
Tracing Participation Beyond Computing Careers: How 

Women Reflect on Their Experiences in Computing 

Programs 

MELISSA PEREZ and PATRICIA GARCIA , University of Michigan 

Norms and values in computing education are constantly changing as dominant narratives about the role 

of computing in society evolve over time. Within the current evolving landscape of computing education, 

researchers and practitioners have advocated for ensuring people from all backgrounds, and particularly 

women, non-binary, and Black, Indigenous, and Latinx people, are able to participate equitably within the 

field of computing. Yet, the values of computing educational experiences are narrowly framed within career 

outcomes, such as securing a career in computing, leaving many important experiences and ways of partic- 

ipating in the field out of the picture. To address this, we conducted reflective interviews with women who 

participated in broadening participation in computing (BPC) programs to understand their perceptions of 

computing and how it aligns (or not) with what they value about their experiences in computing learning 

environments. We investigate the following research questions: (1) How do women who participated in BPC 

programs describe their perceptions of computing? (2) How do those perceptions align or misalign with the 

program outcomes they valued? The findings from our study call attention to tensions arising from center- 

ing “computing careers” in BPC work and highlight the outcomes of participation valued by the women in 

our study, such as developing communities and relationships, gaining communication skills, and expanding 

perspectives on skills computer scientists should possess. 
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 INTRODUCTION 

isparities in the participation of women and racialized minorities in computing continue to per-
ist despite increased efforts to broaden participation in computing. The disparity is significantly
reater for women who also identify as racialized minorities due to the cumulative effects of sex-
sm and racism on their educational experiences and overall life chances. While there are nu-
erous compounding factors that negatively impact computing participation rates, prior research
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as identified a narrow focus on white cisheteropatriarchal capitalist notions of computing as
 limiting factor contributing to the persistent exclusion of women and racialized minorities in
omputing [ 1 ]. Based on white cisheteropatriarchal ideals, these models of computing offer learn-
rs a limited notion of participation in computing that values economic benefit and focuses on
ncreasing the number of women and racialized minorities in the “tech pipeline.” In this article,
e challenge these limited notions of participation through a reflective study of the experiences
f women who participated in Broadening Participation in Computing (BPC) programs. Of-
en funded by federal and philanthropic agencies, BPC programs aim to significantly increase the
articipation of women, racialized minorities, and other underrepresented groups in computing.
ather than analyze their experiences through the limited lens of whether or not they pursued a
egree or career in computing, this study uses a reflective interview process to surface the BPC
rogram experiences that the women, most of whom also identified as racialized minorities, found
eaningful several years after their participation and investigate how those experiences impacted
heir perceptions of computing and life trajectories. 
Our reflective interview process incorporated a photo elicitation activity to answer the follow-

ng research questions: (1) How do women who participated in BPC programs describe their
erceptions of computing? (2) How do those perceptions align or misalign with the program out-
omes they valued? We draw from the theoretical framework of figured worlds [ 4 ] to examine
omputing as a social practice people engage in over time, with regard to particular dimensions of
he practice. Given our research aim, our data analysis focused on understanding how the prac-
ices, actors, objects, and outcomes that surfaced in the women’s interview responses influenced
heir perceptions of computing and valued participation outcomes. We draw on an expansive view
f “computing” that includes a broad range of disciplines and activities, including knowledge of
omputer science principles, fluency in specific practices such as programming, experience with
he design and development of software and hardware systems, and literacy in using digital tools
or multimedia production. 
In the following sections, we further expand on the nature of our reflective interviews by un-
acking the figured worlds theoretical framework, situating our approach within prior work, and
escribing the research design. After framing our study, we present a close analysis of three of the
omen who were interviewed and conclude with a discussion of what their responses tell us about
ow we can change our understanding of computing education environments toward a broader
iew of desired outcomes and participation endpoints [ 5 ]. Our work contributes a more expansive
ision of the value of BPC programs in ways that extend beyond limited career and educational
rajectories. By focusing on the participation outcomes and experiences prior participants valued,
e offer an alternative way to evaluate the outcomes of BPC programs that does not rely solely on
ducational and career statistics. While those statistics are important, we argue that a longer term
valuation of what “stuck” with participants years after their participation offers an opportunity to
eimagine the values and rationales of BPC programs to create more diverse forms of participation
nd to develop more equitable approaches for computing education that privilege the rationales,
otivations, and desires of learners [ 3 ]. 

