were the “experts,” the
key decision makers around the computer, and that mothers were particu-
larly estranged from the machine. They discovered that mothers’ sense of
their competence within their own homes is challenged by the presence of
the computer.

Harvard psychologist Jerome Kagan (1964), a prominent scholar of
children’s temperament and how children view the world, found that chil-
dren make unsuspecting gender associations to objects of everyday life.
Seemingly neutral objects in a school classroom, such as a blackboard,
book, page of arithmetic, or school desk, become feminine in the eyes of
young children, apparently because children associate these objects with
their predominantly female teachers. In a series of experiments with sec-
ond- and third-grade students in public schools, Kagan noted that girls’
identification of these objects as female was more stable than it was for the
boys. The implications he suggests are that “the superior academic perfor-
mance of girls in the primary grades is facilitated by girls’ view of school
as congruent with their sex role, whereas boys are more ambivalent”
(p. 1051).

As children see dads and brothers tinkering with the computer, being the
computer experts in the family, playing games on the computer that obvi-
ously speak to boys’ interests and not girls’, there is the likelihood that very
young children will identify the computer as a “he” object. The conse-
quences for daughters and sons of identifying the computer as male and of
seeing mothers as having low confidence and ability with technology are
far-reaching. Daughters of this generation may not have the same fear of
the technology that their mothers do, but daughters still are not becoming
the tinkerers, the explorers, the experts in the technology.

The Computer in the Boy’s Bedroom

During the time of our research, more than half of the male students we in-
terviewed reported owning their own computer or keeping the family
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computer in their room when they were young. Women students at
Carnegie Mellon seldom refer to a computer being bought “for me.” In
fact just 17 percent of the women, compared to 40 percent of the men, re-
port being given a computer early on. A study from the mid-1980s of a
Midwestern high school (Schofield 1995) found that every single boy who
hung out in the computer lab during lunch time reported having a com-
puter at home, whereas not a single girl did so (p. 158).

Lily, a second-year student, has a younger brother. As they were grow-
ing up, she was the one who was “really into computers” in high school.
But the computer was placed in her brother’s room. Lily told us how per-
plexed she was, since both her mother and father had careers in computing
and should have known better. Another female student told us how the
family computer was literally locked away from her: “[My brother] had
his computer in his room, and when I want to use it like play games or
something I had to ask. He had a key. He locked it.”

In the Giaquinta, Bauer, and Levin (1993) study of families in New
York, the researchers found that for over half of the families, the com-
puter’s location made it primarily accessible to the father or to a son. They
report that in one household, when the father was asked how the computer
came to be located in the master bedroom, by his side of the bed, he replied,
“That was easy. I paid for it; I bought it. . . . I'm the father, and I make the
rules around here” (p. 84). His wife reported that he was the “master of
that machine” and suggested that his ownership may have had something
to do with her avoidance of “that machine” (p. 84).

The relationship between children’s interests and a parent’s influence
can fly below the radar of parents’ perception. One of our colleagues, a
long-time scholar of women’s history and a tireless activist in the cause to
engage more women with math and science, had a sudden flash of recogni-
tion when we mentioned the phenomenon of the computer in the boy’s
bedroom. A look of panic crossed her face. “Oh, we have the computer in
Ben’s room,” she blurted out, “because he is always on it and seems to use
it more.”

Actually, this is a conundrum that many parents face. They want to raise
children of both genders with a full set of options. They believe that both
their daughters and sons should know how to use the computer. And yet
when it comes to toys, activities, room decorations, and now the com-
puter, they find themselves buying toys they believe their children will
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enjoy or are clamoring for. Often this results in unintentionally gender-
stereotyped decisions, like placing the computer in the son’s room because
“he is using it more” and “his friends are using it more.”
A subtler version of this story happened in Allan’s family:

For years, we’d had a computer in a public spot in the house. Both of my children
were interested in using it, neither obsessively—but my son was distinctly more in-
terested. When we began to think about getting a computer for my daughter, we
weren’t sure it would be a great idea: would she really be interested? It turned out,
when we did, that she thought it was “better than getting a TV” (apparently the

gold standard for gifts) and has made great use of it. Her level of interest simply had
not been apparent when her brother’s interest dominated the scene.

Father-Son Internships

While many male students describe learning programming and their way
around the computer “on their own,” a close examination of their stories
shows the importance of the initial introduction, enthusiasm, and just the
right knowledge imparted by a parent, usually the father. Ralph, whose fa-
ther repaired for computers and eventually became a network administra-
tor, would bring home computers that he was working on. When his father
was done, Ralph would “get to mess with them—play video games on
them or just randomly watch him do things” and “that always thrilled
me.” When the family eventually owned a computer, he “got to the point
where I wanted to do something and he [father] would teach me, and even-
tually I was pretty much running the computer.”

Another male student describes how his father got him started in

programming;:
In sixth grade my dad bought me a TRS-80, and the book came with it—how to
write all these programs—and my Dad and I worked most of the way through it. At
one point about halfway through he left me on my own, and I continued the rest of
the book. Ever since then I’ve been programming, and I’ve been interested in pro-
gramming, itself.

Timothy describes how his father would give him enough information
to get started on the computer and then leave him to learn independently,
while being available as a resource:

Well, he worked a lot with Quick BASIC. So basically the way it would work is he

might show me one or two things, and then I would try to do something, and then
it wouldn’t work or I couldn’t accomplish something, and I’d go ask him what to
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do, and he would help me then. And then I’d keep on going on my own until I got
stuck again. . .. And he’d help me whenever I had a problem, and I sort of went off
exploring on my own then.

According to Jeffrey Goldstein (1994), a researcher of children’s play,
fathers have been shown to play with their sons 50 percent more than they
do with their daughters, and fathers also spend more time educating boys
in computing. We heard more accounts of parents, usually fathers, who
actively engaged sons than parents who engaged daughters; more men
than women describe being “introduced” to the computer by a father.
When girls do receive encouragement or enthusiasm from parents, it usu-
ally occurs later—in the form of encouraging daughters to take computer
science in high school, to major in computer science in college, or to con-
sider computer science as a career. The stories we hear of hands-on intern-
ships between parents and daughters are rare exceptions.

Play and Gender: Who Chooses the Toys?

When parents place computers in boys’ bedrooms and spend more time
nurturing their sons’ computing interests than their daughters’, are they re-
sponding to an innate difference in the children’s level of interest? Or are
their assumptions about the children’s interests playing out as self-
fulfilling prophecy? This is the nature-nurture debate that captivates the
research on children, play, and toys. A collection of essays by researchers
in this field, Toys, Play and Child Development, addresses this tension. Jef-
frey Goldstein (1994) examines whether parents are responding to what
feels like a contrasting intrinsic drive within boys and girls by buying them
different types of toys or whether parents overlay their own expectations
on their children, thereby socializing girls to like dolls and boys to like
trucks and now the computer. He presents examples of research on both
the nature and nurture sides of the toy debate.

On the nature side, some researchers believe that an internal engine
drives boys’ and girls’ toy choices. Meyer-Bahnburg, Feldman, Cohen, and
Ehrhardt (1988) document a relationship between prenatal exposure to
synthetic female hormone and a reduction in rough and tumble play of
both sexes. Likewise other researchers found that prenatal exposure to
high levels of the male hormone androgen, for both boys and girls, led to a
greater preference for traditionally male toys at ages three to eight years
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(Berenbaum and Hines 1992). Eaton and Enns (1986) contend that a
child’s choice of toys is strongly shaped by his or her activity level and that
a child with a strong need for movement and activity may prefer tradition-
ally masculine toys because they enable highly active play.

On the nurture side of the debate, Harriet Rheingold and Kaye Cook
(1975) inventoried the bedrooms of ninety-six middle-class American chil-
dren between the ages of one and six. They found strong indications of
parental influence. While there were similarities—both boys and girls had
stuffed animals, for example—Dboys’ rooms contained more toy animals in
barns or zoos, as well as objects relating to pace, energy, or time. Girls’
rooms contained more dolls. The most dramatic difference was in the
number of vehicles owned by the boys (375) compared to the girls (17). No
girls had a trailer, wagon, bus, motorcycle, or boat. Only boys had live an-
imals, depots, replicas of heavy equipment, and military toys; only girls
had doll houses, stoves, tea sets, and cradles for dolls. One of the re-
searchers connected to the study had observed that girls of eighteen
months spent as much time playing with trucks as boys did. The re-
searchers’ conclusion was that parents are not purely responding to the so-
called innate interests of kids but, over the intervening years, are
themselves responsible for the inventory in their children’s rooms becom-
ing so gender stereotyped.

On the other hand, in her book Sex and Cognition, Simon Fraser Uni-
versity psychologist Doreen Kimura (2000) argues that evidence of exter-
nal socializing influences does not disprove preexisting cognitive gender
differences. She presents evidence linking prenatal events, such as hor-
monal levels, to toy choices and cognitive patterns. For example, girls di-
agnosed with a condition in which the adrenal glands produce an excess of
androgens (male hormones) “have toy preferences which are strikingly
similar to boys” (p. 26). They play less with dolls and more with vehicles
than do other girls. Early exposure to androgens has also been found to
contribute significantly to higher scores on spatial tasks, and different lev-
els of testosterone are consistently associated with different spatial scores.
Kimura plants herself firmly on the nature side of the nature-nurture de-
bate: “We can say with certainty that there are substantial stable sex dif-
ferences in cognitive functions like spatial rotation ability, mathematical
reasoning, and verbal memory; and in motor skills requiring accurate tar-
geting and finger dexterity. . . . Most of these sexually differentiated func-
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tions are strongly influenced by early and/or current hormonal environ-
ments” (p. 181).

Jane wrote the following journal entry after having coffee with her
daughter’s first-grade teacher and a father of one of her classmates. They
were discussing male and female attraction to computers, and almost in
unison they asked Jane: “Well, what about the brain? Aren’t there some
cognitive differences that account for this?” Immediately, those questions
made Jane think of the Legos she’d never bought for her daughter, Sophie.
At an early age, Sophie was very competent at following Lego schematics.
At age four and five, she would get a boxed kit, open up the instruction
booklet, and proceed to build the Lego contraption. She enjoyed them, she
stuck with it, she showed a “brain” for it. But, at preschool she never
played at the Lego table. Only the boys did. One day Jane asked Sophie
why:

In answer to my question why she doesn’t play at the Lego table at preschool, So-
phie told me that “the boys take all the cool stuff.” The “cool stuff,” apparently,
are the little antennas, the helmets, the shields, the accessories that bring the struc-
tures to life. OK, so what about home where there are no boys to take all the cool
stuff? You would think that with this competence that Mark and I would have
filled her room with Legos. This, unfortunately, is not the case. Even as a feminist
who studies girls and technology and knows how important these early toy choices
are, I did not buy Sophie Legos in the same way I buy her rocks for her rock collec-
tion. Could it be that I never played with Legos and that T am not that familiar with
them? [ am sure that plays a part. Could it be that Mark unconsciously minimizes
the importance of Legos for his daughter? He is mortified to think so. Could it be
that we didn’t detect Sophie’s passion for Legos? She is competent, but where is the
passion? While she follows a schematic with ease, she doesn’t clamor for us to buy
more, and she doesn’t break out on her own and do free designs with the Legos.
The Legos never became her toy of choice. Could this be because Mark and I never
conveyed unbridled enthusiasm and joy when she played with Legos, the way we
jump up and down when she practices the piano or makes a great sketch? Could it
be that neither of us has taken the time to show her the endless possibilities, to share
our excitement with her? This is the truth: I truly believe that if Sophie were a boy,
Iwould have filled her room with Legos.

After six years of scrutinizing the gender gap in computing, along with
many other researchers who are examining gender and learning, we face a
complex web of nature and nurture. Stanford biologist Paul Ehrlich (2000),
in an article titled “Tangled Skeins of Nature and Nurture,” writes:

The relative contributions of heredity and environment to various human attrib-
utes are difficult to specify. They clearly vary from attribute to attribute. So,
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although it is informative to state that human nature is the product of genes’ inter-
action with environments (both internal and external), we usually can say little
with precision about the processes that lead to interesting behaviors in adult hu-
man beings. We can’t partition the responsibility for aggression, altruism, or
charisma between DNA and upbringing. In many such cases, trying to separate the
contributions of nature and nurture to an attribute is rather like trying to separate
the contributions of length and width to the area of a rectangle, which at first
glance also seems easy. When you think about it carefully, though, it proves
impossible. (p. 89)

Gender and Kindergarten: “It’s for Boys” or “It’s for Girls”

Vivian Paley, master kindergarten teacher at the University of Chicago’s
Laboratory School, is one of the nation’s preeminent observers and com-
mentators about children’s play at the preschool and kindergarten levels.
In her book Boys and Girls: Superheroes in the Doll Corner, Paley (1984)
notes that when children are around three both boys and girls will cook
and the policeman dresses the baby. At around four “the superhero clique
has formed and the doll corner is becoming a women’s room” (p. xi).
Then, a great sea change appears to occur at five or six. By age five, when
gender awareness is erupting, both genders are keenly aware of whether an
activity is a “boy” or “girl” thing to do. All of a sudden there is talk about
“the boys did this and the girls did that,” colors begin to matter, and the
choice of playmates is cut in half. Around four and five is when boys will go
to the blocks and build towers, roads, and fantasy worlds for superheroes.
They are continuously building and taking apart. Inanimate objects are the
objects of fascination. They are interested in speed. Girls will go more of-
ten to the doll corner or the art table and focus on creating and recreating
familiar domestic scenes such as their houses, parents, siblings, and pets.
They are interested in each other, their families, and endless conversations
about their lives. In Paley’s account of her attempt to rearrange the gender
divide in her classroom, she describes this sorting out by gender as: “chil-
dren watch one another and synchronize their movements. It is the most
exciting game in town, though not everyone knows what game is being
played” (p. xi).

Gender researchers Eleanor Maccoby and Carol Jacklin (1987) have
also chronicled how from age five on, both boys and girls are aware of each
other and want to stay within their own groups. The toys they choose must
be appropriate for their gender to attract friends to play with them. They
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are resistant to changing this order. And now the computer has entered the
scene. What was once a number-crunching machine for the defense indus-
try has turned into one of the most coveted play objects and educational
tools in the schools.

Risk Taking, Gender, and Computing

There is probably no way to know the direction of influence, but it is clear
that multiple layers of gender socialization affect students’ attraction or
detachment from toys and now the computer. Sherry Turkle (1984), a pro-
fessor at the Massachusetts Institute of Technology who writes about
computing and its impact on our psychological lives, believes a key advan-
tage in the world of computer science is to be an “intrepid explorer” who
delights in risk taking and forging ahead into the unknown. Much learning
goes on just by playing around with the computer, trying things out to see
what they do, and digging into the programming and configuration of the
system. One can’t be fearful of “getting lost” or breaking the computer.
Yet boys are raised to take risks and are expected to be adventurous and
bold, while girls are encouraged to be more cautious and careful.

A study by psychologists John Newson and Elizabeth Newson (1968) of
four-year-olds and their mothers, is referred to as the “roaming radius
study.” Researchers measured the distance on the playground mothers al-
lowed their children to wander off before they were called back. They
found that girls were regularly called back before they had a chance to
roam very far, often with verbal and body language that implied they face
danger if they are far from their mothers; boys were allowed to explore
much further. In the late 1970s, researchers found that in the course of an
afternoon’s play, a typical ten- or twelve-year-old boy may travel a dis-
tance of 2,452 yards, while the average girl of the same age might travel
only 959 yards. These types of influences recur throughout a child’s life,
with the result that hesitancy and risk avoidance appears more “innate” in
girls than in boys.

The classic psychological studies, known as the Baby X studies, exam-
ined how adults respond differently to infants depending on the child’s
gender. One such study, by John Condry and Sandra Condry (1976), had
subjects watching a videotape of a nine-month-old baby reacting to several
emotionally stimulating toys, such as a teddy bear, a toll, a buzzer, and a
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jack-in-the-box. Half of the subjects were told the child was a boy, and the
other half were told the child was a girl. When the “boy” infant cried in re-
sponse to the jack-in-the-box, subjects interpreted it as anger. When the
“girl” infant cried in response to the same toy, subjects interpreted it as
fear. Over time, as adults label children’s emotional responses, the chil-
dren begin to see themselves in these terms. Without a sense of ability and
confidence, interest in exploring can be thwarted.

How a Girl Is Supposed to Be

A second-year student, Suzanne, looks back on her family, her childhood,
and her early years with the computer. She regrets how little hands-on ex-
perience she had. She says, “I think I wish I did pull apart a computer more
than I did.” She says she found it difficult to hang around with kids who
were doing that because of her family expectations of what activities
should interest a female. She describes her family’s attitude as “you’re not
supposed to be interested in that type of thing, and that shouldn’t be so im-
portant or interesting to you”:

I think maybe because it’s primarily thought of as a male field, even in my family it-
self. The women kind of do women-type things and the men kind of do technical-
type things. I found it difficult trying to be a girl and also be technical at the same
time. I had to pick between the way my family kind of separates between male and

female. I had to pick between if I wanted to talk about cooking or recipes or that
type of thing or if | wanted to go with the guys and pull apart a computer because I

did do that.

Suzanne felt torn between her interests and how the world expected her to
be. She felt lonely out there as the exception to the rule—a girl interested in
technical things.

Carole tells us about her father, who wouldn’t let her touch the machine
to get the hands-on experience she so much wanted. She says her father
was “always the maintainer of our computer.” If he ever did agree to show
her something on the computer, “it would be like, ‘OK I’ll do it and you
watch.”” She found this frustrating because she feels she learns better
through hands-on experience than by watching someone else do some-
thing. Her vow to herself: “In ten years when I have my children . .., I def-
initely want to expose her, if I had a daughter, to the technical—I mean,
give her little army men to play with or whatever or buy her a chemistry set
or a chess set instead of just dolls.” Carole’s story is consistent with na-
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tional trends, according to the 1992 American Association of University
Women report How Schools Shortchange Girls. Its authors report that by
third grade 51 percent of boys but only 37 percent of girls have used mi-
croscopes and that by eleventh grade 49 percent of boys but only 17 per-
cent of girls have used electricity meters. While we can imagine that there
are fathers in the world who will not let their sons touch their computers
either, we heard no similar stories from male students.

The Lucky Exceptions

Despite the array of family dynamics that dampen girls’ interest in com-
puting, our research also shows what happens in the cases of the lucky ex-
ceptions. Kathryn, for example, grew up with her father and brother. She
considers herself “lucky” because both her father and brother were “com-
puter geeks” who expected her to participate right along with them:

I must be lucky just because I lived with my brother and my dad for the longest
time, and both of them are computer geeks, and they’re just kind of like, “Oh, well
you should be a computer geek too. Hey, if you’re going to act all fuzzy like a chick
and all, we’re just not going to talk to you.” Well, that’s what my brother was
like. My brother loved the fact that I would stay up ’till three in the morning play-
ing Street Fighter II with him. My brother was like, “My sister is so cool because
she ...” And I don’t think a lot of other people get that. I think a lot of people get
the ... “Oh, computers. ... My brother stays up all night being a geek and playing
Diablo. ’'m not like that. I don’t care about computers.”

Another student, Vera, says that she always had a computer in her
house, and “you never had the feeling that ‘you can’t do that, you are a
girl.” ” Vera told us that her mother, who is a doctor, would always buy
her three daughters the “guy” toys like Legos and transformers because
“she actually liked to play with that stuff herself.” Currently, all three sis-
ters are in college and interested in the sciences.

Summary

As students, parents, and teachers look around and see some boys’ overt
“magnetic attraction” to computers, they develop expectations about who
will (and who will not) succeed in computer science. Parents’ and teachers’
expectations and assumptions have weighty influence on the choices of
children. It is therefore critically important to deconstruct all that lies be-
hind boys” magnetic attraction to computers.



32 Chapter 1

Sheila Tobias (Alper, 1993), in her study of women in science, argues
that the “boy wonder icon”—the association of male traits (such as start-
ing very early in life with an obsessive focus) with success in science—is
central to the male-biased assumptions and expectations of who does (and
who does not) become a scientist. In her article “The pipeline is leaking
women all the way,” Tobias explains:

One of the characteristics of the ideology of science is that science is a calling, some-
thing that a scientist wants to do, needs to do above all else and at all costs. Another
is that both scientific talent and interest come early in life—the boy wonder syn-
drome. If you don’t ask for a chemistry set and master it by the time you are five,
you won’t be a good scientist. Since far fewer girls and women display these traits
than boys and men, you end up with a culture that discriminates by gender. (p. 411)

Childhood behaviors, however conditioned by gender socialization and
genetics, tend to set computing on the male side of the gender divide. In the
next chapter, we show how these issues are compounded by what happens
during adolescence in precollege computer science education.
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Middle and High School: A Room of His Own

In secondary schools across the nation, a repeated pattern plays out: a fur-
ther increase in boys’ confidence, status, and expertise in computing and a
decline in the interest and confidence of girls. Curriculum, computer
games, adolescent culture, friendship patterns, peer relations, and identity
questions such as “who am 1?” and “what am I good at?” compound this
issue. Games propel boys, at an early age, into the world of computing and
reinforce a general belief that computing is a male activity. Teachers, guid-
ance counselors, parents, and students expect “boy wonders” to be inter-
ested in and good at computing. Computer science curriculum has
traditionally reflected boys’ interests and experience levels. School com-
puters and computing centers have been claimed as the territory of a subset
of male students who are the school’s computing experts. And girls, as
“outsiders,” do not see how they and what they value can fit into the com-
puter culture and curriculum.

“It’s the Same Boys All the Time”

Corina Koch (1995), a teacher at a predominantly white middle-class
school in Kingston, Ontario, observed the interactions of girls in the sev-
enth and eight grades with computers in their classrooms. In math classes,
she found that girls were not at the computer. They spent their time polish-
ing the neatness and detail of their work or practicing to improve their
math performance. During technology class girls would help other female
students with their projects rather than spend their free time at the com-
puter. Koch was interested in what appeared to be girls’ tendency to opt
out of computer use during classroom “free time.” Boys, on the other
hand, were always at the computer.
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Koch asked the girls why they were not using the computer. They told
her that they “didn’t use them because the boys did” and because “boys al-
ways get there first”—the “same boys all the time” (p. 6). The girls told
Koch that “the same boys” who gathered in the computer room to use the
computers during lunch also had a computer “recess club” that named the
computers “Pubert,” “Enzo,” “Big G,” and “X-Con” (p. 9). The girls not
only disliked the names but also objected to the process of naming. They
felt that the whole class and not just the boys in the “recess club” should
have named the computers. Koch observed how much of boys’ free time
and boys’ friendships often took place around the computer and how “boy
culture was fused seamlessly with computer use” (p. 7). And she saw how
girls stayed away.

“Kid culture”—as identified by Kathleen McDonnell in her book Kid
Culture: Children & Adults & Popular Culture is a phenomenon that “re-
mains stubbornly sex-segregated” (p. 45); this culture helps to cement this
gender-divided arrangement around the computers in the schools. Instead
of allowing students to use the computers during free time on a first-come
first-serve basis—a situation that boys dominated—Koch found it neces-
sary to have computer time assigned. Unless the teacher specifically as-
signed girls their time at the computer, the computers were appropriated
by the boys.

Through Koch’s own experience of trying to learn a computer game, she
also realized how important communal learning, community, and shared
knowledge was for computer learning. Boys often formed friendship com-
munities around shared experience and knowledge around the computer.
Girls rarely formed these computing communities and thus missed out on
a critical source of learning.

High School Computing Lab: A Room of His Own

From 1985 to 1987, a research team conducted observations in the school
computer lab in a large, urban, mid-western high school. Janet Schofield
(1995), a professor of social psychology at the University of Pittsburgh, led
the two-year ethnographic study as the school began to use a computerized
geometry tutoring system. Gender was not on her radar when she began
the research, but it quickly emerged as one of the most salient issues.

Over the two years of the study, a group of predominantly white male
students from the gifted program began to hang out in the computer lab
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during lunch time. The lab was where the school’s computers were con-
centrated, and it was open during lunch hour for students’ use. One stu-
dent described these regulars as “the revenge of the nerds . . . the kind of
person ... who wouldn’t go out. . . . they would rather sit at home playing
games on the computer, typing programs” (p. 146). The lab functioned for
these students as a retreat from the “hurly burly of the cafeteria, where
jocks and the social set rule” (p. 147). These boys were not the jocks or
part of the social scene; they were the “brainiacs” of the school, often so-
cially awkward. The lab became “a room of his own” where these students
could be smart and be free to be who they were. It was an important sanc-
tuary for these kids at a time when the dominant high school culture is ob-
sessively concerned with appearance over substance and it is often
“uncool” for boys as well as girls to be too smart. During their lab lunch,
the regulars played competitive computer games and talked about comput-
ers. Often these students knew much more about the computers than the
teacher on duty and helped troubleshoot anything that went wrong. The
researchers observed that in the lab these boys seemed to develop their
sense of place, belonging, and friendship. Schofield believes that the lab
“provided a context in which these boys were able to build friendships and
enact behaviors that supported a positive traditionally masculine image of
themselves” (p. 147). They staked their claim on the lab space, and it stuck.

Schofield and her team of researchers observed what happened when
anyone from outside of this group entered the high school computer lab.
They witnessed several incidents when male African American students
came into the lab. Usually these students were ignored, stood around,
watched awhile, and then left. Neither the other students nor even the
teacher invited them to join them at the computers. The few girls who
came into the lab generally came to use the computers for a specific pur-
pose, not to play games or hang out. Playing computer games and using the
computer more generally were seen by some girls as a way that “boys filled
up the void in their lives left by the difficulties they faced in forming mean-
ingful friendships” (p. 155).

Researchers also observed the more advanced computer science classes,
where only one or two girls were enrolled. Schofield notes that harassment
of girls in Computer Science 2 classes stood out from the very large number
of other classes she observed. Girls were perpetually teased about their
bodies, their appearance, and their competence. The male teacher did not
intervene on behalf of the girls. One of the women students asked the
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teacher why he always used football examples; he replied that she could do
the programming assignments on anything she wanted. At that cue, a male
student turned to her and mockingly said “Do it on sewing,” which drew
laughs from the other students. Another woman student used football sta-
tistics in her program (similar to everyone else’s program). She was
ridiculed because she used the name of a baseball team instead of a football
team. Two male students were observed playing Concentration and trying
to modify it. One of the new prizes was the services of a prostitute who
charged $200. There was no teacher response to these incidents. None of
the high school girls enrolled in Computer Science 2 went on to enroll in
Computer Science 3.

High School Computer Science as an All-Boy Club

Today’s typical high school computer science curriculum usually consists
of one required introductory course in which students learn basic comput-
ing skills, such as keyboarding, Internet access, and file management. This
course is often required for all students. More advanced courses are of-
fered as electives, if at all. Whether they are offered depends on such things
as whether teachers are ready to teach them, equipment is available, and
school administration is supportive. Nationwide, very few girls enroll in
the upper-level computer science courses.

In 1998, the American Association of University Women (AAUW) con-
vened a Commission on Technology, Gender, and Teacher Education. The
Commission issued its findings in a report entitled Tech-Savvy: Educating
Girls in the New Computer Age (2000), which discusses the gender divide
in the technology-rich learning environment of Fairfax, Virginia public
schools (p. 46). In 1999 the Fairfax County Human Relations Advisory
Committee issued a report on gender-equity issues that showed the skewed
enrollment figures for computer science courses. While more girls than
boys were signing up for word processing classes, in the advanced com-
puter science classes enrollment was predominantly male: in the artificial
intelligence class, 94 percent of the students were male; in the business
computer programming classes, 77 percent were male. The numbers were
less skewed in the information systems and the desktop publishing classes,
at 54 percent male and 46 percent female. Across the country, a 1999-00
California Basic Educational Data System report showed that 301 male
and 88 female Los Angeles unified school district students took an ad-
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vanced placement computer science class. Nationwide, according to the
College Board (1999) advanced placement Summary Report, only 17 per-
cent of those taking the advanced placement test in computer science in
1999 were female, making computer science the subject with the smallest
proportion of female test takers.

