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The Underrepresentation of Women in Computing
Fields: A Synthesis of Literature Using

a Life Course Perspective
Joyce B. Main and Corey Schimpf

Abstract—Using a life course perspective, this literature review
synthesizes research on women’s underrepresentation in com-
puting fields across four life stages: 1) pre-high school; 2) high
school; 3) college major choice and persistence; and 4) post-
baccalaureate employment. Issues associated with access to, and
use of, computing resources at the pre-high school and high
school levels are associated with gender differences in interest
and attitudes toward computing. At the college level, environ-
mental context (classroom design, interactions with peers and
role models, signals from stereotypical images) contribute to
whether students will major in computing, whereas psychosocial
factors (e.g., sense of belonging and self-efficacy) and depart-
mental culture play a role in persistence in computing fields.
As in other fields, issues associated with work-life conflict, occu-
pational culture, and mentoring/networking opportunities play
a role in women’s participation in the computing workforce.
Several initiatives and programs have been implemented to
address women’s underrepresentation in computing fields. While
great strides have been made in making computing more acces-
sible, the life course perspective highlights the importance of
longitudinal studies in identifying students’ pathways to and
through computing fields, as well as how interventions across life
stages may intersect or cumulate to generate trends in computing
participation.

Index Terms—Computer engineering, computer science,
diversity, girls, persistence, underrepresentation, women.

I. INTRODUCTION

ALTHOUGH the proportions of Bachelor’s degrees
awarded to women in many Science, Technology,

Engineering, and Mathematics (STEM) fields have remained
relatively constant or have increased slightly over the past
20 years, the computing field has shown a decrease from
28% women in 2001 to 18% women in 2012 [1], [2].
Likewise, women’s representation in the computing workforce
has decreased dramatically from 36% in 1991 to 25% in
2015 [3]. Given the growing demand for a larger technologi-
cal workforce and the benefits of diversity to innovation, it is
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critical to increase the participation of women in computing
fields. This literature review uses a life course approach to
examine the causes and consequences of the underrepresenta-
tion of women in computing fields. Life course perspective
is a framework that uses a holistic lens to analyze some
population across stages of their life in regards to some
phenomenon [4]–[6]. Extending previous reviews [7]–[10],
this study synthesizes articles that cover the life span extending
across pre-high school, high school, college, and employment.
It can therefore identify recurring themes across life stages,
uncover new areas for further research, and inform strate-
gic interventions to increase diversity in computing fields.
Importantly, the life course perspective can help demon-
strate how institutional programs/practices and potential chal-
lenges at each life stage converge to produce the current
patterns of women’s underrepresentation in the computing
workforce.
The life course perspective provides a framework for

examining the trajectories of individuals within the larger
social context and history, as well as insights into indi-
vidual choices, timing of events, and social networks/
influences [4]–[6], [11]–[13]. It highlights the importance
of cultural dimensions, and the ways in which social con-
text and practices influence the experiences of girls and
women in computing fields. Further, this literature review
integrates data from the National Science Foundation, the
Computer Science Teacher Association, and the Bureau of
Labor Statistics to demonstrate the larger-scale patterns of
women’s participation in computing.

II. METHODS

This review was conducted using multiple approaches
to identify articles focusing on research on girls and
women in computing fields. The Association for Computing
Machinery (ACM) and IEEE Xplore databases were used
to find articles with the search terms “girls,” “women,” and
“gender.” An additional search was conducted using sev-
eral select journals with a focus on gender and science
and engineering fields, including the Journal of Women and
Minorities in Science and Engineering; Sex Roles: A Journal
of Research; and the International Journal of Gender, Science
and Technology. Terms used for this search were “girls,”
“women,” “gender,” “computing,” and/or “computer.” These
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TABLE I
NUMBER OF ARTICLES BY LIFE STAGE

initial broad approaches generated over 2,500 individual arti-
cles that were filtered using the stricter inclusion criteria of: (1)
appearing in a peer-reviewed journal or conference proceeding
between 2000 and 2015; (2) reporting research on education
or employment specifically in a computing field defined as
computer engineering, information systems, computer graph-
ics, human-computer interaction, or Web development; and
(3) focusing on girls or women in computing fields in the
United States or Canada as study populations. While there
are a number of articles that examine the underrepresentation
of women in STEM fields, this review is limited to articles
that focus solely on computing fields. After filtering, the refer-
ence section of each selected article was examined to identify
additional articles that meet the criteria for inclusion in the
study.
This extended filtering process yielded 59 articles, which

were categorized by the life stage of the sample participants:
pre-high school, high school, college major choice, college
persistence, or post-baccalaureate employment. Table I sum-
marizes the number of papers included in this review by life
stage. Significant findings and emergent themes were identified
from each article using thematic analysis. In line with the life
course perspective as a theoretical framework, the resulting
themes were synthesized by life stage [4]–[6]. Additionally,
van Dijk’s conception of the “digital divide” was used to con-
textualize the findings on girls and computing at the pre-high
school level [14]. To provide additional context and statis-
tics on the participation of girls and women in computing
fields, this review also presents data obtained from published
reports generated by the National Science Foundation, the
Computer Science Teacher Association, and the Bureau of
Labor Statistics. Altogether, 97 references, including journal
articles, theoretical and conceptual papers, and data sources
were examined.

III. SYNTHESIS OF LITERATURE: THEMES OF
UNDERREPRESENTATION BY LIFE STAGE

Table II shows the emergent themes pertaining to the par-
ticipation of women in computing fields derived from the
literature review by life stage: (A) pre-high school (preschool
to middle school); (B) high school; (C) college major choice
and persistence; and (D) post-baccalaureate employment. The
sections that follow discuss the themes by life stage more fully.