 BACKGROUND 

tudents’ perceptions of computing are often cited as being a determining factor in the choice to
ajor in computer science or to pursue a computing career [ 16 , 17 ]. Yet, “perception of computing”
arries many different meanings and interpretations; for instance, a perception of computing can
e related to who participates in computing, what people who participate in computing do, or why
eople learn to program [ 6 , 18 –22 ] . Much of the research in this area has used “perception of com-
uting” to refer to one or more of these, mainly drawing on data from interviews [ 18 , 21 , 22 ] and/or
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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urveys [ 19 , 23 ]. Other work has used the activity of asking participants to “draw a computer sci-
ntist” as a method to assess students’ perceptions of computing, particularly for younger students
ho may have trouble communicating their perceptions verbally [ 20 , 23 ]. These studies demon-
trate how students from underrepresented backgrounds perceive computing as associated with
ntisocial behavior, dominated by cis-gender White and Asian men, and primarily coding [ 17 , 16 ].
These perceptions of computing often reify stereotypes, negatively impacting students’ interest

nd participation in computing and making them less likely to participate [ 16 ]. Their perceptions
f the computing field and its values are also tied to their “sense of belonging.” For example, Lewis
t al. [ 24 ] found that students from underrepresented groups in computing value community, yet
eel the work they do as computer science majors does not align with their values. 
Influenced by this body of research, many interventions focus on positively changing students’
erceptions of computing to promote a sense of belonging and attract more students to the field.
hese efforts include highlighting the creative aspects of computing [ 25 ] and introducing students
o diverse role models [ 26 , 27 ], among others. However, these still work based on the premise that
omputing, as an economic endeavor, is the center of participation. While the outcomes from these
fforts can have positive effects on learners’ “persistence” in computing, the idea that participation
n computing is based on whether or not you are in a “computing career” or major is still evident.
ersistence in this case is still defined as whether or not they continue into a narrow pathway
hrough computing. Even broad construals of “computing careers” such as user experience design
nd human-centered computing do not capture the wide range of interests students may pursue
ith computing knowledge and skills, such as creating art, teaching, contributing to policy making,
articipating in hobbies, and performing community work. The broadening of what constitutes a
computing career” may still be bounded in ways that center already dominant ways of engaging
n computing, such as coding. 
Further, the push to develop a “sense of belonging” among minoritized learners that does not ex-
and narrow conceptions of computing can be counter-productive if the computing environments
nd cultures they will “belong” to fundamentally do not welcome, respect, or value them [ 28 ].
herefore, it is as important to acknowledge, deconstruct, and reconstruct the norms and values
ontributing to the dominant narratives around computing in the long-term quest to create spaces
here students can feel like they belong and do not need to diminish their identities and practices

 29 –31 ]. Our scholarly understanding of what it means to participate in computing is incomplete
f it does not acknowledge and value the wide range of interests and goals students may pursue
ith knowledge of computing, including hobbies and community-building. Ultimately, this study
uilds directly on the idea that computing education is not about making learners into products
ho have market value because of their skills at coding or “thinking like a computer scientist.”
ather, it is an environment for working towards imagining multiple simultaneous uses and users
f computing [ 33 , 34 ]. 

 THEORETICAL FRAMEWORK: FIGURED WORLDS 

e use the figured worlds theoretical framework to examine computing as a social practice and
nalyze the experiences and perceptions of former BPC program participants. By social practice,
e refer to how participation in computing can be understood as not only learning and engaging in
 narrow set of practices, but also as sets of relationships to other people and to what computing is
nterpreted to be [ 32 ]. With this focus, figured worlds allow us to see elements of the social practice
f computing. A figured world is “a socially and culturally constructed realm of interpretation
n which particular characters and actors are recognized, significance is assigned to certain acts ,
nd particular outcomes are valued over others” [ 4 ]. Many studies focus on the perceptions of the
ctors (computer scientists), practices (programming), outcomes (major/career in computing), or
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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rtifacts (computers, circuits) of the dominant figured world of a career in computing. For example,
hen students are asked about their perceptions of computer scientists, they are drawing from
nowledge of stereotypes of this group and giving us insight into how they see actors (computer
cientists) in this figured world of computing [ 6 ]. In our work, we draw on this framework to
xplore how the participants’ perceptions of the dominant actors, practices, outcomes, and objects
f computing produce a figured world. We also explore how the participants situate themselves
ithin that world and produce alternate worlds by examining the program outcomes they valued
nd their reflections on how their experiences with computing influenced their life trajectories. 
Learners interested in computing come to understand their social position within a dominant
gured world that is structured by white supremacist and patriarchical notions of who can succeed
n computing [ 7 –10 ]. While BPC programs share the common goal of broadening participation in
omputing, the approaches they use differ; some BPC programs do not aim to explicitly challenge
ominant notions of computing and instead focus on providing learners opportunities to engage
ith the dominant actors, practices, outcomes, and objects of computing. Other BPC programs
ork to create figured worlds for learners to reinterpret the larger field of computing in ways that
xplicilty challenge white supremacist and patriarchical notions of who can succeed in computing.
hese programs are “worlds of possibility” where participants can create, imagine, and playfully
ngage with different ways of participating in computing [ 11 ]. A computational perspective [ 12 ]
an be considered a “sense” of their figured world: “an expertise in the use of cultural artifacts, that
ay come to re-mediate their positions in them” [ 4 ]. This perspective is formed as they engage
ith computational artifacts in a way they previously had not [ 13 ]. In this work, we consider
earners’ c omputational perspectives as part of their figured worlds of computing, which is reflected
rimarily in how the data generation instruments were crafted. 
The photo elicitation method, discussed in more detail below, was chosen to provide participants