Students, parents, and school counselors often do not understand how
students can benefit from studying computer science. It is commonly
viewed as a vocational skill, limited to keyboarding or using applications.
But for many educators and computer science teachers, students who learn
the basic principles of programming and other computer science funda-
mentals are becoming fluent with information technology. With these
skills, students will be in a position to design and create technology and, in
the words of the AAUW (2000) report, “apply technology in sophisti-
cated, innovative ways to solve problems across disciplines and subject
areas” (p. x). Many computer science teachers argue that computer sci-
ence involves developing higher-order critical thinking skills and problem-
solving skills important for all students, not just those who intend to make
a career of computing.

The AAUW Technology Commission also found computer science
classes often to be “bastions of poor pedagogy” (p. 41). Assignments and
teaching examples often embed male-dominated interests and activities,
such as sports statistics and card and number tricks. There is often little in
computer science instructional materials to draw in girls. Mae Jemison, an
astronaut and one of the AAUW Commissioners, calls for revisioning
computer science: “Call it Oceanography, and they will come” (AAUW
2000, p. x). Although computing is integrally linked to critical investiga-
tions in medicine, environmental science, famine control, art, and music,
computer science textbooks focus primarily on technical detail, with little
attention paid to the application and impact of the technology in meaning-
ful interdisciplinary problem-solving assignments.

The Legacy of Math and Science

The common practice of grouping computer science with math and sci-
ence, both informally and organizationally, may exacerbate the gender
gap in computing. Girls’ confidence in their math and science abilities re-
mains a serious concern, despite significant strides in their participation
and performance in those courses.
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Fifteen years ago, high school girls were taking far fewer advanced math
and science classes than boys, but by the late 1990s roughly equal numbers
of girls and boys took precalculus, trigonometry, and statistics and proba-
bility, and with similar success. Similarly, enrollment in science courses
has nearly equalized, except in the most advanced physical science courses.
Although this enrollment and success gap has been nearly erased, girls still
underestimate their math abilities, while boys overestimate theirs.

Years of research by scholars such as Elizabeth Fennema (2000),
Jacquelynne Eccles (1989, 1994), and Janet Hyde (Hyde, Fennema, Ryan,
and Frost, 1990) have shown that women are significantly less confident
than men in their math and science abilities, even when their achievements
are equal to those of men. Even when they receive the same grades as men,
women are still less secure in their academic performance. Girls in elemen-
tary school generally like math, but by high school they are less likely than
boys to feel competent in math, despite their higher grades.

Girls who lack confidence in their math abilities are probably less likely
to take optional math-related courses, including computer science. Part of
the reason for the closing enrollment gap, despite the persistence of the
confidence gap, may be that a strong record in math and science is impor-
tant for college admission. In the absence of that motivation, girls may be
less willing to pursue an endeavor in which they lack confidence. For ex-
ample, to avoid jeopardizing their grade point average, they may opt for
courses that are familiar and less competitive.

Test scores on the computer science advanced placement exam also
demonstrate a gender gap. The 1999 Summary Report from the College
Board shows the mean score on the A exam to be 2.91 for males and 2.47
for females. The gender gap in performance on math-related exams such as
the SAT math test has been the subject of much research. Among the issues
being examined are possible biases in the test problems, differences in test-
taking confidence, and aptitude differences for different mathematical
tasks.

“Who AmI?” and “What Am I Good At?”
Adolescence is a time of identity formation. Students acquire a sense of

themselves as college-bound or not, as strong or weak in certain areas, or
as math-science or humanities types. Unfortunately, they too often feel
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that they must choose between one or the other kind of course. The judg-
ments that teachers and guidance counselors make and the encouragement
they give (or not) to take certain courses enormously affects how students
see themselves.

Friends also play a role in students’ decisions about which courses to
take. Classes and groups of kids have reputations. Computer science stu-
dents’ are often associated with being “supersmart” and “nerdy.” We in-
terviewed a female high school student who had been identified by her
teachers as being computer savvy. In her interview she discusses her con-
cern about becoming too focused on computers, as the boys are:

I guess this sounds kind of funny, but I don’t want to be the kind of person who
stays up in their room late at night . . . soaking in the rays from the computer and
hunched over the keyboard. I just don’t like that image, and I want to stay away
from that. I mean, I like doing it, but I don’t like doing it to extremes. . . . I think it’s
a stereotype, but I don’t think it would have become a stereotype if there weren’t
some truth to it. I mean, I know people who do this. I know someone who goes to

bed early so he can get up in the middle of the night and type on his computer. And
that frightens me, you know?

Adolescent Girls, Confidence Loss, and Computer Science

Adolescence is a period of heightened risk and is difficult for everyone, but
one of its most dramatic impacts is a drop in girls’ sense of confidence and
competence. In a 1992 AAUW study, 3,000 boys and girls between nine
and fifteen were polled about their attitudes toward self, school, friends, and
family. While boys thought they were pretty good at things, girls were more
likely to say that they were “not smart enough” or “not good enough.”

Carol Gilligan (1982) and her colleagues (Brown and Gilligan 1992)
detailed the phenomenon: girls at nine and ten are feisty, filled with spirit
and confidence, but as puberty hits, they begin to pull within themselves,
doubt themselves, swallow their own voices, and doubt their own
thoughts. African American girls hold on to their self-esteem but become
more pessimistic about both their teachers and school work than other
girls. While boys’ period of heightened risk may come earlier when they
are pressured early to become “big boys,” girls’ critical turning point is at
adolescence, when they become increasingly aware of the culture that sur-
rounds them. They don’t like what they see—objectified bodies, abusive
partners, employment disparities, and media denigrations. They hear the
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message that boys are smarter and that girls shouldn’t be too smart. As Lyn
Brown writes in Raising Our Voices: The Politics of Girls’ Anger (1999),
girls often feel the expectation that they are supposed to be good, perfect
girls who have only kind thoughts. Because they are not perfect, they find
themselves in crisis. Doubting themselves, they pull inward and experience
a free-fall in confidence. Underestimating their abilities, girls in math and
science classes hesitate to enter a computer science environment reputed to
be dominated by “supersmart,” “logical” (read: unemotional), and com-
petitive male students.

The Experience Gap

One of the biggest challenges in middle and high school computer science
classes is that many boys enter school with a great deal of formal and
informal computing experience. At the heart of this phenomenon is the
“magnetic attraction” that motivates many boys to engage in intense self-
guided exploration of computing. High schools therefore typically host
a subset of students who are already experts who often know more
than their teachers. Girls in high school, then, are often sitting shoulder
to shoulder in classes with boys who have spent endless hours learning
everything they can about computers and who have friends to turn to
when they want to learn even more. This experience gap reaches iconic sta-
tus with the high school students, nearly always male, who opt out of col-
lege to go directly into industry and draw hefty salaries. From their
perspective, in a field changing so fast, you are outdated if you go to
college.

The Hold of the Computer Game

By middle and high school years, many boys have spent endless hours,
alone or with their friends, playing games, manipulating the games so that
they do what they want them to do, and in some cases delving into the pro-
gramming behind the games. Many girls are also interested in games but
not generally with the same focus. A 1999 Kaiser Family Foundation study
entitled Kids and the Media @ the New Millennium: A Comprebensive Na-
tional Analysis of Children’s Media Use found significant gender differ-
ences in the time children spend with computer games. At all ages from
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eight up, boys spend at least twice as much time playing computer games
than girls, and beyond age fourteen the percentage of boys who play fre-
quently is some 50 percent greater than for girls.

While game playing resonates with different students in multiple ways,

boys give various reasons for becoming consumed with computer games
during adolescence. Henry, a first-year Carnegie Mellon student we inter-
viewed, got into computers because he had difficulties interacting with
people his age:
I would go to the computer lab and started playing computer games. . . . And this is
how I found my social interaction over the computer, so it was a lot more comfort-
able for me than dealing with people in school. . . . T had difficulty just approaching
someone and talking to them. . .. It would be easier for me to talk over a computer.
He feels that women are “just more built for social interaction than a lot of
men are.” Another student told us how computers “will always give you
attention.” Randy described himself “before he began to have a life” when
he “chose computers because they do exactly what you want them to do.”
He goes on to explain that computers “never gripe at you about not being
nice enough or not being appropriate enough for a situation.” He sums it
up as, “You can never be socially mistaken with a machine.”

Sherry Turkle (1986), a psychologist and sociologist at MIT, offers an
explanation for why computers become particularly seductive for boys at
the moment of adolescence. In her article “Computational Reticence: Why
Women Fear the Intimate Machine,” she contends that adolescence is a
time of social upheaval when many children build “microworlds” (sports,
chess, literature, music, dance, cars, mathematical expertise) that can be-
come “places of escape.” Turkle believes that most children “use these
havens as safe platforms from which to test the difficult waters of adoles-
cence” and that for some children adolescence is so threatening that the
“safe place seems like the only place” (p. 44). This then is fertile soil for the
male hacker culture: “It is during adolescence that the ‘hacker culture’ be-
comes born in elementary schools and junior high schools as predomi-
nately male—because in our society men are more likely than women to
master anxieties about people by turning to the world of things and formal
systems” (p. 44).

Turkle (1986) speculates that boys, in response to this anxiety, seek to
control the world around them. They feel more safety in a rule-based
world populated by objects than in a real world populated by human
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beings who require intimacy. The computer, then, becomes a perfect
medium for these needs, for the “computer is a medium that supports a
powerful sense of mastery”:

As people develop their mastery of things and their relational skills with people,
most strike a balance. They balance the need for mastery of skills and concrete ma-
terials with the desire to do things with people where the results are never as clear.
For some people, striking this balance becomes a difficult struggle. Relationships
with people are always characterized by ambiguity, sexual tension, the possibilities
for closeness and dependency. If these are felt too threatening, the world of things
and the world of formal systems becomes increasingly seductive. They turn to for-
mal systems in engineering, in chess, in mathematics, in science. They turn to them
for their reassurance, for the pleasures of working in a microworld where things are
certain, and “things never change unless you want them to.” In other words, part of
the reason formal systems are appealing is because they provide protective worlds.
(p-42)

Turkle (1984) describes the constraints of computer games as “those
imposed by rule systems, not physical realities or moral considerations.”
In the games “time might go backwards, people may have superhuman
powers, everything is possible,” but “what is required is consistency”
(pp. 79-80). She finds a compelling explanation in the writings of sociolo-
gist Nancy Chodorow as to why boys would turn to the world of things
and formal systems to master their anxieties: Chodorow (1999), in her
book The Reproduction of Mothering, explores how boys’ gender identity
development is linked to their awareness, at around four or five years old,
that they are different from the mother, who is typically their primary care
giver. They must separate and become autonomous from their mother;
they must become nonfemale. In the absence of a strong nurturing male
figure, young boys are left in a tumultuous state of trauma and separation.
They therefore yearn for rule-based order. According to Chodorow’s the-
ory, girls experience no need for separation, and girls’ and women’s style
of relationship is therefore based on intimacy and closeness. Girls’ play
and comfort are located in relationships, and it then follows that in the
computer world many girls are put off by what they see as boys’ zealous
fascination with objects and machines rather than people.

Seeking Adventure

Henry Jenkins (1998), the director of the Comparative Media Studies pro-
gram at MIT, sees boys as looking for areas to explore, adventures to have,
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and risks to take. In his monograph “Complete Freedom of Movement:
Video Games as Gendered Play Spaces,” Jenkins (1998) suggests that for
urban boys who have no backyard or wide-open territory to explore, the
computer game becomes a “virtual play space . . . to reach, to explore, ma-
nipulate, and interact with a more diverse range of imaginary places than
constitute the often drab, predictable, and overly familiar spaces of their
everyday lives” (p. 263). Jenkins believes that the match between boys’
play styles and typical game design, which is often based on adventures in
fantasy worlds, helps explain the games’ popularity:

The “adventure island” is the archetypal space of both the boys’ books and the
boys’ games—an isolated world far removed from domestic space or adult super-
vision, an untamed world for people who refuse to bow before the pressures of the
civilizing process, a never-never land where you seek your fortune. The “adventure

island,” in short, is a world that fully embodies the boy culture and its ethos.
(p.279)

Creating Media That Appeal to Both Boys and Girls

Feminist psychologist Elizabeth Debold (1997), in a speech entitled “Eq-
uity in Technology: Creating Media That Appeals to Both Boys and
Girls,” claims that current designs of computer games appeal overwhelm-
ingly to boys because “men defined the parameters of play here—and
what they project onto these undefined, open spaces reflects male fears and
anxieties with which boys identify” (p. 27). She believes that the core of
men’s anxiety is that males do not have “a clear sense of intrinsic male-
ness” (p.27).

According to Debold (1997) boys are continuously bombarded with
stereotypes of what it means to “be a man.” They must be constantly vigi-
lant and steer clear of activities that have girl attributes: “This anxious
vigilance makes boys ripe for constant competition to prove their invul-
nerability and un-femaleness.” Thus “boys’ curiosity and interest in vi-
olent games are a culturally sanctioned way of acting out scenarios in
which they attempt to perfect masculine invulnerability” and that
“boys’ confusion over masculinity leads them into fantasies of competi-
tive domination to prove they are not vulnerable and don’t need their
mothers’ care” (p. 27).
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The Game Girl

“An isolated world far removed from domestic space” is certainly not
at the top of most girls’ play list. Brenda Laurel (1998), a renowned
twenty-year veteran of entertainment software and research, undertook
an intensive research initiative at Interval Research Corporation to under-
stand why girls are being left out of the rapidly advancing technology in-
dustry. Along with a team of researchers, she talked with leading experts,
parents, scout leaders, camp counselors, computer game retailers, and ar-
cade managers. The researchers spent thousands of hours interviewing
seven- to twelve year old girls and boys in nationwide “friendship pairs.”
They concluded that an ideal adventure game for girls would feature
everyday “real-life” settings as well as new places to explore. It would have
a strong story line and leading characters who are everyday people and as
real to girls as their best friends. Success in the game would come through
development of friendships. Yasmin Kafai (1998), a professor of educa-
tion at the University of California at Los Angeles, analyzed 32 video
games designed by an ethnically diverse group of sixteen fourth-graders.
The student group was evenly divided by gender. In her article “Video
Game Designs by Girls and Boys: Variability and Consistency of Gender
Differences,” Kafai explains the differences between the boys’ and girls’
game design: the adventure game was the most popular game format,
more so for the boys than the girls; most of the girls chose familiar places
for their games, such as classrooms, ski slopes, or a fair; boys organized
their games more around fantasy places, such as imaginary islands and
countries. Games programmed by girls had nonviolent feedback to the
game player; games programmed by the boys had violent feedback, such as
killing the player and terminating the game in case of a wrong answer.
Controversy about what is the best “girls’ game” circulates throughout
the industry. Articles and interviews about this “pink software” contro-
versy are presented by MIT professors Justine Cassell and Henry Jenkins
(1998) in their edited volume From Barbie to Mortal Kombat: Gender and
Computer Games. Some analysts believe that Barbie Fashion, a big seller,
is no worse than boys’ “blood and gore” games and that if Barbie involves
girls with computing, then Barbie games should be promoted. Others,
however, argue that the Barbie games are based on the crudest stereotype
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of what girls like and that a much wider range of options should be offered
for “girls’ games.”

Focus groups of girls and teachers convened for the AAUW Tech-Savvy
report found that girls want to make things rather than destroy things. The
violence of boys’ games is pointless and boring for them. Girls are inter-
ested in games with engaging characters, opportunities for communica-
tion and collaboration, a rich narrative, and roles involving positive social
action. They relish opportunities to design and create. Although Where in
the World Is Carmen Sandiego? has tremendous appeal for both boys and
girls, to date, girls still are not playing computer games to the extent that
boys are.

Unequal School Resources Compound Home Inequities

Because home and media influences constrict boys’ and girls’ options and
interests, school is needed as a place where options expand and where con-
ditions are equitable. Yet this is not happening. By middle school and high
school, boys are more familiar, experienced, and comfortable with com-
puters than most girls. In the computer science classroom, they have found
their niche. Girls, the other half of the school population, are not learning
computer science in equal numbers. Schools have not figured out how to
narrow this gender gap.

The education community has debated the whens, wheres, and whys of
using computer technology. And the two of us certainly are not of one
mind on this matter. We do feel strongly, however, that girls and minori-
ties need equal access to computers and that diverse participation in the de-
sign of technology is critically important for the health of our society. We
concur with Kathleen Bennett, the founder of the Girls School for Tech-
nology, when in a Wired News article, “Girls school seeks to overcome
tech gender gap,” she says: “It’s not that [ am trying to turn out little girly
geeks. T am trying to ensure that girls who are interested in technical stuff,
they get a chance to do it” (Lehmann-Haupt 1997, n.p.).

According to a 1997 Educational Testing Service report, Computers
and Classrooms: The Status of Technology in U.S. Schools, access to com-
puters, types of available resources, levels of teacher training, and curricu-
lum offerings vary dramatically from school to school. Students attending
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poor and high-minority schools have less access to most types of technol-
ogy than students attending other schools. The student-to-computer ratio
ranges dramatically from nine to one in Florida to about sixty-three to one
in Louisiana.

Girls are signing up for classes, such as math or biology, where comput-
ing may be involved. Data from a national survey of more than 4,000
teachers in over 1,100 schools across the United States, Teachers, Learn-
ing and Computing: 1998 National Survey, showed that one out of six sci-
ence teachers, one out of eight social studies teachers, and one out of nine
math teachers said students used computers weekly during their class (An-
derson and Ronnkvist, 1999). There was a strong relationship between
number of classroom computers and frequency of computer use during
class time. The 1998 National Survey of Information Technology in
Teacher Education (International Society for Technology in Education,
1999) asked public schools to categorize their teachers according to
technology-use skill level. The largest percentage of public schools (42 per-
cent) reported that the majority of their teachers (40 percent or more)
could be identified at the intermediate level (use of various applications).
Nearly as many public schools (38 percent) characterized the majority of
their teachers as beginners (learning basics). Only 7 percent of public
schools said that the majority of their teachers were at an advanced skill
level (use technology in the curriculum), and even fewer (1 percent) public
schools placed the majority of their teachers at the innovator or instructor
(leads others) level.

Clearly, the students who are interested in learning more about comput-
ing but who lack parental instruction, resources at home, and a peer com-
puting community are likely to lose the most when school resources are
inadequate.

On Her Own

Tanya, who visited Jane at Carnegie Mellon, is one such student. Tanya is
a student at a computer science magnet high school in the Midwest. She
was a sophomore when she came to Jane’s office to talk about majoring in
computer science at Carnegie Mellon. She was dressed in goth-nerd attire:
black jeans, oversized teeshirt, her shoes chartreuse fuzzy high risers, hair to
her waist, blue lipstick outlined in black. She came at her mother’s urging.
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Tanya is determined to learn computer science but feels that the com-
puter science magnet program has nothing to offer her. The curriculum is
behind the times, the equipment is outdated, and “the teachers don’t know
their stuff.” The three computer science teachers are all math teachers who
don’t know answers to the questions she asks. Tanya feels that in all of
these classes, the teachers do not teach. They just give kids code and ask
them to find mistakes. The teachers say that the reason they don’t have ad-
vanced placement courses or teach C++ is a lack of resources.

Tanya does not have a female friend who enjoys computers as much as
she does. She says that some ask her to do their home pages, some chat on
the Internet, some look up websites, but only a few even search the web.
She believes that her female peers lack confidence but that her male peers
think they are smart and go after harder things because they think they can
succeed. Tanya talks about how the computer guys are obsessed with com-
puters. It is all they talk about and all they do. Although she is repelled by
this behavior, it does not diminish her determination to attend Carnegie
Mellon.

Tanya traces her interest in computers back to when her family bought a
computer and she began to fool around with it. She admits that a good job
with a lucrative salary and job security are is a part of her motivation to
learn computer programming. She is tired of not having enough money.

Tanya’s guidance counselor suggested that she take a course at another
high school, but no nearby high school teaches the programming language
C++. She would love to take a course at Carnegie Mellon, but her parents
don’t have the money. She describes them as “computer illiterates” who
got their home computer only because her mother’s employer purchased
one for her mother to work on at home.

It is unclear what will happen to Tanya. Without the active support sys-
tem of a teacher, classes, friends, or parents to learn from (even though her
parents are supporting her in every way they can), it is hard for her to
maintain her enthusiasm.

Unlocking the Clubhouse: High School Is Important
Discouraging influences swirl around girls before they reach high school,

but our research shows that high school computer science can be criti-
cal for introducing girls to computer science. We found that for almost
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one-third of the women in our study, a high school programming course
became the deciding factor in their decision to major in computer science.
This was true for only 9 percent of the males. For males, the “turn on” to
computing happens much earlier, usually at home and with friends.

Alexandra was a second-year student at Carnegie Mellon when we first
interviewed her. Alexandra’s parents were both “in the industry,” and she
was used to computers and was comfortable around them. Yet before high
school, Alexandra used them only for typing. At that time, it was her
younger brother who was “really into computers.” When Alexandra
started high school, she had no intention of taking a computer science
class, but her junior high typing teacher strongly encouraged her to take
programming rather than typing. Alexandra was hesitant because she was
afraid to try something new that she wasn’t sure she’d be good at. But
Alexandra’s teacher insisted.

So Alexandra took Basic in ninth grade and loved it. She took program-
ming for all four years of high school and then decided to major in com-
puter science at college. Alexandra applied and was admitted to Carnegie
Mellon. She was a top student all the way through college and is working
at a software design firm. Unfortunately, as we have shown, many girls do
not have as much success in their high school computer science classes.

Asin Alexandra’s case above, teachers are critically important for iden-
tifying and recruiting girls who would be interested and successful in com-
puter science. But too many teachers and counselors look primarily to
boys to have a flair for computing. They are looking for girls who “look
like boys”—whose interest in computing mimics boys. But as our research
shows, girls’ interest in computing is often quite different.

In chapter 3, we turn our attention to the young women who decide to
major in computer science in college. We examine their motivations for
choosing computing and contrast them with those of a similar group of
men. The differences point to a broader vision of what computer science is
and who can succeed at it.

Articulating and acting on a broader vision of computing are steps that
schools, teachers, and counselors can take to improve recruitment and re-
tention of girls in computing courses. In chapter 7, we discuss a wide range
of intervention strategies.



3
Computing With a Purpose

Students’ motivation to study computer science varies by gender. For most
women students, the technical aspects of computing are interesting, but
the study of computer science is made meaningful by its connections to
other fields. Men are more likely to view their decision to study computer
science as a “no-brainer,” an extension of their hobby and lifelong passion
for computing.

The women in our study were the survivors of the “boys’ club” of high
school computing. Some of them self-identified as “girl geeks.” We inter-
viewed the former president of her high school’s computer club and a stu-
dent who took pride in being the computer “genius” in her family. Most of
these women decided to major in computer science because they did well in
a high school class, they found computing came easy to them, and they de-
rived pleasure from it. Almost every woman in our sample is a self-
described “math and science person” who enjoys problem solving, doing
puzzles, and doing logical thinking tasks. They talk about “the rush in hav-
ing my program run” and about being at the cutting edge of technology in-
vention. Yet even among these computing-oriented women, we heard
about values and preferences that were distinct from those of most male
computer science students. This distinction and its ramifications play a key
role in the experiences and perceptions of women in computing.

The Decision to Major: The Passionate and the Rational
We have found that women decide to major in computer science based on

a broad set of criteria. The simple enjoyment of computing is a leading fac-
tor for women, but other factors also weigh heavily in their decisions. They
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value the versatility of computing, its relation to their interests in math and
science, its career path to safe and secure employment, the exciting and
changing nature of the field, and the encouragement they received from
parents or teachers.

For many male students, in contrast, the decision to major in computer
science barely reaches the level of conscious consideration; it is a natural
extension of their lifelong passion for computing. Aaron’s response to our
query about his decision to the major is quite typical: “I don’t ever recall
really deciding. ... Aslong as I’'ve known that there was such a thing as ma-
joring in computer science, I just basically assumed that I was going to be
majoring in computer science.” When the interviewer asked him if he had
ever considered another major, he replied: “Not really.” Like Aaron,
many of the men in our study are convinced of a perfect fit, while more
women describe their decision to major in computer science as “checking
it out.”

The differences between the choices made by men and women emerge
strikingly from our tabulation of their reasons for majoring in computer
science, shown in figures 3.1 and 3.2. These graphs tabulate the percentage
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Versatile, broad field
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Safe and secure employment

Encouraged by others

Best department at CMU

Exciting, changing field
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Figure 3.1
Factors in women’s decision to major (7 = 32)
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Figure 3.2
Factors in men’s decision to major (17 = 27)

of each group who mentioned the associated factor as a motivation in their
decision. Most women take a large number of factors into account: five of
the seven categories we tabulated were mentioned by at least 30 percent of
the women. In contrast, the only motivation listed by at least 30 percent
of the men (in fact, by 70 percent) is the enjoyment of computing.

Versatility of the Field

The versatility of computing is a big draw for women students. As Katina
says, “You can do anything with a computer science degree,” and “almost
any field is computer-related now.” She wants to learn skills that will help
her get a job and pay back some of her college loans. Then if she likes com-
puters, she can stay with them. Contrasting her job possibilities in biology
with those in computers, she calculates:

There is not very much money in biology on the undergraduate level. If you ever
want to go to grad school, you could get somewhere from there possibly. But com-

puters are so versatile that basically you could do anything with a computer science
degree.
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Another Carnegie Mellon student, Andrea, worked with Intel comput-
ers in high school. She enjoyed that experience and “caught on very quickly
to what was going on.” But what really influenced her decision to major
was “thinking of the future and what I wanted to do, and it seems that
computers are one of the most influential pieces of technology in our world
atthistime. .. AndIthought thatif  get into computers, then I’ll definitely
get a job.” Andrea is not exactly sure what she wants to do when she gets
out of college. Her heart is in film, but she knows that it is a risky business
and wants something enjoyable to “fall back on.” She figures that she “can
use computer graphics and incorporate that in my film production.”

Computing with a Purpose

Besides having a broader set of criteria for majoring in computer science,
many women have interests in computing that go beyond the technical as-
pects. Connecting computing to other fields and working within its human
and social contexts make the study of computer science compelling and
meaningful for them. For instance, Deborah wants to use computing to
study diseases, to “solve the problems of science”:

I think with all this newest technology there is so much we can do with it to connect
it with the science field, and that [studying diseases] is kind of what [wantto do. ..
—use all this technology and use it to solve the problems of science we have, the
mysteries.

Laurette is interested in the links between computing and “the most effi-
cient way” to use computers in education. Phyllis, a first-year woman stu-
dent, describes a difference between herself and most of the male students.
She says her male peers are focused on “building bigger and bigger com-
puters.” “That’s fine,” she says, “and I’d like to be involved with that, too,
but in the long run I want to use computers for what they are now and just
use them to help people.” She has been inspired by a recent Carnegie Mel-
lon lecture about a robot car that promises to save lives by reducing the
number of accidents and deaths caused by human error. Phyllis is deter-
mined to not let herself get detached from society but instead to connect
computer science to real-world problems:

The idea is that you can save lives, and that’s not detaching yourself from society.

