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The State of Research on Girls and IT

Lecia J. Barker and William Aspray

This chapter critically surveys the scholarly social science literature about girls’

involvement with IT, and the ways in which this involvement impinges on pathways

into IT education or careers. Topics include school policy, curriculum, and course

election; relationships with teachers; teacher training; the presence and use of com-

puters; differences in attitude, confidence, interest, and experience between boys and

girls; relationships with families and the local community; relationships to peers; life

aspirations; popular culture; and computer games.

In a useful earlier literature review, Dryburgh (2000) classified research conducted

in the 1990s on the underrepresentation of girls and women in computer science.

She carefully distinguished studies that produced generalizable findings from those

that were based on exploratory, pilot, small, or qualitative studies, and therefore

needed more research. The factors that Dryburgh considered conclusively related to

underrepresentation for girls include mixed-sex instruction, the lack of role models

(though she recommends research into the degree to which role models lead to par-

ticipation), and the fact that the beliefs of male peers about ‘‘who does computing’’

are stronger than those of females. This chapter has a broader scope than did Dry-

burgh’s, expanding the analysis to more than computer science per se as well as

reviewing the extensive literature that has appeared since the late 1990s.

Scope

In preparing the literature review, we were challenged by the wide array of scholarly

disciplines that address relevant issues. In order to keep this chapter manageable

and focused on girls and IT, we have looked with differential depth at these various

literatures. We have paid the most attention to articles focused directly on girls

and IT, and because of that, certain journals are more heavily represented in our



presentation, such as the Journal of Educational Computing Research. Nevertheless,

we have searched more widely; some of the other literatures we have looked at in-

clude the educational use of technology, girls in science and mathematics, psycho-

logical gender differences in children, socioeconomic influences on education and

career choice, the influences of popular culture on children, and ethnographic

studies on general and school culture.

The writing of this chapter was motivated by two factors. First, the literature has

expanded in the past five years, in part because of the funding provided through the

National Science Foundation ITWF program, and none of the existing literature

reviews have fully captured the emerging literature. Second, the rapid spread of

computing access through the increased availability of personal computers and the

emergence of the Internet requires that we rethink some of the prior questions about

girls and IT. For example, much of the literature on this subject in the 1980s and

early 1990s focused on the differential access of boys and girls to computing tech-

nology. That difference has largely faded. According to the National Telecommuni-

cations and Information Administration (NTIA) report, A Nation Online (2002), as

of September 2001, 90 percent of all U.S. children were using computers, 75 percent

of all fourteen to seventeen year olds and 65 percent of all ten to thirteen year olds

were using the Internet, two million additional Americans were beginning to use the

Internet each month, and the use of the Internet by males and females was almost

identical: 53.9 percent of males and 53.8 percent of females. Therefore, access to

computers by boys and girls is much less important as a research topic today. Access

across race/ethnicity continues to be a problem, however. In 2001, the National As-

sessment of Educational Progress (‘‘The Nation’s Report Card’’) surveyed more

than three thousand students about computer use in the home. While 90 percent of

white students reported having a computer in their home, only 72 percent of black

and 68 percent of Hispanic students had computers (National Center for Educa-

tional Statistics 2004). We recognize that gender and race/ethnicity are inextricably

linked. In a literature review, Harrell (1998) points to how gender, affluence, and

cultural background are interrelated factors in determining enthusiasm for and par-

ticipation in computing, implying that a focus on gender alone is too narrow. Still,

because relatively little research has been conducted on girls who are members of

minority groups, or because the representation of minority girls in samples is too

small to measure difference, we have chosen a broad focus on girls in this chapter.

Increased access has caused us to concentrate on more recent literature. Access

began to be much more universal in the United States in the early 1990s. As a result,
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we have not considered here any literature that was published prior to 1994, and we

eliminated from our analysis some of the literature published in the mid-1990s that

we believe to be dated. Thus, even when there is a frequently cited journal article

that introduced a relevant theme such as the gender biases in computer games (e.g.,

Kiesler, Sproull, and Eccles 1985), we have not discussed it here if the computer en-

vironment has changed sufficiently enough that there is a new generation of games

whose gender bias creates concern.

With increased access comes new levels of familiarity with computers. A person

considered a novice in 2000 might have been seen as an expert in 1990. A number

of older studies used outdated scales to measure familiarity or confidence with IT by

having outmoded tasks to test against as basic knowledge, such as the ability to turn

on the computer and start up a program. Selwyn (1998) recognized this problem as

early as 1997 and began to design new instruments for measuring attitudes toward

computers. The problems of old measurement standards, as pointed to in Selwyn’s

study, is another reason why we limit our literature search to the past ten years.

We have limited the literature we consider to research publications. Many books

and articles propound on the reasons for gender imbalance in IT. While there is

value in these publications, we limit this review to only those based in empirical or

scholarly theoretical work. Another body of literature discusses various implementa-

tions attempted as solutions to the imbalance. Those articles are considered here

only when they include a scientifically sound evaluation of the implementation, so

that the reader can learn about the underlying causes by examining the analysis of

the empirical results.

The chapter is organized into sections corresponding to the topics listed above in

the first paragraph. In addition to pointing to and describing briefly the publications

that fit within a given theme, such as career aspirations, we also identify topics re-

lated to the theme that have not received adequate attention from the social science

researchers. For example, the literature on career aspirations often gives statistics

about the greater likelihood of boys than girls to be interested in pursuing a com-

puter science degree in college and a career in computing, but the literature is sur-

prisingly silent on the reasons for these aspirations.

The fact that we cite a particular article does not necessarily mean that we en-

dorse its findings. It might be that there are methodological limitations to a particu-

lar study or the results might hold true in its domain but not more widely. We are

relatively confident, however, that each article we cite meets the research stan-

dards we described above. We might have been more selective in which articles to
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cite—for example, by more closely scrutinizing the method used in the research or

considering only studies with large sample sizes. Instead, because of the limited

availability of peer-reviewed research publications specifically about girls and their

paths and issues with respect to IT careers (as opposed to information literacy,

for one); because of the many methodological challenges in doing this kind of re-

search (e.g., parental consent; difficulties in obtaining large sample sizes or control

groups in educational settings); and because small or ethnographic studies often

bring more value than large quantitative ones in suggesting issues or providing

deep understanding, we have been encompassing in our selection of research articles

to cite.

Methodology

While the majority of the publications we cite are focused directly on girls and IT,

we also include some other literature. This literature is intended to fill in gaps in the

core girl-IT citations. For example, we did not find any literature specifically on how

parents’ educational level or socioeconomic standing affected the likelihood of a girl

to pursue an IT education or career but we did find literature arguing that a higher

educational level and higher socioeconomic standing of parents was strongly cor-

related with the child’s decision to attend college and enter a professional career

(Lankard 1995). This correlation seems to bear on a girl’s likelihood of entering

into a college degree program in IT and pursuing a professional career in IT. With

the help of a professional librarian, we searched for a wide body of literature in the

following ways, identifying through this search more than three thousand possible

citations:

� We identified a number of education journals that consider computing issues and

then scoured their tables of content back to 1994.

� We conducted searches using Google and the Digital Library of the Association

for the Advancement of Computing in Education, using such terms in combination

as gender, girl, computing, computer, curriculum, professional development for

teachers, research, technology, popular culture, and so on.

� We hired a research librarian to examine the Social Science Citation Index, track

down references we found in papers, and search various sources including Educa-

tion Full-Text, PsychINFO, the IEEE Computer Society Digital Library, the ACM

Digital Library, and Dissertation Abstracts.
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� We used the resources of the U.S. Department of Education’s Educational Re-

sources Information Center (ERIC); in particular, we used their digests (minilitera-

ture reviews on general topics such as the career aspirations of children) to

understand the state of research in many related areas.

For each of the literatures described above, we employed selection criteria that en-

abled us to remain focused on our main topic. In this way, we reduced the number

of articles for careful review to fewer than three hundred. We are unable to describe

fully our selection criteria, which evolved as we searched through the literature and

are based somewhat on subjective judgments, but the following selection decisions

give a sense of what we both included and excluded:

� We have included research only from English-speaking and other Western Euro-

pean countries because we cannot be certain that other countries are sufficiently sim-

ilar in culture, economic issues, and policy for us to draw inferences that might

illuminate the U.S. situation.

� We were cautious in drawing inferences from studies about K–12 mathematics ed-

ucation because so much of the K–12 instruction on IT is carried out in a computer

laboratory setting, unlike the setting for most mathematics instruction.

� We were more generally cautious about drawing inferences from the literature on

girls’ relation to mathematics and science because of the different patterns across

fields in higher education. For example, mathematics undergraduate degrees have

rough gender parity, whereas the percentage of women receiving computer science

baccalaureates is persistently low. We do sometimes include literature on mathemat-

ics and science if it addresses how these disciplines are perceived by girls or teachers

as belonging in the male domain.

� We have cited literature surveys in our chapter, not for their own intrinsic findings,

but for the convenience of pointing the reader to other relevant literature. We have

separately reviewed what appeared to us to be relevant publications cited in these

literature surveys.

� We have excluded literature about undergraduate students because the K–12 and

college environments are different; when undergraduates reported their earliest

interactions with or interest in IT, however, we believe this to be relevant to K–12

students.

� We have not included articles on learning with computers (for instance, distance

learning), even when they discuss gender differences.
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� We have not included articles that examine gendered differences in interaction or

communication styles online (when the sole basis for our consideration was that

they employed IT).

� We have ignored a large body of literature on gendered differences of adults and

technology because we are not sure of the applicability of these findings to children

in their various developmental stages.

� We have not considered the gendered impacts of computer games that are un-

related to children’s choices of IT education or career. (For example, we have not

considered the claims that computer games make boys more violent or girls more

communicative.)

� We have not considered stereotypical images of careers that just happen to be

delivered through a computer medium, such as clip art. But we do consider what

school Web pages say about gendered career patterns and the espoused beliefs of

those who create them.

� We were not particularly interested in the literature on engendering computer or

information literacy in children, although findings of differential use, experience,

ownership, and related topics are reviewed.

With assistance from our graduate students, we reviewed each of these three

hundred or so articles for objective, methodology, major results, study limita-

tions, and citations to other literature. In this way, we selected from that set those

articles and books actually cited in this chapter. Near the beginning of the project,

based on our previous knowledge of the field, we identified a set of issue categories

that we believed were relevant to understanding the involvement of girls with IT.

We tested that categorization by seeing how well these three hundred articles fit

within the categories, and ended up eliminating or merging some categories and cre-

ating several new ones. These categories are the topics of the main sections of this

chapter.

Much of the research on girls and IT (and closely related topics as we have

defined them here) is based in survey research, and implicitly assumes a male-female

dichotomy and/or conflates sex with gender (see the next section for discussion).

Our review includes this literature. Nevertheless, we feel that this literature presents

a too narrow understanding of the issues. We have thus augmented our literature

survey with theoretical writings on gender and culture. Yet it is probably fair to

say that we have been more thorough in identifying and reviewing the empirical lit-

erature than in incorporating interpretive or critical literature.