n opportunity to (re)present acts, actors, and outcomes in their figured worlds of computing,
hich also draws on the physical elements of figured worlds [ 14 , 15 ]. Further, it allows us to
tructure the reflection that participants do as part of this study. Recognizing the actors, practices,
bjects, and outcomes that are part of the figured worlds of learners helps us see into what the
earners experience as part of their computing education. Understanding their perspectives and
xperiences are vital to designing new and redesigning existing learning environments with a
ocus on equity and social justice. 

 RESEARCH DESIGN 

his study was conducted in three phases: in phase 1, recruitment, we contacted, screened, and
etermined eligibility for each of the participants. After eligible participants were identified, they
ompleted an additional survey that was used to understand more of their background related to
heir (1) demographics, (2) education, (3) activities related to computing, and (4) their participation
n the program. In total, 11 of the participants completed the survey (Table 2 ). The survey responses
ere used to create (1) participant profiles that were referred to during the analysis, as well as
2) the “Program Contexts” section below. In phase 2, the participants participated in a reflective
nterview process that included a photo elicitation activity. Finally, in phase 3, we used a member-
hecking process that invited those who participated in phase 2 to comment on the researcher-
enerated themes and reflect on the anonymous experiences of others, which was used as part of
he analysis. An overview of the overall participation can be seen in Table 1 . 
All our participants are adults, some almost a decade removed from participation in their pro-

rams that they participated in during their K–12 education. For this study, it is key that the par-
icipants were distanced by time from their initial experience. That is, we are aware that it would
e hard, if not impossible, to say that these programs had any specific outcomes or direct impact
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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Table 1. Data Collection: Number of Participants for Each Stage 

Phase 1 Phase 2 Phase 3 

Program # Contacted # Screening # Ineligible # Survey # Interview # Member 
Checking 

A 13 8 0 6 7 4 

B 7 4 1 3 3 3 

C 6 4 1 2 2 1 

Total 26 16 2 11 12 8 

Table 2. Program Overviews 

Prog. Location Year # Participant Demographics Program Details 

A Texas 2017 7 Asian: 1 (14%) 
White: 2 (28%) 
Latina: 2 (28%) 
White-Asian-Middle 
Eastern/North African: 1 (14%) 
Undisclosed: 1 (14%) 

• 5 days a week/7 weeks 
• High school girls 
• Teach Scratch, HTML/CSS, and 

Python, while also discussing topics 
around the role of computing in 
society and diversity, equity, and 
inclusion in computing 

B Georgia 2016 3 Black: 1 (33%) 
Black-Latina: 1 (33%) 
White-Asian-Native 
American/Pacific Islander: 1 
(33%) 

• Yearly, week-long summer program +
school year 

• High school students 
• Java 

C Arizona 2009 2 Latina: 1 (50%) 
Undisclosed: 1 (50%) 

• Weekly over the course of a school 
year 

• Computer literacy; Scratch +
discussions around diversity, equity, 
and inclusion in computing as well as 
the impact of computing in society. 
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n their perceptions of computing so many years later. This being the case, we take the stance that
here is something to be learned from how people, particularly those operating in the margins of
omputing educational spaces, say that it impacted their lives. Further, we view their participation
n these programs as launching points for understanding what kinds of things can come out of
articipation. The span of years allows for many different influences, interventions, and events
o occur that shape how people’s lives take place. Yet, having space to reflect on particular expe-
iences allows us to begin to trace what kinds of learning, opportunities, and connections BPC
rograms can set learners up for later on in life. 