A. Pre-High School
Issues associated with the “digital divide” are prevalent in

the articles focusing on gender and computing at the pre-high

school level. While “digital divide” originally referred to the
divide between people with and without direct access to
a computer [15], the proliferation of computers in schools,
households, libraries, and other venues has led researchers
to address other factors related to access [14], [16]–[18].
Van Dijk and Hacker [14] developed a four-part scheme to
describe these factors: (1) psychological access—differences
in desire/interest to use computers; (2) material or direct
access to computers; (3) skills access—differences in com-
puting skills across groups; and (4) usage access—frequency
of use in specific ways (e.g., basic vs. more complex uses).
Psychological access—Based on a sample of

60 boys and 60 girls ranging from 5 to 13 years old,
Cherney and London [19] found girls and boys had different
preferences for leisure activities. While boys favor computer
games, girls favor television. Cherney and London suggest
that these differences in leisure preferences may provide
different opportunities for potentially developing computer-
related skills. Similarly, Cotten et al. [20] found that middle
school girls are likely to spend more time communicating
over media and listening to music, whereas middle school
boys spend more time playing with gaming systems. In
a study of educational software designed for preschoolers,
Sheldon [21] determined that male characters outnum-
ber female characters and suggests that this inequitable
visibility may play a role in girls’ levels of interest in
computing.
Material access—Cotten et al. [20] also found that

96% of boys and 81% of girls in middle school owned
a game system. Video/computer games are often seen as
a common entry route into computing fields [22], [23]; how-
ever, there are multiple ways in which games can help
develop interest and skills in computing [9], [21], [24], [25].
Cherney [26] and Terlecki and Newcombe [27], for example,
indicate that playing video/computer games can help improve
mental rotation abilities important to game development and
computer graphic design. Insofar as playing games is tied
to computing interest, and material access is indicative of
frequency of playing games, differences in material access
to video/computer games may play a role in the differential
participation of women in computing fields.
Skills access—In a qualitative study of mixed teams of girls

and boys in the 5th and 6th grades, Ching et al. [28] found that
boys tended to participate in more complex computer tasks,
such as programming, whereas girls more frequently recorded
team notes. The authors suggest that this uneven task distri-
bution may lead to uneven development of computing skills.
However, interventions, such as instituting fixed schedules for
conducting different tasks among team members, can alleviate
the uneven task distribution.
Usage access—Willoughby et al. [29] examined the dynam-

ics of mixed gender teams of preschoolers and 5th and
6th graders working on age-appropriate computing tasks.
They found that in preschool, girls dominated computer use,
but among 5th and 6th graders, boys dominated computer
use. Investigating a MOOC (a massive online community),
Fields et al. [30] developed profiles for how boys and girls
(approx. 11–18 years old) used Scratch, which enables users
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TABLE II
COMMON RESEARCH THEMES FOR WOMEN AND GIRLS IN COMPUTING BY LIFE COURSE STAGE

to design and share game, story, or animation computer pro-
grams. They report that the boys used the platform and
participated in the informal computing community to a greater

extent than did girls. Bain and Rice [31] did not find statis-
tically significant differences in attitudes, perceptions, or use
of computers between girls and boys in the 6th grade; their
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Fig. 1. Proportion of introductory CS classes with different levels of female
representation.

qualitative data revealed that girls spend more time on com-
puters. They observed that girls spend more time on instant
messenger or completing their homework assignments on the
computer, whereas boys spend relatively more time playing
computer games.

B. High School
At the high school level, most studies of differences between

male and female adolescents in regard to computing focus
on course-taking behavior or relative knowledge of careers in
computing fields. In addition to the variation across U.S. high
schools in the number and levels of computer science (CS)
courses offered, there is variation within schools in regard
to who enrolls in the CS courses. Using a series of bi-
annual national studies from 2005 through 2013, the Computer
Science Teachers Association (CSTA) found that fewer than
50% of the high schools surveyed offered Advanced Placement
Computer Science classes [32]. Further, CSTA showed that
over the years, a smaller proportion of female students are
taking an introductory CS course in high school. Fig. 1 illus-
trates the changes in the proportion of young women enrolled
in high school CS courses between 2007 and 2013 [32]. As
the color gradient intensifies, the proportion of female students
enrolled in CS courses increases (e.g., lightest shade = 0–20%
and darkest shade = 81–100%). In 2013, over 75% of the high
school CS courses in the sample enrolled 0–40% female stu-
dents. Between 2007 and 2013, the percentage of introductory
CS classes with 0–20% female students increased. Meanwhile,
the percentage of high school classes with 41–60% female stu-
dents decreased in the same time period. The CSTA data are
consistent with previous literature that show that, on average,
women enter college with less computing experience than men
have [10], [33], [34].

The widening gap in the proportion of female high school
students taking introductory CS courses has important impli-
cations for college major choice. In addition to showing that
male high school students reported more CS-related activities
and courses than did female high school students, Carter [33]
also found that both female and male students indicated that
they did not intend to pursue a computer science major in
college, due to their preference for other majors and lack of
desire to work at a computer all day. Carter also indicated
that 80% of the survey respondents were largely unaware of
the topics a CS undergraduate course would address. Based
on interviews with 20 female high school students partici-
pating in the Women in Cyber Security summer residential
program, Kelly et al. [35] found that girls had little infor-
mation about computing careers, but that they were aware of
issues associated with gender inequities in computing fields.

C. College Major Choice
Previous studies have shown that women’s lower participa-

tion in computing fields at the college level is related to several
psychosocial factors, such as sense of belonging, perceived
similarity, achievement motivation (expectancy value theory),
and self-efficacy [36]–[47]. Stereotypical images, classroom
environments, and interactions with peers and others in com-
puting fields create contexts that appear to influence women’s
relative interest in pursuing computing related majors. In
a series of studies [36], [37], [39], [40], Cheryan and her col-
leagues demonstrated the effects of stereotypical images and
environments on the likelihood that women will choose to
major in CS. Their manipulation of computer science class-
rooms to depict more stereotypical images of computer science
(e.g., video games) resulted in women having less interest in
the environment, whereas more neutral classroom environments
(e.g., nature) increased women’s interest in computer science to
the same level as that of men’s [39]. Cheryan et al. [37] found
similar effects when they tested virtual classroom environments,
exposure to media (e.g., fabricated newspaper articles) [40], and
interactions with role models depicted as stereotypical [36].
Altogether, these studies suggest that external cues that sig-
nal belonging in an environment are critical in determining
student interest in a given field and that a lack of perceived
similarity [38] with those in computing fields plays a role in
women’s lower interest in these fields.
Appianing and Van Eck [41] investigated factors that influ-

ence women’s choice to major in CS using a survey instrument
that measures students’ perceptions of computer technology
fields. Using expectancy-value theory, they found that the
value participants associate with the field correlates with
choosing a computer technology major, and that women placed
less value on computer technology than men. In conjunction
with research from Cheryan et al. [36], [37], these studies sug-
gest that women are less likely to be interested in, or major
in, computing fields.