8 Lecia J. Barker and William Aspray



The next section presents the theoretical underpinning of gender in our work as

well as a brief discussion of the role of feminist theory in understanding gender

issues in education. We then examine the reasons people seek to increase the partic-

ipation of girls in IT. The review of research literature attempting to explain and un-

derstand girls’ participation follows these sections.

Theoretical Underpinnings: Gender and Feminist Education Studies

Gender and the Male-Female Dichotomy

What it means to be male or female is culturally and situationally variable; it is nei-

ther genetically inherent in an individual nor defined or enacted in the same way

across all social groups. In addition, being male in a social group is deeply related

to being female in that group—each gender informing and defining the other

through the roles one takes on (or does not take on) as well as the behaviors con-

sidered locally appropriate (or inappropriate) (Tracy 2002). Gender identity varies

within particular contexts and forms, is reinforced within relationships and situa-

tions, and interacts with other types of identities in ways that influence beliefs about

who takes on those identities. As Tracy writes,

In American society, for instance, the interactional identities of elementary school teacher,
secretary, or nurse are expected to go with the master identity of being female whereas the
interactional identities of surgeon, engineer, or manager are expected to go with the master
identity of male. To the degree an interactional identity is strongly associated with some mas-
ter identity, whether it be gender, race, or age, that interactional identity takes on some of the
broader master identity features with which it is associated.

One’s gender identity affects a group’s expectations about the kinds of activities

an individual will (or should) participate in. The tools and paraphernalia associated

with those activities often take on meaning as male or female, accordingly (Christie

2004). For example, expecting parents find out the sex of their baby so that they can

plan for clothing and nursery selections; the colors pink and purple are often associ-

ated with girls in the United States, and boys refuse to wear them. Certain types of

discourse and behaviors are allowed and disallowed depending on one’s identity,

and these social expectations arise in a variety of situations, from interactions with

one’s own family, teachers, and religious leaders to interactions with peers and the

media. Socialization begins the moment someone asks, ‘‘Is it a boy or a girl?’’

Infants are frequently dressed in gender-specific ways, indicating how one is sup-

posed to interact with the infant: treat the baby like a boy or a girl (Paoletti 1997).
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Gendered behaviors taken on by boys and girls (and shaping behavior through

adulthood) are identifiable in many ways and evident to others. For instance, com-

munication behaviors (e.g., the degree to which swearing is considered a norm

violation; the amount of vocal pitch variation), ways of dressing, and ways of inter-

acting with others can vary across gender.

We understand gender to be a set of social categories that shape not only tacit

beliefs about how a girl or a boy believes that she or he her/himself should behave

but also the way that others treat girls and boys as gendered beings, and the way

others interact with boys and girls based on deeply ingrained expectations about

how they should respond. We agree with Barnett and Rivers (2004), however, that

males and females are not necessarily as different as they are often described in pop-

ular nonfiction. Barnett and Rivers point out that the research on which such writ-

ing bases claims about male-female differences (e.g., the value of interpersonal

relationships, communication style, etc.) is often based on small, ethnographic

studies with questionable capacity for generalization. Males and females may share

many more similarities than research suggests, but authors frequently privilege sta-

tistical difference in reporting rather than not finding any variation.

When discussing how to gain wider and more diverse participation in IT, Brunner

and Bennett (1998) and especially Bennett, Brunner, and Honey (1999) argue that

one should not be trying to reinforce existing gender stereotypes or be looking for

the gender-neutral solution but rather should seek ways to validate both masculine

and feminine views of technology. Another important point that they make is to in-

dicate clearly that not all men hold the so-called masculine view and not all women

the feminine view. While these representations as masculine and feminine may be

useful characterizations that reflect predominant stereotypes of males and females,

any given individual may have both, neither, or either one of the stereotypical views.

Some researchers have correlated their findings with categories from the Bem sex

roles inventory (Bem 1974).

Although much of the literature that we review dichotomizes the male/female ex-

perience and identity, several other studies are consistent with the view of gender

proposed above, including Thorne (1992, 1997 [cited in Stepulvage 2001]), Cassell

and Jenkins (1998), Stepulvage (2001), Faulkner et al. (2004), and others. We also

recognize the difficulty of studying gender as a set of social expectations, and the

need to conflate gender and sex. In a later section on what we refer to as ‘‘differ-

ence’’ literature, we return to these issues of theory and gender. We review there

empirical studies that examine differences between boys’ and girls’ confidence
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and attitudes toward computer technology, confidence with computers, interest in

machines and people, and computer experience. We also discuss some of the limita-

tions of this difference approach.

Feminist Approaches to Gender in Education Research

Philosopher of education Kenneth Howe (1997) has provided a theoretical dis-

cussion of two feminist approaches to gender and education, the humanist and rela-

tional approaches, which may prove useful in understanding girls and IT. Humanist

feminism ‘‘defines women’s oppression as the inhibition and distortion of women’s

potential by a society that allows the self-development of men’’ (Young 1990, 73;

quoted in Howe 1997, 39). Under this view, women are limited by cultural norms

and expectations, and are not given the same freedom to overcome these bonds as

are men. Applying this view to education, one might simply remove obstacles that

limit a woman’s right to choose certain educational paths (e.g., the Title IX legisla-

tion), or go further and take compensatory action such as special scholarships for

women, affirmative action to redress gender balance issues in public school adminis-

tration, or establish programs encouraging teachers to pay greater attention to girls

in the classroom. This approach seeks to modify existing institutions while also pre-

serving their fundamental values and methods.

Howe discusses and largely agrees with the criticisms of humanist feminism as an

approach for solving problems of gender equity in education. He argues that institu-

tions long privileging a ‘‘male clientele’’ will have numerous and deeply ingrained

characteristics that favor males, and these compensatory acts suggested by the hu-

manist feminists may actually be counterproductive. That is, their veneer of fairness

or equity may mask those deeply ingrained features that still favor males. Howe

applies this contention to science and mathematics education, but in a way that

could also readily apply to computer education:

Consider the admonition to educators to treat boys and girls equally and to provide girls with
additional resources and help in math and science. It may do little good to give girls extra
resources and help if these are devoted to preparing them for a curriculum and modes of in-
teraction that are foreign or hostile to who they are. What good does it do to ask girls more
questions and to engage them more actively in classroom work if they find the classroom and
the curriculum to be out of touch with their experiences and interests and to even devalue
them? Even if the practices themselves are changed to include cooperative rather than com-
petitive methods of teaching in order to, say, accommodate girls’ ‘‘learning styles,’’ this is
not likely to achieve the same desired results if the goals of education remain the same—
goals rooted in competition and the traditional ideal of the educated person [which as argued
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earlier, means educated male]. (Howe 1997, 40 [footnotes and references excised from the
quotation])

The second approach is relational (or gynocentric) feminism, which defines

women’s oppression as ‘‘the devaluation of women’s experience by a masculine cul-

ture [and that] argues for the superiority of the values embodied in traditionally fe-

male experience’’ (Young 1990, 73–74; quoted in Howe 1997, 41). This approach

has been adopted from Gilligan’s (1982) theoretical psychological work on moral

reasoning, in which she asserts that men and women have different beliefs about

how one should interact with and value others, based on their own experiences, and

neither is superior to the other. The approach has also been applied, more controver-

sially, by Belensky and colleagues (1986) in educational theory to different patterns of

learning and thinking in boys and girls. It is also the approach in Noddings’s (1984)

work in the philosophy of education. Howe writes of Noddings’s philosophy:

She is critical of, among other things, the emphasis on competition and testing; the disciplin-
ary knowledge that defines a liberal education; the same education for all in the name of
equality of educational opportunity; and the evaluation of virtually every activity (even pro-
viding hungry children with food) in terms of how well it contributes to mastering the pre-
scribed curriculum—characteristics that are presumably definitive of a male-oriented ethics
of principles. (1997, 43–44)

Noddings is interested in a revolutionary reworking of public education. Her

approach is in direct opposition to the Bush administration’s more recent ‘‘No Child

Left Behind’’ policy, which measures all students by a common metric and focuses

on failures to meet those measures. Instead, Noddings wants to help each individual

student develop to the maximum their own unique skills and interests. The emphasis

in this philosophy is on sensitive and extensive mentoring, greater attention to dis-

cussion with and among students and less on didactic instruction of a canon of

knowledge, and a complete remake attuned to a feminist perspective of the curricu-

lum, the methods of instruction, and the structure of schools.

Neither Noddings nor Howe discuss how Noddings’s philosophy might be ap-

plied to IT education, but we might draw some inferences. There would be less em-

phasis on classroom lecture on the principles of computing and more time devoted

to letting students discover on their own in the computer laboratory, following their

personal interests. Because effort would be taken to allow each student the time and

facilities to discover things for themselves with the computer, teachers would have

to take steps to ensure that no group of students monopolized access to the com-

puter, the computer laboratory, or the teacher’s time. More time would be devoted

to discussion between teacher and student, and among students. Applications of
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computing introduced in the classroom would be broadened and customized to the

particular set of students. The curriculum would not be designed specifically with

the purpose of preparing students for college computer science courses. Interest-

ingly, some of these ideas are aligned with known best practices for female retention

in undergraduate computing study (see Cohoon and Aspray, this volume).

In the next several sections, we describe the reasons offered for increasing the par-

ticipation of girls and women in IT, followed by educational policies that function

to keep girls out of computing, at both the national and school levels.

Why Involve Girls in IT Careers?

There are at least four reasons why it is important to increase the representation of

women in IT. First, increasing the number of women will increase the qualified

labor pool that the United States depends on to drive the innovation and product

development in IT that is so key to the U.S. economy. The United States had a crit-

ical shortage of IT workers during the dot-com boom—a shortage that could have

been entirely met if women had been represented at the levels men were (Freeman

and Aspray 1999). While there is not a critical shortage of IT workers in the United

States today, the Bureau of Labor Statistics (2002) predicts that several IT occupa-

tions will be among the fastest growing over the decade 2002–2012.

Second, many IT jobs have favorable working conditions and pay at well above

the national average. Many of these higher-skill, higher-pay jobs are filled by college

graduates. Women make up more than half of college graduates, but they occupy

less than one-third of these quality jobs. Making IT more gender inclusive will open

new opportunities for financial well-being to a large sector of the U.S. population.

Third, many people have remarked on the value of a diverse workforce. For ex-

ample, William Wulf (1999), president of the National Academy of Engineering,

has written: ‘‘Since the products and processes we create are limited by the life expe-

riences of the workforce, the best solution—the elegant solution—may never be

considered because of that lack. . . . At a fundamental level, men, women, ethnic

minorities, racial minorities, and people with handicaps, experience the world differ-

ently. Those differences in experience are the ‘gene pool’ from which creativity

springs.’’

Similarly, chair and chief executive officer of Lockheed Martin Norm Augustine

stated: ‘‘If in your employment practices you ignore 85 percent of the newly

available talent in this country, how are you going to be a great company? How
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are you going to compete against companies that recruit from the country’s entire

pool of talent? And so, if for no other reason than self-interest, we ought to do

more to maintain a diverse workforce’’ (quoted in Brainard n.d.).