That’s actually being a part of it. That’s actually helping. Because I have this thing
in me that wants to help. I felt the only problem I had in computer science was that
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I would be detaching myself from society a lot, that I wouldn’t be helping—that
there would be people in third world countries that I couldn’t do anything about.
... I'would like to find a way that I could help. That’s where I would like to go with
computer science.

Another first-year student, Louise, describes a difference she felt between
herself and her male peers when she saw her peers’ nonchalant response to
a lecture on ways that computers can be nonproductive in society:
Everyone just said how boring it was: “Who cares that computers did not benefit
anyone? We like computers! We love computers! We know computers! And who
cares about the rest of the world”

She describes herself, on the other hand, as someone who scrutinizes the
worth of each computing project in terms of what it is doing to change and
help the world:

And if you’re trying to make something that’s going to change the world, that’s go-
ing to help the world, you have to have some sort of concern about what’s your
long-term goal. Not just to produce Word 8 . . . or Excel . . . whatever. How is this
helping? Or is it helping? Go see if that stuff is doing anything.

Jessica, a woman student who has always done well in math and science,

feels deeply that computer science must “make a contribution”: “just . . .
making video games” is not “worth the energy and talent that it takes.”
She relates her interest in computer science to her concern for her grand-
mother’s medical condition:
I don’t think science—just for making video games—is worth the energy and talent
that it takes, but I think it’s important if it makes a contribution. So part of that
would be a contribution in medicine. My Grandma had a pacemaker, a renal dial-
ysis machine. . .. I've seen the contribution in my family in my life. . . . Medicine has
always fascinated me, so I just always wanted to apply my sciences there. And I see
the opportunities now, with the computer technology to apply there and that’s
what I want to do.

Forty-four percent of the women we interviewed and nine percent of the
men link their interest in computing to other arenas. We refer to this orien-
tation as “computing with a purpose.” This is not to say that the men lack
interests outside computing. Sam, for instance, is interested in music and
computing. But when he describes his interest in computing, he says “it is
the code itself that is interesting, even more so than the actual effect it has.”
He compares music to programming this way:

Music as an art form is similar to programming as an art form; it’s something you
can sit down and within a day you can be doing something which has an essence of
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beauty toit. ... That process I still find very interesting—how to say what you want
to say—so that the code in itself is what is interesting, even more so than the actual
effect that it has.

Christopher, a first-year student, relates his attraction to computing to
his feeling that “when you write a program, you don’t have to worry too
much about outside factors influencing how your program is going to
run.” He contrasts computing to physics experiments, where in physics
“you have to take into account gravity and air friction and all these
things.” For Christopher, computing is “an environment where you can
do what you want to do, and you have more control over how you’re going
to do it.” Furthermore, Christopher notes with delight that “you get to do
cool things and play around with it and it’s fun.”

Women’s Counternarratives

Women students’ descriptions of why they are majoring in computer sci-
ence are a “counternarrative” to the stereotype of computer scientists who
are narrowly focused on their machines and are hacking for hacking’s
sake. Instead, these women tell us about their multiple interests and their
desire to link computer science to social concerns and caring for people.
These women may or may not qualify as “people people” on a psycholog-
ical inventory exam to the same degree as those involved in nursing, so-
cial work, or child care, but they need their computing to be useful for
society.

Our finding that women students bring contextual concerns to the study
of computer science resonates with what feminist psychologists write
about women’s development. Jean Baker Miller (1976), in her landmark
study of women’s psychology, Toward a New Psychology of Women,
writes:

It is true that women, like everyone, are motivated out of the well-springs of their
own being. In that sense, we all, at bottom, act on what is moving us individually.
It is also true, however, that women feel compelled to find a way to translate their
own motivations into a means of serving others and work at this all their lives. If
they can keep finding ways to do this, they are often comfortable and satisfied—
and they do thereby serve others. This translation of motivation accomplishes an
integration that is significantly different from the integration that society encour-

ages in men. In fact, our society specifically discourages men from even attempting
anything like this. (p. 63)
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Our findings also align with much research on gender and math and sci-
ence that has found women students bringing contextual concerns to their
study. A metaanalysis of research on gender and science by Marcia Linn
and Janet Hyde (1989) concluded that a major sex difference in interests in
math and science is its perceived usefulness. Schofield’s (1995) ethno-
graphic study of the introduction of computers into a high school found
that a number of male teachers reported doing things such as building
computers for fun or deciding to teach computer science out of a fascina-
tion with the subject that led them to switch fields. Not a single female
teacher, on the other hand, was fascinated with the computer in this same
way. Rather, the female teachers who responded positively to them
“tended to speak about their actual or potential usefulness” (p. 161). Uni-
versity of Michigan researcher Jacquelynne Eccles (1994) reports that the
Michigan Study of Adolescent Life Transitions, a longitudinal study of ap-
proximately 1,000 adolescents from southeastern Michigan, found that
“women select the occupation that best fits their hierarchy of occupation-
ally relevant values” and that helping others and doing something worth-
while for society is high in that hierarchy (Eccles, 1994, 600).

Researchers Honey et al. (1991) at the Bank Street College Center for
Children and Technology asked twenty-four adult technology experts and
eighty early adolescents, approximately equally divided by gender, to de-
scribe a science fiction story they would like to write about a perfect com-
puter. They found that the women experts designed their machines to be
people connectors, for communication and collaboration. They placed the
technology in the context of human relationships. The men experts, in
contrast, envisioned technology as “extensions of their power over the
physical universe. Their fantasies were often about absolute control,
tremendous speed, and unlimited knowledge” (p. 3).

The girls designed household helpers, machines that offered compan-
ionship, or devices that they could use to broaden their social and personal
networks. The boys, on the other hand, fantasized about extensions of
power, often imagining technology that could overpower natural con-
straints. Besides noting women’s concern with relationships and men’s
concern with power, Cornelia Brunner (1997), a member of the research
team and a longtime investigator of the relationship of gender and technol-
ogy, observed that “The feminine take on technology looks right through
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the machine to its social function, while the masculine view is more likely
to be focused on the machine itself” (p. 55).

Which Orientation Does the Curriculum Support?

In most computer science programs, the early semesters are narrowly fo-
cused on the technical aspects of programming, and applications and mul-
tidisciplinary projects are deferred to the end. This, unfortunately, gives
beginning students, male and female, the false message that computer sci-
ence is only “programming, programming, programming” and removed
from real-world context and concerns. In this context, writes the Ameri-
can Association of University Women Technology Commission (2000),
the “cultural emphasis on technical capacity, speed, and efficiency” domi-
nates the scene, and this culture “estranges a broad array of learners,”
especially women (p. 7). Traditional computer science curriculum and
programming assignments often lack the larger interdisciplinary frame-
work that women find important.

Feminist educator Sue Rosser (1990) argues that “insuring science and
technology are considered in their social context with assessment of their
benefits for the environment and human beings may be the most important
change that can be made in science teaching for all people, both male and
female” (p. 72). Computer science professor Dianne Martin (1992), in her
article “In Search of Gender-Free Paradigms for Computer Science Educa-
tion,” speculates that an integrated approach to computer science would
attract more female students. She suggests that “greater attention to val-
ues, human issues, and social impact as well as to the mathematical and
theoretical foundations of computer science” would redress the balance
(p-1).

Computer scientist Frances Grundy (1998), in her article “Mathematics
and Computing: A Help or Hindrance for Women?,” explores what lies
behind the traditional orientation of computer science. She argues that
“pure” computing (such as analysis of algorithms and complexity theory)
has historically been considered more prestigious than applied computing
because male theoreticians, who are the “inner circle” of computer sci-
ence, define what is “real computer science.” She believes that while “in
fact, everything done on a computer requires some abstraction . . . abstrac-
tion by itself is not enough; we must be able to set the results of our task
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back into the real world” (p. 5). Since the majority male “insider” group
finds particular value in abstraction and in the joy of playing at the com-
puter, these become dominant parts of the computing curriculum and cul-
ture. Thus, many women are left questioning whether computer science
has a place for them and whether their orientation will allow for success
and a sense of belonging in the discipline.

A Broader View of Programming

Building on the joys that women find in computing is an important task for
narrowing the gender gap in the field. Historically, computer science has
been associated with number-crunching and quantitative skills to the ne-
glect of more varied thinking and creative activities. In their article “Mis-
measuring Women: A Critique of Research on Computer Ability and
Avoidance,” authors Pamela Kramer and Sheila Lehman (1990) argue
that much of the research on the gender gap in computing has mimicked
the research on women and math (since computers have been linked to
math). In doing so, this research has neglected to look at the larger educa-
tional context of how computers are used and how computer learning is
different from math learning:

As the use of computers expands in educational and workplace settings, the con-
texts and applications of their use are rapidly changing so that the presumed close-
ness of the domains of computing and mathematics knowledge constitutes an
increasingly inaccurate portrayal of what experienced and highly skilled computer
users describe as being the most advanced types and forms of creative computer-
related work. (p. 170)

They argue that, instead, “creative computing now relies at least as much
upon language, visual design, problem definition, and organizational skills
as upon quantitative analysis” (p. 171).

We, too, found that both women and men find pleasure in areas beyond
the traditional quantitative programming lexicon. Here are some of the
women’s answers to our question “What do you enjoy about program-
ming?”

It seems like solving a giant puzzle. It feels like someone’s giving you a Rubik’s cube
and you have to figure it out. It’s something you can think about, play with, and do
weird things that no one ever thought of. . . . It’s still a challenge that is not in an-

other field that P've found, with possibly the exception of genetics, which is also like
a puzzle.
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It gives me such a great feeling to have my own little creation. That’s the thing
about CS that I do really enjoy. It’s kind of like an art in itself . . . like it’s an art of
thinking. And everyone has their own little way of doing an algorithm or some-
thing. So that’s what I enjoy.

Ijust like being interactive with a computer. You’re almost playing with the com-
puter and making it do things. You can actually see progress before your eyes . . .
when you get it to work. . . . It’s interaction.

And then at some point I found myself just enjoying the feeling of getting some-
thing to work . . . of communicating with this machine and taking my thought,
which was not necessarily organized, and turning it into . . . an abstract, organized
mathematical language that something as stupid as a machine could understand.

It’s kind of like you’re given a problem and you have to sit down and solve it. That’s
your mission, and you do it, and it works, and when it works it’s the most amazing
feeling in the world!

In a similar vein, here are some answers from men:

Programming? There’s that really good sense of accomplishment, the most positive
feeling you get when it works. When your program finally works, and you throw
your hands up in the air and say, “YES, IT WORKS!” And I just really enjoy prob-
lem solving in general and the sort of logical approach to it and the way of thinking
that’s behind programming.

The part I enjoy about computer science is building things and watching them run.
... I’sjust such a great feeling to have created something. . . . In computer science
I get a very complete feeling about the wonder of something I’'ve created out of thin
air. All my ideas are put together into one thing.

Whether or not people think so, I think that programming is a way of expressing
yourself. ... It’s notjusta tool.. .. A person that’s knowledgeable in computers can
do a lot more with computers than you would normally think is possible.

Love of puzzles, creating something from nothing, the art of thinking, in-
teraction, communication: all are facets of the computing endeavor but
not always part of the traditional lexicon.

A tally of the factors that students like about programming (table 3.1)
shows a few quantitative differences between women and men. Women
are more likely than men to cite the satisfaction of getting their program to
work, the problem-solving aspects of programming, and the challenge.
Despite Kramer and Lehman’s (1990) critique, many also report their en-
joyment of programming involves its mathematical aspects. The area that
men cite significantly more often than women is the creativity of the
process. Itis not clear to us whether this reflects an independent gender dif-
ference, is linked to a primarily male sense of play, or is an effect of the
men’s overall greater experience. A larger sample of women exhibiting
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Table 3.1
Attractions of programming
Men Women
(n=35) (n=37)
Satisfaction in success 40% 57%
Creativity 34 20
Control 31 26
Problem solving 20 49
Challenge 9 43
Ownership 9 14
Logic 9 14
Math related 6 29

substantial experience or a play orientation toward computing would be
needed to draw a conclusion.

Programming is fundamental to computer science. Listening to students
explain what they enjoy about programming raises the possibility of a
wider range of approaches than are currently used to explain program-
ming. It could be that a more expansive set of metaphors could help to re-
fute the stereotype of programming as a dry, mathematical endeavor and
engage the interest of a wider range of students.

Summary

IBM (2000) ran a series of magazine advertisements in an effort to recruit
a more diverse workforce. One advertisement describes the job held by
Grace Liu, educational strategist: “Work with schools to develop and im-
plement tech-based solutions that improve the way students learn.” Her
experience is listed as “Currently helping San Francisco’s school district
design a case management tool that prevents students in need from getting
lost in the shuffle.” This ad stands in sharp contrast to more common
computer-related ads that feature young white males in a state of game
bliss, focused only on what is on the screen.

Can a creative person, a “people person,” care about the world and peo-
ple and be happy in computer science? While the stereotype says no, a
broader vision of what the field is and how it is best taught answers in the
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affirmative. Computing can be taught in an interdisciplinary setting, hon-
oring the goal of “solving the world’s problems.” Furthermore, this does
not require devaluing the single-minded pursuit of technical virtuosity that
marks some of the best computer science students. Instead, it establishes
multiple standards of excellence, which together can yield a stronger com-
munity of computing professionals than any one by itself. The perspective
that computer science can make itself stronger by incorporating the values
typical of women in the field changes the question from “How can women
change to fit into computer science?” to “How can computer science

change to attract more women?”



4
Geek Mythology

What happens when women major in computer science in college? The site
of our investigation was Carnegie Mellon University—highly regarded na-
tionally, and regularly ranked among the top three CS programs in the coun-
try. When we began our study in 19935, the undergraduate program at the
School of Computer Science was overwhelmingly male and included few
non-Asian ethnic minorities. Furthermore, the proportion of women leaving
the major before graduation was more than double that of men.

These students had entered the program enthusiastic about becoming
computer scientists. What happened, and how do their experiences reflect
what is happening nationwide? This chapter shows how the male norms of
who can do computer science exert their influence at many points through-
out a student’s college career. Curriculum, culture, peer relations, and fac-
ulty expectations reflect the traditional male claim on computing.

The Place: The Carnegie Mellon School of Computer Science

Carnegie Mellon’s School of Computer Science is perennially ranked
among the top in the nation for both research and education. The school
was founded as a department in 1965, was one of the first computer sci-
ence programs to be created, and has been the source of seminal advances
in artificial intelligence, computer design, robotics, and many other areas.
Beside the Department of Computer Science, the School includes institutes
devoted to research and graduate education in robotics, language tech-
nologies, human-computer interaction, entertainment technologies, ma-
chine learning, software engineering and other facets of computing.

The future is in the air at Carnegie Mellon, though not in a sleek Silicon
Valley way or in an ivy-walled way. The university started out as a techni-
cal school, and its industrial roots and Pittsburgh’s industrial heritage have
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left it with a blue-collar feel and ethos despite its high-tech achievements.
Although the campus is small and quiet, it is a place for students who want
to design and create the technology that is changing the world.

A random walk through the halls of the School of Computer Science
leads to encounters with a roving joke-telling robot, a team of robotic dogs
that play soccer, and students sporting small, application-specific wear-
able computers. Student course projects include the construction of elabo-
rate virtual worlds, complex software prototypes developed for industrial

2

“clients,” animated computer graphics, and robots that recognize their
surroundings and perform useful tasks. Faculty and students alike have
spawned dozens of startup companies and have had a large impact on the
Pittsburgh and national scenes.

Yahoo! Internet Life recently named Carnegie Mellon the “Most Wired
University,” and the School of Computer Science yields to none in living
up to the title. Newell, Simon, and Wean Halls, the distributed home of the
computer science department, are not just wired for computers and print-
ers. Students have taken matters into their own hands over the years, and
at various times the status of the Coke and candy machines has been avail-
able on the network. A digital camera transmits pictures of the coffee pot
in the main lounge over the web. Students subscribe to Zephyr, an early
and powerful version of instant messaging that lets them get instant an-
swers to technical questions or receive a news flash when faculty luncheon
leftovers are available in the lounge. Beyond the physical wiring of the net-
work (which includes a high-speed wireless network that allows students
to remain virtually plugged in while roaming the campus), the School is
deeply wired into the nation’s technocracy. Flyers posted by the elevator
announce talks on current topics by famous computer scientists and busi-
ness leaders. A former dean co-chaired Bill Clinton’s Presidential Informa-
tion Technology Advisory Committee. Recruiters from hundreds of
employers, ranging from Microsoft to tiny startups, stream through in
hopes of luring one of the 130 bachelor of science graduates each year.

“You’re the Top”
Students entering Carnegie Mellon apply directly to the individual

schools, such as the College of Fine Arts, the College of Humanities and
Social Sciences, or the School of Computer Science. Admission to the
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School of Computer Science is the most competitive. In recent years, fewer
than 20 percent of applicants for admission have been accepted (13 per-
cent were accepted for fall 2000).

The first-year academic advisor tells students to “congratulate your-
selves for making it here—you are special, in an elite competitive pro-
gram.” He gives them wise advise to “leave your ego and your pride and
prejudice at the door” because “you’re used to riding on top—now every-
one is as smart or experienced as you or more so. . . . Send your egos home.
Most of you do not know how to ask for help because you haven’t had
to before.” In the class of 1997, the mean math SAT score was 7635;
28 percent had a perfect math SAT score of 800; nineteen students were
high school valedictorians; forty students were in the top five of their
class.

The school’s prestigious reputation is not lost on the students who are
admitted. If you are interested in computer science, Carnegie Mellon is
“where it is at” says Natalie, a first-year student, who talks about her ex-
citement at being here:

It’s like you’re at the top of what’s happening. You’re at the cream of everything.
That’s so amazing. And in the future, when I get to actually take the courses related
to the work that’s being done, that’s going to be just incredible!

A first-year student says, “CMU embodies computers. If you ever read
stuff about computers, you often hear about Carnegie Mellon.” Another
student told us, “During the summer of my junior year, I’d been reading a
bunch of nonfiction books about computers and computer engineering
and all this stuff. And there were always three schools that came up there:
MIT, Stanford, and CMU.” Julie, a sophomore, describes the thrill of be-
ing admitted to Carnegie Mellon as “being on top of the world . . . one of
my biggest achievements in my life.” And then she adds: “I have a lot of
achievements, but this was one of the better ones, and they can’t take that
away from me no matter what they do. I'm going to stick here whether
they like it or not.”

In 19935, the first year of our study, only seven (7 percent) of the first-
year class were women, and female enrollment had hovered at that level
for several years. Like other leading computer science institutions, the
number of women faculty members stood steady at only 10 percent. De-
mographically, most of the students were (and are) white or Asian, with
very few African American or Hispanic students applying or attending.
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Initiation Rites

Students are initiated into the school’s culture soon after they arrive at
Carnegie Mellon. An introductory computer science lecture can be play-
ful, mischievous, and irreverent. At a raucous introductory lecture for new
undergraduates, students hoot and holler as one instructor teases another
about playing computer games until two in the morning. During another
lecture, students hack into the professor’s computer, change the wallpaper
of his computer screen, and send him messages. The good-humored pro-
fessor, who loves a good hack himself, helps fuel the challenge. A student
tells us: “I’ve heard the teacher say, ‘I dare you to do [such and such] on the
computer.” Eventually somebody does.”

Students laugh with glee as the professor in a lecture of computer ani-
mation shows, over and over, a simulated car crash that flings an animated
driver from a car. This is a world in which humor seemingly mirrors ado-
lescent male sensibilities. In a second demonstration, to illustrate computer-
simulated physics, an animated horse tries to leap over a gap and falls short.
Down it goes. Students clamor for an encore: “Show us the horse, show us
the horse!”

In a presentation to first-year students, a well-known robotics faculty
member jokes and tantalizes the students with the tremendous financial
potential of the field. Carnegie Mellon students’ advantage on the job mar-
ket becomes part of the banter and humor of the department. Pointing to a
slide of four students who worked on one of his projects, he says: “This
guy dropped out of school after his second year and started working on
this project; this woman retired after five years at the age of 32.” He tells
the students how he always has his eyes open for the “talent” in the de-
partment and calls for the “smartest” students to work on his projects. He
appeals to the sense of adventure and risk taking now so valued in this
technology-driven world. He gives examples of students going to Antarc-
tica to test a driverless robot and of others entering a volcano. His message
is that robotics is a field where the young, adventurous, smart, and ener-
getic can get rich quick.

For students right out of high school, the first year at Carnegie Mellon
can be a heady and tension-filled experience. During a presentation about
computational biology, a researcher explains that his research team first
used Macintoshes and then decided to use “real computers.” Laughter and
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several male fists rise up in the air. Such “in-house” distinctions are argued
all the time: “Real” programmers use C; command-line interfaces are bet-
ter than GUIs; “Macs are for wimps.” A professor teaching a program-
ming course in C++ derides the “stupid languages,” such as Java, taught
in other sections of the course. He calls Java a “programming language for
bozos.”

A Good Fit

When we asked students, during their first interview, to describe their
computer science peers, both men and women responded with the same
image. They described a person in love with computers, myopically fo-
cused on them to the neglect of all else, living and breathing the world of
computing, “at the computer 24/7.” Computer science students are said to
emerge from being at their keyboards, just once in a while, with a “moni-
tor tan.” A campus electronic bulletin board ran a thread about the types
of students in the different schools at Carnegie Mellon. The School of
Computer Science (SCS) was pegged with descriptive acronyms such as
“See, Can’t Socialize,” “Sleep, Code, Sleep,” and “Socially Challenged
Students.”

For some students, the image of a computer science major as someone

who is myopically obsessed with computers is a perfect fit. Ben, a first-year
student, is elated at finally finding “all these people who love computers as
much as I do.” Now he can now talk about “this stuff” without being
thought strange:
I like that I can talk and discuss some interesting things that I see with computers
and what we can do with them. I mean, that’s probably the difference between
computer science people and others—that I can actually talk what I want to do. ...
You’re so amazed that hey, there’s all these other people all of a sudden that love
these computers! And I can now talk about this, instead of just talking about just
more socially interesting subjects.

Another first-year student, Steven, draws a distinction between real
computer science students and others:

I think there’s two types of people in computer science: there are those who are very
smart and work hard, but it’s not their life, and then there’s me, who could be on
the computer all the time. I can go to computer science and spend many, many
hours every day. If Thad my druthers, I'd spend all day on the computer. I really like

summertime because I get to work and I work at a computer all day. I produce pro-
grams and what not, and it’s like a really good time for me.
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This persistent image of the computer science student has deep historical

and cultural roots. These roots go back to the days of the early hackers
who were discovering the magic of computers at places like Harvard, MIT,
Stanford, and Carnegie Mellon. Steven Levy’s (1984) book Hackers: He-
roes of the Computer Revolution describes the lifestyle, passions, and be-
liefs of these “founding fathers.” Hacking was a holy calling, a mission for
these young men; computers were considered the magical key to the fu-
ture. All that mattered about people was their “hacking ability.” Brain
power was focused on finding the perfect algorithm, and the emotional
realm of life was rarely explored. Levy (1984) describes the hacker’s world
as one without women, in which women and relationships were often re-
garded as a distraction that took up precious “memory space”:
You would hack and you would live by the Hacker Ethic, and you knew that horri-
bly inefficient and wasteful things like women burned too many cycles, occupied
too much memory space. “Women, even today, are considered grossly unpre-
dictable,” one PDP-6 hacker noted, almost two decades later. “How can a hacker
tolerate such an imperfect being?” (p. 83)

Machines, gadgets, and computing power were objects of fascination.

Young males would live and breathe computers, with the computer labs
becoming their habitats. The notorious description of the early hackers by
prominent MIT computer scientist Joseph Weizenbaum, quoted by Levy,
still strikes a familiar chord as the expected image of a computer science
“geek ”:
Bright young men of disheveled appearance, often with sunken glowing eyes, can
be seen sitting at computer consoles, their arms tensed and waiting to fire their fin-
gers, already posed to strike, at the buttons and keys on which their attention seems
to be riveted as a gambler’s on the rolling dice. When not so transfixed, they often
sit at tables strewn with computer printouts over which they pore like possessed
students of a cabalistic text. They work until they nearly drop, twenty, thirty hours
at a time. Their food, if they arrange it, is brought to them: coffee, Cokes, sand-
wiches. If possible, they sleep on cots near the printouts. Their rumpled clothes,
their unwashed and unshaven faces, and their uncombed hair all testify that they
are oblivious to their bodies and to the world in which they move. These are com-
puter bums, compulsive programmers. (pp. 133-134)

Popular portrayals of computer science students today still play with
this image. Doonesbury cartoons feature computer science students obliv-
ious to the world around them; a cartoon about Internet Barbie depicts her
sitting in front of her computer wearing sweats and drinking coffee. The
New Hacker’s Dictionary (Raymond 1996) describes the computer geek
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as “withdrawn, relationally incompetent, sexually frustrated and desper-
ately unhappy when not submerged in his or her craft” (p. 529). While the
dictionary’s editor believes the stereotype is less true than mainstream
folklore would have it, he does describe hackers as having “relatively little
ability to identify emotionally with other people” (p. 528) because they are
accustomed to spending hours and hours at the computer keyboard.

The Glamorous Geek

Recently, cyberspace money and fame have added a touch of glamour to
the nerdy geek image. In this cultural shift, the socially clueless computer
nerd has merged with the hip, successful, cool guy. A New York Times op-
ed piece by Michiko Kakutani (2000) on cyberculture and language opens
with the observation that “the lowly geek has become a cultural icon, stud-
ied by the fashionistas of Seventh Avenue and the Nasdaq watchers of
Wall Street alike” (p. B1). But while computer whizzes may be cooler and
more glamorous than before, the expectation is still that young men, se-
questered in their cubicles, living and breathing computers, are creating
the new world. And the lifestyle of today’s computer startups reflects this:
offices in Silicon Valley are equipped with bunk beds, workout equipment,
and direct lines to the best take-out restaurants. Life is online. Kakutani
describes the new language of cyberspace as conjuring up “a chilly, utili-
tarian world in which people are equated with machines and social Dar-
winism rules” (p. B1). For example, to be fired or dismissed is to be
“uninstalled.” A new employee who fits in without any additional training
isa “plug and play.” Indulging in “nonlinear behavior” means acting irra-
tionally. “Bandwidth” refers to talent or brains, and “client/server action”
refers to sex.

Geek Mythology

While both male and female students provide similar descriptions of the
typical computer science student, a larger number of students than we had
expected (both male and female) say this image of the computer science
student “is not me.” Contrary to the stereotype, about half of the com-
puter science students we interviewed enjoy computing but also have
broad interests and are not glued to their computers. We call this the “geek
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mythology” paradox: 69 percent of the female computer science majors
we interviewed, as well as 32 percent of the men, perceive themselves as
different from the majority of their peers and assert that their lives do not
revolve around computers.

Robert, a first-year student, does not feel like the stereotypical computer

science student. He talks of walking down his dorm hallway and seeing his
peers riveted in front of their computers morning, noon, and night:
Every single time I pass by their room they’re always on the computer typing away.
I don’t know what they’re doing. Either playing games or they’re doing e-mail or
whatever. But my roommate, for example, stays up until four in the morning just
typing away, and I have no idea what he’s typing. But he’s just there right in front of
the computer in the dark and just typing, typing.