.1 Phase 1: Recruitment 

articipants were recruited through a screening form sent to programs that met the following
riteria: (1) focused on attracting women, non-binary, and gender non-conforming people, and
lack, Latinx, and Native American people into computing, and (2) taught coding of some sort
blocks-based or textual). We ultimately recruited from three programs: Program A, which was
aught by the first author and had a direct connection with the participants, and Programs B and
, who sent out emails to past participants with a screening form designed by the researchers.
articipants were chosen based on their age (over 18), gender identity at the time of participation,
nd participation in the program. The overview of each of the programs who recruited and the
articipants is below (Table 1 ). To help keep the anonymity of the participants, we will not be
sing the actual names of the programs or participants in this article. 
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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.2 Program Contexts 

rogram A was led by a team of undergraduate students in computer science and IT/computing
rofessionals. This was an independent summer program that lasted five days a week over seven
eeks. This program is held at locations across the U.S., though this study focuses on one class in
 major city in Texas in 2017. The goal of the summer program was to teach high school women
ow to code using Scratch, HTML/CSS, and Python, while also discussing topics around the role
f computing in society and diversity, equity, and inclusion in computing. Three out of the seven
43%) of the participants who were interviewed had majored in computer science. 
Program B was led primarily by undergraduate students in computer science and academic re-

earchers in computing education. It was hosted yearly at a large public university in a major
ity in Georgia. This program is a week-long summer program tied into a school-year-long pro-
ram where high school students were tutored and mentored by undergraduate students at the
niversity. All students were in Advanced Placement (AP) Computer Science A (CSA) , which
ses Java and is equivalent to a college first-year computer science course. Three out of the three
articipants (100%) who were interviewed majored in computer science. 
Program C was led by K–12 teachers, academics, and technology hobbyists who do not use

omputing extensively for their job. This program was hosted in a high school in a major city in
rizona. Weekly over the course of a school year, students learned skills to develop their com-
uter literacy as well as programming in Scratch. This program had discussions around diversity,
quity, and inclusion in computing as well as the impact of computing in society. Neither of the
articipants who were interviewed majored in computer science. 

.3 Phase 2: Reflective Activity 

o engage participants in reflective activities around their experiences, we employed photo elicita-
ion interviews. We define “reflective activity” as exercises that engage the participants in thinking
bout topics via their past experiences. We focus in particular on learning about how they think
bout computing via BPC programs and ask questions that are meant to get them thinking about
oth in relation to each other. 

4.3.1 P hoto Elicitation Interviews. P hoto elicitation interviews are structured or semi-
tructured interviews in which participants are asked to respond to and/or discuss photos to ex-
lore a specific topic [ 35 ]. The photos can come from many different sources (original, found, made,
tc.) and can be provided by the researcher or the participants themselves. These interviews are
ften used when the subject matter of the interview is or could be hard to describe in words or to
e able to discuss multiple perspectives that may not come up in a normal interview [ 35 , 36 , 38 ].
n addition, this method was chosen specifically for its affordances to represent the participants
gured worlds of computing; that is, where typically figured worlds of STEM educational envi-
onments would typically be studied in an ethnographic manner [ 39 ], we can see a participants’
gured world retroactively as they reflect on the prompts. We utilized photo elicitation interviews
ere to both have a more concrete representation of the ideas we were talking about and to allow
he participants to reflect on their responses before the interviews. 
Implementation was in two parts; in part 1, we asked participants to collect photos that re-

ponded to prompts related to the research questions, and in part 2, we conducted a reflective
nterview based off of those photos. In total, 12 participants were interviewed for this study
Table 1 ). Interviews were an hour and a half and conducted over Zoom and took place over June–
ugust 2020. The recordings were then sent to a transcription service for transcribing. 

4.3.1.1 Part 1: Photo Gathering. We asked participants to prepare photos ahead of the interview
y sending them a Word document via email containing the specific prompts and instructions for
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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Table 3. Prompts and Questions for the Photo Elicitation Interviews 

Phase 1: Photo Gathering Phase 2: Interview 

Prompt Prompt-specific Follow-up Interview 

Questions 

Please bring at least one picture that answers this 
prompt: What is “computing”? 

N/A 

Objects: Please bring at least one picture: What are tools 
you use to participate in computing? 

(1) How do you use these tools, or how do 
you think they are used? 

(2) How do you feel when you use these 
tools? 

Computational Perspective: Bring a picture that responds 
to at least one of the four prompts: “With computing, 
I can . . . ”

• . . . express myself.”
• . . . ask questions of the world, including the tech I use.”
• . . . connect with other people.”
• . . . [blank so participants can fill in] 

(1) [If they chose to write in an answer] Why 
did you choose to write one in? 

(2) [If they provided several] Which do you 
think is most relevant to your experience 
learning computing? Why? 

Actors: Please bring at least one picture that answers this 
prompt: Who comes to mind when you think of 
someone who “does computing”? 

(1) How would you describe this person? 
(2) Would this person have been different 

before you participated in this program? 

Practices: Please bring at least one picture that answers 
this prompt: How can people participate in 
computing? What do people who participate in 
computing do? 

N/A 

Outcomes: Please bring one picture for each question: 
• How did you use computing before [program name]? 
• How do you use computing now? 