A gender-balanced workforce is more likely to understand the needs and concerns

of a wider segment of the customer base, and will design products accordingly (Wulf

1999). The automotive industry has recognized this fact. Ford organized a design

team including an unprecedented number of women engineers for the Winstar mini-

van a few years ago. The hope was that this team would design in features that meet

the concern of the many women who regularly drive minivans. More recently,

Volvo formed an all-women team to design the YCC [Your Concept Car] prototype

‘‘by women, for women.’’ As discussed in another section of this chapter, most soft-

ware, especially game software, has been designed for male users. There are only a

few examples of designing software specifically for female users, notably Brenda

Laurel’s failed company Purple Moon. Software that is more engaging to women,

whether targeted at women or gender neutral, might go a long way toward improv-

ing the software available to the entire population.

Fourth, applying computing as a tool for solving big problems is considered criti-

cal to the U.S. future and economy. The National Science Foundation, for example,

has recommended investing a billion dollars per year into the Cyberinfrastructure

Initiative (Atkins 2003; Harsha 2004). Yet computing remains something akin to a

craft, as was writing and reading during the Middle Ages, when understanding or

producing the written word could only be accomplished through access to a person

who had acquired these skills. Today, while most Americans can use a computer,

most look on it as a magical box, with little or no understanding of what makes it

work, leaving it to a specialized few to develop hardware and software or repair it.

Such a critical need should represent and include the voices of all those who it is

intended to serve.

These four reasons for increasing gender balance in the IT workforce can be

addressed through various kinds of policy initiatives—labor and workforce, immi-

gration, and research funding policies, for example. Three educational policies af-

fecting the IT gender balance are the subject of the next section.

Educational Policies Affecting Girls’ Participation in IT Careers

In the 1980s and 1990s, policy was directed at access issues—at getting computers

and, later, Internet connections into the classrooms. During the Clinton-Gore years,
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these included the Technology Opportunity Program of the National Telecommuni-

cations and Information Administration, the Community Technology Centers Pro-

gram of the Department of Education, the universal service provisions of the

Telecommunications Act of 1996 that provided public schools and libraries with

computer technology at discount prices, and the Snowe-Rockefeller-Exon-Kerrey

Amendment that required private suppliers to offer service to these public institu-

tions at affordable rates. While the digital divide issues of unequal access between

rich and poor, urban and rural, and white and minority communities persist, great

strides have been made to bring computing technology into U.S. schools. Unfortu-

nately, as this one goal nears attainment, educational policy has not moved on to

the next critical steps—of incorporating this technology into an effective learning

strategy with teachers who, in spite of the efforts of the U.S. Department of Educa-

tion’s Preparing Tomorrow’s Teachers to Use Technology Program, have been

trained and have the time to be effective.

A second educational policy concerns the goal of computer education. The focus

has been on ‘‘information fluency’’ or ‘‘information literacy’’ (National Research

Council 1999; Snyder 2003). These skills are useful for every citizen to thrive in an

emerging digital society where people increasingly have to obtain government and

other essential information through the mediation of computers, and where more

and more jobs are enabled by computers. But this education is not enough to pre-

pare one for IT jobs. It does not teach students the fundamentals of computing and

computer science that are crucial for these IT jobs. In almost all public high schools

in the United States, either computer science courses do not exist, are elective, or are

part of extracurricular activities. In each of these situations, only a small number of

students will gain this valuable computer science education. The recently formed

Computer Science Teachers Association, organized by the ACM, has prepared a

‘‘model computer science curriculum’’ for integrating computer science into all

levels of education. What this means is that when they do learn deeper-level com-

puting concepts, young people often obtain their first experiences with computers

and computing in informal ways. The lack of computing instruction in formal set-

tings allows computing to remain a mystery for the majority.

A third educational policy that affects computer education for U.S. children is

President Bush’s No Child Left Behind policy. States and districts are narrowly fo-

cused on improving students’ test scores on existing subjects, possibly in order to

qualify for federal education funding now distributed through states. According to

a Rand Corporation study, such a concentration on testing can cause administrators
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to focus resources on tested subjects at the expense of other subjects or distract their

attention from other needs (e.g., the national need for a better-informed citizenry of

information workers and developers) (Stecher 2002). The integration of computer

science into all levels of education, as advocated by the Computer Science Teachers

Association and supported by its model computer science curriculum (Tucker et al.

2003), is unlikely to happen, especially in this time of federal mandates for account-

ability and high-stakes testing under the No Child Left Behind mandate. The current

policy functions to exclude the integration of knowledge and skills considered criti-

cal to the U.S. economy.

Formal and Informal Educational Settings

School Curriculum and Course Election

What is taught at school and what students are required to learn influence students’

(and parents’) beliefs about what knowledge is important and what is interesting.

School curricula privilege certain subjects and ways of learning over others. For ex-

ample, that reading and writing in middle school are required, but drawing is not,

illustrates our societal beliefs about what kind of knowledge and means of expres-

sion are important. Those who excel in privileged subjects and ways of learning are

rewarded. In most school districts in the United States, students are required to learn

keyboarding and usually basic computing applications, just as they must learn to

use a pencil in primary grades. Current educational policy, however, does not re-

quire that students study computer science or more advanced computer applica-

tions, even for those students preparing for college.

Computing is frequently taught as part of extracurricular informal education pro-

grams, such as Girl Scouts or summer camp. Its absence in the mainstream curricu-

lum and presence in informal curricula give the implicit message that computer

science is superfluous, something neither important nor required, but there to learn

about if one has the inclination. In contrast, mathematics, biology, and chemistry

are taught as part of the core curriculum, and these are on the college preparation

list. As a result of these policies, students must learn something about these valued

subjects since not only are students exposed to their content, but their parents,

teachers, and counselors encourage them to do well in these subjects. By the time

students get to the college level, they know what these subjects are about and have

had some success in them.
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There is variation across schools, particularly across secondary schools, in the de-

gree to which students are exposed to computing applications other than basic ones

(e.g., PowerPoint), communication tools, programming, and games. Some schools

integrate the use of computing into subject areas, including familiarizing students

with digital libraries (e.g., the Digital Library of Earth System Education) and de-

signing Web pages. These curricula are better at showing the wide applicability of

IT and the social uses to which it is put, thus potentially increasing girls’ interest in

this technology as well as their familiarity, experience, and comfort with IT. Even

when students are required to study technology, though, their participation does

not necessarily affect their interest, although it has been shown to improve their

perceptions of the difficulty of studying and working with technology (Boser,

Daugherty, and Palmer 1996). One Australian study suggests that if a technology

curriculum is to be introduced for improving attitudes, it should emphasize a broad

range of computing activities in preference to focusing on skill development within a

single area since diversity of computing experience had a greater effect on changing

attitudes for the better (Jones and Clark 1995).

The educational philosophy of course election provides a vehicle for gendered dif-

ferences in preparation for college study of computing. Depending on a school’s

resources, middle school students can elect to take courses in the arts (e.g., drawing,

music, and dance), technology (e.g., robotics, shop, and advanced computing), and

foreign languages, among others. There are gendered differences in which courses

are elected (American Association of University Women 1998). For example, boys

take more classes in which computers are used than do their female peers (Colley

et al. 1994; Shashaani 1994; all cited in Kirkpatrick and Cuban 1998, n. 11). In

their 1996 study on gender differences in middle and high school technology classes

(construction, woodworking, manufacturing, drafting, and communication) in four

Connecticut school districts, Silverman and Pritchard (1993) found that girls and

boys enjoyed technology classes for the same reasons; however, girls were much

less likely than boys to enroll. The unfortunate effect of girls opting out of comput-

ing courses is that they may be less prepared not only for computer science but also

for other subjects. For instance, enrollment in a computer course was a major suc-

cess factor in applying spreadsheet problem-solving methods in a prealgebra course

(Dugdale, DeKoven, and Ju 1998; this is the only recent study that we have found

that shows the positive impact of formal computer education on K–12 course

work).
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Computer science, as taught at the college level, includes technical, mathematical,

and scientific components. Many—but by no means all—of the college students

who excel in computer science courses have strong backgrounds in math and

science. Many also have formal or informal training in computing before arriving

at college. The students with this prior experience seem to be more comfortable

and confident in college computer science courses, and there may also be something

in their earlier math, science, and computing training that provides a foundational

knowledge useful for the college computer science courses (e.g., algorithmic think-

ing). Certainly the students who have experience in computing are more immedi-

ately successful in introductory programming courses in college. The Cohoon and

Aspray chapter in this volume, in a section on experience, presents five studies, and

discusses both the positive relationship between prior experience and success in the

first college computer science course, and the gendered differences in the effect of

experience.

A few studies have examined factors influencing IT course election. In a 1995–

1996 survey of 2,842 students (52 percent female) in five high schools in a south-

western U.S. state, Moses, Howe, and Niesz (1999) consider patterns of course elec-

tion for the science, technology, engineering, and mathematics (STEM) disciplines,

including computer science. They found that girls had slightly higher educational

aspirations than boys, that boys planned to take more pipeline courses than girls

(though the actual difference was negligible), and that boys had taken or planned

to take significantly more of the most advanced pipeline courses. (A pipeline course

is one providing the academic preparation for college study. In this study, pipeline

courses included trigonometry, calculus, chemistry, physics, and computer program-

ming. Advanced pipeline courses were the three most advanced subjects in the pipe-

line list: computer programming, calculus, and physics.) Boys showed more positive

attitudes toward the pipeline courses: more so than girls, they liked the courses, un-

derstood what was covered in these classes, expected to use the courses as adults,

and perceived that doing well in these courses was important for their future. The

authors concluded that despite strong educational aspirations, girls are more likely

to view these pipeline courses as undesirable, thus opting out of courses that are val-

uable preparation for later educational and career possibilities.

The policy of election, combined with a gendered view of computing, results in

high school computer science classrooms dominated by boys. When the majority of

students in a class are boys, girls are less willing to enroll in the class. In one study,

most girls expressed an unwillingness to take classes where they would be one of a
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few girls and did not picture themselves in careers that were in the masculine do-

main. Those who did enroll felt that they were ‘‘pathbreakers,’’ faced with proving

that girls could do what boys could do (Silverman and Pritchard 1996). Girls often

make these curricular choices under the subtle influences of the adults around them.

A 1990 ERIC educational digest reviewed research showing that school counselors

work with teachers to channel students into certain educational paths, sometimes

discouraging girls from taking advanced math or science because of disciplinary

stereotypes (Dunham 1990). We have no evidence of whether that has changed;

however, we know that girls continue to be more likely to pursue traditional areas

of study for women, with the exception of biology and statistics, as evidenced by

Advanced Placement test takers (shown in figure 1.1; see also College Board 2004).

Factors influencing this gendered difference in course election are many and their

interaction is not well understood. It could be that girls have internalized messages

from peers or society at large that math and science courses are not appropriate

choices for girls and have decided for themselves not to elect these courses. It may

be that other decision makers in the school system—girls’ parents, teachers, and

guidance counselors—are steering them away from these courses. In any event, it is

Figure 1.1
Gender composition of AP test takers, 2004
Source: College Board, 2004.