Robert does not spend his life at the computer and complains that this
singular focus on the computer flares up wherever computer science stu-
dents congregate. He cites his experiences in the computer science lounge,
where “every time I walk in there, the ongoing conversation is about com-
puters.” He adds: “They can’t stop talking about computers!” Even the
whiteboard is covered in “computer language.” Matt, another first-year
student, specifically distances himself from the hacker mentality: hackers’
“intellectual interests aren’t necessarily very broad.”

Sarah, a first-year student, complains animatedly about what happens

when she goes out for dinner with the computer science crowd. While she
tries to move the conversation to other topics, it always lands and seems to
stay on computers:
So we’re all working on a project, and someone says, “Do you want to go out to
dinner?” So six or seven of us pile in a car and go to Eat-N-Park or whatever. And
all that happens at the table is I’'m sitting there like, “So did any of you hear the new
CD by [this band]?” or something, or, “You wouldn’t believe this poem we read in
my class today!” And they’re like, “Oh, we don’t care. So anyway, you should see
this system that Derrick got. Oh my God! It’s so huge! He got an Indy! He got an
Indy, and it’s like sitting right on his desk just to flaunt at all of us that he’s got a bet-
ter computer than us!” And they’re like, “What’s the processor speed?” “I don’t
know, it’s somewhere around 100 megahertz!” “Oh!!!” “He’s got a 2 gig hard
drive!”

Sarah exclaims, “I’m like, ‘T don’t care! Can’t you people talk about any-
thing but computers?’ And the thing is, some people here are so happy for
the fact that they finally have these friends that just talk about computers!
It’s like, ‘Hey, we can go out to dinner and talk about computers, and peo-
ple won’t laugh at us anymore because computers are hip!””
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Geek Myth More Damaging to Women

While the stereotype of the computer science student as someone who is
myopically focused on computing is rejected by many male and female stu-
dents, women report more distress and are more affected by the perceived
difference between themselves and their peers. One-third of the male stu-
dents we’ve interviewed say they differ from the stereotype, that they have
a broader range of interests than just computing. But twice as many women
(more than two-thirds of those we interviewed) feel different from the
stereotype. And 20 percent of the women we interviewed question whether
they belong in computer science because they feel they do not share the
same intensity in focus and interest that they see in their male peers.

Donna is a junior who was very involved in the Internet before coming

to Carnegie Mellon. She has always regarded herself as a math-science per-
son. By her second semester, Donna doesn’t think that computer science is
for her. Comparing her own set of interests to those of her male peers, who
seem so driven by computers, she began to doubt her place in the field: “It’s
not my passion like everyone else. They’re all really into it.” In her particu-
lar case, her boyfriend is “really into robotics” and is planning on going to
graduate school and becoming a professor. When we ask her to describe
why computer science is not for her, she says:
When I have free time, I don’t spend it reading machine learning books or robotics
books like these other guys here. It’s like, “Oh my gosh, this isn’t for me.” It’s their
hobby. They all start reading machine learning books or robotics books or build a
little robot or something, and I’'m just not like that at all. In my free time I prefer to
read a good fiction book or learn how to do photography or something different,
whereas that’s their hobbys, it’s their work, it’s their one goal. I'm just not like that
at all; I don’t dream in code like they do.

Comparing herself to peers who “dream in code,” who do nothing but

computer science, she questions her own motivation and whether she
belongs:
Sometimes I feel they [male peers] have a motivation that’s deeper than I do. It’s
weird. I have that kind of feeling like, “What? Do I belong in this major if they love
programming that much?” And I have friends who will be like, “Well, [ am going
to teach myself a new language,” and they’ll go pull an all-nighter. I don’t have that
motivation, so am I in the right department? Am I in the right thing?

Each student’s self-evaluation becomes a critical part of his or her sense
of belonging in computer science, and the myopically obsessed computer
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whiz types have become the reference group—a frame of reference for
each student’s self-evaluation and attitude formation. An exceptionally
high level of obsession and expertise has become the expected norm and
has raised the bar for the level of knowledge, interest, and expertise identi-
fied with computer science majors. For women, seeing most of their male
peers as totally absorbed in computing, the fear that “I don’t seem to love
it as much as the men, and therefore I don’t belong,” lurks in many
women’s doubts.

Can a Computer Science Major Find Balance?

Many of the women we talked with are alienated from and resistant to a

1

culture they find insular, isolating, and “out of balance.” “Scary” and
“afraid” are words that recur again and again in women’s interviews when
they describe qualities associated with being a computer science major.
Louise, a second-year student, wants to do well in her major and become a
good computer scientist. But, she told us, she is unwilling to “sacrifice the
rest of my life for computing.” Moreover, she believes many male students

will make the sacrifice:

I think it’s real important to do well in my major and become a good computer sci-
entist, but at the same time ’'m not going to sacrifice the rest of my life for it. But I
think there are quite a few guys that do. Their whole life is pretty much centered
around their classes and programming and programming outside of class, and I
just don’t think women do that for anything, at least not that Pve seen. That’s very
rare. . .. You see all the guys who are like, “Wow, this is my life.” You see their
drive. You think you can’t compete with this. You can, it’s just that some people
aren’t willing to and become uncomfortable with all that.

So women in computer science find themselves in a perplexing dilemma.
Because young males have flocked to computer science and have become
compulsively attached to computing, the computing culture reflects their
domination and desires and projects the male way as the way to be in com-
puter science. Many women, on the other hand, prefer a life that is not sin-
gularly focused.

Jennifer, a first-year student, likes computers a lot and knows that this is
what she wants to study. But she is dismayed by the fact that she sees very
few people in computer science who have balance in their lives and “enjoy
other stuff besides computer science.” Seeing her peers, sitting in front of
computers for hours on end, with no expression on their faces, scares her:
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Because I see these people. They can sit in front of a computer for hours and hours,
and they would have no expressions on their face, and they would just do what-
ever. And then it scares me because I don’t want to make computers my life. It’s
part of my life. I know this is what ’'m going to do. I like to study, I like computers,
but I can’t make it my life like some of the other people do. . . . T only know a few
people in computer science who seem to enjoy other stuff besides computer science.
They seem to have a balance. T admire those people, though.

Another student, Barbara, who is contemplating changing majors, says
there is “no specific thing that I dislike about computer science. I guess it’s
just the general atmosphere.” Barbara is afraid of becoming so myopically
focused on the computer that her links to other interests will disappear.
She says: “I’ve heard of certain people that just go into writing code, and
... all their focus is into that, and they kind of ignore everything outside
that scope. That’s one thing I'm afraid of becoming.” Nancy, as well,
knows she wants to work with computers but “does not live to program”
and values the balance she has in her life. Nancy says she “doesn’t hate
computer science” but “doesn’t like it as a lifestyle”:

I don’t live to program. I know guys who live to program, or at least they seem to.
You find them on the weekends doing nothing but programming and I just think,
“How can they do that?” I guess I think ’'m more balanced.

The rub for women in computer science is that the dominant computer
science culture does not venerate balance or multiple interests. Instead,
the singular and obsessive interest in computing that is common among
men is assumed to be the road to success in computing. This model
shapes the assumptions of who will succeed and who “belongs” in the
discipline.

Jacquelynne Eccles (1994) is a researcher from the Institute for Social
Research in Ann Arbor, Michigan, who has been studying women’s occu-
pational and educational choices for over twenty years. She investigates
whether socialization could lead women and men to have different hierar-
chies of core personal values. A longitudinal study of adolescent life transi-
tions shows that “girls place more value than boys on the importance of
making occupational sacrifices for one’s family and on the importance of
having a job that allows one to help others and do something worthwhile
for society” (p. 600). In data collected from gifted female and male sub-
jects, the women rated four areas more highly than did the men: family,
friends, richness of one’s cultural life, and joy in living. The men rated oc-
cupation as having higher importance than did the women.
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In related research on female and male interest patterns, girls scored
higher than average on several interest clusters; in contrast, boys often evi-
dence a more unidimensional set of interests. Eccles theorizes that women
place higher value on having a multifaceted life rather than being solely fo-
cused on one dimension. According to Eccles, women calculate “perceived
cost” of their occupational choices, influenced by many factors such as an-
ticipated anxiety, fear of failure, fear of social consequences of success,
and loss of time and energy for other activities (p. 598).

Women in Computing: Guests in a Male-Hosted World

If the only option for being in computer science is abandoning a balanced
life and other interests, many women will find the cost too great. Suzanne
is a top second-year student and a keen observer of social relations. She
says, “It doesn’t help that a lot of the guys seem to just like to sit in front of
the computer all the time and just sit. . . play games or write games. ...Ifa
female doesn’t do that, to them it implies that they’re not as interested.”
How can these women cling to balance and compete with men who are so
singularly focused on the computer? One student tells us that she wants to
be “a very broad person. I mean, that is a part of me just as much as any-
thing else.” But then adds, “But I guess if you want to be specialized, you
have to focus.”

A critical part of attracting more girls and women to computer science is
providing multiple ways to “be in” computer science. Concern for people,
family, “balance in life,” novels, and a good night’s sleep should not come
at the cost of success in computer science. But the full acceptance of this
proposition cuts against the dominant culture of the field.

Carnegie Mellon is certainly not the only computer science department
that recognizes that the expectations associated with “being a geek” have
become a major deterrent to the recruitment and retention of women stu-
dents. Ellen Spertus (1993), currently an assistant professor of computer
science at Mills College, was an MIT graduate student when she wrote a
paper entitled “Why Are There So Few Female Computer Scientists?” She
describes the hacker culture as part of the masculine environment and
points out a difference in priorities between men and women:

It is important to remember that women who do not throw themselves into the
computer world might not be inferior to men, but that sacrificing everything to
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computers might not be something that a psychologically healthy human being
does. Perhaps men and women alike would be better off if some jobs and hacker
cultures did not require giving up the rest of their lives. (p. 35)

More recently, MIT launched a recruiting campaign whose message was
that being a male geek was not a prerequisite to studying there.

In Europe, too, hackers have been recognized as a negative cultural in-
fluence on women in the field. Bente Elkjaer (1992), a Danish researcher,
characterizes women’s experiences in computer science as being “guests in
a male-hosted world.” At the Norwegian Institute of Technology, com-
puter science has the lowest percentage of female students (8 percent) of all
departments. Instead of focusing solely on “deficiencies” in girls, such as
fear of technology and lack of self-confidence, researchers Hapnes and
Rasmussen (1991) have examined the culture of computer science. They
studied how the minority hacker (“key-presser”) culture has come to dom-
inate the field. While many male students and professors share certain val-
ues with the hackers, most of the female students distance themselves from
a culture that myopically focuses on the computer as machine. These re-
searchers conclude that “the female students distance themselves from the
hackers, because the hackers represent what they do not want to be. The
female students do not want an intimate relationship with the computer.
Intimacy belongs to people, not machines” (p. 399).

Overcoming Geek Mythology

The AAUW’s Tech-Savvy: Educating Girls in the New Computer Age
(2000) describes focus groups with seventy middle school and high school
girls and surveys of 892 teachers. The conclusion of these studies is that
girls today have a “can do, but don’t want to” attitude toward computing
(p. 5). The authors argue that while the low number of girls in computer
science is often attributed to computer phobia, such behavior is instead “a
choice that invites a critique of the computing culture” (p. x). Instead of
hearing a lot about computer anxiety, the Commission heard girls cri-
tiquing the culture of the field—the way computer science is conceived and
taught and the violent way it is used in computer games.

Industry and government are campaigning to change the geek image.
IBM has recently run advertisments that profile interesting, well-rounded,
socially concerned employees. The government is attempting to burnish
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the image of programmers and encourage more young people to enter the
field. Anticipating a shortage of programmers and software developers,
the U.S. Department of Commerce has planned an advertising campaign
using celebrities and teenagers themselves to communicate the message
that programming is “cool, exciting and you can do it.”

A Matter of Expectations

The following e-mail exchange took place between two high school com-
puter science teachers who were part of our summer program on gender
equity and computing (see chapter 7). The male teacher initiated the dis-
cussion about the small numbers of female students in his computer sci-
ence classes. He observes that he has “any number of boys who really love
computers” and that “several parents have told me that their sons would
be on the computer programming all night if they could”:

Thave yet to run into a girl like that. A couple are Internet nuts, but that’s social, not
programming. Where are the girls that love to program? My girls sit up and take
notice when I talk about programming as a good way to make a living, but look at
me funny when I talk about it as fun. The boys think money is nice but fun is where
it’s at. Why is this?

Instead of responding with a list of reasons why girls are not like the
boys, a female computer science high school teacher identifies this
teacher’s question as the same misassumption made by many of her stu-
dents: they also look in the wrong places for signs of being interested in
computers. They believe that staying up all night programming is a sign of
love for computer science and that not doing so is a sign that one doesn’t
love it. But she disagrees. She talks about taking her first programming
course in college and how she “fell in love with it.” She said it was “orga-
nized, logical, and yes, fun.” However, she did not stay up all night doing
it. She says she “did not even spend a majority of my time programming”
and did not program on her own, coming up with games or entertainment.
She said she enjoyed the programming assignments “immensely,” enjoyed
the challenge, and especially enjoyed the “practical problems.” But, she
adds, “My point is that staying up all night doing something is a sign of
single-mindedness and possibly immaturity as well as love for the subject.
The girls may show their love for computers and computer science very
differently.”
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She emphasizes that if we are using a single male model to identify po-
tential computer science students, we will miss many potential female (and
male) students:

If you are looking for this type of obsessive behavior, then you are looking for a
typically young, male behavior. While some girls will exhibit it, most won’t. But it
doesn’t mean that they don’t love computer science!

It is important to note that it is not only women who resist a myopic fo-
cus on computers. Some men resist a narrow orientation but do not ques-
tion their ability to become computer scientists because their gender has
not rendered them suspect. The social history and culture of computing,
based on the activities and culture of boys and men who have made com-
puting the central focus of their lives, contribute to boys’ sense of belong-
ing and girls’ sense of “outsidership” in computer science.

The model of a successful computer science student is viewed through a
male prism. This perspective bolsters men’s confidence and sense of be-
longing. The same culture expects little success from women. Women’s in-
terest in and attachment to computing are considered outside the norm,
and their abilities are never taken for granted. This places women students,
especially those who resist becoming myopically focused, at high risk in
the discipline.
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Living among the Programming Gods:
The Nexus of Confidence and Interest

Several people who heard about our research project felt that there are few
women in computer science because “computer science is boring for
women.” Interest in a subject, though, is influenced by factors beyond an
individual’s intellectual preference for an abstract body of knowledge.
In this chapter, we look at the ways that interest in computing is extin-
guished in many college women and how their exit statements that they
are “just not interested” are a misleading summary of a complex process.
Many once-enthusiastic female college students find themselves in a
descending spiral of eroding interest through the corrosive effects of lack
of confidence, negative comparisons to peers, poor pedagogy, and biased
environments.

Lily is a first-year undergraduate computer science major who entered
Carnegie Mellon with a great deal of enthusiasm. Her interest was first
sparked in high school, when she took an advanced placement computer
science course at the suggestion of her guidance counselor. “As soon as I
started taking that course in programming, I realized I loved it. . . . I ab-
solutely loved it.” Her enjoyment of a summer programming job solidified
her decision to major in computer science. She enjoyed “the challenges the
programmer faces” and found the problem solving to be “fun.” By the end
of her second college semester, though, Lily’s enthusiasm for computer sci-
ence plummeted. She says, “In high school, when I’d go home from class, I
would be like, ‘Oh, let’s program a little.” But now [ am just like, ‘Let’s not
bother.”” All around her, she experiences her peers (mostly male) as doing
much better with much less effort. She talks about her loss of confidence.
Since her interest in computing doesn’t seem to measure up to the all-
consuming love of computing that many of her peers have, she begins to
question whether she is really interested in computing after all.
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Several semesters later, Lily transfers out of computer science into Eng-
lish. She describes her disappointment in having transferred out. She is not
unhappy in English; she loves the humanities. But she remembers how
much she loved programming and had wanted to major in computer sci-
ence and feels dismayed with how her interest has waned. Lily’s experience
is not unique.

“Everyone Knows So Much More”

Sara, a first-year student, entered Carnegie Mellon excited about majoring
in computer science. Sara had been computing since she was young; com-
puting was her hobby. Her family thought of her as the “computer ge-
nius.” In high school, she loved programming and advanced placement
computer science. She thought it was easy and that “computer science peo-
ple are cool!” At Carnegie Mellon, Sara placed out of the introductory
course. With all this, Sara still found it “scary” how much computing her
peers already knew. She says, “The problem is the friends that I have in
computer science know so much about it—more than is expected.”

Sara is right. Students at Carnegie Mellon know a lot about computing.

Throughout the campus—from fine arts to engineering—many students
are extraordinarily knowledgeable about computing. The history of
Carnegie Mellon as one of the birthplaces of modern computing, as well as
the computing-related orientation of many of the disciplines, attract stu-
dents who are intensely interested in and knowledgeable about comput-
ing. In a study of the introduction of computing into the academic
instruction at Carnegie Mellon during the early to mid-1980s, researchers
L. Sproull, S. Kiesler, and D. Zubrow (1987) caught an irony of the
place:
CMU clearly values computing quite highly. But in their enthusiasm for comput-
ing, its managers and experts have created situations in which it is hard for novices
to be enthusiastic. Like the overzealous tour guide who forces his charges to climb
endless sets of steps for the perfect view, to eat sheep’s eyeballs for the perfect culi-
nary experience, and to sit through a five-hour native poetry reading, this organi-
zation can produce more cultural dropouts than recruits. (p. 194)

Scattered throughout the university are students who wanted computer
science as their first choice of major but who were not accepted because of
the competitive admissions. Every seat in the department is highly coveted.
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This leads to campuswide envy (mixed in with some contempt on the part
of students who still see computer science majors as asocial geeks) and
high expectations of how much a computer science student should know.
As a result, the bar of what one should know, if one is a computer science
major at Carnegie Mellon, is raised astronomically high. For students, in-
cluding most women, who have not spent their tender years in front of a
computer, these high expectations can be discouraging. This phenomenon
is especially difficult for first-year students, who often were at the top of
their high school classes and the computer whizzes of their schools or fam-
ilies. Suddenly they are surrounded by new faces, many of who were also at
the tops of their schools, and they begin to recalibrate themselves in rela-
tion to their new classmates.

Carmela, a sophomore who began playing with computers when she

was four, started programming when she was five or six, and competed on
her high school programming team, tells us how the computing knowledge
of her classmates overwhelmed her. Men’s comments about how easy as-
signments were, when she had been working so hard on them, shook her
confidence and then diminished her interest in programming;:
Then I got here and just felt so incredibly overwhelmed by the other people in the
program (mostly guys, yes) that I began to lose interest in coding because really,
whenever I sat down to program there would be tons of people around going, “My
God, this is so easy. Why have you been working on it for two days, when I finished
itin five hours?”

Could this be a case of male boasting? Norma, a first-year student, talks

about her assumption that the male students know more. She says that she
thinks “it is the way they carry themselves.” She has met some guys who
“don’t know anything” but who appeared at first that they did. She says
that she is learning that “if  meet a guy who is a computer science male stu-
dent, I shouldn’t assume that they know everything”:
I mean they’re obviously here because they’re very bright and they think a certain
way, but when it comes to programming . . . some of them haven’t had the formal
training, and that leads me to believe that they just [exude] confidence, I guess. It is
not so much of what they know.

While male posturing and boasting may lead women to feel they know
little compared to their male peers, most women college students have had
less computing experience in high school and, especially, in informal,
extracurricular computing activities. Of 136 incoming computer science
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students surveyed in 1998 to 1999, men averaged 3.24 on a 1 to 5 scale of
programming experience level, and women averaged 2.14; 38 percent of
women and 7 percent of men ranked themselves as beginners; and 12 per-
cent of women and 45 percent of males ranked themselves at 4 or 5. These
self-assessments, which could include some estimation bias, are consistent
with the percentages of students who reported having paid professional pro-
gramming experience: 25 percent of men reported such experience, whereas
just 4 percent of women did so. Also, more males start programming early
“for fun,” pursue it as an interest on their own, and take it further.

Repeatedly in our interviews, male students refer to personal program-
ming projects outside of class or work. Most females, by contrast, gained
most of their experience in high school classes and seldom programmed
outside of school. Although 38 percent of first-year men in our study re-
port significant out-of-school, self-initiated programming experience be-
fore coming to college, just 10 percent of first-year women had similar
experiences prior to college.

While men do have more experience, prior computing experience level
turns out not to be a predictor of eventual success in the program. Prior
computing experience can have a significant impact on confidence and
comfort in the program and might give some truth to the impression of
many women that “others catch on so much more quickly.” It also can
lead to grade disparities in early courses. However, self-ratings of pro-
gramming experience are lower for female persisters than for women who
transfer out—3.0 to 3.4, on a 1 to § scale with 5 being most experienced
(see chapter 6). Still, the experience gap contributes to women’s unease
with what they don’t know.

One student, Jeanne, reports standing next to a male computer science
major as both were admiring a black wine bottle. Her conversation part-
ner said, “Itlooks like a NEXT box.” She said, “What’s that?” and he said,
“I can’t believe you are a computer science major and do not know what a
NEXT box is.” She says, “This is what you get a lot of when you are a com-
puter science major.”

Not only do women perceive male students as knowing more computer
science, but many experience men as doing it with greater ease and more
“naturally.” When an interviewer asks Penny, a second-semester student,
whether her interest in computer science has increased since being at
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Carnegie Mellon, she replies by describing a computer graphics lecture as
“the most exciting lecture I have ever attended.” But then she adds:

I’m actually kind of discouraged now. Like I said before, there’s so many other peo-
ple who know so much more than me, and they’re not even in computer science. I
was talking to this one kid, and . . . oh my God! He knew more than I do. It was so
... humiliating kind of, you know?

Penny says that she doesn’t know what she thinks she needs to know and
that “inhibits my willingness to continue.” She knows that this should pro-
pel her drive to learn more, but it doesn’t. In addition to being humiliated,
she feels “like P’ll always be behind, and it’s discouraging.“

The Erosion of Confidence

Researchers on gender and math and science have found that self-
confidence, not ability, is the significant difference between male and fe-
male science students. In their seven-university study, E. Seymour and N.
Hewitt (1997) observed that most women they encountered had entered
college at a peak of self-confidence, based on good high school perfor-
mances, good SAT scores, and a great deal of encouragement and praise
from high school teachers, family, and friends. Then, “within a relatively
short time of their entry to college, women who felt intelligent, confident in
their abilities and prior performance level, and who took their sense of
identity for granted, began to feel isolated, insecure, intimidated, to ques-
tion whether they belonged in the sciences at all and whether they were
good enough to continue” (pp. 255-256). In her article “Math Self-
Concept: How College Reinforces the Gender Gap,” Linda Sax (1994) an-
alyzed a survey of over 27,000 college freshman students and a follow-up
four years later. She found that self-concept declines for both men and
women in college math classes but that the “magnitude of the decline is
greater in more selective schools” and that “the decline in math self-
confidence in selective colleges is more pronounced for women than for
men” (p. 149). A student’s self-perception is formed by self-assessments of
her abilities in comparison with those of her peers.

Women’s loss of confidence is especially severe in historically male-
dominated fields. According to S. Brainard and L. Carlin’s (1997) six-year
study of women in science and engineering classes at the University of
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Washington, many women suffered a steep drop of confidence following
their freshman year and never fully recovered. A study of North Carolina
State engineering students found that the women in the first-year cohort
began the semester less confident, on average, than the men about their
ability to succeed in engineering (Fuller et al., 1997). And even though they
performed about the same as the men, with an average GPA of 2.89 com-
pared to 2.83, they lost more confidence in ability than did their male
counterparts. Indeed, the difference in the level of confidence between men
and women is so pronounced that the men who did not matriculate were
significantly more sure of their ability to succeed in engineering than were
the women who did matriculate. In a 1988 study of premedical students
(Fiorentine, 1988), women rated themselves lower than the men rated
themselves on every scale—including overall academic ability, mathemat-
ical ability, writing, popularity, and expectations of how well they thought
they would perform as a physician. While the attrition rate for the students
who received good grades was the same for males and females, the attri-
tion rate among the students who received a poor grade was higher for
women.

While women in our study expressed more doubts about their ability
than most men, course grades for most computer science classes were com-
parable between the women and the men students. Average grades for men
and women were nearly identical in the first programming course most
students take, with most students doing well. And computer science grades
for the second year and beyond are fairly similar, with women averaging
2.99, and men, 3.08. The only significant exception has been in the data
structures course, typically taken in the second semester, where women
did not do as well as men, on average.

Small Injuries Hurt Women More

While the confidence of many women hangs on a razor’s edge, our track-
ing of students has shown that problems with curriculum and teaching
hurt all students, but they hurt women and minorities even more. For in-
stance, all students in the Carnegie Mellon program take a data structures
course (15-211, Fundamental Structures of Computer Science) during the
second or third semester. The preceding introductory courses are small,
typically twenty-five students, and the first-year advising staff members
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are devoted to teaching and make themselves available to students many
hours a day. Course 15-211, though, has historically been a large class
with a rotating teaching staff. It is a lecture course where computer science
majors of all experience levels are students together in a course for the first
time. Almost all students complain that this class tries to teach too broad a
range of students. Students who are less experienced feel that the profes-
sors assume students know more than they do.

In academic year 1997 to 1998, for example, this class became a down-
hill turning point for many women students. Female students with less ex-
perience felt vulnerable in unfamiliar territory. In our sample, women’s
grades in 211 averaged 2.71, while men’s grades averaged 3.21. Women
students voiced more criticisms of the teaching, large class size, and assign-
ments and frequently concluded that having trouble in 211 meant that
things would get worse in subsequent courses. Many of the women felt
lost, unsupported, unconnected, and unable to bolster their own sense of
belonging in the field. On top of this, despite a substantial staff of teaching
assistants, they felt they had little contact with faculty who could give them
much-needed encouragement and support.

While the women report feeling like they were “drowning,” most men in

our sample describe 211 as “easy,” “boring,” and “repetitive.” This, then,
adds an extra layer of discouragement on top of women’s frustration. As
one woman student said:
Itis annoying to pick upa 15-211 assignment (which all my friends say is easy) and
spend several hours trying to figure out what to do, then have to constantly get help
from a smarter friend because I don’t understand it. Then I overhear comments
about how easy it was and how this person loved it and did it in four hours or some-
thing, and it seems like I can’t do anything on my own.

Much prior research shows that female students in technical disciplines,
perhaps partly because of their “outsider-ness,” are especially vulnerable to
poor teaching, inhospitable teaching environments (such as large classes),
and unhelpful faculty. Even a small proportion of such occurrences against
an otherwise welcoming and supportive background can have severe neg-
ative effects. One woman who transferred out discussed how a perception
of poor teaching contributed to her leaving computer science:

I get the impression that the computer science department here doesn’t actually

“teach.” They just hand out assignments, and they say, “Do them.” And they fig-
ure if you can do the assignment, then you know what’s going on. I guess they
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figure if you can handle four years of just doing that constantly, then you’re really
good at it.

“You Are Here Only Because You Are a Girl”

When we asked a student how she experienced being one of a minority of
women, she said: “The guys rubitin. ... You know, they come in and say,
‘Just because you’re a girl, you got accepted.”” She goes on: “I guess
they’re just pulling your leg or something, but it still doesn’t feel good
when they come back and say things like that.” Another woman told us
about a male peer who said something like, “Girls . . . they just bring you
girls here to make our computer science department look better. . .. They
don’t really expect you to be able to code, but if you need help, you got the
goods to get help from any guy you want.” A quarter of the women we in-
terviewed reported hearing comments implying that the only reason they
were admitted was because of their gender.

