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ABSTRACT  
In order to enhance participation in computer science for girls of 
color, this study examines the outcomes of a rigorous out-of-
school culturally relevant computer science intervention designed 
to engage underrepresented students in computing.  Findings 
demonstrated that within-race gender differences exist in early 
interest in computing. Female students of color demonstrated 
significantly lower engagement and interest in computing, 
suggesting that being a member of a marginalized gender group 
plays a unique role and has a multiplying (negative) effect. 
Further, there were still significant gender differences in 
computing engagement after participation in one summer of the 
computer science intervention.  Promising outcomes were 
revealed among a group of students who chose to enroll in the 
optional Advanced Placement CS A preparatory course; there 
were no gender differences in enrollment and completion of the 
course. In examining longitudinal outcomes, gender is a 
significant predictor of majoring in computer science in college, 
with male students much more likely to major in computer 
science than female students.  These findings have important 
implications for addressing the gender gap in computing, 
including understanding how the intersection of race and gender 
presents unique barriers and challenges for women of color in 
computing, and that interventions to broaden participation in 
computing must address the unique experiences of women of 
color.  
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1 INTRODUCTION 
Addressing disparities in the participation of women and girls in 
computing and technology remains an economic imperative for 
countries across the globe [9,19].  Given the increasing demand 
 
Permission to make digital or hard copies of all or part of this work for personal or 
classroom use is granted without fee provided that copies are not made or distributed 
for profit or commercial advantage and that copies bear this notice and the full 
citation on the first page. Copyrights for components of this work owned by others 
than ACM must be honored. Abstracting with credit is permitted. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. Request permissions from Permissions@acm.org.  
ITiCSE’17, July 3–5, 2017, Bologna, Italy.  
© 2017 ACM. ISBN 978-1-4503-4704-4/17/07...$15.00. 
DOI: http://dx.doi.org/10.1145//3059009.3059054 
 
 

 
for highly skilled technology workers to contribute to economic 
growth and development among both OECD countries and non-
OECD countries with emerging economies [19], the lack of 
participation of women and girls represents a loss of potential 
talent.  Women comprise just 25% of the global computing 
workforce and roughly 30% of the computing workforce in 
Europe [6]. Rates of participation in computing among women in 
computing has been as low as 10% in some countries [9]. On 
average, gender disparities in computing are considerably wider 
in countries without substantive technology infrastructure, 
however sizeable gender disparities also exist in countries with 
high technology adoption rates [11].  In the United States, which 
has the largest technology market in the world, women comprise 
just 25% of the technology and computing workforce 
[2].  Therefore, parity of representation of women in the global 
computing workforce could drive economic growth in 
industrializing countries while satisfying demand for computing 
workers in the technology sector and spurring innovation in the 
expanding number of global labor market sectors which depend 
upon computing skills. 
 