D. College Persistence in Computing Fields
Among those who choose to major in computing, studies

indicate that there are gender disparities in student degree
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Fig. 2. Computer sciences bachelor’s graduates by gender. Data source: NSF
Women, Minorities and Persons with Disabilities in Science and Engineering.

completion. For example, in a study of 23 institutions in
the state of Virginia between 1992 and 1997, Cohoon [48]
showed that female students had a higher attrition rate than
male students at 18 of the institutions. Of the remaining five,
three had similar attrition rates by gender and two had higher
rates among men. Margolis et al.’s 2000 study [49] also found
higher attrition rates for women in Carnegie Mellon’s School
of Computer Science. However, continued intervention efforts
at the school have resulted in an increase in the proportion of
women in computer science—in 2014, 40% of the incoming
class of the School of Computer Science were women [50].
But nationally the proportion of women pursuing CS is
decreasing. Fig. 2 depicts the proportion of men and women
graduating with bachelor’s degrees in computer sciences in the
United States between 1994 and 2012 [1], [2], [51]. It shows
that the proportion of women completing degrees in CS has
steadily decreased since 1994.
The lower participation of women in college computing

fields has also been associated with the male and stereo-
typical computer culture as well as variation in computer-
related self-efficacy [45]. Self-efficacy is the belief in one’s
ability to accomplish a given task or achieve a certain
goal, and is associated with motivation and behavior [52].
Women’s lower levels of computer self-efficacy compared
to men is well-documented, and this gender difference is
often associated with women’s lower participation in com-
puting fields [41]–[47], [53]. For example, in a series of
studies in CS, Beyer and colleagues [42], [45], [46] demon-
strated that women have lower computer self-efficacy than
men. Lopez et al. [54] and Redmond et al. [55] show
that self-confidence is associated with student persistence
in CS programs. Researchers have also found that a male-
dominant culture in some computing environments appears
to play an important role in women’s participation in

Fig. 3. Percent of women in select computing careers (2007–2014).

computing majors [56]–[61]. For example, in an ethnographic
study of students and instructors in CS courses, Garvin-
Doxas and Barker [59] illustrate the existence of an informal
student hierarchy and a “defensive climate,” where commu-
nication is more distant and potentially marginalizing, rather
than supportive and inclusive.

E. Post-Baccalaureate Employment
Fig. 3 shows women’s lower participation in the U.S. com-

puting labor force based on data from the Bureau of Labor
Statistics [62]–[69]. It shows the proportion of women who
worked as programmers, software developers, database admin-
istrators, or computer information managers between 2007
and 2014. The lower proportion of women in the workforce
(roughly 20–40% depending on career category) is consis-
tent with women’s participation in computing at the K–12
and college levels. However, according to Wardell et al. [70],
women are 2.5 times more likely to leave the computing
workforce than men. They attribute this to work-family con-
flicts, the occupational culture of computing fields, and limited
mentoring and networking opportunities.
Trauth et al. [71]–[73] advanced the theory that differ-

ences among individual women in terms of values and moti-
vation partially explain the underrepresentation of women
in information technology (IT), moving away from expla-
nations of gender-based differences. For example, among
women in IT, there is variation in career anchors, which
are self-perceived talents, values, and motives pertaining to
careers [74], [75]. This variation in career anchors across indi-
viduals has important implications for the selection of and
persistence in a given career. Based on a study of 92 IT work-
ers, Quesenberry and Trauth [75] showed that women aligned
with technical or managerial competence career anchors, and
that a given individual can have multiple career anchors and
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that these can change over time. They found that the impor-
tance of lifestyle integration and focus on work-life balance
changes over time as women enter different stages of fam-
ily formation—women with children tend to focus less on
work-life balance as their children get older.
Several studies identified challenges associated with nego-

tiating the competing demands of work and family (work-
family conflict) in the retention of women in the comput-
ing workforce [76]–[78]. These issues are not necessarily
unique to computing fields, but the relatively low numbers of
women entering the field may make them particularly salient.
Riemenschneider et al. [78], for example, found that family
responsibilities were strongly connected to women’s decisions
to leave work. Further, family responsibilities were direct or
indirect barriers to promotion. In a related study of work-
family conflict, Armstrong et al. [77] found that women are
more likely to attribute stress to work responsibilities than
family responsibilities. The authors surmise that this may
reflect the nature of IT work, which requires continual learning
and, consequently, work-related stress. The 39 women in their
sample who worked at Fortune 500 organizations reported
that having a flexible work schedule reduced their stress by
enabling them to respond to family emergencies. However,
this flexibility also meant that they had to be available to work
at night or on weekends, which can complicate work-family
balance in other ways [79], [80].
Studies by Guzman and colleagues [81]–[83] identified

a distinct occupational culture among information technol-
ogy professionals within organizations. Occupational culture
refers to the ways of thinking and the symbols and lan-
guage shared by people in a similar work field [81], [82].
Some of the characteristics of this particular occupational
culture include “extreme and unusual demands pertain-
ing to working in the profession, particularly relating to
long hours, and the need for constant self re-education as
a form of intra-group bonding” and “maintaining bound-
aries between groups, and excluding out-group members”
[81, p. 45]. Guzman and Stanton [83] found a difference
between men and women in the measure of Pervasiveness,
which is the relative degree that IT is integrated into leisure
activities. Men are more likely to have higher Pervasiveness
scores than women, and this score is associated with affec-
tive commitment to their work. This set of studies, how-
ever, is based on interviews and is therefore not broadly
generalizable.
Studies also show that women have fewer mentor-

ing/networking opportunities in IT than men [76], [84].
Trauth et al. [84], for example, found that women in
IT felt excluded from social networking activities, such
as golfing, and therefore from opportunities for potential
career advancement. Both female and male IT professionals
who receive career mentoring express greater occupational
commitment [76]. Windeler and Riemenschneider [85] exam-
ined how different forms of mentoring and interaction with
one’s supervisor affected workplace commitment among IT
workers. They found that women who received career men-
toring focusing on developing and enhancing their careers had
a stronger commitment to their organization. Thus, access to

career mentoring and networking activities have the potential
to improve the retention of women in the IT workforce.