The State of Research on Girls and IT 19



only because election is a standard part of the educational philosophy that college-

bound girls can graduate from high school with a weaker background in math,

science, and computing.

The causes for the gendered differences in election of high school courses in math,

science, and computing need further examination. More specifically, are parents,

teachers, and guidance counselors more likely to advise boys than girls to take these

courses? Are there structural features in the school election system that contribute to

the gender difference in course election noted here? For example, are electives

courses that are thought by some to be more attractive to girls, such as literature

and art courses, offered at the same time as the math and science electives so that

the students have to make a choice between humanities and science courses? Are

the course requirements of the school system sufficiently great that students have to

choose between humanities and science courses because there is not enough room in

their schedule for elective courses in both? Is the system so rigid in terms of both

prerequisites and the grade levels at which these classes are offered that students

who choose a humanities path (or a science one) of electives in middle school are

locked into this path for the remainder of their K–12 education?

It would also be useful to look at the impact of K–12 course election on college

behavior and performance. Are students who have more high school classes in

math, science, and computing more likely to matriculate at technologically strong

colleges and universities, enroll in computing courses or majors, achieve better

grades in these introductory courses, or remain in the computing major? Do the stu-

dents with this prior background in math, science, and computing feel more com-

fortable and confident in the lower-level undergraduate computing courses?

Relationships with Teachers

Teachers’ beliefs and attitudes about appropriate behaviors and roles for boys and

girls, combined with their attitudes and beliefs about technology, can subtly influ-

ence girls to not study computers. Students and teachers maintain a variety of rela-

tionships, including those in the formal classroom environment, extracurricular

activities, and one-on-one personal contact. Teachers are generally perceived by

their students as having legitimacy, authority, and expertise; they thereby influence

the opinions and behaviors of their students, both in the short and long terms. Re-

search shows that teachers’ expectations of students significantly influence student

learning and that these expectations are internalized by students (Bamburg 1994;

Raffini 1993). Through their verbal and nonverbal interactions with students,
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teachers explicitly and implicitly communicate their tacit beliefs to students, who

come to believe what teachers communicate. For example, studies have found that

teachers smile more, make more frequent eye contact with, and move physically

closer to students they perceive as having high abilities than they do with students

they perceive as having low abilities.

Teachers express and act on their beliefs about appropriate and possible roles as

well as behaviors for boys and girls, praising and scolding children accordingly

(Fagot et al. 1985). For instance, teachers let girls give up more easily than they do

boys, giving girls answers when they are having problems, while they are more like-

ly to make boys figure out the answers for themselves (Sadker and Sadker 1995;

Koch 1994). Further, teachers tend to overrate males’ abilities, underrate females’

abilities, and maintain more positive attitudes toward male students in mathematics

classes (Li 1999).

In mathematics and science, subjects often considered to be in the male domain,

teachers make more eye contact and interact more with boys than with girls; they

also encourage boys more than they do girls (Li 1999; American Association of Uni-

versity Women 1998). This conveys an implicit message to girls that their input and

learning is less important than that of boys in these subjects. In this way, many girls

come to believe that they either cannot or should not solve problems on their own,

which can undermine their confidence (American Association of University Women

1998).

Given the general belief about computing being in the male domain, we have no

reason to believe that behavior in computing courses is different in the vast majority

of U.S. schools from that reported here in the mathematics and science education re-

search. In fact, the research supports this claim in mixed-gender high school com-

puter science classes. In all-female classrooms, girls report significantly greater

teacher support with technology use than females in mixed-gender classes (Crombie

and Armstrong 1999; Crombie, Abarbanel, and Trinneer 2002). Teachers also per-

ceive boys as having greater computer competence than girls. These perceptions

are visible in teachers’ discourse with students and others. In a small ethnographic

Australian study of four elementary school classrooms, for example, Singh (1993)

describes a primary classroom teacher who discusses his male students as being nec-

essarily assertive, competitive, and competent with respect to the computer by vir-

tue of the fact that they are boys. He believes one girl is also competent, but in

fact, it turns out that she is not. Still, the teacher voices this erroneous opinion be-

cause he knows her mother and sisters, and believes that she comes from a ‘‘long
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line of competent women’’; that is, he marks this girl as different from other girls

(47). Given the strength of teachers’ expectations in shaping students’ behaviors

and achievements (Bamburg 1994; Raffini 1993; Gonder 1991), it might be unex-

pected and unlikely for girls to be able to achieve competency with computers with-

out intervening requirements, such as information literacy standards.

Teachers also influence students by being role models, subtly and nonsubtly dem-

onstrating to students appropriate topics of educational interest, social norms, and

gendered behaviors. They are among the most common role models for young peo-

ple because of the large amount of time they spend together and the authority rela-

tionship the teacher has with the student. The teacher training process and ongoing

in-service expectations make teachers explicitly aware that students will mimic

teacher behaviors, and thus it is expected that teachers will act intentionally to serve

as positive role models. Even beyond the teacher’s conscious attempt to serve as a

role model, the student may identify with the teacher’s personality, beliefs, and

ways of acting. (Lee [1998] argues that this is true except in the case of girls in

non-Catholic private girls’ schools, where students are unlikely to see their teachers

as role models or ‘‘possible selves.’’) Not surprisingly, teachers’ attitudes toward

technology can influence how students perceive technology (Brosnan 1997). Stu-

dents may also draw inferences about the gendered division of labor from the mere

presence of male and female teachers teaching certain subjects and having certain

competencies. Based on a study in thirty Canadian primary schools, Jenson and

Brushwood Rose (2003) present case studies showing that women teachers, regard-

less of their computing expertise, are unlikely to be thought of as technical experts;

they describe male teachers making hardware and software decisions, and acting as

gatekeepers for accessing computer equipment. They contend that their findings are

consistent with several other qualitative studies. Computing is masculinized by vir-

tue of who can easily access it, who fixes it, and who makes purchasing decisions

(Bryson and de Castell 1998). Teachers are influenced and perceived within the

same kinds of sociocultural beliefs as their students, and even if they wish to contest

these relationships in their classes, existing power relationships and cultural assump-

tions inside and outside the schools makes it difficult for them to do so (Clegg

2001).

Many teachers continue to be low users of technology in their classrooms, al-

though this situation is slowly changing as a result of several notable situations,

including the U.S. Department of Education’s significant funding of the Preparing

Tomorrow’s Teachers to Use Technology (PT3) program, the vast investment of
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placing computers and Internet connections into schools, the fact that most students

are coming into school with experience from home—leading to both students and

their parents demanding computing resources and instruction at school—and the

increasing ubiquity of computing in every aspect of our daily lives. Many teachers

use computers only for the purpose of rewarding students or keeping students busy

while others work, often leading to dominance of the computers by boys as they

elbow out the girls (e.g., Kinnear 1995; Ertmer et al. 1999). When the computer is

‘‘just’’ a reward, the failure of some teachers to set rules about how long each child

can use the computer also gives way to boys’ assertion over girls (Singh 1993). This

lack of action is an implicit consent and condoning of this behavior. Teacher train-

ing, both in terms of skill with computing and classroom management, lags behind

the placement of computers in classrooms.

Teacher Training for General Computer Use

What teachers know regarding computers, and regarding teaching with and about

computers, has an impact on children’s use, attitudes, and computing-related be-

haviors. The majority of elementary school teachers are women, and many of them

have low computing skills. The U.S. Department of Education has attempted to rec-

tify this problem with the PT3 program. Most schools of education in the United

States begrudgingly integrated computer use into preservice programs. This fre-

quently took the form of learning specific software packages (e.g., Inspiration) for

concept mapping or requiring a threaded discussion for classes. The latter were

often resisted by undergraduate preservice teachers for taking up too much addi-

tional time.

Teachers need training to be able to use computers effectively in the classroom as

well as time to implement their use. Further, teachers need training for introducing

fundamental computing concepts. Unfortunately, in several studies teachers re-

ported not having enough time to become knowledgeable about effective ways of

teaching with computers in the classroom, how to use a computer, or how to judge

software for quality or gender bias (Bhargava 2002; Bryson and de Castell 1998;

Guha 2003). To the extent that girls model their behavior after female teachers

who feel uncomfortable using computers or have little knowledge about them, then

the girls might continue feeling less comfortable (at least at school) using computers

and see computing as a male activity.

Several studies show that teachers who have familiarity with computers are more

likely than other teachers to use computers in class and teach about computers. In a
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large study (N ¼ 516) using data from 1994, Becker (2000) found a positive corre-

lation between teachers’ use of computers in the classroom and formal training with

computers. In a Dutch study of 236 teachers, Van Braak (2001) found that teachers

who were technical innovators, taught a technology-related subject, and had greater

computer experience were more likely to use a computer in their teaching. In a sur-

vey of 149 elementary teachers, Guha (2001) found that computer knowledge,

training, and comfort with computers were positively correlated with computer us-

age in the classroom, regardless of other demographic variables such as years teach-

ing, age, or gender. Guha (2003) surveyed and conducted in-depth interviews with

elementary teachers with respect to their use of computers for instruction. Teachers

who had lower computer abilities felt less comfortable with computers and feared to

use them since they might lose authority in the event that children, who tended to

have computers at home, would have greater computing skill than they did. Evans-

Andris (1995) found that teachers unfamiliar with software or computers did not

guide students during computer time. Consistent with Guha’s (2003) findings,

Evans-Andris also discovered that teachers unfamiliar with computers were often

intimidated by children’s superior knowledge, and were more likely to use the com-

puter as a surrogate teacher for children to use passively than as a tool that the chil-

dren would use to actively solve problems or otherwise apply.

Training for K–12 Computer Science Teachers

Where computer science is taught in schools, it is a rarity to find a teacher who has

both strong teaching credentials and strong technical training in computing (CSTA

[Computer Science Teachers Association] Model Curriculum). Schools have reached

out to people with IT-related degrees who often do not have a foundation in educa-

tional methodology. Although this is true of STEM teachers in general, it is espe-

cially problematic in IT because an IT professional can earn substantially higher

wages in industry and because few preservice programs provide instruction in com-

puter science education. In some states, the computer science major does not qualify

for certification. Industry demand and state educational policies reduce the likeli-

hood that public schools will attract computer science teachers who have a formal

education in computer science. Thus, K–12 computer science teachers frequently are

missing either educational or computing backgrounds. The consequence is that

those teachers who have educational but not computing backgrounds deliver to

their students what they have taught themselves; this tends to focus on learning a

programming language or manipulating games more often than providing organized

theoretical knowledge or applying that knowledge to real-world problems. Teachers
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who have computing but not educational backgrounds are ill prepared to communi-

cate these ideas and concepts to students, or design powerful learning opportunities

and assessments; these teachers are also less likely to call into question their gen-

dered beliefs about what kinds of people do what kinds of tasks, but instead to act

on a lifetime of socialization and experience. In contrast, most teacher preparation

programs require that students at least familiarize themselves with research on gen-

der and minorities in school systems.

The Association of Computing Machinery has recently initiated the Computer

Science Teachers Association, one goal of which is to train high school computer

science teachers both for improving pedagogy and the gender balance of classrooms.