While global participation rates are low for all women in 
computing, women of non-European descent tend to be even 
more underrepresented in the global technology workforce than 
their peers of European descent.  Using the United States as an 
example, women from racial/ethnic groups underrepresented in 
computing and technology (African American, Latinx, Native 
American, Native Hawaiian, and Pacific Islander) comprise 20% 
of the general population and just 4% of the computing workforce 
[23].  Further, they account for 39% of the female population and 
only 26% of the Bachelor’s degrees awarded to women in 
computer science [1]. While data sources are difficult to obtain 
and standardize across contexts [12], research suggests that 
women of color in nearly all national contexts face a number of 
specific cultural, psychological and economic barriers to 
technology access, education, and career opportunities at the 
intersection of race and gender (18, 19). Examining the barriers, 
experiences, and outcomes of women of color in computing in the 
largest technology markets may inform programming for women 
and girls in other regions and countries, and provide evidence and 
opportunities to address disparities in the participation of all 
women in computing across contexts. This research builds upon 
existing research about the double-bind facing women of color in 
STEM fields [18], by examining gender differences in computing 
interest, participation, and outcomes among a sample of 
underrepresented high school students in the United States.   
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2 THEORETICAL FRAMEWORK 
In order to examine gender differences in the experiences and 
outcomes within computer science, this research draws upon 
theories of intersectionality and critical race theory. Crenshaw’s 
theory of intersectionality (1991) posits that individuals have 
multiple identities, and that individuals already marginalized by 
their racial/ethnic identities may be further marginalized by their 
other identities, including gender, sexual orientation, 
socioeconomic status, and (dis)ability. These identities are 
experienced collectively and are inseparable from one another 
[8]. Thus, for women of color in computing, it follows that there 
are unique barriers resulting from the intersection of race and 
gender, which differ from the barriers experienced by individuals 
with just one of those marginalized identities [18].  Critical race 
theory has been used to conceptualize racial disparities in 
educational contexts as a function of structural and institutional 
racism manifested in schools and society [14]. In the computing 
education pipeline, structural disparities detrimentally affecting 
students of color can be seen in a lack of access to school funding 
and resources [7], computer science courses [5,16], and access to 
relevant and engaging curriculum [10].  Additional social and 
psychological barriers emerge as a reaction to being from a 
marginalized group [15], affecting students of color and women 
in computing. These barriers include stereotypes about ability 
[21], a lack of diverse role models [22], stereotype threat and 
disidentification within a domain associated with being a member 
of a marginalized group [21], and stereotypical cues within 
computer science environments [3]. While these barriers affect 
students of color and women, it follows that women of color face 
unique barriers as a result of having dual marginalized identities. 
 
 

 
 
 
 
 

Figure 1:  Conceptual Model for STEM Program CS Initiatives 
 
 
This research will build upon the theoretical frameworks of 
intersectionality and critical race theory to further explore 
whether there are unique barriers faced by women of color that 
affect their interest, participation, and persistence in computer 
science. This research will go beyond examinations of 
experiences of girls of color [20], and look comparatively at 
experiences and outcomes of both gender groups to further 
explore the double-bind facing women and girls of color in 
computing. Given the underrepresentation of women in 
computing across the globe, this research can contribute to 
understanding of unique experiences of women of color and has 
implications for informing interventions to increase participation 
of women of color in computing.  
 

3 METHODOLOGY 

3.1 Research Questions 
To examine whether there is evidence of a double-bind affecting 
the outcomes of women of color in computing, this study 
explores the following research questions: (1) Among 
underrepresented high school students participating in a rigorous 
summer intervention program, do gender differences exist in 
computer science interest and aspirations? and (2) Do existing 
gender differences persist in participation in AP CS A courses in 
high school and the pursuit and completion of computer science 
degrees? 
 
3.2 Program Context 
This study took place within a 5-week, 3-summer science, 
technology, engineering and mathematics (STEM) program 
serving underrepresented high school students across four sites in 
Northern and Southern California. Students are admitted to the 
program in the summer between 9th and 10th grade, and attend 
for three consecutive summers.  The academic programming 
includes: math, science, and computer science core courses, an 
engineering design course, and college preparation activities in 
addition to a youth development-focused residential program with 
lessons and activities related to social, emotional, and leadership 
development.  This research specifically examines the impact of 
the computer science intervention components on student  
outcomes. The computer science intervention includes a three- 
sequence computer science course, taken by all students, with  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
curriculum adapted from Exploring Computer Science (CS1), 
Beauty and Joy of Computing (CS2), and AP Computer Science 
A (CS3; College Board, 2016; UC Berkeley and Education 
Development Center, 2012; GSEIS, Center X, 2004). Each course 
provides 37.5 total hours of instruction per summer, for a total of 
112.5 hours.  Students have the option of participating in an 
additional AP CS preparatory course during their senior year 
which prepares students to take the AP CS A exam. All of the 
computer science programming and activities are situated within 
a culturally relevant and responsive pedagogical framework and 
provide exposure to diverse computer science role models, 
diverse instructors, and support networks of diverse peers (Figure 
1).   
 