IV. INTERVENTIONS
While this literature review identified the likely causes and

consequences of the underrepresentation of women in comput-
ing fields, there are also several efforts to address and alleviate
these gender inequities at the pre-high school, high school,
and college levels. Many of the interventions designed for
middle school populations aim to increase girls’ interest in
and/or knowledge of computing [22], [86]–[89]. For example,
there have been important efforts to engage middle school girls
in Alice programming software or Macromedia Flash to cre-
ate interactive stories [86], games [87], [88] or interfaces [89].
Although the results of some of these interventions were
mixed [86], [88], [89], they endeavored to address the differ-
ential patterns in access, use, and skill development among
young students.
Similarly, at the high school level, many of the interven-

tions were designed to increase computing related knowledge
or interest [35], [90]–[96]. One of the most ambitious projects,
Georgia Computes!, was implemented for six years in the
state of Georgia [92]. This project reached female, African
American, and Hispanic students in grades 4–12 through after
school and weekend programs and summer camps. Generally,
many of these interventions reported positive gains in young
women’s interest in or attitude toward computing [90], [94]
and computing classes [92], although some also noted mixed
results [92], [95]. For example, students who attended Georgia
Computes! summer camps demonstrated significant gains on
their post-intervention statements regarding whether they liked
computing, were good at it, and were good at computing com-
pared to their friends. Furthermore, comparing the 2006 and
2012 Georgia Computes! cohorts, there was a 237% increase
in the number of young women taking the computer science
advanced placement exam (CS AP).
Building on these previous intervention efforts and the

research on the underrepresentation of women in comput-
ing, the White House, the U.S. Department of Education,
and the National Science Foundation have launched a joint
initiative—CS for All—devoted to offering educational oppor-
tunities to all U.S. students in computer science [96]. This
initiative cements the importance of increasing the participa-
tion of students from all backgrounds in computing fields.
In an increasingly technology driven world and a rapidly
changing economic environment, diversifying the comput-
ing workforce and providing opportunities for all students
to access computing is crucial. The life course perspective,
illustrates the factors that influence women’s likelihood of
entering computing fields across the life stages from pre-
high school through post-baccalaureate employment. Thus,
it is critical to consider the long-term effects of inter-
ventions, and to consider intervention designs that have
the potential to address issues across the life stages, as
well as the potential to translate to computing workforce
development.
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V. CONCLUSION

This literature review applied the life course perspective
to examine the underrepresentation of women in computing
across four life stages: (1) pre-high school (preschool to mid-
dle school); (2) high school; (3) college major choice and
persistence; and (4) post-baccalaureate employment. At the
pre-high school level, the four factors related to the “digital
divide”—psychological, material, skill, and usage—provided
a framework for identifying potential sources of the gender
differences in interest in computing fields. At the high school
level, a number of studies established differences in course
taking behavior and knowledge regarding careers in com-
puting fields between male and female adolescents. Women
are less likely to major in computing fields at the college
level due to classroom environments, stereotypical images and
messages, and individual interactions that reduce women’s
sense of belonging. Other psychosocial factors, such as per-
ceived similarity, achievement motivation, and self-efficacy
also play a role in women’s likelihood of majoring in com-
puting. Women represent only 20–40% of the professionals in
computing fields, and they are more likely to leave the profes-
sion due to work-family conflict, the pervasive occupational
culture, and lack of mentoring and networking opportunities.
Several programs, initiatives, and interventions have been

launched to address women’s underrepresentation in comput-
ing fields. At the pre-college level, strategies often include
providing girls with engaging hands-on experiences, increas-
ing motivation to pursue computing through emphasizing the
social impact of computing work, introducing girls to pos-
itive role models, and providing information to teachers and
key individuals to encourage greater interest in computing and
technology. At the college level, interventions tend to be com-
prised of redesign of introductory CS courses to emphasize
applications or to include teaming, changes in course require-
ments that provide access to a greater number of students
to computing skills, strengthening mentoring programs, and
encouraging women’s participation in conferences and other
professional development opportunities.
While great strides have been made in making comput-

ing more accessible to students from diverse backgrounds, the
life course perspective highlights the importance of conduct-
ing longitudinal studies to identify students’ pathways to and
through computing fields, and how interventions at multiple
life stages may intersect or cumulate to generate trends in com-
puting participation. Further work on students’ career decision
making and selection of computing professions would also be
helpful in translating school-related interventions to increasing
the size and diversity of the workforce. The number of factors
that influence girls and women’s decisions to pursue comput-
ing across the life stages demonstrate the need for multiple
stakeholders, such as K-12 teachers, families, university fac-
ulty, university computing programs, academic institutions,
and the government, to work together to generate positive
change in diversifying computing at all levels.

ACKNOWLEDGMENT

The authors thank K. Andronicos and M. McCall for their
support and assistant on this manuscript, and CSoI at Purdue

University for supporting this work. Any opinions, findings,
and conclusions or recommendations expressed herein are
those of the authors’.

REFERENCES

[1] “Women, minorities and persons with disabilities in science and
engineering,” Nat. Center Sci. Eng. Stat., Nat. Sci. Found., Arlington,
VA, USA, Tech. Rep. NSF 15-311, 2015. [Online]. Available:
https://www.nsf.gov/statistics/2015/nsf15311/digest/nsf15311-digest.pdf

[2] “Women, minorities and persons with disabilities in science and engi-
neering,” Nat. Center Sci. Eng. Stat., Nat. Sci. Found., Arlington, VA,
USA, Tech. Rep. NSF 04-317, 2004.