Training for gender equity in IT in schools is rare. Bhargava (2002) reports on tools

that have been developed to guide teachers in the use of non-gender-biased software,

though it is not clear how widely these are used nor whether this has become a

mainstream part of the preservice teacher curriculum. Sanders (2002) was involved

in the professional development of teachers who needed to learn Cþþ for the com-

puter science Advanced Placement test. Teachers spent half of their time learning the

programming language, and the other half learning about gender equity issues and

strategies for increasing the number of girls in their classes. Although there was a

marked increase in the number of teachers attempting to increase the number

of girls as a result of the training, the number of girls enrolling in the computer

science classes did not increase. We do not know the reasons. It may be the result

of teachers self-reporting their activities, professional development not aligned with

best practices (i.e., sustained overtime), poor training, using male-oriented assign-

ments, resistant girls, or some other reason. Administrators should also be aware

of the persuasive power of school-related images. Based on her research on Web

site images, Maboudian (2000) has argued that school Web sites contain gender-

biased or gender-shaping messages. For example, one Web site shows only boys in

the computer lab and presents girls only in cheerleading costumes. Teachers should

be thoughtful about the meaning behind such images. School policies and teachers

can have a significant influence on children, but no influence is greater than that of

family.

Use of Computers at School and Home

The availability of computers in the home, school, and other places influences chil-

dren’s experiences with computing, and shapes their perceptions of how they get used

and who uses them. The presence and use of computers is one of the most studied
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topics of any covered in this chapter. From the 1980s through the mid-1990s, access

to a computer and the Internet was a major policy issue in the United States—an

issue known as the digital divide. Poor, rural, and minority families had much less

access to these tools than did the nation as a whole. The most recent data from the

National Telecommunications and Information Administration (NTIA) indicate that

access to both computers and the Internet is spreading rapidly in the United States,

and that the divide in access that separated black and white, rich and poor, urban

and rural is shrinking. The NTIA (2002) data indicate that 54 percent of the U.S.

population was using the Internet in September 2001 and 66 percent used com-

puters. Ninety percent of U.S. children between the ages of five and seventeen used

computers, while 75 percent of fourteen to seventeen year olds and 65 percent of

ten to thirteen year olds used the Internet. The presence of computers at school sub-

stantially narrowed the gap in computer usage rates for children from high- and

low-income families. Increases in use (although from a smaller base) were rising

most rapidly among blacks, Hispanics, and rural households (between a 24 and 33

percent increase in the period from August 2000 to September 2001). This led the

Bush administration to announce the end of the digital divide.

To some degree, the NTIA 2002 report emphasizes those points that support the

politics of the Bush administration. The report also shows the persistence of a digital

divide along certain lines. Black and Hispanic children were more than three times

as likely to have access to computers only at school, not at home. Black and His-

panic children were twice as likely as white or Asian American children to not be

using a computer at all. For a good analysis of this report and the political context

in which it is set, see Jesse (2004).

Use of Computers at School

As we have mentioned above, the date when studies were conducted matters be-

cause of the rapid introduction of computers into the public schools in the United

States throughout the 1990s. Several studies report on the relative use of computers

at school by boys and girls. In a study of 500 middle school students in the Houston

area, Miller, Chaika, and Groppe (1996) reported that 88 percent of girls and

90 percent of boys were using computers at school; this was not a statistically signif-

icant difference. Consistent with these findings, Miller, Schweingruber, and Bran-

denburg (2001) found no significant gender differences in knowledge of using a

computer, how they learned to use a computer, use of the computer at school, use

of computers with others, and Internet uses among 512 middle school students from
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Houston. They concluded that the gender gap among children in access, use, and

perceived expertise is narrowing considerably. As for what uses were made of com-

puters by girls in school, Miller, Chaika, and Groppe report students using them to

search the Internet, prepare documents with word processing, develop and present

school projects, play games, do homework, view CD-ROM materials, check out

library books, and view simulations.

An introduction to computers and keyboarding is now commonly taught in

middle school in the United States. Children are not motivated to pursue further

study of computing by these classes, however. For example, in an Australian study

of thirty-three girls ranging from thirteen to seventeen years of age, Clarke and

Teague (1996) reported that students were taught keyboarding, word processing,

and other introductory applications. The students found these applications limited,

boring, and menial—much more so than their home computer use. To the extent

that this is the primary way children are introduced to computers and their use, the

limited nature of the applications may be a real turnoff to both boys and girls.

Home and Other Extracurricular Uses of Computers

Like computer use at school, home use of computers has also increased in general in

the United States. Most studies show that boys use computers more frequently than

do girls at their own homes and the homes of friends, summer camps, and after-

school clubs. In older studies, access was much more common at home for boys

than for girls: in the United States (Kirkpatrick and Cuban 1998), New Zealand

(Fletcher-Flinn and Suddendorf 1996), Scotland (Durndell and Thomson 1997),

and Israel (Levine and Donitsa-Schmidt 1995). In a more recent study of 1,400 Ca-

nadian children in seventh and tenth grades (Lupart and Cannon 2002), the authors

found that more boys than girls used computers at home, boys were younger than

girls when they began using computers, boys used the Internet more than girls, and

boys used their computers at home on average more hours per day than girls. This

latter point was also noted by Kirkpatrick and Cuban (1998) as well as Durndell,

Glissov, and Siann (1995). Two somewhat older studies, however, report no gender

difference for time spent on the computer for those who had their own computer at

home (Fletcher-Flinn and Suddendorf 1996; Dugdale, DeKoven, and Ju 1998).

These differences may be due in part to the age groups sampled. The 2001 National

Assessment of Educational Progress (NAEP; National Center for Education Statis-

tics 2004) study shows a difference across age groups in terms of amount of com-

puter use. In this large study (N > 6,800), fourth-grade boys and girls report about
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the same usage of computers outside of school. Eighth-grade boys, though, report

somewhat more usage outside of school than do girls.

Research on the purpose of computer use by girls and boys outside of school

shows that boys and girls use computers for many of the same applications, but for

different amounts of time. In a survey of 291 parents (Kafai and Sutton 1999), it

was reported that boys use games, educational software, and the Internet more

than do girls. Both Lupart and Cannon (2002) and Miller, Schweingruber, and

Brandenburg (2001) identified e-mail and homework as the main use of computers

by girls. The large NAEP study referenced above found that 90 percent of fourth-

grade boys and girls report that they play games on the computer at home. By

eighth grade, however, boys are significantly more likely to spend large amounts of

time playing computer games than are females, while girls spend more time than

boys communicating synchronously and asynchronously with others via the Internet

(e.g., e-mail, instant messaging, chat) (National Center for Education Statistics

2004). Clearly, the routinizing of computer use in the home makes an impact on

children’s perceptions of computers.

The Impact of Experience

There is a positive correlation between experience with computers and girls’ atti-

tudes toward them. In a study of ninth-grade German students (Schaumburg

2001), girls who were provided with a laptop computer used computers more at

both school and home, and they learned more about computer hardware, software,

and the Internet as compared to a control group. A broader range of experiences

may make a greater impact than experience with a limited number of applications.

In a study of 231 girls fifteen years of age in single-sex and coeducational schools in

Australia, Jones and Clark (1995) found a positive correlation between the diversity

(but not the quantity) of computer experience to girls’ positive attitudes about com-

puting. The presence of a computer in a home also seems to be positively correlated

with attitude, according to two relatively large studies in the United States (Levine

and Donitsa-Schmidt 1995; Frantom, Green, and Hoffman 2002).

Influences beyond the Classroom

Research on Differences in Attitude, Confidence, Interest, and Experiences

One’s attitudes toward, confidence with, and experience using a tool or set of tools

are related to academic and career choices in which these are the predominant focus.
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Therefore, a great deal of research has concentrated on the differences between boys

and girls in terms of their attitudes toward, confidence using, and experience with

computer technology. Generally speaking, these studies are not necessarily focused

on developing IT but more often toward the use of computing technology in the ser-

vice of some other goal (e.g., learning; communicating with friends via the Internet)

or simply learning to use the computer itself (e.g., keyboarding; Web development).

Such studies are extremely numerous. We thus present here a range of studies look-

ing at different aspects of computing use, attitudes, and experience. Note that these

studies are designed to look for differences and describe probabilities, not similar-

ities nor generalities. A general criticism of research that looks for differences is

that it fails to report on similarities that may be important (American Association

of University Women 1998; Barnett and Rivers 2004).

One group of difference studies focuses on confidence and attitudes toward tech-

nology. These studies more frequently show that girls are less confident using com-

puters than are boys. In their 1998 review article, Kirkpatrick and Cuban (1998)

say that in early grades, the gap between males and females in achievement and at-

titude is minor, but the gap increases as they get older, as does the confidence gap.

Levine and Donitsa-Schmidt (1998), however, found a positive correlation between

computer experience, computer knowledge, and computer confidence. With the

better access to computers in more recent years, one might speculate that the con-

fidence gap will have decreased. Yet four studies show that the confidence gap per-

sists (Fitzpatrick and Hardman 2000; Light et al. 2000; Schaumburg 2001;

Frantom, Green, and Hoffman 2002). Yet Fitzpatrick and Hardman also found the

gap widens as children grow older. They surveyed 120 seven- and nine-year-old

boys and girls and discovered that the seven-year-old girls expressed more confi-

dence working with computers than did nine-year-old girls. In addition, the younger

girls were more motivated to work with computers than were their male peers.

The issue of girls’ confidence is poorly understood and disputed in the literature.

Reviewing research on adolescent girls from the 1980s to the 1990s, Eckert (1995)

argues that adolescent girls experience a ‘‘crisis of confidence,’’ in which girls have

greater awareness and less satisfaction of their bodies, are more concerned about

their popularity and being liked, and are more prone to depression and suicide. Bar-

nett and Rivers (2004), though, call into question the research on which these con-

fidence studies are based. They contend that Carol Gilligan’s original study on

which many others were based was a small, ethnographic study of upper-class

white girls attending a private school and that an influential report by the American
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Association of University Women was methodologically flawed (both cited in Bar-

nett and Rivers 2004). They also present a meta-analysis of research including

150,000 subjects in which there was little difference between boys and girls in con-

fidence (Kling, Hyde, Showers, and Buswell 1999; cited in Barnett and Rivers 2004).

Boys and girls hold different beliefs about who should study or be involved in

computing. Durndell and Thomson (1997) administered three surveys to sixteen to

eighteen year olds at three different times, the most recent being 1995. Female stu-

dents were significantly more likely than males to believe they were not qualified to

study computing. This may be explained by the fact that the data were collected ten

years ago, since ten years ago boys were more likely to have and/or use a computer

at home than were girls. In several studies, boys held more stereotypical beliefs

about who should engage in computing than did girls (Fletcher-Flinn and Sudden-

dorf 1996; Boser, Daugherty, and Palmer 1996; Whitley 1997). Nevertheless, such

beliefs can change over time, as shown in a study where younger boys held more

stereotypical views than did older children (Fletcher-Flinn and Suddendorf 1996).