Research from other universities reveals similar environments for
women in computer science, in which comments from male peers, seem-
ingly incidental or random, accumulate to make women feel undervalued
and ultimately unwelcome. Ellen Spertus’s (1991) report on MIT women
in computer science, “Why Are There So Few Female Computer Scien-
tists?,” concludes that these comments and behaviors are “the symptom of
a more fundamental problem: lower expectations for females” (p. 14).
Women then internalize these low expectations with the air they breathe.

Virginia Valian (1998), professor of psychology and linguistics at
Hunter College, in Why So Slow? The Advancement of Women, writes
about perceptions of gender differences—gender schemas—and how they
accumulate in professional life so that men tend to be overrated and
women underrated. She writes that “people’s expectations of us lead us to
perform in a way that meets those expectations” and that “even when no
one is approving or disapproving of us at the moment, our conceptions of
ourselves are based in part on a history of other people’s views” (p. 145).

When we asked a student in her second interview how it felt being a
woman in the program, she said, “It’s very disheartening. If you are con-
tinually told that you’re hopeless, eventually you will start believing it.
How long can you put up with that?”

A second-year student, Stephanie, tells us that when a male student said
to her “Oh, you only got into computer science because you are a girl,” she
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retorted: “I don’t think so! You know, I had higher SATs than you. Shut
up!” She tells us that she was “not the only one who got that.” One of her
friends came to her when she was a first-year student and told Stephanie
that that some guy said she got into computer science only because she was
a girl. Stephanie said, “It’s not true. Just say, ‘My SATs were better than
yours,” and they’ll shut up, even if that’s not true.” At the end of this story,
Stephanie tells us, “I mean, that’s one thing you get a lot of.”

While most of the women say that all but a few of their male peers are
nice and helpful, 22 percent of the women we interviewed mention having
heard that they got in only because of their gender, and an additional 11
percent wonder if this may be true. Some women, although a minority, say
that they are completely comfortable in the program and that the small
number of women is irrelevant to their experiences. Some even enjoy feeling
unique and take pride in being one of a special few. Other women struggle
with their doubts but emerge stronger, their self-confidence resistant to such
concerns. Even a woman student who feels that being a woman has no effect
on her, however, reveals the sting of the admission barbs: “You know, Tjust
hope sometimes that I didn’t get into computer science because [ am a girl.
... Other than that, it [being a woman| doesn’t affect me very much, you
know? In fact, I think maybe some people think T am even cooler.”

The irony in these accusations is that until recently admissions stan-
dards for the computer science program at Carnegie Mellon arguably car-
ried a small bias against women. Men and women were judged by identical
numerical formulae, including a heavy reliance on the SAT math score,
which many studies have shown to systematically underpredict women’s
college performance. Although final admissions decisions were subject to
human judgment and review, nonetheless women tended to earn slightly
higher grades than men once enrolled at the university. In the past few
years, the university has adopted a more holistic approach, which we dis-
cuss in chapter 8.

“A Threat in the Air”

Professor Claude Steele (1997) of Stanford University studies what hap-
pens to minority and women students when they find themselves in acade-
mic situations in which negative stereotypes and expectations are active. In
his article “A Threat in the Air: How Stereotypes Shape Intellectual Iden-
tity and Performance,” he argues that stereotypes and low expectations for
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women in math and science play a major role in women’s loss of interest in
these fields. In situations in which negative group stereotypes apply, there
isa “threatin the air” that leads group members to be fearful of confirming
the stereotype. This fear creates “stereotype vulnerability,” which can lead
to poorer performance and “disidentification” with, or detachment from,
the field.

One example of Steele’s research on stereotype vulnerability involves
giving high-achieving men and women a difficult math test. He has found
that when women are told that the test results show a gender difference,
their test scores drop. When they are told that there is no gender difference,
their test scores rise. His research has been replicated in many different set-
tings and shows how the stereotype that women are less able than men in
math negatively affects women’s test performance. A similar experiment
tested the effect of stereotype threat on African Americans students. When
they were given a test, asked to note their race on the test, and told that it
would test their analytical ability (which is poor according to the stereo-
type of blacks), their scores dropped relative to a situation where they were
not asked to note their race.

Steele believes that stereotype vulnerability explains the drop of interest
and disidentification with a field—especially among woman in male-
dominated fields and African Americans in academic settings in general.
He concludes that these students disidentify with a field in a “retreat of not
caring about the domain in relation to the self. As [disidentification] pro-
tects in this way, it can undermine sustained motivation in the domain”
(1997, 614). This is one way of understanding the nexus of confidence and
interest and provides a deeper understanding of women students’ sense
of vulnerability and the conclusion of some that “computer science just
doesn’t interest me.”

A Vicious Circle

Julie, a junior at the time, describes how interwoven confidence and inter-
est are for her:

I enjoy computer science, but it’s not my life. . . . Part of it is a confidence thing . . .
because I sometimes feel like ’'m not nearly as good as so many other people. I'm
not a whiz. ’'m not someone who gets things instantaneously. It just feels like
everyone around me does. So when you feel like you are not as good at things, you
lose a little bit of interest.
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Julie puts her finger on a pattern we hear from many students. The pat-
tern begins when, feeling overwhelmed by coursework and outclassed by
peers, a woman begins to doubt her own abilities. At this stage, our inter-
views often find women expressing doubt about their “fit” in computer
science but still feeling keen interest. Eventually, though, if a woman’s con-
fidence does not return, a process similar to Steele’s concept of disidentifi-
cation ensues, and her interest also declines.

In the peculiar setting of computer science, this pattern can reinforce it-
self, in that a lessening of interest can cause a woman to doubt herself even
more. If the archetypal computer science student is consumed with passion
for the field, the thinking goes, perhaps a student with less interest simply
does not belong in computing. Thus women can find themselves in a
downward spiral of interest and confidence.

What About the Inexperienced Men?

What about the novice men, those with little precollege computing experi-
ence? How do they do in the program? The males with less experience are
somewhat more likely to transfer out than those with more experience. Of
the five males in our sample who transferred to other departments, four
had relatively little programming experience. Of nineteen males with the
least experience, four transferred out and four left Carnegie Mellon.
Among the four who left the university, three were African American and
one was Hispanic. There could not be a clearer signal that the experiences
of racial minorities in computer science must be more fully understood and
addressed.

Males with the least experience are more likely than other men to voice
the concerns women speak of: they express doubts about their ability, and
some feel like they don’t quite fit and don’t know what others are talking
about. Even so, the self-doubt is not nearly as intense and consuming as it
is for many of the female students. We believe this is because the men’s
abilities are not continuously under suspicion because of their gender.

While some males’ confidence drops, those who face difficulties with
coursework do not struggle under the additional burden of the presump-
tion that they are somehow inferior by virtue of their gender. Nor do they
have the pressure of feeling they are representative of their gender. To
examine this further, we selectively sampled male students with little
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programming experience. We found that these “novice males” did not
express the same level of distress as female peers with similar or even more
programming experience. While the absence of these types of feelings in
the men’s interviews could be due partly to a difference in communication
style between men and women, causing men to be less likely to show vul-
nerability, none of the male students we interviewed mention pointed
barbs or snide remarks directed their way. None of the men report having
his existence in the department questioned because of his gender. And
none reported a fear of being thought of as a “stupid male” if he asked a
question in class.

An atmosphere of negative expectations about their gender’s abilities

places women at double risk in computer science. A female student de-
scribes the difference between the women’s and men’s learning environ-
ment this way:
They [male students] have the pressure to do well, but they don’t have excess pres-
sure from us [women| saying, “You know, you’re pathetic, you just got in because
you’re a guy,” or something. We don’t give them that. . . . Their confidence hasn’t
hit rock bottom because of that. They tell us all the time, and it isn’t something we
like to deal with. We shouldn’t have to deal with it.

Lori tells us that “there are classes where I am really afraid to speak or to
ask a question because I am afraid that it’s a stupid question.” She feels “if
I, as a girl, ask the question, they would always think ‘Oh, the stupid girl.””
Therefore, she usually waits after class and talks to the teaching assistant
or the lecturer. She adds: “I know that sounds horrible, but 'm really
scared, and that’s bad.” She also observes that “there’s so many guys in the
computer science classes that ask the dumbest questions. It’s always OK
for them.”

Another woman comments that “It is a testosterone thing that you can’t
ask for help with computers. You can’t admit that you don’t understand
something.” For instance, whenever Lori asks a question of a male with
another major, he retorts, “What’s your major again?” She describes read-
ing an assignment and feeling she didn’t even know where to begin and
“not having any urge to ask my peers.” She said, “I would go to my TA,
but even that wouldn’t be the greatest feeling . . . because it would be like a
‘Well, what are you doing here?’ feeling.” So she sits alone with her
questions.
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When we ask one female student how statements like “you got in just
because you are a woman” affect her, she shows the spirit of resistance that
pulls some of these women through: “Well, we just say ‘Don’t say that!” It
does hurt to hear that, but we don’t really pay any attention to them. . ..
They are not worth paying attention to.”

The Need for Respect and Support

In his article “Race and the Schooling of Black Americans,” Steele argues
that a critical component of reducing the vulnerability of women students
in traditionally male fields and of African American students overall is for
the student to feel “valued by the teacher for his or her potential and as a
person.” He considers building a relationship of respect between teacher
and student for women and minority students to be “the first order of busi-
ness—at all levels of school. No tactic of instruction, no matter how inge-
nious, can succeed without it” (p. 77).

Unfortunately, this quality of relationship between faculty and under-
graduate students is far from universal. We found at Carnegie Mellon that
a few exceptional faculty, serving both as instructors and as advisors,
served as valuable anchors for students during the first year and especially
the first semester. Beyond that, though, many students felt they were
“pushed out of the nest” and left to fly on their own. While many students
formed bonds with other classroom teachers, research advisors, and de-
partmental advisors, for many others no other relationships with faculty
took the place of these first-year ties. Women students, especially, noted
the absence.

Seymour and Hewitt’s (1977) cross-institutional study underlines the
importance of faculty mentorship relationships for women students. They
stress that “failure to establish a personal relationship with faculty repre-
sents a major loss to women, and indeed, to all students whose high school
teachers gave them considerable personal attention and who fostered their
potential” (p. 267). They found that the relationship between teachers and
students is particularly significant for female students, for “to be faced
with the prospect of four years of isolation and male hostility on the one
hand, and the abrupt withdrawal of familiar sources of praise, encourage-
ment, and reassurance by faculty on the other” is particularly discouraging
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(p. 271). They found that “more women than men arrived in college
with the expectation of establishing a personal relationship with faculty”
(p. 267).

Seymour and Hewitt (1997) also found that women objected to large
classes because “you don’t get to know the professor,” faculty are “too im-
personal,” and “the professor doesn’t care about you” (p. 267). Men, in
contrast, objected to large classes because they have “negative effect on
grades,” encourage more competition for grades, and are usually taught
by less qualified faculty.

Researchers Amy Zeldin and Frank Pajares (2000) found that

the most important factor in the enhancement of self-efficacy beliefs of women in
mathematics-related careers was the confidence that significant others expressed in
the women’s capabilities. . . . Women seemed to rely extensively on the accompa-
nying confidence development from the relationships in their lives while they were
honing their mathematics-related skills. Relational episodes gave birth to rela-
tional confidence developed from others, and this relational efficacy informed their
judgments of their own abilities profoundly. (p. 239)

Considering the peer dynamics, the computing experience gap, and the
technology-focused curriculum that is all too common in computer science
programs, it is not surprising that faculty mentoring and social relation-

ships can play key roles in women’s persistence.
The Decision to Leave

In our study, we had the privilege and pleasure of talking with women stu-
dents who overflowed with interest in computing as they began their col-
lege careers. Cecily, a bohemian type, dreamed of making computerized
gizmos and gadgets, “techie Jim Henson puppets.” Maura’s interest was in
biogenetics and computing. For those of us on the research team who were
social scientists, who admittedly held our own preconceived notions of
who is or isn’t thrilled by computers, it was an eye-opening experience to
sit with woman after woman and have her relay her enchantment with ma-
joring in computer science.

Our initial conversations with these women, who were just beginning
their studies, were filled with exclamations about learning computer sci-
ence. By the second or third semester, it seemed as if we were talking with
different people. No longer buzzing, too many of these women students
now were questioning whether they were still interested. The spark in their
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eyes had faded; their flame of interest was dull. It happened so very
quickly. And it happened time and time again. It was very disheartening.
During the first year of our research, six of the seven first-year women
made the dean’s list. The picture became more complicated and less rosy in
the second year. Of the seven female students of the 1995 first-year class,
four had left computer science by the second year. (One has since re-
turned.) Of those four, two were top students. Among the 1996 cohort of
fourteen first-year female students, three students had transferred out of
CS within the first year. In the second year, seven began to question seri-
ously whether they would remain in computer science. From our sample of
twenty-nine males, three have transferred to other departments, and three
(two African American and one Hispanic) have left Carnegie Mellon. Of
the female CS majors who have transferred out, multiple factors were in-
volved, the two predominant ones being lack of interest in the course ma-
terial and self-questioning of their ability, often in relation to their peers.
Attrition of women from computer science has been a significant prob-
lem both at Carnegie Mellon and nationwide. Women in the computer sci-
ence program have transferred to other majors or left Carnegie Mellon at
more than twice the rate of male students over the past several years. While
it may be tempting to assume that the difficulties expressed by women who
leave the program are somehow unique to them, in fact the majority of
women in the program, both those who leave and those who stay, express
similar dissatisfaction with their peers, the culture of the discipline, and the
teaching. The persisters go through the same processes of self-doubrt, fear,
and anxiety as the leavers. Seymour and Hewitt’s (1997) study also found
that the experiences and attitudes of those who stay are not very different
from those who leave:
Perhaps the most important single generalization arising from our analysis is that
we did not find switchers and non-switchers to be two different kinds of people.
That is to say, we did not find them to differ by individual attributes of perfor-

mance, attitude, or behavior to any degree sufficient to explain why one group left,
and the other group stayed. (p. 30)

Conclusion: The Responsibility to Change
Our analysis of the nexus of confidence and interest leads to an emphasis

on institutional responsibility. We do not blame the student or expect her
to toughen up, turn a blind eye, or adjust. We believe that educational
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institutions and their culture, curriculum, faculty-student relations,
norms, and standards must change. The problems of teaching, faculty and
peer relationships, models of success, curricular focus, and the experience
gap all work to the detriment of women’s interest in computing. We be-
lieve that the decline in women’s confidence must be acknowledged as an
institutional problem. It is all too common for these psychological con-
cerns to be regarded as beyond the purview of developing a strong com-
puter science curriculum.

It is also too easy for faculty and administrators to take at face value the
reports of many students who leave a major due to “loss of interest” and to
view this as a natural course of events. If they are unaware of the complex
relationship between interest and confidence, they may simply conclude
that those who leave are (in Seymour and Hewitt’s term) “appropriate
switchers” (p. 392): they have found their intellectual interest and passion
elsewhere. It is only through understanding the processes by which many
women experience an unwarranted loss of confidence, leading to a corre-
sponding loss of interest, that institutions can prepare to intervene.

Seymour and Hewitt also found that in the absence of institutional in-
tervention to actively support women students, what distinguished the
persisters from those who left was “the development of particular atti-
tudes or coping strategies” (p. 30). In the following chapter we look at the
qualities, experiences, and personal strategies that allow women to stay
(and sometimes thrive) in the face of alienation, doubt, and uncertainty.
We focus on what the women students who persist as a small minority in
the computer science major over the four years reveal about how they sus-
tain confidence in themselves and interest in the subject.
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Persistence and Resistance: Staying in

Computer Science

The Persistence Roller Coaster

During our research we were often surprised by which students stayed in
the program and which left. Especially in the first two years, many women
ride an emotional roller coaster of certainty and doubt from term to term,
indeed from week to week, and whether they decide to finish the ride or get
off before it ends is unpredictable. Although we interviewed students each
semester, students’ decisions to leave the program or to stay surprised us
more than once.

Paula, for example, began the program excited, enthusiastic, and confi-
dent. She had completed a summer internship at one of the local comput-
ing labs and was enthusiastic about majoring in computer science. But not
long after her arrival, she began to have doubts about her interest and abil-
ities and started talking about leaving. The following semester she told us
she had decided to stay, was happy in the program, and was sure she would
continue. In her third semester, she told us she had decided to transfer out
because “it just isn’t worth it” any more.

As often as we were unprepared when women who seemed happy left,
we were also sometimes surprised to find them staying. In Talking About
Leaving: Why Undergraduated Leave the Sciences, E. Seymour and N. He-
witt also refer to this back-and-forth dynamic of students’ decision-
making process. The one thing that did become predictable was timing:
students would most likely leave in the sophomore year, the time when
most students, across all majors, do their switching.

What determines whether a woman chooses to stay in or leave computer
science? In this chapter we look at what we call the pillars of persistence—
the qualities, experiences, and strengths that allowed the women we
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interviewed to persist despite doubt and uncertainty. We are particularly
intrigued with the counterintuitive stories of some of the women students.
While a segment of the female persisters resembles the majority of men in
certain ways, the portraits of many successful majors run contrary to ex-
pectations and assumptions about who can and will succeed.

The Expected: “I Have Always Been Around Computers”

One may intuit that women who persist are likely to come from back-
grounds similar to many of the males: computer-intensive families, lots of
parental support, a fair share of hands-on experience, fascination with
computers. But one of the most surprising findings of our research is that
the backgrounds of the women persisters varied wildly. Brenda is someone
whose background is similar to what we’ve described, except that her fam-
ily includes female role models. She describes her family as “basically a
whole family of nerds.” Brenda has had computers in her house since she
was in kindergarten. The whole family used them, and they often had sev-
eral going at once. As a result, she says computers and her interest in them
are “natural” to her. Brenda’s dad is an engineer, her mom is a librarian,
and her sister is studying computer science at MIT:

So I’ve always been around computers, and it’s just . . . natural to me. Even when
we first had an Apple, they’d [parents]| encourage me to just pick up stuff and try
around. ... We’d do it cold—do it without a disk—and I started programming in
Apple Basic, just very simple stuff, and it got me interested in it. So everything else
later just came naturally that I wanted to learn about.

Brenda’s family didn’t watch TV much, and computer games were her
entertainment. She “dabbled a bit in Apple Basic to see what fun stuff I
could do,” learned word processing, and did her science projects on the
computer. Her parents have lots of computer-literate friends, and when
they visited, they would all play computer games together. In junior high,
Brenda started getting involved in the Internet through her sister and
mother. She helped run bulletin boards. She also had friends who used
computers, though not as much as she.

Brenda’s “family of nerds” helped her sense of fit and belonging in com-
puter science. Computers were part of her furniture; they became “nat-
ural” to her. Perhaps unsurprisingly, Brenda describes her decision to
major in CS as a “kind of a default.” She had a wide variety of interests,
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from music to math to writing, “so it was kind of a toss-up of what I really
wanted to do.” But she decided that she was “probably the most comfort-
able around computers in general.” She adds, “I’'m not sure exactly what
area I want to go into. I only know . . . T like computers. So that’s a good
place to start.” Even though she found many of her classes very challeng-
ing, Brenda is satisfied with how she did in all of them. She enjoys learning
to write code. She says, “I know how to think like a programmer.” But she
adds, “I’'m also not a super-genius or anything.”

Family make-up emerged in our study as worthy of further investiga-
tion. As in Brenda’s case, we repeatedly heard women with no brothers at-
tribute their interest in computer science to this fact. While we do not have
enough data to draw a firm conclusion, we heard many reports of boys
claiming the title of “family computer wizard,” with this spot seemingly
opening up for a girl in families with no brothers.

The careers and interests of a student’s parents also have a major influ-
ence on whether a woman pursues an interest in science or engineering.
Not only do women with parents in technical occupations pick up lan-
guage and concepts around the dinner table, but the intimidation factor
decreases, and parental mentoring and encouragement increase. The im-
pact of parents is documented by Paula Rayman and Belle Brett’s (1993)
Pathways Project, a longitudinal research effort at Wellesley College that
investigated the experiences of young women in science and mathematics
during their undergraduate, graduate, and early career years. Rayman,
Brett, and their colleagues found that parental support is one of the pivotal
factors that distinguish women who go on to science careers from those
who do not.

Coming from a computing or engineering family certainly provides im-
portant emotional and intellectual stepping stones for majoring in com-
puter science, but our research shows that it is not required. Forty-eight
percent of the persisters we interviewed did 7ot come from “computing
families.” These students’ stories provide us with an opportunity to find
other stars in the constellation of persistence.

The Counterintuitive Persisters

Some of the most fascinating stories of persistence were told to us by
women students who had absolutely no computing experience in their
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family background. These were mostly international students, raised and
educated primarily in countries other than the United States. (Approxi-
mately 30 percent of the female computer science majors at Carnegie
Mellon during the course of our study have been international women—
primarily from Asia and Eastern Europe.) Their motivations for choosing
computer science, along with their lack of computer experience, make
them the antithesis of the “computer-obsessed since childhood” stereo-
type. In fact, many of these women were only marginally interested in the
field when they began the program.

From their experiences, we learned that despite the tremendous range of
computing experience among students, women who are complete novices
are no less likely to persist than the most experienced women. Their stories
show us that prior computer experience does not make the critical differ-
ence. The portraits of these students fly in the face of expectations and as-
sumptions about who can and will succeed in a competitive computer
science program.

Little Experience and “No Choice”

Kanitha was a junior from Thailand. As one of ten children, her parents
could not afford for her to attend university in Thailand. She came to the
United States for high school, where she took her first computing class.
Her decision to major in computer science was not based on prior experi-
ence or love of computing. She told us about her completely pragmatic,
and in some ways very uninformed, decision to major in computer science:
Actually, I came from Thailand, and basically T hadn’t dealt with any computer at
all before I came. And after that I got a scholarship to study computer science, but I
didn’t know anything about computer science. And then I went to high school here,
and then I started taking a course about computer programming, and it was kind of
interesting. But then I mean, I have no choice, so that is why I am doing computer
science.

Kanitha came to Carnegie Mellon on a corporate scholarship, which re-
quires her to return to Thailand after graduation and work for her scholar-
ship sponsor. She is very clear that the chance to study abroad is most
important to her; what she studies is secondary. She eventually decided to
choose computer science as a major over electrical engineering because the
best scholarship offered was from the Bank of Thailand, which wanted
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computer science majors. We asked her why she chose computer science
over electrical engineering;:

Why? I don’t know. . .. Actually, like the scholarship itself, you know, for this dif-
ferent scholarship I have a different sponsor for it, so after I graduate, I have to
work for a different person. So now I am thinking about which one I want to work
for. And then I finally ended up, “OK, I think I want to work for this sponsor.” So
that is why I picked computer science. It’s not because of the difference between
those two. I don’t even know what the difference is. Because I have to go back and
work, so I just like consider the workplace and like the sponsor.

When asked, “How did you end up getting a scholarship to study com-
puter science with no computer background?” she answers, “Ijust want to
study abroad, so anything is fine with me.” Kanitha has been an extremely
successful student at Carnegie Mellon and is considering graduate school
in computer science.

“You Have This Bridge You Have to Walk Over, and You Just Don’t
Look Down”

In another set of accounts, we hear how the pressing need of many interna-
tional students to become breadwinners for their families leads them to
pursue economic opportunity over personal interest. Concern for their
families motivates them to stick it out and work hard despite doubt and
lack of confidence.

Larissa, for example, moved to the United States with her family from
Russia two years prior to attending Carnegie Mellon. She learned English
while attending an American high school for two years. While Larissa had
more prior computing experience than did Kanitha (she used to play com-
puter games with her dad), she had little experience in comparison to ei-
ther men and women from the United States. Throughout her four years at
Carnegie Mellon, Larissa consistently ranked at the top of her class. She
was thoughtful in reflecting on her experiences learning to live with the
computer culture, accepting how little she knew compared to the peers
around her.

Larissa described her first two years as walking over an “abyss.” It was
very difficult for her, and she frequently doubted herself:

You have this bridge you have to walk over, and you just don’t look down. . . .
There were cases when I started looking down, and it was really scary. I’d think,
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“WHY am I putting myself through this?” . . . But I have to do this, anyway, be-
cause I have to.

Larissa felt there was no option for failure, since her entire family was
counting on her for financial support. Her father had been a research sci-
entist in Russia, but in the United States has been managing a small restau-
rant. Her brother’s ability to go to college depends on the money she will
make after graduation. She has no financial safety net beneath her and feels
she must persist. She believes that “you cannot have everyone doing what
they want to do,” that there is “supply and demand with jobs and what
needs to be done,” and that “basically, we have to do good to stay here.”
And she adds, “It’s just a matter that if ’'m doing something, I have to be
good atit, so . .. you just work hard.”

Degrees of Freedom

Motivations like these can boost persistence of students, even in less than
ideal circumstances. Seymour and Hewitt (1997), in Talking About Leav-
ing, speculate that “gender differences in perceived degrees of freedom to
choose and to change direction” lead more women than men to leave the
sciences (p. 278). They suggest that especially among students from
socially and economically advantaged backgrounds, women choose dis-
ciplines “largely by the degree of personal satisfaction they offer” and “pay
less regard to their economic viability” (p. 279). The result is that when
the math-science tightrope becomes culturally or academically uncom-
fortable, women with safety nets may jump: “Reports of relatively easy
release from initial commitment to a science, math, or engineering major
were most common among women from economically advantaged
families” (p. 278). On the other hand, Seymour and Hewitt found that
black women, older women returning to school, and women from
working-class families did not feel the same degree of freedom. We found
this also to be the case with many of the international women students.

We do not advocate that women forgo personal happiness and sacrifice
academic pleasure in the interest of expediency or financial incentives;
rather, we are pointing to ways that motivations can affect persistence. But
what also is required is a strong sense of self-efficacy. From interviews with
these counterintuitive persisters we were able to identify several “pillars of
persistence” that help boost students’ sense of self-efficacy.
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Attributional Beliefs about Intelligence and Talent

Research on learning motivation based on U.S. students has found that
students generally hold one of two opposing views on intelligence. One
view is that intelligence is a fixed trait—as in “you are born with the talents
that you have, and nothing you do can change them.” Students who hold
this view tend to focus on performance issues such as grades and other
forms of external approval. The other view holds that intelligence is a mal-
leable quality—as in “if you work hard and practice, you will improve.”
These students tend to orient toward learning goals such as improvement
and developing mastery.

Which of these dueling views a woman in computer science holds can
make a difference in her sense of self-efficacy and persistence. The research
of psychologist Carol Dweck (1986), who studies learning motivation,
shows that “a focus on ability judgments can result in a tendency to avoid
and withdraw from challenge, whereas a focus on progress through effort
creates a tendency to seek and be energized by challenge” (p. 1041).

Believing in the link between effort, hard work, and success seems to be
the mantra for many of the international women students. A woman from
Thailand, in describing her first-year experiences, credits hard work for
her success:

I know it’s hard, it’s really hard, because I remember my freshman year. I want to
give it up because it’s hard. But then I thought, “That’s a loser’s talk.” So then I
should try it and work hard. I think I can do it.

An Indian student attributes her persistence to “lagan,” a Hindi term

akin to “putting your nose to the grindstone.” Using an example from In-
dian math education and its routine disciplined drills, she connects her cul-
tural and educational training to her success in computer science:
But that routineness, I think, is something that isn’t taught enough here. . .. And so
people here have, from my experience with my classmates, I see they have a lot of
insight, a lot of intelligence. . . . You know, they [snaps finger] pick things up as
quickly, but they don’t have the grit to sit down with something for, say, six hours
and say, “All right, ’'m going to get this done no matter what.”