BARRIERS 
 

• Lack of access to 
rigorous CS courses 

• Lack of access to 
diverse peers and role 
models in CS 

• Social/psychological 
barriers (identification, 
belonging, stereotypes) 

Culturally Relevant and 
Responsive Pedagogical 

Framework 
 

 

SHORT-TERM OUTCOMES 
 

• Computer science knowledge  
• Attitudes toward CS 
• Identification with CS 
• Belonging in STEM 
• Decreased racial stereotypes 
• Decreased gender stereotypes 
• Access to diverse CS role models  
• Network of STEM/CS peers 
• Leadership skills 
• CS college and career aspirations 

LONG-TERM 
OUTCOMES 

 

• Declare CS major 
• Persist in CS 
• Graduate with CS degree 
• Community impact via 

changed CS industry 
demographics 

INTERVENTIONS 
 

• Multi-year CS course sequence 
• Culturally responsive pedagogy 

and curriculum 
• Exposure to diverse CS role 

models, peers, and instructors 
• Leadership growth 

opportunities inside and outside 
of the CS classroom 
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3.3 Participants  
Three samples were included in this study: (1) a sample of current 
high school students who participated in the program during the 
summer of 2016, (2) a sample of participants in 2014 and 2015 
who enrolled in the optional AP CS A preparatory course, and (3) 
a sample of current college students who previously participated 
in the program in 2014 and 2015.  In Sample 1, participants were 
recruited for this research study through a verbal invitation given 
during the program orientation meeting attended by students and 
their parents. A total of n=205 students consented to participate in 
the research study and completed both the pre and post-survey 
(80% participation rate).  All participants were members of 
racial/ethnic groups underrepresented in STEM fields, relative to 
their percentage of the United States population. The majority of 
participants were Hispanic/Latinx (52%), Black/African 
American (34%) and Southeast Asian (8%), with participants 
classified as “other” or “multiracial” comprising the remaining 
6%. The sample consisted of slightly more females (53%) than 
males (47%). Tenth graders were 43% of the sample, with 11th 
and 12th graders comprising 30% and 27%, respectively. The 
majority of students came from low-income households, as 
determined by federal qualification for Free/Reduced Price Lunch 
(78%).  Seventy-six percent of the students will be the first in 
their family to complete college.  All students attended high 
schools in California, in the San Francisco Bay Area and Los 
Angeles Area; with 92% attending public schools. 
 
In Sample 2 and Sample 3, demographic data and program 
participation data were collected from program records of 
participants from 2014 and 2015. A total of 183 students 
participated in the program during that time, and of those 
participants, 71 (39%) chose to enroll in the optional AP CS A 
preparatory course during their senior academic year.  58% were 
male and 42% were female; 28% were African American and 
62% were Latinx, with the remaining 10% from other 
underrepresented backgrounds. In Sample 3, students who had 
previously participated in the program were contacted by email 
and invited to complete a follow-up survey.  A total of 129 
students who participated in 2014 and 2015 completed the survey. 
In addition, educational data of 6 students from the 2014 and 
2015 cohorts were captured from their recently updated LinkedIn 
profiles for an aggregated total of 135. Eighty-seven percent of 
those were enrolled in four-year universities (n=117). Forty-nine 
percent of the participants were male, and 51% female. 
 
3.4 Data Collection Instruments, 

Procedures, and Analysis 
Survey instruments, reviews of program records, and focus 
groups were used to examine computer science engagement and 
participation by gender.  A pre- and post-program online survey 
containing demographic questions and 9 scales including a 
computer science engagement scale, was administered to all 
participants in Sample 1.  The computer science engagement 
scale was the only scale utilized within this study and consisted of 
6 items (α=.90) assessing interest in computer science and interest 
in pursuing computer science as a major in college and as a 
career. Items included, “I think computer science is interesting,” 
and “I am likely to major in computer science in college.” All 
items were measured on a 5-point Likert scale with higher values 
indicative of higher levels of agreement. Advanced Placement CS 

A course enrollment and participation of students within Sample 
2 was assessed using program records of student enrollment, 
participation, and completion of the AP CS A preparatory course 
in 2014-15 and 2015-16. 
 