N/A 

Social Position: Please bring one picture for each question: 
• What was your role during the program? 
• How are you similar or different from other people in 

that program? 

N/A 
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athering the photos. The prompts were designed to elicit responses related to different aspects of a
gured world: actors, outcomes, objects, practices, social position, and computational perspective.
or example, the prompt “Who comes to mind when you think of someone who ‘does computing’?”
Table 3 ) was meant to elicit a photo of someone who participates in computing, relating to the
ctors of their figured world of computing. These prompts, while designed to be mapped to a
articular part of a figured world, are intentionally broad and open-ended. They were designed to
ncourage the participants to think about what it means to them and how it could be represented in
 photo form. In the interview phase, more specific questions were asked to be able to tie together
ow they think about the broad prompt in relation to their experiences as a computing learner.
ach of the prompts were similarly worded (see Table 3 , column “Phase 1: Photo Gathering”). After
ompleting the activity, the participants uploaded their photos to a shared folder that allowed us
o access their photos during the interview. 

4.3.1.2 Part 2: Interview. We used the photos they uploaded in Phase 2 to conduct the photo elic-
tation interviews. We designed the interview to ask participants questions about what the photos
eant to them, why they picked them, and what stood out to them. To start the interviews, we
sked participants about their experience collecting the photos, if there was anywhere in particu-
ar they wanted to start off, and if they wanted the interviewer to share the screen with photos. If
he participant wanted to talk about one of the prompts specifically, then the conversation started
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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here. If they did not want to talk about anything specifically, then the conversation proceeded in
he order of questions below. If the discussion for one prompt led into ideas that were related to
nother prompt, then the discussion would move to that instead of following the order. For every
rompt, the interviewer started with asking the following questions: 

(1) Can you tell me how you chose this photo? 
(2) What does this photo represent to you? 
(3) Why did you choose this photo in particular? 
(4) How does this photo relate to your experience in [program name]? 
(5) How does this photo relate to the prompt [recite prompt]? 
(6) What stands out most to you about this photo? 
(7) Is there anything else you want to share about this photo? 

In addition to the general questions, the interviewer asked prompt-specific questions for select
rompts where the general questions did not capture everything we were interested in. Examples
f these questions can be seen in Table 3 under the “Prompt-specific Follow-up Interview Ques-
ions” column. These questions offer a deeper insight into how the broader prompts informed their
hinking. For example, the prompt “What is ‘computing’?” for the original photo gathering stage
ay be too broad to connect back to a specific experience that happened several years ago. How-
ver, the prompt-specific questions guided the participants to connect their photos to their time
n the program and the aspects of the program that influenced their perception of computing. 

.4 Data Analysis 

he first author performed holistic coding [ 41 ] on the transcripts of all 12 interview participants,
dentifying 57 codes from this process. Following this round of coding, the two authors collabora-
ively grouped the 57 codes into 7 larger code groups using the code descriptions (Table 4 ). In the
econd round of analysis, we analyzed the transcripts using the 7 codes and produced memos that
ocused on understanding each of the participants’ experiences. After the second round of analy-
is, the two authors discussed shared themes across the participants’ experiences. The process of
ocusing on individual experiences followed by an analysis of shared experiences allowed us to
nderstand each of the 12 participants in relation to one another while still honoring their indi-
idual ideas and experiences. To incorporate respondent validation in the study design, we used
 member-checking process to discuss the 7 code groups and sample excerpts with participants.
his is aligned with analysis methods that seek to construct knowledge from data [ 2 , 40 ], which
oth takes into account the relationship between ourselves as well as the participants to reduce
he effect of our own preconceptions about their experiences on the findings. However, we do not
eny our backgrounds have not informed our theoretical sensitivities brought to this work. 

4.4.1 Member Checking. We used member checking to shape the analysis and ensure re-
earchers’ perspectives were not the only ones included. Member checking is connected to a con-
tructivist approach, because it brings the participants into the construction of meaning from the
ata [ 42 ]. In this study, member checking was conducted through two steps. In the first step,
articipants read anonymized quotes from other participants that had been pre-selected by the
esearchers because they represented one of the 7 code groups. The participants were asked to
escribe the quote using a word or phrase (a code) and prompted to explain the rationale for
heir choice. The words or phrases chosen by the participants were compared to the researcher-
enerated codes and code groups. In the second part of the member-checking process, we shared
he 7 code groups and their corresponding descriptions with the participants. They were asked
hat their reactions, interpretations, and overall impressions of the code groups were, and their
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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Table 4. Code Groups, Related Codes, Code Group Descriptions, and Member-checking Feedback 

Code 
Group 

Related Codes Description Member-checking Feedback 

Computing 
Identity 

“creator of”; “i’m not a 
normie”; “i’m not the logical 
person”; “not becoming”; 
“user of technology”; 
computing identity; 
confidence; talking to others 
about computing; who 
participates in computing? 