When we ask Larissa what factor she feels contributed most to her suc-
cess, she tells us, in no uncertain terms, that it was “hard work.” She be-
lieves that despite knowing less than other students, she will catch up and
succeed by working hard.
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Culturally Inscribed Attributions of Success

Psychology professors Harold Stevenson and James Stigler (1992) have
conducted a cross-cultural examination of beliefs about achievement.
Their research aimed to figure out why American children seem to be for-
ever losing educational ground compared to children in some Asian coun-
tries. In their book The Learning Gap: Why Our Schools Are Failing and
What We Can Learn from Japanese and Chinese Education, they examine
the organization of schooling and the practice and profession of teaching.
They also look at attributions of success and show how these beliefs are
culturally inscribed.

Stevenson and Stigler (1992) consider the prevailing philosophies in
Asian cultures and note that Confucian philosophy promotes the belief
that lack of achievement is due to insufficient effort rather than to a lack of
ability or to personal or environmental obstacles. In other words, a person
who works hard will master a task. Many Asian students grow up hearing
adages like those of Chinese philosopher Hsun Tzu: “Achievement con-
sists of never giving up. ... If there is no dark and dogged will, there will be
no shining accomplishment; if there is no dull and determined effort, there
will be no brilliant achievement” (p. 97).

In elementary schools throughout China, young children hear parables
instructing them to work hard, put in the effort, and learn. One such tale is
about Li Po, a poet who walks by a small stream and sees a white-haired
old woman who has made a needle from a rock. The woman advises Po:
“All you need is perseverance. If you have a strong will and do not fear
hardship, a piece of iron can be ground into a needle.” Other sayings and
mottos convey the belief in hard work and effort, such as “The rock can be
transformed into a gem only through daily polishing,” and “the slow bird
must start out early” (Stevenson and Stiegler 1992, p. 98).

Suzuki, the early childhood educator who introduced a now world-
famous method of teaching the violin to very young children, had a similar
philosophy about children’s learning. Teaching violin to young children is
not a question of seeking out the naturally talented. Suzuki (1978) believed
thatall children, with daily practice and hard work, could learn to play the
violin. A boy or girl does not have to be a child prodigy to learn to play very
young. Suzuki’s teaching model compares violin playing to language ac-
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quisition: it happens through regular practice and repetition at a very
young age.

Jane has read her daughter the story of Lilia, the 1996 Olympic gymnas-
tic gold medalist from the Ukraine. In the official version of the Ukrainian
gymnastic federation, Lilia is not a “natural” gymnast. Her hands are too
small for the bars, and her back is weak. But Lilia’s coaches recognize her
determination—“a will to win and work exceptionally hard.” Almost
every section of the book repeats this refrain. The book also describes how
it takes a team effort of Lilia, her coach, and her choreographer to win the
medal. None of them could do it alone. Rather than the single famous star,
the book is about a team that works hard until it wins.

Hard Work Versus the “Computer Gene” Theory

When faced with difficult course work, American women also work
hard—very hard. Yet too quickly they hit bottom, concluding that they
lack the “natural and innate talent” with which the men seem to be born.
Lily, a U.S. student who was full of enthusiasm when she began a year ago,
in her last interview questions whether she should be in the program:

I don’t really feel like I should be in the department. What am I doing here? So
many other people know so much more than me, and this just comes so easy to
some people. . . . It’s just like there are so many people that are so good at this,
without even trying. Why am I here? Do I want to work my butt off for four years,
when there are so many people that it comes naturally to? Should I be here for the
sake of the field even? You know, someone who doesn’t really know what she is
doing?

Lily ultimately despairs, concluding that no amount of practice or time

spent on a task could improve her mastery of the material. As another fe-
male student says:
There are people who are born to do this, and I am not one of them. And it’s defi-
nitely not one of those things that, like, “Oh, with practice, you will become one
whois borntodoit.” ... Ithink a lot of people are just born with it. You just gotta
be like, “Computers! Yeah! they are awesome!! They are my life!” You know, a lot
of computer scientists, that’s all they do.

We continued to hear this refrain, as women looked around and experi-
enced their male peers knowing more and doing the work with greater
ease. We have found too many American women fall victim to the “com-
puter gene theory,” even if unconsciously.
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Gender and the Entity View of Intelligence

In her article “Motivational Processes Affecting Learning,” Carol Dweck
(1986) suggests girls may be more likely than boys to subscribe to an “en-
tity” view of intelligence—seeing ability as a fixed, static trait—and there-
fore exhibit a tendency toward low expectations, challenge avoidance, and
debilitation under failure. She describes a series of studies by Leggett who
assigned a novel “concept formation task” to bright junior high school
students (Leggett 1985). Researchers observed a greater tendency of those
girls who subscribed to the “entity” view to avoid challenge.

The entity view of intelligence can take its toll even on a student who
works extremely hard. We witnessed how a student who attributes her
math success to hard work rather than ability can have low expectations
for future success precisely because she thinks her future courses will be
even more difficult and demanding than the ones in which she is currently
enrolled. A top student in her class reasoned that her As were the result of
hard work, not ability; in her view, others got As without working so hard.
Despite her 4.0 average, she ended up leaving the major, convinced that
she was ill-suited for the field because she put in so much effort.

Cultural Resistance

In chapter 4, we discussed how the male hacker has become the cultural
norm in computer science, the standard to which women students begin to
compare themselves. We have found that women who persist are those
who find a way to get grades they are satisfied with and who can develop a
personalized view of computing and their place in it. Women who accept
the prevailing culture as the norm and who continuously compare them-
selves to this norm and find themselves coming up short are the ones who
suffer the most.

The majority of women struggle to find a place where they can feel com-
fortable in the prevailing culture. One female student told us how she has
refused to conform to the image of the myopically focused “computer
geek.” And since she is “getting really good grades without changing my-
self,” she is ever more confident that she can remain in the major and be
herself. When the interviewer asks her if she feels any need to conform to
the culture around her, she answers:
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Irefuse to. I was worried what if I don’t. Will Ineed to conform to that? Will Ineed
to read books on computers all of my free time or something to survive here? And I
feel so far I haven’t. 'm getting really good grades without that . . . without chang-
ing myself. So I feel much more confident now that I don’t have to. It’s kind of nice.
I can prove them wrong or something.

Ironically, it is in this area of relationship to the culture that the interna-
tional women may have an edge. The international women do not as read-
ily use the U.S. male hacker as their reference group. Since they are not
fully part of this culture, their reference group is elsewhere. Many interna-
tional students have alternative success norms and social bonds that pro-
tect them. Other priorities are dominant, and with these come other scales
for self-evaluation.

It is important to note that some women students do feel the prevailing
culture is a relatively good fit for their interests and personality. They take
pleasure learning to walk the walk and talk the talk; becoming part of this
culture helps them persist. An American female student talks of a sense of
mastery when she became familiar with computer science (CS) jargon: “It
kind of feels like becoming part of a club—CS club.” She observes that her
new adopted lingo may not be required but that “it is what you grow
into:”

I’ve had several friends who are walking along the sidewalk and make a joke and
say it in code. It’s something that non-CS people or maybe an arts person would
just think is totally stupid, but we think it’s funny. It comes naturally.

Another woman reports, a la Star Trek, that “resistance is futile” and
takes pleasure in the thought.

Breaking the Isolation and Building Support

“Surround yourself with supportive people!” is the mantra of a current
American graduate student who attended Carnegie Mellon as an under-
graduate. She attributes her undergraduate survival to the support she re-
ceived from her family and friends. She recently tells of being the only
woman in her lab in graduate school. She didn’t mind that except that
there was a “guy in the lab who was a sexist pig, to put it nicely.” She de-
scribes the support she got from the other students in the lab:

But the best part of it all was that any remarks he made would be stifled by the other

men in the lab. I had good friends! They were shocked at this guy, and he shut up
(and thankfully left school) eventually.
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Rebecca, a junior, tells us that her boyfriend, “can’t really help me with
my assignments, but he’s good moral support.” She describes him as “one
of those people who, when I am saying I can’t do this assignment any-
more!” he’s like, “Yes, you can. I know you can. I’ve seen you do these
things before!””

Vera, a junior, talks about the support she received from a computer sci-

ence women’s dinner. She begins by describing her earlier social isolation,
being one of a minority of women in the midst of male bonding;:
Being female is scary in this program. First you feel alone, and you don’t know who
to go to, and you don’t know who to talk to. You just feel weird because you see the
immediate bonding between other people, just male bonding . . . just showing off
and talking. . . . I can still get intimidated easily. And you just feel like you’re in a
minority. It’s just a weird feeling.

She then describes how her self-doubt turned around when she attended

her first dinner for computer science women students. She realized that
others shared similar feelings and she was not alone:
I had all those feelings, and I didn’t think that anyone shared those. I remember we
had a CS dinner with the women in grad school. And it helped me a lot because I
wasn’t talking, but T was listening, and I thought everybody was saying the exact
same things that I was feeling . . . like everybody was talking about them. And it
was a big relief for me to realize that actually other people, other females were feel-
ing the same way. And I just felt so much better. I remember after feeling . . . it was
such a big relief.

Chirudee, a Thai student, also notes the importance of having a support
network of friends. It was the presence of many Thai students on campus
that convinced Chirudee to come to Carnegie Mellon in the first place. And
indeed the Thai social circle turned into her support network. She says she
pulled through one of her difficult programming classes and even enjoyed
it because her friends were also taking the course:

I kind of enjoyed it. But not many people enjoyed this class. But I did because there
were many of my friends taking it and we would kind of like suggest with one an-
other. And then I felt like fun doing it, so I mean I enjoyed it. The instructor . . . I felt

he was OK. . ..I mean he wasn’t that great. But my friends didn’t like it, but . . . be-
cause of my friends I kind of enjoyed it.

Supportive Learning Communities

Salina grew up in Malaysia and has ten brothers and sisters. Both her fa-
ther, a forester, and her mother, a housewife, were computer illiterate. She
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attended a boarding school and was in the “science track.” When she ar-
rived at Carnegie Mellon, she “knew a bit about Basic, and I had never
really done any hard programming work at the time.” She rated her pre-
paredness at the time of beginning Carnegie Mellon as two on a scale of
five and had low confidence. By her junior year, she rated her preparedness
as a four and her ability as a three.

Salina describes her first year as a “really hard year for me.” Her confi-
dence was low, and “I see all these other students just grasping the concept
in less time that I could.” She sat in class, feeling lost and “in shock,” feel-
ing that maybe she couldn’t make it. She says, “I was just totally scared at
the time.” But she says, “just by working harder I eventually caught up
with the whole class, and I ended up getting an A in the class.”

Salina attributes her success partly to the support she received from

friends. She said that everybody was just helping each other out. In her sec-
ond semester she took 15-211, the course with a reputation of being a ma-
jor hurdle:
I'was really just baffled in that class because I just couldn’t understand anything, so
my confidence went down again at that point, plus I didn’t know anybody in that
class. So I dropped the class because I didn’t have any confidence in doing that. . ..
I took the course again in sophomore year, and things started to get clearer for me.
Understand things better, plus at the time I made a lot of friends in the major. And
you know, it is just the feeling that you have people going through the same thing
with you. So it makes it better.

Former University of California calculus professor Uri Treisman (1992)
believes that a supportive learning community is critically important for
the success of minority students in math and science. Seeking answers to
the high failure rate of African American students studying calculus at the
University of California at Berkeley, Treisman observed that Asian Ameri-
can students formed social communities in which they helped each other
with math, competed at mastering the material, and generally supported
each others’ learning, similar to what was described by Chirudee above.

He also found that most African American math students he studied
were highly motivated, worked hard, and studied long hours but that even
the best-prepared among them were failing. What stood out between the
Asian and African American students was not a difference in motivation,
preparation, or family support but in integrating studying and learning
into social lives. African Americans were academically isolated and did not
congregate into learning social communities the way the Asian students
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did. Instead, their academic interests and social interests were separate
while they worked hard (and somewhat unproductively) on their own.

Observing the extra boost that comes from living and engaging with the
material, Treisman has formed communities for African Americans simi-
lar to those created by Asian American students. These communities are
built around intellectual interests (in this case calculus), provide well cho-
sen problem sets that drive group interaction, and foster a supportive
learning environment. Currently, Treisman-inspired Emerging Scholars
programs operate in numerous colleges and universities and achieve
high rates of retention in calculus courses among African American and
Hispanic students.

Computer Science as an Acquired Taste

Studying the life arcs of women students in computer science over a four-
year period has revealed to us some patterns of persistence. If students are
able to stick it out through the second year, get grades they are pleased
with, and reconcile their relationship to the culture, then their initial level
of confidence often returns, accompanied by an increase in interest.

Interviews with persisters often reveal a key moment of success or
achievement that keeps them going. For one senior, this moment was in
her third semester, when she got over the hump of the data structures
course (211) and began taking more advanced classes. She says that she
had no confidence after 15-211 and “thought I would flunk out or get
kicked out of CS.” But then she ended up getting an A in the course that im-
mediately follows in sequence (15-212). She is in awe that she mastered
the more advanced material. And the fact that she did it on her own be-
came very important for her. In 211 she frequently needed to consult her
teaching assistant, but in 212 she “was able to go right through the course
without help.” That was her confidence builder:

In 211 I was constantly going to the TA, and I was like, “I don’t know how to do
this!” And I felt like he was practically writing my programs for me because every
time I’d have a bug or something, I’d be going to my TA two or three times for each
program, at least. Then in 212 T was able to go right through the course without
help or anything. It was just a great feeling for me, and I feel I learned a lot. And it
was just a big transition for me. It was a lot of big “Ah-hah! So that’s what we were

learning before!” All of a sudden things started clicking. It was just like a really big
transition for me.
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While this feeling of self-sufficiency may seem contradictory to the con-

fidence gained from working with a supportive group, one way or another
students have to internalize a sense that they can do it. If students persist
for a sufficient amount of time (at least through the sophomore year), the
odds are that they will regain confidence in themselves. Brenda, a sopho-
more student, talks of this confidence:
But it’s kind of like if you’re running, and you get to this big hill, and you’re like,
“Oh man, Il never be able to run up that.” And you do, and then you get to the
next big hill. So it’s like you’re not exactly dreading it because once you get to the
top, you feel really good about yourself. I guess I used to be afraid of a lot of things,
but as I keep getting over and over these courses that I never thought I could pass,
think I'm ready to do the next step. And I don’t know how I’m ever going to do
senior-year courses, but 'll know when I get there.

We have found that if students get through the first two years, that a
sense of mystery about computing turns into a sense of mastery. Asked if
her interest in CS had increased or decreased, one junior provides an ex-
ample of an upward spiral of confidence and interest:

I think partly it’s increased just because I put so much work into it. It’s like when
you invest this much time in something, you want to do good in it. And also, I think

the more I learn the more I think, “I can do this thing!” I just need to work really
hard at it. But yeah, I think I’ve gotten more interested in it.

A Malaysian woman describes the satisfaction she felt in sticking it out:

It’s like an acquired taste for me. . . . At first it was very hard. . .. After a couple of
years, I realized it’s kind of late to back out. I sort of went through with it, and
along the process I'm beginning to think I like it more and more. So at the end, I just
went along with it, and it’s pretty exciting, now that I learn more about it.

Conclusion

Despite doubts and uncertainties, women tend to persist in computer sci-
ence when they reject and find alternatives to the dominant culture of the
field. A larger question, though, is what institutions can and should do to
eliminate the negative factors that lead students to leave computing pro-
grams. We touch on several ideas for high schools in chapter 7 and for uni-
versities in chapter 8.
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7
A Tale of 240 Teachers

From 1997 to 1999, 240 high school computer science teachers gathered
at Carnegie Mellon University to participate in the Carnegie Mellon Sum-
mer Institute for Advanced Placement Computer Science Teachers
(6APT). The six Summer Institutes had a dual focus—to prepare teachers
to teach the C++ programming language and to provide teachers with
gender-equity instruction that would increase the numbers of girls taking
high school computer science. Some 15 to 20 percent of the nation’s ad-
vanced placement computer science teachers attended one of the six Sum-
mer Institutes.

Forty-six states were represented during the six sessions. Some teachers
had Ph.D.s, some had left industry to teach; one was a home economics
teacher who had been recruited by her principal to teach computer science
because no one else in the school wanted the job. More than half were
math teachers. Equal numbers of male and female teachers attended, a
goal that is seldom achieved in training programs focused solely on gender
issues. About 90 percent of the teachers were white, and their average age
was in the early forties.

As part of their introductions, teachers reported the number of girls in
their classes. Nearly a third had one girl or none in their classes. Several
teachers said they hadn’t realized how bad the numbers were until they
had filled out the application to the Institute. We heard that computer sci-
ence classes were not attracting top female students because “these girls
have broader interests” and because they wanted to keep up their grade
point averages. We heard that in some schools students decide by the ninth
grade which AP courses they would take. One teacher talked about the
counselors as obstacles in her school: “the counselors just don’t think the girls
can do well in the classes, so they discourage them from taking the courses.”



110 Chapter 7

Another teacher told of holding a “parents’ night” to explain the computer
science curriculum and finding that only parents of boys came.

While a few teachers in each session were familiar with issues of gender
in computer science, most 6APT participants were examining the issue for
the first time. It was clear that we were not preaching to the choir. Some
teachers started out not realizing how severe the gender gap was, and oth-
ers were downright suspicious of the Institute’s intent but wanted to learn
C++ at Carnegie Mellon. A big draw for these teachers was the opportu-
nity to study C++ with Mark Stehlik, who has a nationwide reputation as
a computer science instructor and AP reader. Another benefit was that the
National Science Foundation sponsored the teachers’ trip to Carnegie
Mellon. This was an exceptional opportunity for teachers, who typically
get few of the perks that are standard fare in other professional jobs.

A Singular Opportunity

In 1996, the Educational Testing Service announced that the advanced
placement computer science APCS exam would be given in the program-
ming language C++ starting in 1999. The exam had been given in the Pas-
cal programming language since its inception. Most of the computer
science high school teachers would now have to learn C++. Allan envi-
sioned this as a singular opportunity to intervene in favor of gender equity:
most of the approximately 1,500 teachers of APCS courses would need
training in C++, as well as in appropriate pedagogy for the new language
and its object-oriented style of programming.

We jumped at the opportunity to effect change at the K-12 level. Our
first step was to build an interdisciplinary team. We asked Jo Sanders and
Mark Stehlik to join us. Jo is one of the country’s leading experts on gender
and computers. She is the author of Lifting the Barriers: Six Hundred
Strategies That Really Work to Increase Girls’ Participation in Science,
Mathematics and Computers (1994). Through a series of national training
programs, Jo has taught gender-equity skills to thousands of teachers and
teacher educators since 1983. She loved the idea of working with an inter-
disciplinary team and having a captive audience and signed on. Mark
Stehlik, an extraordinary teacher of computer science at Carnegie Mellon
and a reader for the AP exam, immediately saw an important opportunity.
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Our interdisciplinary team was built. Allan and Jo wrote a proposal to
the National Science Foundation and received funding for three years
through the Program for Women and Girls, now the Program for Gender
Equity.

The program’s faculty would be joined in each session by two teacher
assistants recruited from the group of high school teachers who grade the
APCS exam as well as prior 6APT participants. These teachers would pro-
vide hands-on guidance with the programming portion of the program
and also contribute their perspectives on classroom issues.

We modeled the institute after the interdisciplinary approach of our
own research. The 6 APT course would provide four key elements:

+ Background information on gender issues in computer science, in
technology-related areas, in the culture at large, and in pedagogical
approaches;

+ Technical knowledge of C++ and programming with objects;

« Specific skills and techniques for integrating C++ course materials (as-
signments, background lessons, and so on) with gender-sensitive peda-
gogy, classroom practice, and management of peer interactions; and

+ Suggestions for creating change in the participants’ home institutions.

Early in 1997, we advertised through the web and direct mail for partic-
ipants for the upcoming Summer Institute. For the first session we received
120 applications for 80 openings. In the second year, we received 240 ap-
plications for 80 openings. We selected the participants based on their po-
tential to increase the number of girls studying computer science in high
school but also made an effort to select teachers from a diverse mix of
schools. They included teachers from math and science magnets in wealthy
districts in Illinois, from small rural schools in Alaska, and from large
inner-city schools in Texas with mostly Spanish-speaking immigrant
students.

Throughout each day, we conducted sessions both on programming and
on gender equity. We worked hard to inseparably link programming in-
struction with gender-equity issues. As a result, participants were swim-
ming in both streams each day. Having them continually dive from
programming into gender and back again may have created choppy wa-
ters, but our intent was to make the point that these issues must become
streams flowing into one another. We wanted to make sure that the way
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they learned C++ would model an alternative way of teaching program-
ming that took a wide range of gender influences into account.

Laying Out the Problem

The opening sessions included an overview of gender socialization in
homes and schools and how it impacts girls’ trajectories in math and sci-
ence. Each year we presented recent data on gender and science from the
National Science Foundation that show how the math gender gap has nar-
rowed but how women in science majors and in the technical workforce
remain underrepresented.

Perhaps the most effective method of assessing the status quo was Jo’s
assignment to the teachers to perform research projects before their arrival
at the Summer Institute. Participants presented their findings on the fol-
lowing topics:

+ How many computer ads appear in girl and boy teen magazines? (Result:
far more ads appear in the boy magazines.)

« Who purchases computers at homes? (Results: fathers and sons)

+ Who speaks more in computing classes? (Result: males)

+ What is the gender content of Saturday morning cartoons? (Result: boys
are the strong heroes, girls are the helpless victims.)

+ What are the gender models in textbooks? (Results: far more males are
pictured.)

Teachers also called local teacher education programs to find out how
many courses were offered in gender equity, called local high schools to get
the gender breakdown for advanced math and science classes, and called
the local school district to calculate the percentage of women who were
teachers, counselors, principals, and superintendents. These research as-
signments were effective learning experiences that allowed participants to
discover instead of simply listen to lectures.

Jo then debunked the common assumption that girls avoid computer
science because of a particular “villain.” While obnoxious boys, sexist
male teachers, and discouraging counselors exist, she argued, they are not
the main cause of the gender gap in computing. Rather it is often a cumula-
tive effect of many lifelong gender socialization influences that discourage
girls’ participation. Students bring the gender gap into computer science
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with them as they walk through the high school doors. High school then
compounds the existing problem. Jo emphasized that male teachers can
combat this problem just as effectively as female teachers.

Why Girls Enroll and Why They Don’t

Early in each Institute session, teachers generate two lists: one on why girls
enroll in computer science, and the other on why girls don’t. From year to
year, the lists are remarkably consistent:

Why girls enroll

+ Computing is useful in many fields.

+ They have talent in and enjoy math.

+ They have been personally encouraged by parents, teachers, or friends.
+ They enjoy problem solving.

+ They see great job opportunities.

+ They have course requirements.

+ Friends are taking the course.

+ They enjoyed and succeeded in an earlier course.

Why girls do not enroll

« Courses are taught in a dry, abstract style focused on language details
rather than applications.

+ The classroom climate is unfriendly to girls.
+ The course has too few girls.

+ The course has a geeky reputation, and girls do not want to be associated
with that image or with the people in the class.

+ They fear they know less than others, and some of the boys reinforce that
fear.

+ Guidance counselors or parents actively or passively discourage girls
from taking computer science.

+ They fear ruining their grade-point averages.

+ They have broad interests that result in scheduling conflicts, since com-
puter science courses are often taught only in a single period.

+ They subscribe to the stereotype that computing is a male activity.
+ They find the games that are pervasive in the computer culture boring.

Throughout the week, the 6APT faculty presented research on these is-
sues. For instance, teachers’ observations that “girls are perfectionists”
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and that “girls get discouraged too quickly and give up too easily” were
addressed. One teacher, in her application to the program, wrote this:
I see too many girls who seem to be much more worried about their grades than
about learning. They seem to want to please the teacher rather than to branch out
into new areas. They do their assignments, sometimes more faithfully than the males,
but do not seek out ways to improve their work. They rarely have independent pro-
jects on which they are working. The males in the classes see themselves as successful
when they make As, but they also see themselves as successful when they make Bs
and sometimes even lower. Their comments may be “I really knew how to do that”
or “that was a stupid mistake,” or some similar statement that conveys their confi-
dence in their ability. T have had girls with As and B+s say things like “I’'m so stupid,”
and “Ijust can’t do this,” and “I don’t understand anything we are doing.” Yet it is
clear by their comments and their work they have mastered the material. Girls with
Cs generally never take another programming course. Yet boys with Cs often go on
to the next course, and boys with Ds sometimes will try to go on to the advanced
classes. I don’t know what to do to change this. T would like to learn some techniques
to be able to at least change it in my classes, in my department, and in my school.
Researchers of attribution patterns have found that boys often attribute
their failure to external factors (such as a too-hard exam) and their success
to their own abilities. The result is that they maintain their confidence even
when they fail. But just the opposite is true for girls: girls tend to attribute
failure to their abilities and success to external factors such as luck. As a re-
sult, any setback or difficulty can erode a girl’s confidence in her abilities.
This has profound implications for girls’ risk taking and trust in their own
judgment, important qualities in computer science. We shared this re-
search (see further reading list) with the teachers so they could have a
deeper understanding of students’ behavior and could in turn pass this

knowledge onto their students to better understand their own reactions.
What Teachers Can Do

We found that a little bit of discussion of the problem went a long way with
the Institute’s participants; they hungered for solutions. Much of the Insti-
tute’s gender work, therefore, focused on the interactive discussion of so-
lutions. As in the discussion of the problems, we drew as much on the
teachers’ hands-on expertise as on our own. We describe here some of the
most important strategies that emerged over many hours of discussion.
The quotes we use are from teachers’ reports on what they did after at-
tending the 6APT session.
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Recruiting Girls

Boys have staked their claim at the computer very early both at home and
in schools (See chapters 1 and 2). Girls who are interested but intimidated,
or girls who don’t quite know what computer science is but could be very
interested, need an extra word of encouragement from teachers, parents,
or counselors. Rule number one, then, is that teachers have to deliberately
focus effort on recruiting girls. If teachers issue a generic recruitment call,
boys turn out. Girls must know the teacher is talking to them. Sometimes
all it takes is a few minutes of encouragement to fire a girl’s interest and to
give her the confidence to take a class.

Besides approaching individual students who teachers think will be in-
terested, giving a recruitment talk in a math and science classes, while
specifically mentioning girls, is a good idea. But so is going to history
classes, where there are sure to be plenty of girls. Some teachers have re-
ported going to the athletic teams and trying to recruit the entire team.
Girls do not want to be the only one in the class, so two mottoes emerged:
“Recruit friendship circles” and “Recruit a posse.”

David Pevovar, an APCS teacher from Seattle, learned this about
recruitment:

Actually, the discussions from last summer have been helpful with enrolling girls
for next year. I have taken a new approach for recruitment of girls—that is, instead
of visiting mainly chemistry and math classes when talking with students about
next year’s classes, I visited the AP U.S. history and honors world history classes,
which usually have a larger female audience. Also, the local paper ran a nice article
on the past successes of our female students and made a very positive comment

about our program, which in turn created an interest in some parents in getting
their girls involved.

He also observed,

The most important part is the personality of the instructor. You have to have a
good relationship with students and actively pursue the students, especially the
girls, and get them involved and show them that they can be successful. It’s a lot of
effort and hard work, and you can never sit back and say, “Just because I offer the
class, they will come!”