In contrast to findings that boys have stronger opinions on computing than girls, in

a study of 574 students in ten rural school districts, Frantom, Green, and Hoffman

(2002) report that boys were more likely than girls to agree that ‘‘girls can do tech-

nology as well as boys,’’ but they had higher variance in their answers than did girls.

Boys were also more likely than girls to agree that ‘‘technology is as difficult for girls

as it is for boys.’’

Other difference studies concern interest in technology and assertiveness with

technology. Durndell and Thomson (1997) reported that sixteen- to eighteen-year-

old girls were more likely than their male peers to indicate greater interest in people

than in objects. Similarly, in a study of 155 seventh graders, Boser, Daugherty, and

Palmer (1996) found that girls expressed less interest in technology and perceived it

as more difficult to learn than did males. In several studies, boys were observed

dominating computer use at school, though not under all circumstances. Freeman

and Somerindyke (2001) observed preschool children playing with two computer

programs in a university laboratory school and noted boys dominating the com-

puter. Likewise, Koch and Upitis (1996) observed a Canadian classroom of seventh

and eighth graders for two years. They found that boys dominated computer use at

school during free computer time, and girls were not likely to use the computer even

if they did have free time, but especially if there were other students already sitting

at the computer. In this case, a computer ‘‘in-group’’ was formed on the basis of fre-

quency of use, further concentrating the gender disparity; students who had com-
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puters at home were more likely to be part of the in-group at school. In a study of

120 seven- and nine-year-old students in England comparing behavior of same-sex

and mixed-sex pairs, the authors found that boys dominated the computer when

collaboration with girls broke down (Fitzpatrick and Hardman 2000).

Girls’ gender identity may influence assertiveness with computer use at school.

Stepulvage (2001) discovered that girls are more likely to take on passive roles

when working alongside boys on the computer. She argues that although girls

do engage with computer technology and occupy positions that enable development

of expertise in IT, this computing competence must mesh with the constitution of a

heterosexual gender identity. Finally, based on her teaching and research experience

in a midwestern elementary school (not a formal study), Hanor (1998) contends

that boys physically and verbally discourage girls from using computers. In her

observations from teaching (again, not a formal study), Hanor describes access bar-

riers as teacher training issues. She claims that teachers need to manage several ac-

cess barriers for girls in the classroom: the boys’ computer use discouraging the

girls’ use, not knowing that use of the computer is a choice, conflicts in scheduling,

competing work requirements, and teaching assistants more likely to select boys

than girls.

The majority of difference studies, such as those reviewed above, equate sex with

gender and use gender as a monolithic category across socioeconomic groups. There

have been attempts to avoid equating gender and sex, using psychological gender

theory. Under this theory, persons are considered to have high or low masculinity

scores, and these are not opposites but independent constructs. For example,

Brosnan (1998) found that high femininity correlated with a poorer attitude toward

technology and that high masculinity correlated with a better attitude and higher

scores on a computer-based track. Yet Charlton (1999) found that both higher mas-

culinity or femininity correlated with greater comfort, but that greater masculinity

was related to greater engagement and greater femininity was associated with lesser

overuse. Such studies, while more illuminating than those that conflate gender and

biological sex, do not generally provide a deeper understanding of how gender iden-

tity interacts with the attitude toward IT. Further, ‘‘difference’’ implies that the

determining variable is masculinity and femininity, rather than providing under-

standing of technologies as embedded in a cultural setting, where meanings are cre-

ated and assigned as part of ongoing interactions among children and adults. In

contrast, like Huff (1996), Clegg (2001) argues that attitudes and experiences with

technologies are embedded in the technology (hardware and software) and the
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social practices surrounding technologies. In other words, designers project them-

selves into the technologies they create.

Findings usually conclude that girls hold less positive attitudes toward and confi-

dence with technology. To the extent that the underlying belief of these studies is

that girls and boys both need to have positive values and high confidence with IT,

conclusions generally point to a deficit among girls: they are lacking something

boys have. Elkjær (1992) describes the issue differently, however, arguing that gen-

der and gender differences are relative constructs, and that boys’ behaviors (domi-

nance; failure to admit lack of knowledge) create the problem for girls, who

become passive in the presence of boys’ dominance and believe that they know less

simply because boys believe they know more. Studying actual skill and knowledge,

rather than perceptions thereof, would furnish teachers and parents with concrete

ideas about what girls and boys need to learn. Further, if the result of such assess-

ments is insignificant difference, this message could be conveyed to girls to boost

their confidence.

Influence of Families and Community

A girl’s relationships with her parents and siblings are usually her strongest early

relationships, and her first exposure to beliefs about possible and appropriate roles

for girls and boys. (This is similarly true for boys.) Despite the image of the rebel-

lious teen, these relationships between child and parent persist over time. Families

form their own ways of behaving, enacting their belief systems. There is disagree-

ment, but what is shared is often larger than what is not. As a child grows up, she

or he will often look to parents and older siblings to be role models and opinion

leaders. As with the teacher relationship, beliefs are communicated in many ways,

both explicitly and implicitly. It is traditional from birth for parents to treat boys

and girls in gendered ways, by virtue of their sex. This is also manifest in the way

parents often encourage boys and girls to take different educational paths as well

as prepare for different careers.

Parents’ religious beliefs frequently shape their views about gender-appropriate

lives for their children. Because of the strong force of religion, parents will generally

try to instill their personal religious belief in their children, and they will employ re-

ligious organizations to attempt to do so. Some religions maintain belief systems

that place girls and boys in more traditional gender roles than others. Likewise,

parents who value education or who themselves are highly educated are more likely

to have children who value and pursue education. Even if parents value education,
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there can be gender differences in the way they apply their desire for educating their

children. They might not encourage their daughters, for example, to pursue science

and engineering disciplines or believe that these are appropriate occupational

goals—unless one or both of the parents are in these occupations (Rayman and

Brett 1993).

In many U.S. communities, there is homogeneity across households in socioeco-

nomic status, education level, and type (e.g., professional versus vocational) of occu-

pations held. In cases where the parents are typical of other members of the

community, the local community can reinforce the messages being delivered to stu-

dents by their parents. For example, in a wealthy, well-educated community, it is

expected that every child will go to college and form a professional family; this mes-

sage is subtly communicated to children in every local contact they have.

Another influence of the community lies in the range of activities it offers to its

youth. The availability and nature of activities is likely to vary by the demographics

of the local community (rural versus urban or suburban, socioeconomic distribu-

tion, religious affiliation, etc). Opportunities for scouting, participation in clubs,

sports, and service can enrich children’s experiences and shape their beliefs. For in-

stance, playing on a soccer team can be empowering (President’s Council on Physi-

cal Fitness and Sports 1997; Zimmerman and Reavill 1999) and participation in

Girl Scouts may provide girls with direct experience of computing.

Although hardly any literature explores the influence of parents and local commu-

nity on children’s attitude and behavior specifically toward computing, two studies

offer small insights in passing. Margolis and Fisher’s ethnographic study (2002) of

undergraduate computer science majors at Carnegie Mellon University revealed

that fathers often provided their sons with computers and spent time ‘‘tinkering’’

on the machine with them. Mothers were less likely to be involved in tinkering,

and the males frequently described their mothers as either computer phobic or com-

puter incompetent. Women much less frequently described similar bonding experi-

ences on the computer with either parent. (Interestingly, in a study of single-sex

schooling at Catholic and independent schools in the United States, Lee (1998) notes

that in mixed-sex schools, schools with high levels of parental influence led to a

greater gender gap in mathematics achievement, favoring boys.) Considering the

growing ubiquity of computers, including school requirements that children be

‘‘technologically literate,’’ we wonder to what degree parents continue to treat their

sons and daughters differently with respect to computing. For example, are there

gendered differences in their encouragement to use computers, what to use them
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for, spending time at the computer with the child, encouraging education training

and careers in computing, and making opportunities for them to attend computer

camp?

Relationships with Peers and the Impact of Single-Sex Schools

Peers are a powerful influence on children’s beliefs and behavioral choices, and this

influence is in force from the time that children begin having peers. Especially as

children enter the teenage years, they have an amplified need to conform or to in-

habit a persona that is acceptable to other children. For example, teenagers cast var-

ious kinds of persona as nerds, geeks, jocks, or the popular set. They are careful

about which type they act like and form cliques with children of similar persona

(Adler and Adler 1998).

Peers influence children’s beliefs about the value of education, appropriate and

possible gender performance, and academic choices. Eckert (1995) argues that child-

hood is a series of stages in which children are constantly looking toward the next

step of being a child. That is, children are not making behavioral decisions based on

what they think they will be as adults (who work and have careers) but instead to-

ward the next stage forward, which may be eighth graders for sixth graders and

high school students for eighth graders. Eckert writes, ‘‘Few kids in this life stage

consider adulthood desirable, nor do they consider the behavior of adults to be par-

ticularly statusful [sic].’’ Rather, at this stage girls and boys work on more fully

being heterosexual persons—not in the sense of sex or sexuality but in the sense of

performing the interactive behaviors of persons who fit into appropriate roles for

their sex.

Eckert’s view has implications for girls’ choice of course work. As discussed

above in the section on course election, it is during early middle school when chil-

dren begin to have choices about the courses they take. The choice of courses is

based not solely on what they enjoy but on the type of person they hope to be and

the type of person they hope their peers will believe they are. They are likely to

choose courses that are locally considered more appropriate for one gender or the

other. Those who make choices outside these norms may suffer from negative atten-

tion from their peers. Where math, science, or computing courses are considered

‘‘nerdy’’ or for boys, a powerful force is in play to quash girls’ interest in these

topics.

Single-sex schools and classes have been one approach taken to improve the en-

gagement and achievement of girls, and several studies compare girls in single-sex
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classroom environments with those in coeducational ones. Jones and Clark (1995)

found that girls from single-sex schools had more experience and more positive atti-

tudes toward computers than did girls from coeducational settings. Nevertheless, ex-

perience with computers was the variable that best predicted attitude and not the

fact that the class contained only girls. Crombie, Abarbanel, and Trinneer (2002)

surveyed 250 students in an elective eleventh-grade science course across a three-

year period. One of the classes was all-female. Girls in the same-sex class had higher

computer confidence, but lower confidence than the males in the mixed-sex class.

Girls in the same-sex class were also more vocal than coed girls, and perceived

stronger support from and interacted more with teachers; this was similar to boys’

perceptions of teacher support. Lee (1998) found that in Catholic all-girl schools,

girls had higher educational aspirations and greater intention to participate in non-

traditionally female careers. In fact, girls in Catholic same-sex schools had higher

mathematics and science achievement than did girls in Catholic coeducational

schools. It is unclear the degree to which this is a function of parental choice and

influence or of peers.

Life Aspirations

A significant body of literature investigates career factors. Family situation, which

includes socioeconomic status, educational level, and religion, are the single-greatest

influence on a child’s career development (see reviews in Naylor 1986; Lankard

1995; Whiston and Keller 2004). Lower levels of parent education are correlated

with less likelihood of the child—boy or girl—going to college or entering a profes-

sional career (DeRidder 1990). Family income has a particular effect on girls’ career

development. Lower-income families may be more likely to take a strategy of devot-

ing limited resources to their male children’s career development or to being more

likely to hold views that see homemaker roles for girls—for which less occupational

preparation is needed (Lankard 1995). Children whose parents work in professional

occupations perceive a wider range of career choices (Mullis, Mullis, and Gerwels

1998). To the extent that parents are aware of IT careers, girls will likely know

more about and be more inclined to pursue them.