Participants talk 
about how they relate 
to their larger sense of 
what computing is 
and how they 
participate in it. 

“Hegemonic Computing” was confusing 
in general, because it could be an 
umbrella for many of the experiences 
that were discussed and was primarily 
confused with “Computing Identity.” For 
the analysis, we categorized excerpts 
where participants talked about 
distinctions between a “common 
understanding” of computing and who 
participates in it under “Hegemonic 
Computing,” and under “Computing 
Identity,” we placed excerpts where 
participants discussed how they related 
to computing, now and throughout their 
lives. 

Hegemonic 
Computing 

“public-facing computing 
world”; what is computing?; 
coding; digital natives 

Participants talk 
about how computing 
is perceived broadly 
or what the dominant 
understanding of 
computing is and who 
shapes it 

Computing 
Trajectory 

“put me on that path”; 
family; gender differences 

Participants talk 
about factors that 
influence path 
through computing 

Most feedback about this theme was its 
distinction between this and “Computing 
Trajectory,” namely, that it seems they 
are interrelated. For the analysis, we 
categorized excerpts where participants 
talked about characteristics of someone 
who “does computer science” under 
“Expansive Computing,” and under 
“Computing Trajectory,” we placed 
excerpts where participants discussed 
how they moved from one point to 
another in their journey. 

Expansive 
Computing 

Collaboration; creativity; 
design; problem solving; 
puzzle 

Participants talk 
about things that 
make you successful 
at computing that are 
not necessarily 
knowledge of pro- 
gramming/computers 

Computing, 
Demystified 

“some sort of fairytale”; shift 
in perception; “Eye-opening”

Participants indicate 
parts of computing 
that were not clear to 
them before the 
program they have 
since understood in a 
new way 

Learning 
environment 

algorithms; community; 
competition; experience in 
program; leadership; 
mentorship; role in program; 
social justice; learning 
computing; resources 

Participants describe 
the learning 
environments they 
have been in related 
to computing 

Use of 
Computing 
in Practice 

computing as a hobby; 
computing as a job; 
computing as helpful for 
other interests; how to 
participate in computing; 
impact of computing; 
teaching; tools to participate 
in computing; use of 
internet; working with tech; 
computing for school 

Participants describe 
the ways they use 
computing in their 
daily lives 
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esponses were factored into our evaluation of the code groups as meaningful units of analysis. We
nvited all participants to take part in the member-checking process, and 8 out of the 12 responded
Table 1 ). Their responses were recorded in a shared document, which they could also edit and
omment on. Since each was shared individually, they could not see each other’s responses to the
nformation on the document. 
Member checking informed the overall analysis in two ways: Participants shared their thoughts
n how the representative quotes could be interpreted, expanding our interpretation of the quotes
hemselves, as well as their thoughts on the themes we generated from the coding process. Some
articipants said the researcher-generated themes matched what they said, though more “aca-
emic” or “professional,” and others said the researcher-generated themes were not similar to
heir own but could also be valid. In Table 4 , we show examples of participant feedback changing
ow we defined the theme and what it included, using the themes that most changed from the
nitial document. 

4.4.2 Collaging. After the member checking, we created collages of the photos participants
hared during the photo elicitation interview. The aim of creating collages was to support the
oded excerpts and to have anchoring artifacts that we could return to during the narrative con-
truction of our findings. In the process of creating the collage, we tried to construct an image
f their perceptions of computing by sizing and placing photos together in ways that reflected
hat the participants had shared in the interviews and member-checking process, so the collage
ould represent their perceptions of computing and the dominant actors, practices, outcomes, and
bjects of computing that contributed to their figured world. Ultimately, the collages were used
o help tell the narratives participants shared in the findings [ 43 ] and are part of a constructivist
pproach to data analysis because of the way that we (the researchers) are visibly “constructing”
he participants’ responses through our own lens. 

4.4.3 Positionality. At this point, it is useful to briefly explain our relationships to this line of
nquiry. We both approach this work as Latinx people conducting research within an R1 institu-
ion. Additionally, we share experiences as researchers and learners of computing. Given this, our
esearch centers the experiences of marginalized computing learners. Though we have different
pecific life experiences, these lenses inform our analysis by allowing us to bring into focus how
eople marginalized in computing can still value their participation. 