An alumni survey was used to collect demographic data and 
student current major/field of study (in addition to other variables 
not analyzed in this study) with Sample 3 participants in the fall 
of 2016. Current enrollment in a computing major was measured 
with one open-ended item asking students to “indicate your 
current undergraduate major.” Responses that included computer 
science, computer engineering, computer programming, and 
electrical engineering were coded as computing majors.  To 
collect qualitative data on experiences with computer science in 
the program, two focus groups were held during the summer of 
2016 with 11 female and 6 male students.  For the purposes of 
this study, only the female responses were utilized.  A focus 
group protocol consisting of nine questions focusing on 
engagement, learning, and interest, was utilized, including items 
such as “How, if at all, did your [program name] computer 
science class affect how you feel about computer science?” and 
“What have you learned in computer science that really stands out 
to you?” 
 
Descriptive analyses were used to examine the frequency of 
student participation, course completion, and test-taking rates, by 
gender.  Descriptive analyses were also used to examine post-
secondary outcomes by gender. Independent-samples t-tests and 
regression analyses were used to examine whether male and 
female participants differed significantly in CS engagement and 
whether gender was a significant predictor of post-program CS 
engagement levels, AP CS A participation, and college CS 
major.  Focus group notes and transcripts were analyzed utilizing 
qualitative analysis software, and qualitative and quantitative data 
were triangulated to synthesize findings. 
 
4 FINDINGS 

4.1 Computer Science Interest and 
Engagement by Gender 

Prior to entering the program, male students had significantly 
higher levels of engagement than female participants (MDIFF = 
0.33, 95% CI [0.13, 0.54], t(203) = 3.183, p = .002.), 
demonstrating initial gender differences even among racially 
underrepresented populations (MM=3.82, SD=.66 vs MF=3.49, 
SD=.83). Computer science engagement from pre- to post-
program was then analyzed to determine whether the intervention 
resulted in significant increases in computer science engagement. 
While there were no significant increases in CS engagement from 
pre- to post-program overall, t(200) = -.68, p = n.s (MPRE=3.66, 
SD=.76 to MPOST=3.69, SD=.86), regression analyses showed 
several demographics, including gender to be a significant 
predictor of post-program CS engagement scores. This finding 
revealed female participants were less likely to be engaged in CS 
than male participants (β = -.33, p<.001). Qualitative data from 
surveys confirmed quantitative findings that disparities by gender 
exist in student perceptions of their “favorite course.”  Although 
girls represent 53% of participants, just 23% listed computer 
science as their “favorite,” compared to 39% of male participants 
(Figure 2). Of the girls who chose computer science as their 
favorite course, 21% had just completed their first computer 
science course in the program. However, 50% of girls who listed 
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computer science as their favorite class were in their second year 
of the program, suggesting that taking multiple CS courses may 
increase interest in computer science among girls of color. This 
indicates two important findings: (1) girls of color started out 
with less interest in computer science, but this interest grew over 
time, and (2) the intervention had differential effects on males 
versus females, with the intervention unable to close the gender 
gap in interests and aspirations in computer science, even though 
students received the same intervention and were from otherwise 
similar demographic backgrounds. 
 

 
Figure 2. CS As Favorite Course, by Gender 
 
Additional qualitative data from girls who listed computer science 
as their favorite course revealed promising practices and 
interventions that could be implemented to address barriers to 
participation among girls of color. Among girls who were highly 
engaged in computer science, themes of seeing CS as “fun and 
interesting” and “challenging” and seeing its relevance to their 
other interests (e.g. music, video games) were described. They 
also described the lack of exposure to CS in their high school and 
how exposure to the program’s CS courses made them aware and 
interested in pursuing CS in college and career. Girls also 
indicated that teachers played a critical role in making the content 
engaging and in having high expectations of them. 
 