Having Girls Recruit Girls
Teachers are very important for recruitment, but some of the best re-
cruiters of girls are other girls. Nancy Mahosky, a teacher from Beaver
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Falls, Pennsylvania, formed a gender-equity committee that organized se-
nior girls in computer science to make a video about why they were taking
computer science, why they found it useful, and why they liked it. The
video featured a tour of the computer lab, interviews with girls who had
taken programming classes, a discussion of what types of jobs involve
computer science, and reasons that computing is important to learn. They
then took the video to the middle school and gave a presentation to girls in
math and science classes. It has been very effective.

Peggy Beninati, from Egg Harbor Township, New Jersey, increased her

enrollment of girls from 9 to 25 percent over one year’s time. She found
that “the best recruitment tool was having kids talk with other kids”:
I promoted next year’s change to C++ using my star girl pupil. I went to calculus,
AP calculus, and honor algebra classes targeting girls. I had my second-year stu-
dents—including the boys—promote C++ to girls they thought would do well in
programming. I talked to girls everywhere—in the cafeteria, in my classes, in any-
one’s class that would listen. . . . My current percentage of girls is 9 percent. Next
year it will be 25.3 percent.  made flyers, gave speeches, stayed after school, talked
students into talking others into taking the course. In the long run, I think that my
best recruitment tool was having kids talk to kids—girls talk to girls, and boys talk
with girls.

Another helpful hint emerged: it is effective to recruit a “mover and a
shaker,” a girl who has strong links to groups of girls, such as a student
government officer or a member of an athletic team. Teachers who are also
coaches report that their greatest source of girls were the teams that they
coached and that when one girl enrolled so did some others.

In a related vein Serita Scott, a teacher from Hamilton, New Jersey
reported:

Another suggestion was to get a group of girls together in a committee or club to
work with the guidance counselors and visit classes with them before scheduling
begins. The girls will be the ambassadors for girls in technology. I approached girls
who are in my AP classes and in the other AP teacher’s classes and in my CS Club.
They are enthusiastic about it and want to call themselves the Ambassadors Club.
One girl with outstanding leadership skills has designated herself as mover and

shaker of the club and recruited girls from last year’s AP classes and two boys to be-
come ambassadors.

Educating Counselors, Teachers, and Parents
Many school counselors, teachers, and parents don’t know what is taught
in a computer science class and how programming and other principles of
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computing are intellectual skills valuable across many disciplines. This
was confirmed in a survey conducted by North Canton, Ohio teacher
Deborah Wiley. She found that 66 percent of the students surveyed had
no idea of what the field of computer science is all about; 13 percent
believed that computer science is using the computer in science class; 8 per-
cent believed that computer science is the repair and building of comput-
ers; and 7 percent believed that computer science involves programming
and networking.

A frequent suggestion was to hold an open house to explain to coun-
selors, teachers, and parents what is being taught in computer science and
why fluency in information technology is important for students’ future
educational and economic opportunities. One teacher had the girls give
the school counselors a tour and explain to the counselors what they got
out of computer science. Teacher Judy Hromcik of Arlington, Texas,
found the alliance with her school counselors paid off:

The counselors created a pamphlet that describes the courses entering freshmen
and sophomores may take. They asked me to write the section describing CS. I in-
cluded the information about the shortage of women in CS and how good the job
market is for CS. The counselors loved this. They have been very supportive. My

freshmen enrollment for CS went up from eleven to seventeen. In APCS, I currently
have seventy-five students signed up and I think about thirty-plus females.

Getting Girls Interested Young and Early

Teachers report that among college-bound students, the trend for many
students is to plan electives and AP classes as early as middle school.
Middle-school students may also fail to take prerequisite courses if they
are unaware of the choices that lie ahead. Several teachers reported taking
their female high school computer science students to visit the local middle
school or conversely inviting middle school girls to visit their high school
classes.

“All-Girl” Computing Events

While all-female classes are generally not allowed in public schools, girl-
focused events, clubs, and camps can spark girls’ interest in computing.
These events attract girls who would normally stay away from classes
where they fear being left in the dust or shouted down by more experienced
or just plain louder boys. They provide learning environments where girls
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take risks, take leadership, ask questions, stop worrying about what they
do not know, and build their confidence.

Several teachers started all-girl events that have proven to be quite suc-
cessful. Reva Power of Tomball, Texas, held an all-girl camp:

January 17, 2000, was a wonderful day for me. Seventeen eighth-grade girls at-
tended a girls’ computer camp. We worked with Karel4++, had female speakers
from the local community college talk about careers in technology, and had female
speakers who have worked in industry using computers discuss the importance of
computer science.

Pat Phillips of Janesville, Wisconsin, started the Dreams Project, which
ambitiously targeted girls who were “at risk” for academic achievement
but who teachers and counselors felt could make a real step forward with
some mentorship and attention. The project involved parents as well as the
girls and included a peer-to-peer mentorship program. Pat’s strategy was
to broaden the Dreams Project beyond computer science so she could ally
herself with other teachers who also had a shortage of girls. Part of the proj-
ect also focused on building girls’ self-confidence and risk taking through
a ropes course:

I’'m giving myself an easy day today (i.e., lots of lab time) because last night was the
first night of our peer-mentorship project between seventh-grade girls and
eleventh-grade girls. We have fifteen of each. We literally drew names from a hat to
match them and had an informally structured evening for them to get acquainted as
well as mixer activities for the parents and professional women who have joined
our forces. It went well. The parents of the seventh-graders were thrilled that this
project has begun. The seventh-graders were selected because their teachers saw
them as very bright but at risk of falling off the track because of peer-group friends,
family structure, etc. We have decided to make these parents a target in the project
also. We will be sending them occasional copies of articles, flyers for activities they
might do as a family, etc. to increase their awareness of the problem and enlist their
help in the solution. The help we received from the local AAUW has been out-
standing. Also got (from local grant sources) all the $ we need for the next twelve
months of activities, including a leadership outdoor weekend adventure trip (ropes
course). We are enjoying this a great deal. The reception from all fronts has been
quite spectacular.

Spreading the Word

Many teachers exercised their creativity on ways to spread the word. Sev-
eral found that posting want ads for computer jobs on parents’ nights
sparked real interest among parents. Pat Phillips started the Stall Street
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Journal, postings in all the school’s girls’, bathrooms: “I started a collec-

tion of brief news and magazine articles about gender issues. . . . we will
copy a different one each week and hang them inside the stalls of the girls’
bathroom.”

Expecting Opposition

When teachers begin to make a special effort to recruit girls, they often en-
counter some opposition. Other teachers, boys, and sometimes girls may
object that special efforts to recruit girls are not fair. One teacher reported
the following situation:

When they [senior girls] went to the Computer Club (fifty males, four females) to
ask them to join [the efforts enroll more girls in computer science], no one did, and
ten boys strongly objected to the whole project saying it was discriminatory against
boys. Any suggestions for me here?

This is an important teaching opportunity: an opportunity to explain
how boys have already been recruited into computer science. Public image,
media, and marketing of computers have been specifically focused on
boys. The gender stereotypes associated with computing tend to pull boys
in and push girls away. To balance the influences, a concerted campaign to
recruit girls is necessary.

Another form of opposition can arise from teachers and administrators
who do not perceive gender as a high-priority issue in the face of many
other demands on their time and attention. Many 6APT participants
found that they were able to enlist cooperation and assistance by doing
some teaching of their colleagues and superiors—sharing local statistics,
nationwide statistics learned at Carnegie Mellon, and success stories re-
ported by other teachers.

A third, and very difficult, problem that many advanced placement com-
puter science teachers encounter is that other teachers also wish to fill their
classes. The most common competitors faced by our group of APCS teach-
ers were teachers of other advanced placement courses and teachers of
business-oriented computing courses.

Reshaping the Teaching of Computer Science
Recruiting girls is a critical step, but if girls drop out regularly or have un-
pleasant experiences in computer science classes, nothing has been done
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about the computer science gender gap. In the second half of each Summer
Institute, we focused our discussions on building a girl-friendly classroom.
We addressed the following questions:

+ What types of assignments will engage the interests of girls as well as
boys?

» How can teachers address the unequal computing experience of boys
and girls?

» How can teachers teach in ways that acknowledge girls’ learning prefer-
ences as well as boys’?

» How do teachers ensure that a “boys’ locker room” atmosphere does not
dominate the computer science classroom?

+ How can computer science be revisioned as a discipline so that it is mean-
ingful for women as well as men?

To spark and engage girls’ interest and engagement in computing, we
believe that computer science must be viewed as a fully human discipline
that, while highly technical, is linked to other arenas and people. Providing
this broader vision of computer science takes thought and practice for
teachers who have relied heavily on textbook programming assignments
that involve dry, mathematical problems and male-oriented applications
like sports statistics or missile trajectories.

During the Summer Institutes, groups of teachers revised typical text-
book programming assignments, rewriting them so that they would better
reflect a broader vision of computing. Teachers brainstormed a list of set-
tings in which specific computer science concepts could be cast, selected
one, and then brainstormed different ways to make an assignment on that
topic engaging.

Allan provided a list of features for teachers to think about when de-
signing programming assignments. This list reflects much of what is
known about what many women find meaningful about computing (see
chapter 3):

A Baker’s Dozen Ways to Enrich a Programming Assignment

1. Make it useful. Encapsulate the principle being taught in a program a
student might want to use, like a CD database or a list of friends’ phone
numbers.

2. Make it personal or local. Make a school map, a local business direc-
tory, or (in assignment 1) a program that prints the student’s name in an in-
teresting style.
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3. Interface with other programs. Have students write their programs so
they can exchange data with a spreadsheet, a database, or a web server.

4. Focus on ease of use. Help students understand the critical role that us-
ability plays in software quality and reliability.

5. Use big data. Problems that are too large to solve by hand help students
to understand the real value of computing.

6. Use real-world data. Have students find it and massage it into a useful
form.

7. Use natural-language text. Students can write programs that manipu-
late or analyze large bodies of text retrieved from the web.

8. Make it sensory: graphics, audio, animation, manipulation.

9. Make it socially relevant. Build assignments around real issues like
ecology, population trends, and so on.

10. Simulate! Simulating real systems (traffic, elevators, plant growth)
brings computing closer to the real world and offers many avenues for
creativity.

11. Include observations of the real world or of the program’s behavior.

12. Bring in experts. A human being who can address either a technical is-
sue or a computing application can be a powerful motivator. Experts can
be “brought in” in person or over the Internet.

13. Tllustrate how everyday computational objects work: calculators, re-
mote controls, vending machines, elevators, Palm Pilots, and so on.

In response to the perception by teachers that their students (largely
male) tended to focus too much on the speed of their programs and the
speed with which they were able to write them, we also provided a list (by
no means exhaustive) of additional goals for software design. These “ili-
ties” are rarely appreciated by novice programmers, but almost always
outrank speed in the real world and happen to be in line with many girls’
connections with computing:

+ Compatibility: working together with other programs.

+ Composability: being able to be combined with other programs to create
new, more complex programs.

+ Durability: outlasting changes in surrounding systems.
+ Extensibility: making it easy to add new features and functions.
« Flexibility: being able to operate in many environments.

+ Maintainability: allowing programmers to make changes in a straight-
forward and reliable fashion.

+ Portability: being able to run on multiple different systems.
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+ Readability: being comprehensible by somebody wishing to read and un-
derstand the program.

+ Reliability: being free of bugs and capable of coping with unexpected
conditions.

+ Reusability: allowing reuse of program code in other settings and
applications.

+ Scalability: being able to run across many machines in a network with
high efficiency.

+ Usability: providing an intuitive and error-free interface to human users.
« Utility: providing a useful solution to a problem.

The Experience Gap

One of the Summer Institute high school teachers observed that by high
school, many male students have such a high level of knowledge of soft-
ware, hardware, and operating systems that they are immediately com-
fortable in class. For girls, it is often a different story: “When girls begin,
they must first learn how to deal with the computer, the operating system,
and the programs before they can begin to learn to program. This extra
hurdle is sometimes overwhelming.”

Can the teaching within a high school classroom take this experience
gap into account and be tailored to a range of experience levels? Mark
Stehlik, in his 6APT programming class with the teachers, acknowledged
that the teachers were at different levels of computing experience and
knowledge, that the goal was for each person to move forward, that no one
would be moving at the same pace or speed, and that the point was just to
learn as much and well as one could. Of course, in a high school situation,
with grades at stake, this level of flexibility is much more difficult to
achieve. But we believe this spirit can be evoked by the teacher in the
classroom.

While collaboration and cooperative learning groups are often pre-
ferred and effective learning strategies for girls, the gender gap in experi-
ence between boys and girls in the computer science classroom makes it
important to ensure that girls don’t automatically fall (or be assigned by
the group) into “support” jobs (such as data entry). A teacher wrestled
with what she perceived as a downside of collaborative groups:

By allowing students to work more in groups, it became clear that many in the all-
female groups (also some male students) became very passive about their learning
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and didn’t push themselves as much individually to understand the material. They
just waited around until somebody smarter (usually a boyfriend in another group)
came along and rescued them (figured out their coding mistakes for them).

This teacher’s observations raise the challenge of collaborative learning
in computer science when there is a wide gender gap in experience. Can the
more experienced students help the less experienced without acting supe-
rior and condescending? Can the less experienced accept help without feel-
ing stupid, ignorant, or discouraged while making mistakes and asking
questions? Are the girls in the class “waiting around to be rescued,” or are
they hesitant to appear stupid in front of their classmates? These peer dy-
namics must be carefully understood and then monitored by teachers. Fur-
ther, itis also important to realize that it is not just girls who rely on friends
to learn. Boys are continually swapping computing information with each
other and looking to each other for assistance. Image to the contrary, they
are not “lone wolves” in learning.

Protecting the Climate of the Classroom

Computer science classrooms often have the feel of a boy’s locker room.
The humor and the banter usually reflect the male demographics. Dono-
van Williams of Madison, Wisconsin, told us of a computer programming
contest, organized by a recent high school graduate, that included prob-
lems titled “Don’t Forget the Beer” and “Checkin’ Out the Babes.” He
wrote to the contest organizer, explaining how the contest call assumed a
male audience and could alienate female students. While cordial and tact-
ful, his message was unmistakable:

Dear |,
I want to commend you on taking the time to organize and coordinate these pro-
gramming contests during the year. You’ve done a nice job, and my students have
enjoyed the opportunity to challenge themselves further. However, I have some
concerns about the appropriateness of some of the problems for this contest. . . .
Your inclusion of “Don’t Forget the Beer” and “Checkin’ Out the Babes” has
placed me in a difficult position. . . . It appears that you were trying to make the
problems more interesting; however, you have made them inappropriate for a high
school audience. Moreover, the “Checkin’ Out the Babes” problem objectifies
women, and given the lack of representation by females in this field (and in CS
classes), this problem has the potential to do more harm than good. I have a female
on my team, and I feel terrible that she may be exposed to this type of question—in
an area where she is already a minority. All of this could be avoided with a little re-
wording. . . . Should these types of problems continue to appear in these contests, I
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will probably have to withdraw any support for participation by our programming
team members.

Mark Stehlik, while teaching C++ to the teachers, discussed how male
humor and proclivities, such as excitement over blood and guts or sexist
imagery, easily creep into classroom assignments and other computing ac-
tivities. For one of the first programming assignments, Mark asked the
teachers to use C++ to create a graphic display in the style of their male
students. With this in mind, teachers programmed houses being burned
and blown up. Mark acknowledged that these are the types of programs
that get the “oohs and ahs” and the high-fives. He then discussed how to
teach appreciation for programs that are as technologically sound and in-
ventive, possibly more sophisticated, and probably more appealing to
women students.

Classroom Conduct

We viewed a taped episode of NBC Dateline featuring Myra Sadker and
David Sadker’s research on gender dynamics in the classroom, focusing on
the subtle ways that teachers’ behavior in the classroom can shortchange
girls (“Failing at Fairness,” 1992). The film crew had visited the classroom
of an elementary school teacher who considers herself a feminist. To the
untrained eye watching this video, the classroom looked like a fair one. But
the Sadkers pointed out how the teacher called on boys more than girls and
addressed more follow-up questions to boys.

As part of the discussion on these classroom dynamics, we roleplayed
with volunteer teachers as the students and Allan as the computer science
teacher. Allan taught a lesson on “What Is the World Wide Web?” Not
only did he address more questions to the men, but he shaped his lecture in
a way that would spark boys’ interests more than girls’. He presented a
narrowly focused technical view of the Web, absent any discussion of its
applications. In all six role plays, he devoted the lion’s share of his atten-
tion and feedback to a male student. And despite knowing in advance what
the game was, the female students became alienated by the discussion, felt
they had nothing to contribute, and became silent. Teachers were sur-
prised at the magnitude of the impact on the participants of seemingly sub-
tle behaviors. After airing their reactions to participating in or viewing the
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role plays, teachers received checklists they could use to have colleagues
monitor their own classroom conduct.

Action Plans

The culmination of the Summer Institutes was designing action plans that
teachers could realistically carry out during the upcoming school year. The
action plans addressed how teachers would actively recruit girls into com-
puter science, how they would build alliances within the schools to address
the gender gap, and how they would revise the curriculum and pedagogy
so that once girls are recruited, they experience success and engage with
the material. Teachers committed to the following;:

+ Speaking to math and science classes to recruit more girls,
+ Reevaluating their programming assignments,

+ Holding an informational discussion with counselors and an open house
for parents,

» Starting a girls’ computing club,

+ Getting information about Ada Lovelace and Grace Hopper and dis-
playing it in the classroom,

+ Writing an article for the school newsletter,

+ Holding a school assembly about computing careers and showing the
breadth and social relevance of computing, and

+ Speaking to that one girl who they had always thought would do great in
the class but whom they had never approached.

Jo Sanders and Nancy Mahosky made suggestions for building alliances
within the school so that they would not be doing all of this work alone:

» Form a Gender Equity Committee (or bring this issue to the existing
Gender Equity Committee).

+ Make an alliances with other teachers (such as the physics teacher or the
wood shop teacher) who are interested in recruiting more girls.

+ Make an alliance with teachers (such as the biology, art, and music
teachers) who have many girls in their classes who could benefit from
knowing computing but who rarely take computer science classes.

+ Talk with representatives from the counseling staff, the principal’s of-
fice, the dean’s office, the athletic coaches, and the district so that they can
help your efforts.
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Conclusions

How successful have the advanced placement computer science teachers
who attended the six Summer Institutes been? At this point, data are still
being evaluated. We do know that all the 1997 teachers felt a year later
that they had made an average of 2.5 changes in their teaching because of
their participation in 6APT. The following changes were mentioned most

frequently:

[ have more awareness of my own behavior. 24
I make more of an effort to call on everyone. 21
I personally make an effort to recruit girls. 20
[ have more ideas on how to work with girls. 16
I make sure I talk to current students as often as possible to help 13
retain them.

Iencourage girls. 10
I think about the issue of gender equity more. 9
I am more careful to use gender-neutral language. 9
I assign meaningful programs right away—Iless abstract, more 9
real-life examples.

I provide more information on role models. 8

We also have some preliminary reports of achievements made by several
teachers:

Egg Harbor Township, NJ 9 percent girls to 25 percent

McKinney, TX 5 percent girls to 31 percent

San Diego, CA For the first time, more than one-third
of the class is girls.

Fresno, CA 8 percent girls to 25 percent

Dayton, OH Computer programming 17 to

34 percent; advanced computer program-
ming 7 percent to 20 percent

Midland, TX Pre-AP 13 to 27 percent; APCS 131 percent
to 51 percent

In July 2000 we received NSF funding to hold a smaller 6APT confer-
ence for those teachers who felt they had a “best practice” to share. At this
conference, a principal was invited to accompany each teacher. We hope
that having the principals attend will lend authority and support to the
work that these teachers are engaged in.
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The 6APT project embodied a unique collaboration: teachers noted
how unusual it was for them to see computer scientists working in collab-
oration with feminists and social scientists. This collaboration had two
major benefits. First, it enabled us to interweave gender-equity material
with the presentation of technical material, helping the participants to use
both together in their classrooms. Second, the prestige of Carnegie Mel-
lon’s computer science program and its close association with the APCS
program gave credibility and appeal both to the training program and to
the idea of gender-equity training among a segment of the APCS teacher
population that might otherwise have been nearly unreachable. Most im-
portant, we were able to bring together a group of dedicated, hard-
working, and imaginative teachers who are now positioned to make their
computer science classrooms equally welcoming to boys and girls.
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3
Changing the University

We intended our research into girls and women who study computer sci-
ence to be not only an exercise in knowledge gathering but also a guide to
action. Far from being a passive object of study, the Carnegie Mellon
School of Computer Science has responded to our findings and other re-
search with a variety of interventions, beginning soon after we launched
the project.

Since 19935, the proportion of women entering Carnegie Mellon’s un-
dergraduate computer science program has risen from 7 percent (7 of 96)
to 42 percent (54 of 130) in 2000. At the same time, persistence of female
students remaining in the program until graduation has risen to nearly
match that of men. This change has attracted a great deal of attention in
academic computer science as well as in the general press. We have been
asked many times, “How did it happen?” This chapter describes ways that
colleges and universities can respond to the observations made in our re-
search. While Carnegie Mellon’s results rely in part on its particular cir-
cumstances, we believe that many of these interventions can be usefully
employed in many settings.

We describe the interventions in two chronological stages: the first stage
reflects actions taken approximately from 1995 to 1998 in response to the
earliest results of the research project, and the second stage reflects devel-
opments that have taken place more recently. We review the overall im-
pact of these changes on the enrollment of women in the program and
consider issues for the future. We close with a discussion of implications
for other institutions.
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The Experience Gap

Perhaps our first realization on undertaking our research project was the
magnitude of the computing experience gap between men and women. It
was evident both in students’ self-reports of prior experience and in the
distress we noted among inexperienced women enrolled in the introduc-
tory programming course taken by all but the most experienced students.
Although they generally performed well, they found it stressful to be in the
same course with students who were far more experienced and also tended
not to do as well in the next course.

Our first intervention, therefore, was to institute a curricular change
that provided first-year students with four different ways to enter the cur-
riculum, depending on their level of experience. One contributing factor to
the success of this measure is the fact that the rest of the curriculum is nei-
ther tightly scheduled nor deep in prerequisites, so that students taking an
extra semester to gain programming experience would soon “catch up”
with other students and have an equal opportunity to take advanced
courses.

Our initial approach was to design a course combining a discovery-
based, real-world orientation with an introduction to programming,
which would prepare students for a more advanced programming course.
We also instituted a more advanced course for students with substantial
prior experience. These changes increased levels of satisfaction among
both more and less experienced students of both genders and indeed
seemed to result in the smooth integration of the less experienced into the
remainder of the curriculum. The School of Computer Science has recently
evolved this arrangement into a flexible series of minicourses; results of the
new arrangement are pending.

Admissions

Based on our observation that prior experience did not predict eventual
success, it seemed clear that admissions policy should not give a strong
preference to highly experienced students. Once we had made the curricu-
lar changes that allowed inexperienced students not only to succeed but to
do so without extraordinary levels of stress, we set out to adjust admis-
sions criteria to reflect this. This change, together with getting the message
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out to prospective students that “experience is not a prerequisite,” helped
to achieve early gains in recruiting women to the classes entering in 1996
through 1998.

More Attention to Good Teaching

We have noted in earlier chapters that good teaching is especially impor-
tant to women because failures in pedagogy or in curricular integration af-
fect women disproportionately. Our main effort in this regard was to use
the teaching assignment process to put better, more experienced, and more
senior teachers (note that these are not always correlated!) into the earliest
courses of the curriculum, where women reported having the most dis-
tress. While this change had positive effects, issues of course size and artic-
ulation from one course to the next continued to cause trouble; these issues
are still under discussion in the School as we write.

A second area of greater attention to teaching involved the integration
of a unit on diversity, particularly gender equity, into the teaching assistant
training provided by the School of Computer Science to its graduate stu-
dents. The unit was created by Mark Stehlik, who supervised the TAs and
conducted the training program. He worked with the university’s Teach-
ing Center to incorporate findings from our research and the open litera-
ture, as well as video footage of discussions among female students, into a
session alerting TAs to the issues affecting women in their classrooms.

Contextualizing Computer Science

We have noted that a curriculum that places technology in the context of
its real-world uses and impact is appealing to female students. Some of the
elements of a contextual approach include

+ Early experiences that situate the technology in realistic settings,

+ Curricula that exploit the connections between computer science and
other disciplines, and

+ Diverse problems and teaching methods that appeal to a broad variety of
learning styles.
We describe below some courses that exhibit these properties.

In 1994, we instituted an “immigration course” (IC) for students en-
tering the undergraduate program. (The terminology comes from an
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orientation course provided to incoming Ph.D. students for many years.)
The design of this course in fact predated our study and was inspired in
part by Sue Rosser’s work in Female-Friendly Science. The course pre-
sented students with a broader view of computer science than they tended
to receive in their first few courses, which were heavily programming-ori-
ented. As organized by first-year advisor Jim Roberts, the immigration
course included a series of lectures by faculty from across the breadth of
the discipline, context-setting talks by the dean and associate dean, and in-
formation relative to students’ adjustment to life at college. The IC seemed
to have its desired effect: while it was common for juniors we talked to
early in our study to say, “finally, I understand what computer science is
about,” students who have been through the IC seem to have a much
clearer view of the field, its range, and its applications.

Three courses available to computer science students stand out as pro-
viding holistic project experience in an interdisciplinary group of students.
The earliest instance was the software engineering course. In an approach
pioneered by Bernd Bruegge, this course integrated its entire enrollment
(typically thirty to fifty students) into a single software development team,
complete with a management structure suitable to the project’s scale. To
model a real project, Bruegge incorporated technical writers and market-
ing students into the team to participate in the process. The student team
worked with an outside “client” to define requirements, design a system,
and implement a prototype.

Dan Siewiorek took a similar approach in the design of his course on
wearable computers. The projects in the course integrated elements of in-
dustrial, mechanical, electronic, and software design. The student body
included students, both graduate and undergraduate, majoring in
appropriate disciplines. Again, the project teams typically worked in con-
cert with an industrial client.

A third example is Randy Pausch’s course on designing virtual worlds.
In this course, Pausch calls on students’ skills in software, scripting, and
graphical design. He stresses the interdisciplinary nature of this work by
selecting students not on the basis of their majors but on the basis of their
skills—what they could do rather than who they were. Students work in
teams of three, changing membership over the course of the semester, to
implement a variety of engaging virtual reality projects.

All three of these courses have been extremely well received and present
good examples of the integration of computing with other disciplines in
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pursuit of real-world objectives. Unfortunately, all are appropriate more
for upper-division students rather than for students in the first year or two
of the curriculum; more attention to these concerns is needed in the lower-
division courses.

A direct approach to the question of the social impact of computing is
found in Computer Science in the Community, a course that engages stu-
dents with nonprofit groups in the local community, applying their skills
to community issues. Allan helped Joe Mertz and Kathy Schroerlucke of
the university’s Outreach Center launch this course, in part with the idea
that it would attract female students. One of our early discoveries, per-
haps obvious in retrospect, was that the maxim “if you build it, they will
come” did not apply. Perhaps because they doubted their capability to
help in a real-world situation, women registered for the course in dispro-
portionately small numbers. Personal recruiting has improved the situa-
tion since.

All of these efforts provide paths for students to pursue in addition to the
traditional, technically focused path. More remains to be done, especially
in terms of early experience with integrated problems.