Girls and boys allow their (and their families’) cultural beliefs about appropriate

gender roles to guide their career explorations as opposed to their personal interests

(Farmer 1995). In a longitudinal study of 208 children, Helwig (1998) explored

children’s perceptions of whether occupations were male or female. Occupations

are considered to be male if at least 70 percent of the people holding those positions
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currently are male, to be female if at least 70 percent of the people holding them

currently are female, and otherwise are characterized as gender-neutral occupations.

Eighty-three percent of second-grade boys chose male occupations, and the percent-

age increased to 93 percent by sixth grade. Fifty-six percent of second-grade girls

chose female occupations, but the number decreased to 30 percent by sixth grade.

For both boys and girls, career expectations are related to their parents’ expecta-

tions for them, especially their mother’s. By sixth grade (as compared to second

grade), the career that the child desires, the career that the child expects, and the

career their parents expect for them all match more closely. Instead, as girls got

older, they were more likely to select male occupations (19 percent in second grade,

and 48 percent in sixth grade). Helwig suggests that both boys and girls recognize

the social rewards and higher pay of male occupations by the time they are sixth

graders, thus accounting for this increased interest in male occupations. Another ex-

planation may be that sixth-grade girls are beginning to perceive that women’s tra-

ditional roles tend to be subordinated to those of males (Eckert 1994). It also could

be inferred that many high schools are doing a good job of preparing both boys and

girls for a variety of careers.

One could conclude that the vast majority of the boys and almost half of the girls

at the sixth-grade level might be open to a computing career since it is high paying

and is probably seen as having the high social rewards of a male occupation. Still,

another recent and large study (Lupart and Cannon 2002) of seventh and tenth

graders in an urban community in Canada showed much less enthusiasm by girls

for IT careers. Girls self-report a greater likelihood of expectation of finishing high

school and completing more than one university degree than do boys. Yet while

both boys and girls rated highly ‘‘earning a great deal of money’’ and ‘‘high status

in society’’ as significantly important factors in a career choice, boys rated these two

factors significantly more highly than did girls. Seventh-grade girls rated most highly

the career of artist (which included designer, interior decorator, musician, and

actor), with health professional second highest and IT professional dead last. Also

low in the rankings for seventh-grade girls were the occupations of engineer, archi-

tect, and geologist. Seventh-grade boys, by contrast, had IT professional (which

included computer engineer and computer scientist) as their first choice. Girls in

single-sex classes may be more likely to pursue an IT career, however. Crombie,

Abarbanel, and Trinneer (2002) conducted a similar study of 250 students in elec-

tive computer science classes in Ottawa, Canada, but had access to both all-female

and mixed-sex classes. Boys reported the highest intentions to pursue college study
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of computing, followed by girls in the single-sex classes, followed by girls in the

mixed-sex classes.

Most of the studies cited so far in this section do not describe what it is about an

IT career that makes it much less attractive to girls than to boys. Two other studies

provide some clues, although neither definitively answers this question. Clark and

Teague (1996) studied thirty-three Australian girls, ages thirteen to seventeen, from

diverse backgrounds. Most of the girls favored a career in a socially oriented or

socially important field such as medicine, law, or business. Although it is not clear

how they came up with these particular choices, they did report that they were most

interested in jobs that provided job satisfaction as well as ones with social orienta-

tion such as communicating with and meeting new people. In school, these students

had learned only mundane computing skills associated with keyboarding, word

processing, and elementary applications. When asked about computing careers,

they indicated that they saw computing as boring and menial. When asked, they

could not provide the interviewers with examples of computing careers other than

those directly associated with keyboarding and word processing. Interestingly, the

girls were excited about their use of home computers, which they used for their

own goals. The children in this study had a limited conception of the kinds of

careers that fall under IT.

Many outreach programs are held each year to encourage girls to enter IT careers.

Some extracurricular computing experiences, however, may reverse girls’ decisions

to pursue an IT career, despite the best efforts of teachers, counselors, and persons

who arrange career experiences for students. Taylor (2003) evaluated the educa-

tional outcomes of an internship program for high-achieving high school students.

Boys in the study were given highly technical jobs and integrated well into corporate

life. In contrast, the girls involved were given jobs they considered boring (e.g., Web

design) and felt unchallenged. Unlike many of the boys, none of the girls decided to

pursue careers in IT. A conclusion to draw from this is that extracurricular comput-

ing experiences also involve a set of best practices, but these are out of the control of

the teachers, counselors, and persons who arrange career experiences for students.

While the literature about career choice is abundant, much of it is not specific to

careers in IT, and most of the studies that do consider IT careers address whether,

rather than why, these careers are or are not ones made by girls. Research into ways

girls can be recruited into IT study and careers is minimal (see the literature review

in Barker, Snow, Garvin-Doxas, and Weston, this volume). For example, further

study of the depth, extent, impact, and nuances of the widely held belief that boys
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are interested in computers as toys while girls are interested in them as agents of

social change would help inform interventions.

Images in Popular Culture

An often-heard explanation for the underrepresentation of girls in computing is the

media portrayal and a popular conception/stereotype of computer science or com-

puter professionals (or even users) as so-called geeks or nerds, who are usually

males. The images of males and females in mass media carry implicit and significant

messages about idealized views of males and females in culture. For example, televi-

sion commercials caricature women using vacuums (or showing men how to use

these complicated machines) and men fascinated by an automobile’s lock mecha-

nism. Likewise, television programming and commercials, music, videos, movies,

popular magazines, and books contain and transmit implicit as well as explicit mes-

sages about the values, expected behaviors, and communication styles of girls and

boys at different ages. These messages often present boys and girls in terms of the

traditional gender-role binary, as do games (arcade, computer, board, educational,

etc.) and toys (e.g., lavender and pink bicycles for girls; racing flames for boys).

The Internet presents a more diverse range of opportunities—some of which, like

television, present gendered roles and others do not.

The degree to which explicitly and implicitly gendered messages from mass media,

toys, music, and games influence children’s behavior is unclear. In the early 1960s,

scholars began studying the effects of television viewing, hypothesizing that long-

term exposure to television cultivates attitudes and values in viewers, though they

acknowledge that these attitudes and values are already present in a society (cf.

Gerbner 1969). Goffman (1979) argued that magazine advertisements both reflect

and influence our conceptions of appropriately masculine and feminine behavior.

There is some evidence that adolescents are more influenced by the portrayals of ap-

propriate sex roles in mass media than are adults (see the review in Chapin 2000).

Media images more frequently depict computer programmers and developers as

males, and women as users. For example, in advertisements of technology products,

women are often presented as passive and inexpert users to show how simple some

device is to use, suggesting that ‘‘this computer is so easy to use, even a woman can

use it’’ (Jenson and Brushwood Rose 2003, 172). Men, on the other hand, are char-

acterized as deep thinkers concerned with the future (Dilevko and Harris 1997). For

many years, home computer and computer game sellers almost exclusively targeted

male users and ‘‘toys for boys’’ (Bryson and de Castell 1998).
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The popular image of computer people as geeks may or may not be a barrier to

girls’ study of IT. A computer geek is someone obsessed with computers or com-

puting, and who is also antisocial (Webster’s 2003). A full-page advertisement in

USA Today, a national newspaper dropped in front of hotel room doors across the

United States, shows Best Buy Co., Inc.’s new subsidiary Geek Squad described as

‘‘an elite tactical unit trained to seek out and eradicate evil computer activity.’’ Con-

sistent with ‘‘geek culture’’ (Svitavsky 2001), the employees are presented as though

they are engaged in a role-playing game, pretending to be police officers. Five

‘‘agents’’ are shown in the advertisement, each wearing a ‘‘special agent badge,’’

short-sleeved white shirts, and narrow black ties. The males’ high-water black pants

proudly expose white socks against black shoes, a fashion faux pas. The lone female

wears a black skirt and black tights, and naturally she also wears glasses and has

very short (blond) hair. In their book about children’s peer culture in schools, Adler

and Adler (1998) describe the social stratification of children based on cliques and

groups—a social system that is likely familiar to many who attended large high

schools in the United States. The kind of boys (and sometimes girls) who fit into

the admittedly extreme portrayal in the Geek Squad advertisement tend to be mem-

bers of marginalized groups, not of the coveted ‘‘popular’’ group in school. Thus as

role models, such representations may work against efforts to involve girls in com-

puting study or careers.

Many groups whose members are passionate about or even obsessed with

computers have appropriated the term geek, subverting it into ‘‘proud self-

identification’’ (Svitavsky 2001). The term has also been appropriated by female

groups such as GirlGeeks.org and hwww.GeekGirls.orgi, and is intended to make

it acceptable to like computers. The fact that these groups must explicitly take pride

in their geek proclamation makes geekiness as unacceptable in larger culture. The

statistics about girls’ participation suggest that such labeling has not been an effec-

tive strategy. One might speculate that despite the rhetoric, girl geeks, like their male

counterparts, continue to be alien others relative to their peers. Nevertheless, popu-

lar conceptions about what the term geek means might be changing. More research

is needed to determine whether this strategy is working since younger people may

now perceive geeks as ‘‘hipsters’’ who indulge in techie toys.

Little research has been conducted on children’s perceptions of computer users.

In a small qualitative study with high school students, Griffiths and Heath (1996)

found that students did not have a clear conception of the physical attributes of

technologists (e.g., male, bald). Two other small studies found that when asked to
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draw either a computer user or a ‘‘technologist,’’ primary school girls drew pictures

of males more often than boys drew females (Brosnan 1999; Levin and Barry 1997).

Interestingly, in one study the boys who drew pictures of females as technologists

attended a school with female computing teachers (Levin and Barry 1997), support-

ing the claim that role models in and of themselves influence perceptions of appro-

priate roles. In another study, boys drew males and girls drew females, with few

exceptions (Sheehan 2003). Selwyn (1998) interviewed ninety-six twelfth- and

thirteenth-grade Welsh students in focus groups, asking why students were not

using computers in school and college. Student explanations included inability,

inappropriateness, and perceived disdain for computers. About one-third of the stu-

dents expressed a ‘‘global disdain’’ for IT, which was not focused on technology but

on the users. This third of the students saw the students as either ‘‘hyperintelligent,’’

sad and unapproachable, or lonely and socially isolated.

Computer Games

It has been argued that computer games, both for entertainment and education, are

an important vehicle for becoming familiar and gaining confidence with computers

(Cassell and Jenkins 1998). Computer games have typically been designed for,

bought by, and overwhelmingly used by boys and young men to the virtual exclu-

sion of girls and women (Huff 1996; Cassell and Jenkins 2000; Jenson and Brush-

wood Rose 2003).