[3] C. Ashcraft, B. McLain, and E. Eger, “Women in tech: The facts,” Nat.
Center Women Inf. Technol., Boulder, CO, USA, Tech. Rep., 2016.
[Online]. Available: www.ncwit.org/thefacts

[4] J. Mortimer and M. Shanahan, Handbook of the Life Course (Handbooks
of Sociology and Social Research). New York, NY, USA: Kluwer
Academic, 2003.

[5] G. H. Elder and J. Giele, The Craft of Life Course Research. New York,
NY, USA: Guilford, 2009.

[6] M. Shanahan, J. T. Mortimer, and M. K. Johnson, Eds., Handbook of
the Life Course, vol. 2. Cham, Switzerland: Springer, 2016.

[7] D. Gürer and T. Camp, “An ACM-W literature review on women in
computing,” SIGCSE Bull., vol. 34, no. 2, pp. 121–127, 2002.

[8] H. Dryburgh, “Underrepresentation of girls and women in computer sci-
ence: Classification of 1990s research,” J. Educ. Comput. Res., vol. 23,
no. 2, pp. 181–202, 2000.

[9] L. J. Barker and W. Aspray, “The state of research on girls and IT,” in
Women and Information Technology: Research on Underrepresentation,
J. M. Cohoon and W. Aspray, Eds. Cambridge, MA, USA: MIT Press,
2006, pp. 3–54.

[10] J. M. Cohoon and W. Aspray, “A critical review of the research
on women’s participation in postsecondary computing education,” in
Women and Information Technology: Research on Underrepresentation,
J. M. Cohoon and W. Aspray, Eds. Cambridge, MA, USA: MIT Press,
2006, pp. 137–174.

[11] Y. Xie and K. A. Shauman, Women in Science: Career Processes and
Outcomes. Cambridge, MA, USA: Harvard Univ. Press, 2003.

[12] C. Castaño and J. Webster, “Understanding women’s presence in ICT:
The life course perspective,” Int. J. Gender Sci. Technol., vol. 3, no. 2,
pp. 364–386, 2011.

[13] C. Frieze, J. L. Quesenberry, E. Kemp, and A. Velázquez, “Diversity
or difference? New research supports the case for a cultural perspec-
tive on women in computing,” J. Sci. Educ. Technol., vol. 21, no. 4,
pp. 423–439, Aug. 2012.

[14] J. van Dijk and K. Hacker, “The digital divide as a complex and dynamic
phenomenon,” Inf. Soc., vol. 19, no. 4, pp. 315–326, 2003.

[15] J. S. Light, “When computers were women,” Technol. Culture, vol. 40,
no. 3, pp. 455–483, 1999.

[16] J. A. G. M. van Dijk, “Digital divide research, achievements and
shortcomings,” Poetics, vol. 34, nos. 4–5, pp. 221–235, Aug./Oct. 2006.

[17] L. Yu, “Understanding information inequality: Making sense of the lit-
erature of the information and digital divides,” J. Librarianship Inf. Sci.,
vol. 38, no. 4, pp. 229–252, Dec. 2006.

[18] P. Attewell, “Comment: The first and second digital divides,” Sociol.
Educ., vol. 74, no. 3, pp. 252–259, Jul. 2001.

[19] I. D. Cherney and K. London, “Gender-linked differences in the toys,
television shows, computer games, and outdoor activities of 5- to
13-year-old children,” Sex Roles, vol. 54, nos. 9–10, pp. 717–726,
Nov. 2006.

[20] S. R. Cotten, D. B. Shank, and W. A. Anderson, “Gender, technology
use and ownership, and media-based multitasking among middle school
students,” Comput. Human Behav., vol. 35, pp. 99–106, Jun. 2014.

[21] J. P. Sheldon, “Gender stereotypes in educational software for young
children,” Sex Roles, vol. 51, nos. 7–8, pp. 433–444, 2004.

[22] A. Baytak and S. M. Land, “Advancing elementary-school girls’ pro-
gramming through game design,” Int. J. Gender Sci. Technol., vol. 3,
no. 1, pp. 244–253, 2010.

[23] J. Cassell and H. Jenkins, From Barbie to Mortal Kombat: Gender and
Computer Games. Cambridge, MA, USA: MIT Press, 1998.

[24] Y. B. Kafai, “Gender play in the tween gaming club,” in Beyond
Barbie & Mortal Kombat: New Perspectives on Gender and Gaming,
Y. B. Kafai, C. Heeter, J. Denner, and J. Y. Sun, Eds. Cambridge, MA,
USA: MIT Press, 2008, pp. 111–122.

https://www.nsf.gov/statistics/2015/nsf15311/digest/nsf15311-digest.pdf
www.ncwit.org/thefacts


This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

8 IEEE TRANSACTIONS ON EDUCATION

[25] H. Jenkins, “‘Complete freedom of movement’: Video games as gen-
dered play spaces,” in From Barbie to Mortal Kombat: Gender and
Computer Games, 1st ed., J. Cassell and H. Jenkins, Eds. Cambridge,
MA, USA: MIT Press, 1998, pp. 262–297.

[26] I. D. Cherney, “Mom, let me play more computer games: They improve
my mental rotation skills,” Sex Roles, vol. 59, nos. 11–12, pp. 776–786,
Dec. 2008.

[27] M. S. Terlecki and N. S. Newcombe, “How important is the digi-
tal divide? The relation of computer and videogame usage to gender
differences in mental rotation ability,” Sex Roles, vol. 53, nos. 5–6,
pp. 433–441, Sep. 2005.

[28] C. C. Ching, Y. B. Kafai, and S. K. Marshall, “Spaces for change:
Gender and technology access in collaborative software design,” J. Sci.
Educ. Technol., vol. 9, no. 1, pp. 67–78, 2000.

[29] T. Willoughby et al., “Social interaction during computer-based activi-
ties: Comparisons by number of sessions, gender, school-level, gender
composition of the group, and computer-child ratio,” Sex Roles, vol. 61,
nos. 11–12, pp. 864–878, Dec. 2009.