Culture

We have observed in preceding chapters that many students and faculty
picture computer science students as narrowly focused, intense hackers.
For students for whom this is not an appealing work style and whose ca-
reer aspirations extend beyond narrowly technical work, this image can be
repellent or discouraging. One of the aims of higher education must be to
provide students with a broad picture of possibilities and to create an envi-
ronment where alternate models are valued and respected. Faculty must be
mindful of ways that the hacker culture becomes an ideal that is con-
sciously and unconsciously promoted.

In light of these observations, we made some modest efforts to broaden
perceptions of the field. Among faculty, this took the form of discussing
the results of our research and that of others and introducing diversity con-
siderations into discussions of curriculum and programming. Among stu-
dents, in addition to stressing to entering students that prior experience is
not a critical issue, we began to talk about achievement in computer sci-
ence as more multidimensional than the standard “boy hacker” icon.
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In the first two or three years of the project, we had a clear impact on the
teaching faculty who are most in contact with first-year students. They be-
came more aware of the difficulties women face, the gap in prior experi-
ence, and different motivations for entering the program. However, with a
few exceptions, the tenured and tenure-track faculty, those who teach the
higher-level CS courses and conduct computer science research, were less
engaged at this point.

Outreach to High Schools

The Carnegie Mellon Summer Institute for Advanced Placement Com-
puter Science Teachers (6APT program) described in chapter 7 was con-
ceived with the goal of helping high schools and not of affecting Carnegie
Mellon’s enrollment. However, it did not escape our notice that teachers
who formed a relationship with us might be more likely to send their gifted
students our way. Indeed, the percentage of students in each class entering
the School of Computer Science from 6APT schools has more than dou-
bled since the beginning of the project. This is true for male as well as for
female students. Over time, though, as 6 APT participants have increased
success at recruiting girls to their classes, we expect they will help to en-
hance the flow of women into Carnegie Mellon’s and other universities’
computer science programs.

Apparently Unsuccessful Interventions

Two categories of interventions that we attempted had no measurable
effects. One was a variety of modest recruiting techniques, such as sending
targeted letters to female admissions candidates and arranging for female
faculty to make phone calls to the highest-ranked female admittees. While
we cannot conclusively demonstrate that these measures had no effect at
all, whatever effect they had was small.

A second category of low-impact efforts addressed the issue of establish-
ing a community of undergraduate women students. On a number of occa-
sions, even predating the research project, we and/or a female student
initiated activities intended to bring women together for group discussion
and mutual support. While the individual events were positively received,
we were never able, in the early years of the program, to establish the mo-
mentum required for the activities to be self-perpetuating: whenever a stu-
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dent “sparkplug” emerged, she soon graduated or was consumed by other
tasks. We may have never hit on the right formula for this style of activity,
but we are inclined to believe that the limiting factor was the lack of a crit-
ical mass of women, resulting in a shortage of new leaders to take the place
of those who left. Increases in the enrollment of women and the arrival of
new faculty leadership have led to recent progress in this area.

Recent Developments and Current Activities

By early 1999, the issue of undergraduate women in computer science at
Carnegie Mellon had reached a turning point. Jane was about to move to
the University of California at Los Angeles. Allan had begun to work part-
time with Carnegie Technology Education, an engagement that would
move him out of his role as associate dean for undergraduate education by
the middle of the year.

A timely development that year was the arrival at Carnegie Mellon of a
new member of the SCS faculty—Lenore Blum, a longstanding advocate
for women in the mathematical sciences. She has created and advises the
Women@SCS Advisory Council (WSCSAC), a group of motivated and ar-
ticulate undergraduate and graduate students in the School of Computer
Science that meets weekly throughout the academic year. Blum’s leader-
ship has catalyzed an impressive outpouring of energy from the newly in-
creased number of women on campus. Through the work of the Advisory
Council, a number of important initiatives have been introduced:

+ Continued monitoring and identification of curricular trouble spots,
such as the transition from the introductory courses to the upper-level
courses;

+ Peer tutoring for students in 15-211, a course that has historically been
problematic for women and novice computer science students; and

+ Avariety of events for women in the program to encourage cohesion and
lessen social isolation. These include a dinner for women faculty and women
students, a web page for women in SCS (www.cs.cmu.edu/~women), and a
Big Sister/Little Sister program, in which computer science graduate
students and seniors are paired with first- and second-year undergraduate
computer science majors.

A project underway in the computer science Curriculum Committee is a
reexamination of the undergraduate program’s curriculum, informed in
part by the WSCSAC. On the table are some of the issues we have noted
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regarding early courses that are better related to each other, more contex-
tually integrated, and less technologically intense.

Another important development is that the growing number of women
in the program and the highly visible activities of WSCSAC have led to in-
creased awareness and interest in the faculty at large. Much word of
mouth indicates that faculty are surprised and impressed by the newly in-
creased numbers of highly talented female students. Peter Lee, Allan’s suc-
cessor as associate dean for undergraduate education, has also become a
strong proponent of reform. He suggested in a talk to the faculty that the
increasing numbers of women in the program would make the program
even stronger and enhance its competitive advantage. Engaging the con-
cern and involvement of a broader segment of the computer science faculty
is an important step in broadening the culture of computer science and en-
hancing the appeal of the School to women.

One of the most significant changes for the 1999 to 2000 academic year
was the revision, in late 1998 and early 1999, of the university Office of
Admission procedures for admitting computer science students. These
changes were, in part, a response to the urging of Raj Reddy, the former
dean of the School of Computer Science, that admissions focus on appli-
cants’ potential to play leadership roles in computing.

The core of the change in procedure was to begin to place greater em-
phasis on applicants’ nonnumeric attributes. Rather than just selecting the
top 400 or so applicants with the highest grades and scores, the Office of
Admissions began with a larger pool, all of whom would make excellent
students, and then selected from this pool with the goal of building the best
class. For example, applicants with demonstrated independence, energy,
creativity, and community involvement were rated more highly than other
students with equivalent grades and scores. Admissions counselors also
were allowed to take economic, ethnic, and gender diversity into account
in choosing the class. The result of these changes, given the strength of the
School’s applicant pool, was that the classes admitted and enrolled
showed greater diversity than before, with no diminution in median grades
and test scores.

Enrollment Results

The number of women entering computer science at Carnegie Mellon has
increased dramatically since we began this project. The trend is illustrated
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Enrollment trends for women entering the School of Computer Science

in figure 8.1. When we began the study in 1995, women made up just
7 percent of the incoming class. This number began to rise in 1996, and
the increase has accelerated sharply with nationwide recognition of Car-
negie Mellon’s progress and recent revisions in admissions policy. The
class entering in 1999 comprised 37 percent women, and the class entering
in 2000 42 percent. These numbers are substantially above the national
average, and approximately double the rate for comparable research
universities.

We have also witnessed an increase in the persistence of women in com-
puter science at Carnegie Mellon. Attrition of women from computer sci-
ence has been a significant problem at Carnegie Mellon and nationwide.
Women in the computer science program have transferred to other majors
or left Carnegie Mellon at more than twice the rate of male students over
the past several years. (This effect has been masked by the in-transfer of
equivalent numbers, meaning that classes have graduated approximately
as many women as have entered.) However, the rates at which both men
and women leave the major have decreased over the past several years, and
the persistence rate for women has begun to approach that of men. This
trend is shown in figure 8.2.

We have been asked on occasion whether these changes represent an
overall increase in the involvement of women in computer science or sim-
ply greater recruiting success by Carnegie Mellon at the expense of other
institutions. Certainly improvements in student persistence help to make
the pie bigger. It is harder to tell whether the women who come to Carnegie
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Persistence trends for students enrolled in the School of Computer Science

Mellon to study computer science would have done so elsewhere absent
our program.

Should these changes persist in the long run, though, we have reason to
hope they will contribute to the overall recruitment of women into com-
puting in several ways. First, Carnegie Mellon’s visibility and the attention
its recruitment of women has attracted will encourage other institutions to
undertake their own reform efforts; several such reports have reached us
already. Second, perhaps more cynically, if institutions begin to find re-
cruiting more difficult as a result of reforms undertaken by competitors,
they will feel pressure to reach out themselves. Ultimately, though, we
hope that individuals and institutions involved in reform of college educa-
tion will contribute to a broader public vision of what computing is about,
encouraging greater participation by young people of many different
backgrounds.

The Challenge for the Future

The challenge that the School of Computer Science now faces is to make
these recent enrollment changes permanent by maintaining or improving
the enrollment and persistence of female students. While much of the early
change has been induced by individual efforts and specific policies, history
shows that such trends are easily reversed if not reinforced by systemic
change. Our analysis, focused in chapters 3 through 6, points to specific
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areas for change. Most of these areas are already under discussion by fac-
ulty and administrators at Carnegie Mellon.

Figure 8.3 presents a specific way to think about self-sustaining change.
It shows that an initial increase in the recruitment of women can be
achieved through a variety of programmatic efforts. The area of environ-
mental improvements, which encompasses both programmatic and cul-
tural aspects, is perhaps the most important factor that an organization
can affect, as it is their main lever on student persistence.

The key to the longevity of these changes, though, is the recruit-
ment of the faculty and students to continued environmental improve-
ments. At Carnegie Mellon, the computer science faculty seem already to
have had their interest sparked by the new presence on campus of large
numbers of talented women students. If all of these influences are estab-
lished, the full participation of women in the computer science program
can become a stable, self-perpetuating process. If they are not, and if the en-
rollment of women continues to depend on a small number of contributors
making targeted efforts, the change cannot be considered permanent or
complete.
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Implications for Other Institutions

A natural question is the extent to which results at Carnegie Mellon can be
replicated elsewhere. The key distinction that Carnegie Mellon enjoys in
contrast to many other institutions is its extremely competitive admis-
sions. The importance of the ability to shift admissions criteria and the
balance of a class with no discernible loss in quality of the recruited class
cannot be underestimated. Nonetheless, based on our research and our im-
plementation experience, we recommend several measures without hesita-
tion to any educational institution.

The first is to pay ferocious attention to the quality of the student experi-
ence. As we discuss in chapter 5, women and other students who do not fit
the prevailing norm are disproportionately affected by problems like poor
teaching, hostile peers, or unapproachable faculty. Perhaps the most im-
portant place to start is the classroom experience. Early courses at many
institutions use a “weed-out” approach, targeting high failure and attri-
tion rates to let only the brightest and most committed through. It is a near
certainty in such cases that many bright and committed women will conclude
that they are not bright or committed enough and select themselves out.

The second recommendation is to accommodate a wide range of com-
puting experience among incoming students. Doing so will not only en-
hance recruiting of women; it will also help to recruit students from a
variety of disadvantaged populations, as well as many highly talented stu-
dents who simply did not become interested in computing until later in
their lives. Depending on existing curricular structure, this can require
minor or major changes. If curricula are deep in prerequisites and
tightly scheduled, they might need to be relaxed before a multipath en-
try to the curriculum can become possible. Once the curriculum accom-
modates novice students, it is then sensible to recruit and admit students
based primarily on talent and promise rather than specific hacking
experience.

Our third recommendation, echoing the views of many authors, is to de-
velop an awareness in both the curriculum and the culture of the many
facets and impacts of computing. This means providing students, early in
their careers, with opportunities to see the technology at work in practice.
It means contextualizing the work they are asked to do, so they can under-
stand why they are being asked to do it. It means providing them with role
models and career information that will help them to picture themselves as
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professionals in the discipline. It means working not only with students
but with faculty and staff, as well, to understand that there are many ways
to be a successful computer scientist.

Finally, we recommend that structures be established for women stu-
dents to come together for communication and support. Many women
have remarked to us that they felt less discouraged by the difficulties they
faced when they found that others shared them. If a department has too
few women to support a computer science group, students can be encour-
aged to affiliate with a group of broader scope such as the Society of
‘Women Engineers.

Our friend and colleague Sheila Humphreys from the University of Cal-
ifornia at Berkeley has two wise observations on this subject. One is that
women’s groups are especially effective if they play a role in the life of their
department by placing representatives on committees and participating in
policy decisions that affect students. The second is that they can have a
subtle effect on women’s perception of “critical mass.” Students who be-
long to women’s groups often have a much stronger sense of the presence
and participation of women than statistics alone would suggest.

Implementation Requirements

Two items stand out for us as critical to the successful beginning of a col-
lege or university program to bring more women into computer science
and help them to thrive. The first is a champion, somebody who will take
the responsibility to push on the problem until results are achieved. Theo-
ries and policies are important but useless without sustained attention to
the details. A substantial portion of the faculty at large must be receptive,
but it takes more than receptivity to create change. Further, the person or
people with accountability for the program must be in a position of appro-
priate authority to cause needed changes to be made.

The second point is that reform efforts must be suited to the local envi-
ronment. One size does not fit all; the problem that pinches most at one in-
stitution may be a second- or third-order issue at another. Before picking a
favorite intervention from the literature, from imagination, or even from
our own list of recommendations, departments would be well advised to
take the time to survey the local landscape, talk to students and faculty
(perhaps through a nonthreatening third party), and prioritize interven-
tions that focus on the most urgent local issues.
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Epilogue: Changing the Conversation in
Computer Science

Only forty years ago, women were nearly absent from medical classrooms.
Our society has since learned that women are interested in medicine, excel
as doctors, and bring with them sensibilities and concerns that were
needed in the field but were rare before women entered the ranks of physi-
cians (Walsh, 1977). Many women today breathe a sigh of relief and can’t
imagine living without women doctors. Will a similar transformation hap-
pen in computer science? Feminist theorist Carol Gilligan foresees
women’s participation this way: “To bring women in is not just to rectify
an inequity . . . it means to change the whole conversation” (Patterson and
Hall 1998). Will women computer scientists change the conversation in
computer science? What will it then sound like?

One effort to change the conversation is embodied in the Institute for
Women in Technology (IWT). The IWT was founded in 1998 by Anita
Borg, a computer scientist and visionary advocate for women. Its mission
is “to increase the impact of women on all aspects of technology and to in-
crease the positive impact of technology on the lives of all the world’s
women” (IWT, n.d.).

The current core activity of the IWT is its Virtual Development Center
(VDC), a collection of cooperating constituent Development Centers at a
number of university computer science departments. The VDC’s mission is
to “generate projects that build technology that is inspired by and wanted
by women,” projects that “routinely bring broad human perspectives and
involvement” to the fore. The VDC operates by bringing nontechnical
women from diverse communities together with female students, faculty,
and engineers from industry. Together, they brainstorm answers to ques-
tions like “What are the issues that face our families and communities?”
and “What can technology do to help?” They then work together to define
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and prototype novel technology products addressing those needs. Project
ideas so far have included family information systems, personal health
monitors, personal security systems, and automated assists for air
travelers.

This is more than just a different conversation with different partici-
pants. It is also formative in that it moves beyond talk into action and
physical reality. This conversation and many more like it are needed to
build a broader vision of computing that will more fully engage women
and others as practitioners.

Our hope for this book is that it will provide the insights, stories and vo-
cabulary for many such conversations. Our interviews reveal lifelong in-
fluences by parents, teachers, and peers that cast computing in a male
mold. They explain how this leads to a narrowing of girls’ and women’s
options, and often to the extinction of their nascent interest. They show
that many women who might pursue computing careers end up alienated
by a culture that was not made for them.

By casting light on these issues, we hope to provide some steps toward
solutions. Thus, we describe interventions that have helped in specific in-
stances to broaden participation in the study of computing. While they will
not suit all circumstances or populations, they serve as proof by example
that meaningful change is possible.

Looking ahead, we hope parents and teachers will discuss and reinvent
the view of computing they convey to boys and girls. We hope they will
portray to students in the broadest terms what computing is and who uses
it. We hope faculty and administrators will rethink the assumptions that
underlie the design of their programs and courses. We hope industry lead-
ers will compete to enlist the talents of women, as well as men, in technol-
ogy invention and design. Ultimately, we hope society will benefit from an
open conversation, involving women and men of all backgrounds, on the
best and highest uses of computing technology.



Appendix: Research Methodology

This appendix presents our interview protocols as well as additional de-
tails of our research design.

Longitudinal In-depth Interviews

At the heart of our data are in-depth longitudinal interviews with com-
puter science majors. By the end of our four-year project, we had con-
ducted over 230 interviews, equally divided between male and female
students. We followed the 1995 incoming class of computer science ma-
jors throughout their entire four years, the 1996 class through three years,
and the 1997 class for two years. We interviewed students multiple times
during their college program. In addition to interviews, we collected infor-
mation through classroom observations, surveys of entire incoming
classes, informal interviews with computer science faculty and graduate
students, online bulletin boards, student journals, and a focus group.

Summary of Data Gathering

Interviews

We used a set core of standard questions for the initial interview and for
subsequent interviews. While there was an interview protocol to guide our
interviews, we added investigatory questions as issues came to our atten-
tion during the interviews. Interviews generally ran for forty-five to sixty
minutes.

Journals
During the second semester of the project, we asked all of the first-year stu-
dents to participate in a journal-writing project. Students were instructed
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to write whatever feelings and experiences they were having related to be-
ing a computer science student. We offered five dollars per journal entry.
Eight students participated throughout the semester. We received seventy-
seven journal entries. The journals amplify the interviews, allowing us to
catch a glimpse of how the semester unfolded for the participants and to
check the reliability of our interview findings.

Discussions with Faculty and Graduate Students

We held discussions with five women faculty (two tenured faculty, one as-
sistant professor, and two lecturers) about our research and their experi-
ences both as students and as faculty members. We held two group
discussions with four to six women graduate students. Frequent informal
discussions took place over a four-year span with the two male faculty
members responsible for advising first-year students, other faculty mem-
bers, and administrators of the department.

Classroom Observations

We regularly observed the first-year immigration course each week when
different faculty presented their research work to the first-year students.
We also observed introductory programming classes and the data struc-
tures course. We observed faculty pedagogy, classroom atmosphere, con-
tent of discussion, and speaking patterns.

Surveys of an Entire Class

All first-year students were surveyed about their computing history prior
to Carnegie Mellon, their programming level, their apprehensions, and
their interests. These data were analyzed along with our interview data.
While our study was based overwhelmingly on qualitative research meth-
ods, the quantitative surveys of the entire class were useful indications of
how closely our interpretations of students’ narrative accounts aligned
with quantitative data from the surveys.

Participants
The computer science student participants consisted of fifty-one female

and forty-six male undergraduates. We interviewed the majority of first-
year female computer science majors who entered between 1995 and
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Table A.1
Total student interviews conducted

Female Male Total
Computer science majors 51 46 97
(two-thirds interviewed multiple times)
Noncomputer science majors 25 S 30
Total students 76 51 127
Total interviews 263

1998. Our sample of male students was randomly selected from the class
rosters, with theoretical sampling done to ensure that there were male stu-
dents in our sample whose prior-to-college computing experience level
was comparable to the women’s. Among the 51 computer science women
students in our sample were 24 European Americans, 16 international stu-
dents, 8 Asian Americans, and 3 African Americans. Among the 46 men
were 28 European Americans, 7 international students, 6 African Ameri-
cans, and 5 Hispanics.

Students were contacted by e-mail or telephone. We explained to them
that the purpose of our study was to learn about students’ decisions to ma-
jor and their experiences in computer science so that the program could be-
come inclusive of all students. We explained that all names would be held
in confidence and that text would not be attributable to a particular stu-
dent. Because of his administrative role, even Allan did not know the iden-
tities of the students. Each student who was willing to participate in our
study signed a research release form.

We also interviewed students in other majors about their computing ex-
periences and interests (see table A.1). Informal information-gathering in-
terviews were also conducted with computer science graduate student
women, computer science faculty members, high school students enrolled
in computing, and high school computer science teachers.

Interview Protocols
With the students’ permission, all interviews were tape recorded. Each in-

terview was conducted in our project office by Jane or by Faye Miller, our
research associate. The interview protocols were used as guides, posing
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questions and prompts to be asked during the interview, but the inter-
viewer was free to ask them in any order that seemed appropriate for the
conversation. The interviewer was free to explore any additional issues
pertinent to our research that would arise during the interview, even if not
specifically noted on the interview guide.

The interview protocol was designed to elicit specifics about students’
history, experiences, and interests. The initial interview gathered informa-
tion about the students’ computing experience before attending Carnegie
Mellon. It then gathered information about their first-year experiences.
The second-year interviews continued to gather information about their
experiences in the program.

Initial Interview Questions

1. Can you tell me the story about you and computers? (Prompt: when
and how did you get interested?) Listen for and ask about

+ When they became interested
+ What interested them
+ Who interested them
+ Where they became interested

+ Schooling experiences (elementary, middle, high school, summer pro-
grams, work)

« Their affective experience (love, one interest among many, mixed, slow
to warm)

2. Family computing biography. Listen and ask about

+ Who they lived with while growing up

+ Parents’ occupations

+ Computer in the home

+ What it was used for

+ Who was the computer “expert” in the home

+ Siblings

3. Can you tell me about your decision to major in computer science? Lis-
ten for and ask about

+ Experiences that were particularly influential

+ The experience most responsible for the decision to major
« Mentors

« Peers
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« Parents

+ Teachers

« Interests

« Aspirations
+ Other

4. What were your reasons for coming to Carnegie Mellon?

5. Interest in computer science

+ What interests you the mz0st about CS?

+ What interests you the least about CS?

+ What are the projects you are drawn to?

6. Plans for the future: What do you want to do with a CS degree?

7. Experiences at Carnegie Mellon

+ Classes: What is your favorite CS class? Why is it your favorite? What is
your least favorite CS class? Why?

+ Professors: Experiences good/bad with profs?

+ Teaching assistants: Experiences good/bad with TAs?

+ Atmosphere: How would you describe the atmosphere of the program?
+ Peers and culture: If you were to describe characteristics of students in
CS what would they be? Is this you? Do you fit in? Not fit in?

8. Programming

+ What do you like about programming? Dislike about programming?

+ Finish these sentences:

+ Ilike programming because.. . .

+ I don’t like programming because . . .

9. Cognitive strengths, preferences

+ What do you regard as your academic strengths? Likes?

+ What skills do you find necessary to be successful in CS? Do you have
them?

10. Learning styles: What helps you learn material the best? (Listen for
and ask about type of classes and teaching, such as learning by example or
(trial and error.)

11. What is computer science?

+ If you were going to describe computer science, what would you say?

+ Describe what you like and dislike about computer science.

12. Qualities of good computer scientists: What are the qualities that
make a good computer scientist?
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13. Being a woman in the program
+ Ask women:
How are you experiencing being a woman in the program?
Do any incidents come to mind that are related to being a woman in the
program?
+ Ask women and men:
Ideas of why so few women in field?
Ideas on what would have to be different to attract/excite more women?

14. Time spent on computer

15. Extracurricular activities
Sophomore and Junior Interview Guide

1. So how are things going?
+ Last year: CS courses? Grades?
+ This semester: CS courses? Grades?

2. What do you attribute your success to? And difficulties to?

« Listen for interest, background, experience, intellectual strengths, teach-
ing, peers.

+ What factor is most influential?

3. Interest in CS increased or decreased?
4. Tlike CS because. ..

5. Idon’tlike CS because. . .

6. Programming
+ Like because? Dislike because?
+ What skills are necessary? Do you have them?

7. Understanding of “What is CS”: How have your views changed?
8. Fit: Do you feel that you and CS are a good fit?
9. Thoughts about switching out of CS? Why? Why not?

10. Confidence: Has your confidence in your ability to do well in the ma-
jor increased or decreased?

11. Learning: What helps you learn the most? Listen for

+ Class size

+ Contact with teachers
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+ Types of teaching
+ Others

12. Other interests
13. What would you change about CS if you could?

14. Being a woman in CS: How are you experiencing being a woman in
the program?

15. For women and men: Why do you feel that there are so few women in
program?

16. Advice for new students
Senior Interview Guide

1. Ending now your four years in Carnegie Mellon computer science,
what has become your major interest in computer science?

2. Tlike computer science because. . .
I don’t like computer science because.. ..

What are your plans for after graduation?
Experiences with job market, job recruiters, finding employment

What is your vision of how computers can shape the future?

S AW

Looking back on your experience of four years in CS, what are some
asting impressions? Listen for and ask about

+ What helped the most?
+ What hurt the most?

—

7. What would your advice be to a high school senior thinking about com-
puter science?

8. Is there anything you haven’t discussed with us that you would like us
to know about your experiences in computer science?

Longitudinal Data Analysis

Immediately after each interview, the interviewer wrote a narrative sum-
mary of what she noted as the salient issues. Narrative summaries, as ex-
plained by Joseph Maxwell (1996) in his book Qualitative Research
Design: An Interactive Approach, are an attempt to keep the participants’
stories as whole as possible to avoid “context stripping.” We worked very
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hard negotiating the tension between the integrity of our data as full por-
traits and the necessity of “fracturing” of the data into discrete elements so
we could detect patterns across groups and categories. Analysis of each in-
terview was a time-consuming and intensive process. A single interview
can be filled with contradictions and “back and forthing.” The research
team ensured that quotes were not taken out of context and that a single
interview was considered in light of the additional interviews.

The interviews and narrative summaries were discussed on an ongoing
basis by our research team. Themes for coding interviews were developed
on the basis of what students discussed as well as our prior knowledge and
theoretical “hunches.” While we began the research with preliminary
hunches about which issues would be important (such as precollege com-
puting experience, confidence issues, and cultural norms), many of the
themes were “in vivo codes” that came from the students themselves (such
as “dreaming in code,” “being at the computer 24/7,” “you only got in be-
cause you are a girl,” computing as an “acquired taste”). Each interview
was coded for issues that relate to attachment to and detachment from
computer science. To determine the relative weight of the different influ-
ences, we had to work with frequency and intensity of the events, not just
the existence of a code. The interviews were transcribed, and the tran-
scripts were entered into NUD*IST, a computer program developed to as-
sist in the qualitative data analysis (Gahan and Hannibal 1998).

We were aware of the risk of compromised data analysis, and we con-
tinually asked ourselves how we could get the most accurate and detailed
picture of the situation. Thanks to our funders, we were able to stay in one
place long enough to be able to identify real and recurring trends and to ac-
tually near a “saturation point.” Too often research is done as a single
snapshot, with much of the important dynamism left out of the image.

The student’s comments below help illustrate the value of a longitudinal
approach. In this one excerpt, the student makes a psychological U-turn
halfway through her story. The first part describes her discomfort with
feeling so far behind and so stupid in computer science. The second part
describes her satisfaction with what she has learned in so little time and her
recognition that one can learn a little but sound like one knows a lot. This
type of “back and forthing” continued from interview to interview. Had
we interviewed this student in the very beginning of her stay at Carnegie
Mellon and not followed up with her, we might have assumed that she
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would leave the program. If we had to predict her future after this inter-
view, we might assume that her recent positive experiences would tip the
scale toward persistence:

It’s just that computers are something that you can get left behind in so fast. For me,
left behind is not a fun feeling. If  hadn’t felt that you can catch up, you just work a
little harder than they are, I probably would have dropped it because I hate feeling
out of it. You might be only one week behind them, but it sounds like you are life-
times behind them. . . . If you sound stupid in computers, you really sound stupid.
I’'m learning very fast. I wrote my friends, you don’t come to CS a computer geek,
but they don’t let you leave without turning you into one. If you don’t know how to
do this, that, and the other thing, they make you look so stupid. . . . In one month I
have learned more than I have learned in my lifetime. I have had so many students
ask me, “Do you know how to write a plan file?” So when I learn it now, I sound all
smart. When other people come in and don’t know, I sound like I am a computer
genius, and I'm like, “I only learned it a few days ago. It’s not that big of a deal.”

Analyzing each interview as a whole and following students over time
gave us a richer account of their experiences and gave us the opportunity to
analyze both the influential factors and the timing of events.
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