Much research has looked at the content of games, finding them overloaded with

violence and competition, and few, if any, females (Jenson and Brushwood Rose

2003). When there are females, they are often presented as hapless victims who

need males to rescue them or ‘‘huge-breasted vixens with guns’’ (Lynn et al. 2003,

145). There was a concerted effort in the 1990s to build software that was more

interesting to girls. These approaches included appealing to girls’ ‘‘traditional femi-

nine’’ interests (e.g., playing with dolls like Barbie), nontraditional masculine inter-

ests, and gender-neutral interests (Lynn et al. 2003). For example, the company

Purple Moon and its founder Brenda Laurel received considerable attention in the

1990s for their efforts to build software for girls (Cassell and Jenkins 2000). Most

of these efforts failed, however. Girls continue to purchase a fraction of the com-

puter games that boys do, so demand for and therefore supply of ‘‘girls’’ games re-

mains relatively small (Lynn et al. 2003).

In spite of the considerable literature on who buys computer games and what the

content is, there is little, if any, good analysis of the impact of these computer games
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on attitudes, beliefs, and future behaviors. Much of the literature makes an interpre-

tive leap that if it is being used, then it must be indirectly influencing children to

enter IT study and careers. Yet we found no studies on effect on behavior (other

than game playing itself) or attitudes toward computing. We also do not know the

causality or directionality of the argument here; it might be that the people playing

games were predisposed to certain attitudes and interests, and that they chose to

play computer games on that account.

Summary

Scope and Limits of the Literature Review

In this chapter, we have surveyed the scholarly social science literature about girls’

involvement with IT, and the ways in which this involvement impinges on future

education or careers in IT. We have intentionally not considered the many books

and articles that propound on the reasons for gender imbalance or proffer solutions,

unless these publications are solidly grounded in research. Although the majority

of articles that we have considered in this review are empirically based, we believe

it is critically important also to consider publications grounded in theory. These

theoretical works provide a framework for thinking about this intractable problem

of underrepresentation and offer a way of examining assumptions (e.g., concerning

the male-female dichotomy) that are implicit in many of the empirically grounded

studies.

Boundaries for this review were determined on both practical and intellectual

grounds. The body of social science literature on girls or children is vast, and even

with the help of our graduate students and a research librarian, we could not con-

sider the full range of potentially pertinent articles. Even the literature on girls in the

STEM disciplines is so large as to make it problematic to survey. At least five rea-

sons, however, make us cautious of including the STEM literature, based in the dif-

ferences between the STEM and computing disciplines:

1. The patterns for participation of women vary across the STEM disciplines and

are often strikingly different from those in computing (e.g., biology, chemistry,

mathematics, and some engineering disciplines). The participation of women is

dropping in computing.

2. Introductory STEM courses are a required part of the public school curricu-

lum and thus are given the official imprimatur of importance. Computing beyond
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information literacy is either not taught in the public schools or is only offered as an

elective.

3. Computing is frequently seen as most like mathematics of all the STEM disci-

plines, but their methods of instruction are often quite different. Computing is

taught in a laboratory setting, and mathematics is only occasionally taught this way.

4. The thrust of national educational policy is to move toward teaching all students

the basics of information fluency that will enable them to function as citizens in the

modern world. This education is not sufficient preparation for college-level courses in

computer science. In contrast, most K–12 education in the STEM disciplines is ori-

ented toward academic preparation, at least for those students in the academic tracks.

5. Whereas most STEM education is learned in the formal classroom, computers

are introduced to children in informal ways, such as using a computer at home or

at a friend’s house, participating in a computer club, or using a computer in an

unstructured environment at school.

Thus, we have included STEM literature in this review only where we had a spe-

cific reason to believe it was applicable. One other restriction in the range of litera-

ture we reviewed concerns its currency. One of the most striking changes in the

computing landscape is the rapid growth in access to computers in the past decade.

Social science researchers of the early 1990s often attributed the underrepresenta-

tion of girls in computing in part to the lack of access, which was low for boys, but

much lower for girls. But access has become much greater for both boys and girls, and

there are serious questions about the relevance of access as a cause of underrepre-

sentation today. Similarly, technological advances such as the Internet, theWorldWide

Web, multimedia, and a vast array of packaged software have changed the ways

that boys and girls interact with computers. For these reasons, we have restricted

our review to publications since 1994, except in cases where there was a specific rea-

son to include an earlier work (e.g., research on influences on career aspirations).

In considering such a large body of literature, one encounters studies of varying

methodological quality. It is difficult to critique in just a few sentences the method-

ological quality of theoretical or qualitative studies, and we will not try to do so

here. Nevertheless, the most common type of study considered in this review is the

quantitative empirical one.

It is not uncommon, especially in the older literature, to find that essentialist

dichotomies are drawn between girls and boys, and the way each thinks and acts.

In contrast, we understand gender to be a set of social categories that shape how a
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girl or boy should behave, and also the way that others treat girls and boys as well

as expect them to behave. These social categories, which are often locally contex-

tualized, must be taken into consideration in order to understand how girls relate

to IT; essentialist dichotomies have a limited explanatory value.

Reasons Explored for Underrepresentation of Girls in Computing

National and Educational Policies

Policy has been a tool used to redress the underrepresentation of women in IT.

In particular, the national educational policy of the Clinton-Gore administration

made computers and Internet access widely available, narrowing the access gap for

girls and boys in the United States. Policy has not enabled teachers the time, train-

ing, or reward structure to incorporate this newfound access into effective learning

strategies, however. Hence, the largely female teacher population (especially in pri-

mary grades) is unlikely to serve as role models who demonstrate competence with

computing. A current policy that focuses on the goal of information literacy for the

citizenry does not provide sufficient education for gaining IT employment. President

Bush’s No Child Left Behind policy redirects resources to testing (primarily mathe-

matics and literacy) and away from other educational needs, including and espe-

cially the sciences.

The educational philosophy of course election provides a vehicle for gendered dif-

ference in preparation for college study of computing. Computing courses are an

elective rather than required, and girls are less likely to enroll in these preparatory

courses. As a result, the public school computing courses are dominated by boys,

raising a further barrier for girls with an interest in preparing for a computing

career. The literature does not make it clear, though, what are the direct causes for

gendered difference in election of computer science courses nor how to change the

minds of girls who avoid them. Instead, several indirect influences are explored;

these factors likely work in combination.

Relationships with Teachers and Teacher Training

Relationships with teachers are a powerful shaping force on children, in both formal

and informal settings. Given a widespread belief among teachers that computing is a

male domain, their action inside and outside the classroom communicates that atti-

tude to their students—boys and girls alike—through a variety of explicit and im-

plicit mechanisms.
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What teachers know regarding computers, and with regard to teaching with and

about computers, has an impact on children’s use, attitudes, and computing-related

behaviors. The predominantly female, often computer-challenged population of ele-

mentary school teachers reinforces among students the idea that females are not

good at computing. It is unusual to find a K–12 teacher with both strong teaching

credentials and a strong mathematics-science-computing background. Little training

is given to teachers to teach computing subject matter effectively or in a way that

encourages girls as well as boys, and few tools are available to help. Perhaps be-

cause of the limitations in teacher training and science backgrounds, teachers are

all too frequently not in a position to provide a learning experience that captures

the interest of all students, offers the appropriate preparation for the college study

of computer science, or shows that computing can be about more than games or

hacking.

Use of Computers at School and Home

Patterns of use in computers have changed over time. With computers more widely

available in schools today than there were a decade ago, some studies show little dif-

ference in the percentage of boys and girls using computers in school (at least in the

United States). Yet despite the availability of computers, other studies have shown

that boys dominate the actual use of computers at school and elect to take more

courses that study computers. Other studies (not entirely consistent with one an-

other) show that more boys use computers at home (and for more hours) than girls

do, boys were younger when they first began using computers, and boys and girls

primarily use computers for different purposes, particularly as they move toward

adolescence. While use is a major area of study, little research explores the relation-

ship between computer use and entry into IT careers.

Differences in Attitude, Confidence, Interest, and Experience

A large body of literature explores differences between boys and girls in attitude,

confidence, interest, and experience. These studies generally show that girls have

less positive attitudes, less confidence, less interest, and less experience with com-

puters than do boys. While most readers will find this evidence compelling, a few

recent studies have begun to question these results because of their concerns that

this literature conflates issues of sex and gender while neglecting the socioeconomic

context. Studying actual skills and knowledge, rather than perceptions of skill and
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knowledge, as do most of these studies, would improve understanding of these

issues.

Family and Community

Family and local community are a powerful influence on a girl’s interests along with

her educational and career aspirations. The literature on influence of home and local

community on a girl’s interest in and attitudes toward computing is sparse, but

some evidence suggests that the home environment is more supportive of boys than

girls being interested in computing.

Influence of Peers

Peers have a strong influence on children, especially in the teen years. Girls and boys

are unlikely to choose elective courses in computing if they believe that these courses

are inappropriate for their gender. Several studies show that children believe that

computing is most appropriate for boys. Single-sex schools have been one approach

for providing greater engagement and achievement for girls. The literature indicates

that girls attending single-sex schools tend to have more positive attitudes toward

computers than girls in coeducational settings and to be more open to nontradi-

tional careers for their gender. Socioeconomic status is also a consideration: children

in single-sex settings are more likely to have relatively affluent parents and therefore

to enter professional careers of one type or another.

Life Aspirations

Another body of literature discusses life aspirations and how they affect a girl’s in-

terest in computing along with her decisions about whether to participate in com-

puting inside and outside of school. A more general body of literature shows that

socioeconomic variables of family affect aspirations for college education and pro-

fessional career. Children’s expectations about their lives are related to their parents’

expectations. Although girls show higher expectations of graduating from high

school and attending college, several studies indicate that girls are less likely to as-

pire to a degree or career in computing. Some of these general studies about career

choice are old, however, and it is unclear whether they would still hold in this era

when it is more acceptable for women to pursue a professional career. Much of the

literature is not specific to IT. We do not know if, as several studies suggest, atti-

tudes toward IT change as children move from elementary to middle school. We
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also do not have studies on whether the widespread belief is true that boys are inter-

ested in computers as toys while girls are interested in computers as agents of social

change, or if true, how this difference might affect career aspirations.

Images in Popular Culture

It is widely believed that images in the media and popular culture more generally

reinforce the message of computer professionals as geeks or nerds. Studies of televi-

sion and magazine advertisements show how gender stereotypes are reinforced, and

suggest that popular culture can be a powerful shaping force on gender identity de-

velopment and maintenance for children. Still, little research is available on chil-

dren’s perception of computer users, although there is some evidence that both

girls and boys perceive computer users as male. The image of geek may be changing,

becoming more attractive for both boys and girls.

Computer Games

There is a widespread belief that computer games are one of the reasons why girls

are less likely than boys to pursue computing. Computer games are widely regarded

as a way for a child to become familiar and gain confidence with computers. There

is clear evidence that most games are designed for and bought by boys and young

men, and that the content is often violent and reinforces sexual stereotypes. The

scholarly community, like other interested parties, altogether too often makes this

interpretive leap from being used to having impact. Yet little research studies the im-

pact of playing computer games on computer skills, knowledge, attitudes and

beliefs, and future behavior with respect to career entry.
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