[30] D. A. Fields, M. Giang, and Y. B. Kafai, “Programming in the wild:
Trends in youth computational participation in the online scratch com-
munity,” presented at the Workshop Primary Secondary Comput. Edu.,
Berlin, Germany, 2014, pp. 2–11.

[31] C. D. Bain and M. L. Rice, “The influence of gender on attitudes, per-
ceptions, and uses of technology,” J. Res. Technol. Educ., vol. 39, no. 2,
pp. 119–132, 2006.

[32] CSTA National Secondary School Computer Science Survey:
Comparison of Results From 2005, 2007, 2009, 2011, and 2013 Surveys,
Comput. Sci. Teachers Assoc., New York, NY, USA, 2013.

[33] L. Carter, “Why students with an apparent aptitude for computer science
don’t choose to major in computer science,” presented at the Special
Interest Group Comput. Sci. Edu., Houston, TX, USA, 2006, pp. 27–31.

[34] J. Margolis and A. Fisher, Unlocking the Clubhouse: Women in
Computing. Cambridge, MA, USA: MIT Press, 2002.

[35] K. Kelly, D. A. Dampier, and K. Carr, “Willing, able, and unwanted:
High school girls’ potential selves in computing,” J. Women Minorities
Sci. Eng., vol. 19, no. 1, pp. 67–85, 2013.

[36] S. Cheryan, B. J. Drury, and M. Vichayapai, “Enduring influence of
stereotypical computer science role models on women’s academic aspi-
rations,” Psychol. Women Quart., vol. 37, no. 1, pp. 72–79, Mar. 2013.

[37] S. Cheryan, A. N. Meltzoff, and S. Kim, “Classrooms matter: The design
of virtual classrooms influences gender disparities in computer science
classes,” Comput. Educ., vol. 57, no. 2, pp. 1825–1835, Sep. 2011.

[38] S. Cheryan and V. C. Plaut, “Explaining underrepresentation: A theory of
precluded interest,” Sex Roles, vol. 63, nos. 7–8, pp. 475–488, Oct. 2010.

[39] S. Cheryan, V. C. Plaut, P. G. Davies, and C. M. Steele, “Ambient
belonging: How stereotypical cues impact gender participation in
computer science,” J. Personality Soc. Psychol., vol. 97, no. 6,
pp. 1045–1060, 2009.

[40] S. Cheryan, V. C. Plaut, C. Handron, and L. Hudson, “The stereotyp-
ical computer scientist: Gendered media representations as a barrier to
inclusion for women,” Sex Roles, vol. 69, nos. 1–2, pp. 58–71, Jul. 2013.

[41] J. Appianing and R. N. Van Eck, “Gender differences in college stu-
dents’ perceptions of technology-related jobs in computer science,” Int.
J. Gender Sci. Technol., vol. 7, no. 1, pp. 28–56, 2015.

[42] S. Beyer, “Why are women underrepresented in computer science?
Gender differences in stereotypes, self-efficacy, values, and interests and
predictors of future CS course-taking and grades,” Comput. Sci. Educ.,
vol. 24, nos. 2–3, pp. 153–192, 2014.

[43] A. H. Huffman, J. Whetten, and W. H. Huffman, “Using technol-
ogy in higher education: The influence of gender roles on technology
self-efficacy,” Comput. Human Behav., vol. 29, no. 4, pp. 1779–1786,
Jul. 2013.

[44] M. B. Rosson, J. M. Carroll, and H. Sinha, “Orientation of undergrad-
uates toward careers in the computer and information sciences: Gender,
self-efficacy and social support,” ACM Trans. Comput. Educ., vol. 11,
no. 3, pp. 1–23, Oct. 2011.

[45] S. Beyer and S. Haller, “Gender differences and intragender differences
in computer science students: Are female CS majors more similar to
male CS majors or female nonmajors?” J. Women Minorities Sci. Eng.,
vol. 12, no. 4, pp. 337–365, 2006.

[46] S. Beyer, K. Rynes, J. Perrault, K. Hay, and S. Haller, “Gender differ-
ences in computer science students,” presented at the Special Interest
Group Comput. Sci. Educ., Reno, NV, USA, 2003, pp. 49–53.

[47] D. M. Wilson, R. Bates, E. P. Scott, S. M. Painter, and J. Shaffer,
“Differences in self-efficacy among women and minorities in STEM,”
J. Women Minorities Sci. Eng., vol. 21, no. 1, pp. 27–45, 2015.

[48] J. M. Cohoon, “Toward improving female retention in the computer
science major,” Commun. ACM, vol. 44, no. 5, pp. 108–114, 2001.

[49] J. Margolis, A. Fisher, and F. Miller, “The anatomy of interest: Women
in undergraduate computer science,” Women’s Stud. Quart., vol. 28,
nos. 1–2, pp. 104–127, 2000.

[50] B. Spice, “Press release: Women comprise 40 percent of computer sci-
ence majors among Carnegie Mellon’s incoming first-year class,” School
Comput. Sci., Carnegie Mellon Univ., Pittsburgh, PA, USA, Tech. Rep.,
Jun. 5, 2014. [Online]. Available: https://www.cmu.edu/news/stories/
archives/2014/june/june5_womenincomputerscience.html

[51] “Women, minorities and persons with disabilities in science and engi-
neering,” Nat. Center Sci. Eng. Stat., Nat. Sci. Found., Arlington, VA,
USA, Tech. Rep. NSF 13-304, 2013.

[52] A. Bandura, Self-Efficacy: The Exercise of Control. New York, NY, USA:
W. H. Freeman, 1997.

[53] R. M. Marra, K. A. Rodgers, D. Shen, and B. Bogue, “Women engi-
neering students and self-efficacy: A multi-year, multi-institution study
of women engineering student self-efficacy,” J. Eng. Educ., vol. 98, no. 1,
pp. 27–38, 2009.

[54] A. M. Lopez, K. Zhang, and F. G. Lopez, “Gender and race:
Stereotyping, coping selfefficacy and collective self-esteem in the CSET
undergraduate pipeline,” presented at the Front. Educ., Saratoga Springs,
NY, USA, 2008, pp. F4B-20–F4B-25.