4.2 Advanced Placement Computer Science 

Participation and Completion by 
Gender 

To examine whether gender disparities in interest persist, the 
participation and completion rates in the optional AP Computer 
Science A preparatory course in 2014 and 2015 were examined. 
Seventy-one students chose to enroll in the optional course. Of 
these, 58% were male and 42% were female, demonstrating slight 
gender differences in enrollment rates. Of those who enrolled in 
the course, 41 (58%) of participants completed the course. Course 
completion rates and AP CS A exam completion rates were 
relatively equal by gender, with 60% of female students 
completing the course compared to 58% of males, demonstrating 
no gender disparities in persistence through the 
course.   Regression analyses further reveal gender is not a 
significant predictor of AP CS A course participation (β = .04, 
p=ns) or completion (β = .10, p=ns).  This is an important finding, 
demonstrating that of the group of students who self-select into 
the AP CS A prep course, there are no gender disparities in exam 
completion, which appears to counter the disparities seen broadly 
across the nation in AP CS A test-taking by gender [5]. 
 

4.3 Post-Secondary Computer Science 
Outcomes by Gender 

This study also aimed to examine longitudinal outcomes and 
whether gender differences in initial interest in majoring in CS 
persisted into post-secondary education, among students who 
participated in the program in 2014 and 2015.  Among the 117 
program alumni currently attending 4-year colleges/universities, 
24% of were declared CS majors.  Males comprised the 
overwhelming majority of the CS majors (79%), while females 
comprised just 21%. Regression analyses demonstrated that 
gender is a significant predictor of majoring in CS in college, 
with female participants less likely to be CS majors than males (β 
= -.35, p=.00).  This finding provides further evidence of the 
persistence and prevalence of female underrepresentation in the 
CS in post-secondary education, despite early interventions. 
Further, participation in the AP CS A course was a significant 
predictor of majoring in CS for male students (β = -.26, p=.05), 
but not for female students (β = -.03, p=ns). This is an interesting 
finding, suggesting that although previous research has 
demonstrated that participation in advanced computing courses 
are strong predictors of majoring in computer science in college 
[16], in this sample, taking a course did not increase the 
likelihood of majoring in CS for female students, further 
suggesting unique disparities among young women of color in 
computing. 
 
5 CONCLUSIONS AND IMPLICATIONS 
In computing and technology, there are vast disparities in 
participation by gender, with women underrepresented in 
computing worldwide.  Within the United States context, where 
both women and people of color are underrepresented in 
computing, evidence suggests there are additional barriers 
affecting women of color who are marginalized by both race and 
gender [17,18]. Expanding upon this body of theoretical and 
empirical evidence, this study examined short and long-term 
outcomes of a sample of underrepresented high school students of 
color who participated in computing courses, and found that 
within-race gender differences exist in early interest in 
computing. Despite having similar racial and socioeconomic 
backgrounds, female students of color demonstrated significantly 
lower engagement and interest in computing, suggesting that 
being a member of a marginalized gender group plays a unique 
role and has a multiplying (negative) effect. Further, participation 
in the computing intervention alone did not close the gender gap; 
there were still significant gender differences in computing 
engagement after participation in one summer of the CS 
intervention.  Promising findings were revealed among a small 
and self-selected group of students, who chose to enroll in the 
optional AP CS A preparatory course; there were no gender 
differences in enrollment and completion of the AP CS A course. 
In examining longitudinal outcomes however, gender is a 
significant predictor of majoring in computer science in college, 
with male students much more likely to major in computer 
science than female students.  Participation in AP CS A in high 
school was only a significant predictor of majoring in computing 
in college for male students, but not female students.  These 
findings have important implications for addressing the gender 
gap in computing, including understanding how the intersection 
of race and gender presents unique barriers and challenges for 
women of color in computing, and that interventions to broaden 
participation in computing must address the unique experiences 
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of women of color. Interventions that provide short-term 
engagement and exposure to computer science may not be 
sufficient to address race and gender barriers to 
computing.  Additional research is needed to understand initial 
barriers and experiences which affect early engagement and 
interest in computing for women of color and promising practices 
that increase and promote engagement in computing throughout 
high school, and thus increase participation and persistence in 
computing in college.  Research within same-gender and different 
race context can also provide further evidence about effective 
intervention strategies. Expanding this body of research will have 
implications for broadening participation among women in 
computing in nations across the globe. 
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