 FINDINGS 

he findings highlight the experiences of three participants, one from each program. These par-
icipants were selected to illustrate the breadth of experiences following the programs they par-
icipated in, and each illustrates a selection of the major themes that came out of our data analysis
nd member-checking stages. The chosen examples were narrowed down based on a few crite-
ia: (1) each participant was in a different program, (2) each participant had a different choice of
ajor, with at least one following a traditional computing path. Given that both participants from
rogram C did not major in computing/computer science, and all three from Program B did, the
articipant from Program A was chosen because she represented a “middle ground” because she
tarted with a major in computer science and switched later. Giving an in-depth account of each
f their stories’ foregrounds each participants’ experiences to provide an illustration of their per-
eptions of computing and how those perceptions align or misalign with the program outcomes
hey valued, rather than trying to generalize across their experiences. We place these perspectives
n conversation with each other to spark a new imagination for future computing education re-
earch, while acknowledging this process is necessarily limited in its ability to cover every new
ossibility presented by the participants. 
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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Fig. 1. Collage of Miranda’s pictures. 
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.1 Miranda: “I Still Use What I Learned to This Day.”

t the time of the interview, Miranda was an elementary English teacher in Arizona. She is a
atina woman and majored in Transborder Studies at a major public university in Arizona. She
articipated in program C as a student from 2009–2011 and was a program mentor for two years
hile in college. She found her way to program C coincidentally when her math teacher mentioned
t as an opportunity in class; Miranda and her friend signed up because it seemed fun. She still uses
ome of the skills (Scratch and video editing) she learned in program C. She makes videos for an
rray of different occasions, from professional training for work, to her own personal videos for
haring her experiences. 
Miranda perceived computing as an avenue for solving problems. She described computing as

he “use and operation of computer technology that can help us solve any problems or help us
reate new solutions.” Figure 1 is a collage of the photos Miranda brought to the interview. Two
f the images she brought were repeated for different questions, one of a woman holding her
hone and working on the computer, with a coffee on her desk, and one of a snapshot of the video
diting software she uses for her job and hobby (center, layered). She focused on representations
f her students, such as the male coder with a hoodie on the right center and the computer lab
n the top right of the collage. However, she also discussed how those photos did not align with
ow she perceived computing, particularly the representation of coders as males with hoodies;
he constructed an alternate representation of coders by ensuring photos of people working on
omputers or hardware (e.g., bottom right) were people of color. She defines this as a concerted
ffort on her part to challenge the images that come to mind of who participates in computing.
rom these photos and the resulting collage, we have a window into Miranda’s figured world of
omputing. It includes actors who are of various races, ethnicities, genders, and ages, and practices
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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hat run the gamut from coding to typing. The object of the computer factors in prevalently, yet so
oes a cup of coffee. This shows how computing is just as much about the act of using a computer
s it is the social environment around it, which may call for a cup of coffee. 
Miranda viewed participation in computing as associated with the ability to write code and use

echnology. In response to the question, “How would you define what a computer scientist does?”

iranda responded: “Solve problems using technology. Write and program new software we can
se. Create new apps everyone can be able to use.” While her perception of what a computer
cientist does includes dominant practices such as writing new software, she also shared that the
ision she shared surfaced her own struggles with how she views her own position within the
gured world of computing. She shared, “it’s taking me time to unlearn what I learned all my life,”
eferencing how she is “unlearning” all the stereotypes she associated with computing. She does
ot take on the title of someone who participates in computing, because she feels that, since her
kill of video editing does not involve coding, her credibility as someone in computing might be
uestioned. Her unwillingness or inability to view herself as actively participating in computing
oints to how she views the practices of the dominant figured world of computing as incompatible
ith her interests and current career. 
Yet, while she does not view herself as someone who fits within the narrow perception of what it
eans to participate in computing, she articulated an alternative vision of the program outcomes
he valued. When reflecting on how her experiences in the program influenced her life, she de-
cribed how she leads professional development sessions for other teachers on using technology
n the classroom, creates videos, and integrates Scratch into her English curriculum, all choices or
ctivities motivated by her participation in Program C during high school. She credits her ability to
each others as something she picked up in the program, which developed her leadership skills in
elation to technology: “I wouldn’t be helping the other teachers at my school if it wasn’t for [Pro-
ram C]. I have confidence in my technology abilities and that practice of helping others because
f [Program C].” Her active role as a trainer for other teachers and view of herself as someone who
an experiment with visual programming (Scratch) in the classroom aligns with the description of
erself as a “leader” in the program. 
When reflecting on her role in program C, Miranda said, “We would all help each other... but