[55] K. Redmond, S. Evans, and M. Sahami, “A large-scale quantitative study
of women in computer science at Stanford University,” presented at the
Special Interest Group Comput. Sci. Educ., Denver, CO, USA, 2013,
pp. 439–444.

[56] L. Barker, “Student and faculty perceptions of undergraduate research
experiences in computing,” ACM Trans. Comput. Educ., vol. 9, no. 1,
pp. 1–28, Mar. 2009.

[57] T. L. Crenshaw, E. W. Chambers, H. Metcalf, and U. Thakker,
“A case study of retention practices at the University of Illinois at
Urbana-Champaign,” presented at the Special Interest Group Comput.
Sci. Educ., Portland, OR, USA, 2008, pp. 412–416.

[58] E. A. Larsen and M. L. Stubbs, “Increasing diversity in computer sci-
ence: Acknowledging, yet moving beyond, gender,” J. Women Minorities
Sci. Eng., vol. 11, no. 2, pp. 139–169, 2005.

[59] K. Garvin-Doxas and L. J. Barker, “Communication in computer science
classrooms: Understanding defensive climates as a means of creating
supportive behaviors,” ACM J. Educ. Resour. Comput., vol. 4, no. 1,
pp. 1–18, 2004.

[60] R. M. Powell, “Improving the persistence of first-year undergradu-
ate women in computer science,” ACM SIGCSE Bull., vol. 40, no. 1,
pp. 518–522, 2008.

[61] R. Varma, “Exposure, training, and environment: Women’s participa-
tion in computing education in the United States and India,” J. Women
Minorities Sci. Eng., vol. 15, no. 3, pp. 205–222, 2009.

[62] E. L. Chao and P. L. Rones, “Women in the labor force: A databook,”
Dept. Labor Stat., Washington, DC, USA, Tech. Rep. 1002, Sep. 2007.

[63] H. L. Solis and K. Hall, “Women in the labor force: A databook,” Dept.
Labor Stat., Washington, DC, USA, Tech. Rep. 1011, Dec. 2008.

[64] H. L. Solis and K. Hall, “Women in the labor force: A databook,” Dept.
Labor Stat., Washington, DC, USA, Rep. 1018, Sep. 2009.

[65] H. L. Solis and K. Hall, “Women in the labor force: A databook,” Dept.
Labor Stat., Washington, DC, USA, Tech. Rep. 1026, Dec. 2010.

[66] H. L. Solis and K. Hall, “Women in the labor force: A databook,” Dept.
Labor Stat., Washington, DC, USA, Tech. Rep. 1034, Dec. 2011.

[67] “Women in the labor force: A databook,” Dept. Labor Stat., Washington,
DC, USA, Tech. Rep. 1040, Feb. 2013.

[68] “Women in the labor force: A databook,” Dept. Labor Stat., Washington,
DC, USA, Tech. Rep. 1049, May 2014.

[69] “Women in the labor force: A databook,” Dept. Labor Stat., Washington,
DC, USA, Tech. Rep. 1053, Dec. 2014.

[70] M. Wardell, S. Sawyer, J. Mitory, and S. Reagor, “Gender and IT pro-
fessionals in the United States: A survey of college graduates,” J. Soc.
Econ. Relations Work, vol. 16, no. 3, pp. 39–58, 2006.

[71] E. M. Trauth, “Odd girl out: An individual differences perspective
on women in the IT profession,” Inf. Technol. People, vol. 15, no. 2,
pp. 98–118, 2002.

[72] E. M. Trauth, “Theorizing gender and information technology research
using the individual differences theory of gender and IT,” in The
Encyclopedia of Gender and Information Technology, E. M. Trauth, Ed.
Hershey, PA, USA: Idea Group, 2006, pp. 1154–1159.

[73] E. M. Trauth, J. L. Quesenberry, and A. J. Morgan, “Understanding the
under representation of women in IT: Toward a theory of individual
differences,” in Proc. ACM SIGMIS Conf. Comput. Pers. Res., Tucson,
AZ, USA, 2004, pp. 114–119.

https://www.cmu.edu/news/stories/archives/2014/june/june5_womenincomputerscience.html
https://www.cmu.edu/news/stories/archives/2014/june/june5_womenincomputerscience.html


This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

MAIN AND SCHIMPF: UNDERREPRESENTATION OF WOMEN IN COMPUTING FIELDS: SYNTHESIS OF LITERATURE 9

[74] J. L. Quesenberry, “Career anchors and organizational culture: A study
of women in the IT workforce,” in Proc. ACM SIGMIS CPR Conf.,
Claremont, CA, USA, 2006, pp. 342–344.

[75] J. L. Quesenberry and E. M. Trauth, “What do women want? An inves-
tigation of career anchors among women in the IT workforce,” in Proc.
ACM SIGMIS CPR Conf. Comput. Pers. Doctoral Consort. Res. Conf.
Glob. Inf. Technol. Workforce, St. Louis, MO, USA, 2007, pp. 122–127.

[76] E. M. Trauth, J. L. Quesenberry, and H. Huang, “Retaining women in the
U.S. IT workforce: Theorizing the influence of organizational factors,”
Eur. J. Inf. Syst., vol. 18, no. 5, pp. 476–497, 2009.

[77] D. J. Armstrong, C. K. Riemenschneider, M. W. Allen, and M. F. Reid,
“Advancement, voluntary turnover and women in IT: A cognitive study
of work–family conflict,” Inf. Manag., vol. 44, no. 2, pp. 142–153, 2007.

[78] C. K. Riemenschneider, D. J. Armstrong, M. W. Allen, and M. F. Reid,
“Barriers facing women in the IT work force,” DATABASE Adv. Inf.
Syst., vol. 37, no. 4, pp. 58–78, 2006.

[79] D. J. Armstrong and C. K. Riemenschneider, “The barriers facing women
in the information technology profession: An exploratory investigation
of ahuja’s model,” in Proc. 52nd ACM Conf. Comput. People Res.,
Singapore, 2014, pp. 85–96.

[80] D. J. Armstrong, C. K. Riemenschneider, M. F. Reid, and J. E. Nelms,
“Challenges and barriers facing women in the IS workforce: How far
have we come?” in Proc. 49th SIGMIS Annu. Conf. Comput. Pers. Res.,
San Antonio, TX, USA, 2011, pp. 107–112.

[81] I. R. Guzman, K. R. Stam, and J. M. Stanton, “The occupational culture
of IS/IT personnel within organizations,” DATABASE Adv. Inf. Syst.,
vol. 39, no. 1, pp. 33–50, 2008.

[82] I. R. Guzman et al., “A qualitative study of the occupational subcul-
ture of information systems employees in organizations,” in Proc. ACM
SIGMIS CPR Conf., Tucson, AZ, USA, 2004, pp. 74–80.

[83] I. R. Guzman and J. M. Stanton, “Women’s adaptation to the IT culture,”
Women’s Stud., vol. 37, no. 3, pp. 202–238, 2008.

[84] E. M. Trauth, J. L. Quesenberry, and B. Yeo, “Environmental influences
on gender in the IT workforce,” ACM SIGMIS Database, vol. 39, no. 1,
pp. 8–32, 2008.

[85] J. B. Windeler and C. Riemenschneider, “Organizational commitment of
IT workers: Leader support and differences across gender and race,” in
Proc. Annu. Conf Comput. People Res., Cincinnati, OH, USA, pp. 3–14.

[86] H. C. Webb and M. B. Rosson, “Exploring careers while learning
Alice 3D: A summer camp for middle school girls,” presented at the
Special Interest Group Comput. Sci. Educ., Dallas, TX, USA, 2011,
pp. 377–382.

[87] L. L. Werner, S. Campe, and J. Denner, “Middle school girls +
games programming = information technology fluency,” presented at
the Special Interest Group Inform. Technol. Educ., Newark, NJ, USA,
2005, pp. 301–305.

[88] C. Hulsey, T. B. Pence, and L. F. Hodges, “Camp CyberGirls: Using
a virtual world to introduce computing concepts to middle school girls,”
presented at the Special Interest Group Comput. Sci. Educ., Atlanta,
GA, USA, 2014, pp. 331–336.

[89] A. Robinson and M. A. Pérez-Quiñones, “Underrepresented middle
school girls: On the path to computer science through paper proto-
typing,” presented at the Special Interest Group Comput. Sci. Educ.,
Atlanta, GA, USA, 2014, pp. 97–102.

[90] J. Freeman et al., “Engaging underrepresented groups in high
school introductory computing through computational remixing with
EarSketch,” presented at the Special Interest Group Comput. Sci. Educ.,
Atlanta, GA, USA, 2014, pp. 85–90.

[91] G. C. Gannod, J. E. Burge, V. Mcle, M. Doyle, and K. C. Davis,
“Increasing awareness of computer science in high school girls,”
presented at the Front. Educ., Madrid, Spain, 2014, pp. 1–8.

[92] M. Guzdial, B. Ericson, T. Mcklin, and S. Engelman, “Georgia com-
putes! An intervention in a US state, with formal and informal education
in a policy context,” ACM Trans. Comput. Educ., vol. 14, no. 2, pp. 1–29,
Jun. 2014.

[93] M. Sands, J. Evans, and G. D. Blank, “Widening the K-12 pipeline at
a critical juncture with flash,” J. Comput. Sci. Colleges, vol. 25, no. 6,
pp. 181–190, 2010.

[94] T. Dahlberg, T. Barnes, K. Buch, and A. Rorrer, “The STARS alliance:
Viable strategies for broadening participation in computing,” ACM Trans.
Comput. Educ., vol. 11, no. 3, pp. 1–25, Oct. 2011.

[95] J. Goode and J. Margolis, “Exploring computer science: A case study
of school reform,” ACM Trans. Comput. Educ., vol. 11, no. 2, pp. 1–16,
Jul. 2011.

[96] E. S. Weisgram and R. S. Bigler, “The role of attitudes and intervention
in high school girls’ interest in computer science,” J. Women Minor. Sci.
Eng., vol. 12, no. 4, pp. 325–336, 2006.

[97] Building a Foundation for CS for All,” Nat. Sci. Found., Arlington,
VA, USA, Jan. 2016. [Online]. Available: http://www.nsf.gov/
news/news_summ.jsp?cntn_id=137529&WT.mc_id=USNSF_51&
WT.mc_ev=click

Joyce B. Main received the Ed.M. in administration, planning, and social
policy from the Harvard Graduate School of Education, and the Ph.D. degree
in learning, teaching, and social policy from Cornell University. She is an
Assistant Professor of engineering education with Purdue University. She uses
quantitative and qualitative research methods to examine engineering students’
academic pathways and transition to professional engineering practice. She
was a recipient of the 2014 American Society for Engineering Education
Educational Research Methods Apprentice Faculty Award, the 2015 Frontiers
in Education Faculty Fellow Award, and the National Science Foundation
Faculty Early Career Development Program (CAREER) Award in 2017.

Corey Schimpf received the Ph.D. degree in engineering education from
Purdue University where his dissertation research explored the use of
Minecraft to teach early engineering college students about the design pro-
cess. He is a Learning Analytics Scientist with the non-for-profit Concord
Consortium, which develops technology and curriculum for STEM learning
in K–12. Two major strands of his work revolve around learning ana-
lytics/educational data mining and the underrepresentation of women and
minorities in STEM fields. In the first strand, his work focuses on the develop-
ment and analysis of learning analytics that model students’ cognitive states or
strategies from fine-grained computer-logged data of students’ participation in
open-ended science and engineering projects as well as assistive software for
researchers engaged in these methods. In the second strand of work, he exam-
ines the effects of policies on underrepresentation and patterns in retention
and attrition in STEM fields for underrepresented groups.

http://www.nsf.gov/news/news_summ.jsp?cntn_id=137529&WT.mc_id=USNSF_51&WT.mc_ev=click
http://www.nsf.gov/news/news_summ.jsp?cntn_id=137529&WT.mc_id=USNSF_51&WT.mc_ev=click
http://www.nsf.gov/news/news_summ.jsp?cntn_id=137529&WT.mc_id=USNSF_51&WT.mc_ev=click