lso it was different in the sense that maybe I started just feeling more of a leader. I was more
utspoken. I was presenting more or volunteering to present more.” These presentations allowed
er to develop her confidence in her communication skills as well as technological know-how.
uring a final project of the program in her first year, she described presenting to a group of
lawyer-looking people” about a virtual design for a clinic she worked on for the survivors of
omestic abuse: “[A]t the end of the presentation, they tell me, ‘Wow, that’s the technology that
e use.’ [...] And so to think like, ‘Wow, I’m presenting to these lawyer-looking important people
t age of 15, and yet they’re astounded by me. That’s super cool.’ And it starts helping you with
our self-esteem in terms of your capabilities like, ‘I can do this.’” This was one of “the life pivotal
hanging moments” for her in terms of what she thought she could do with computing and impacts
er confidence to explain things to others to this day. Though this was a skill she developed as
art of a computing education program, Miranda does not necessarily see it as part of what the
ctors of a figured world of computing do. 
When talking about why she chose not to major in computer science, “fear” that she would not
o well in the major was a key factor. For instance, when making her decision of what to major
n, as a first-generation college student she wanted to do something she felt she could manage,
ike teaching. “I feel like one of the main reasons that I didn’t [major in CS] was just fear. It was
ear of, ‘I’m not going to be successful at computing, computer science if I major in that.’” She
lso mentioned that being the first person in her family to go to college contributed to this fear,
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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aying she “didn’t want to try it and then fail and not succeed. And it’s like, I felt maybe teaching
as more like a safer bet.” However, she did not view this decision as closing off the possibility of
ngaging with computing more later: “I thought to myself I think at the time, ‘I’ll just do teaching
or now and then I’ll get back into it later and see what else I can do.’” Given the opportunity
ow, she would go back and learn data science or something similar: “I am not as afraid, but it’s
till that feeling of, ‘Well, you might fail.’ But that doesn’t mean that I won’t try it. Yeah. It’s still
pen. It’s still open.” Even if she could go back and change what she did, she does not say she
ould automatically change her decision but wished she had known what options were available
o her as a student, such as double majoring or minoring in computer science. In Miranda’s case,
er decision to not pursue a computing degree was based in fear not of the subject itself, but on
hat would happen if she “fails” to become successful in this area. Although she was exposed to
rogramming as a student and had access to diverse role models involved in computing, she was
till afraid to pursue computing via the traditional route of majoring in computer science. Instead,
he carved her own form of participation out of what she learned in program C through being a
creator of” videos and lessons for her students to express themselves on Scratch and keeps her
ptions open for learning new things in this area in the future. 

.2 Angelica: “I Just Decided it wasn’t for Me”

t the time of our interview, Angelica was a Latina third-year student at a large university in
exas who recently switched majors from computer science to business. She started her trajectory
n computing with classes in high school, which her dad encouraged her to sign up for. Her cousin
articipated in Program A the year before Angelica, and when her cousin had a positive experience
ngelica’s dad encouraged her to participate as well. When she went to college, she still was
ot sure about what to pursue as a career or major, so she picked computer science, because she
erceived it as the route that would offer the most career options: “I still to this day don’t really
now what I want to do [...] That’s a reason why I kept an open mind for this program too, because
 was like, ‘Oh, there’s so many things you can do within it.’” She ultimately decided to switch
ajors because she felt the process of working on “apps and robots” was not giving her what she
eeded in terms of human interaction. She is still trying to figure out what she wants to do as a
areer, but knows she wants to do something people-oriented. 
When asked about her perception of computing, Angelica defined computing as “the use of

omputers to complete tasks more efficiently.” She elaborated on her perception when describing
he photos she chose because they centered the use of technological devices, saying “I put that
icture [of the devices] as well, because [someone] could know how to code and be a computer
cientist, or they could just be, like I said, an everyday person.” She further builds on this by adding:
The majority of people, whether it’s computer science or just a person that uses the internet, you
ave those devices.” The use of technological devices is what she centers as computing, and it can
e done by anyone, anywhere. Figure 2 is a collage of the photos Angelica brought to the interview.
he photos she brought focused heavily on devices and how they enable connection. In the bottom
enter is an image of two children who are using devices, and the images surrounding them in the
ollage represent ways and tools someone can use to participate in computing: screens that have
 lot of code are incorporated with photos of Scratch and hardware. 
As someone who switched out of the CS major, her perception of computing includes objects

uch as devices and end-user applications that allow people to connect to each other and to infor-
ation. She highlights “you can be fulfilled on [the] news” through “googling it” when you feel
ou did not get “the full story,” which is “an everyday aspect” in which people can participate
n computing. Being able to access the internet to connect with relevant people and sources of
nformation is something she considers part of computing, although it is not what was part of the
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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Fig. 2. Collage of Angelica’s pictures. 
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urriculum she had as a computer science student. The figured world of computing she experienced
alued a narrow set of practices with computing, which ultimately contributed to her decision to
witch out of the computer science major. 
Angelica also described what a computer scientist does as “codes apps, websites, machines, [and]

utomatics.” She views someone who typically participates in computing as someone who follows
 narrow, preset path that includes a degree and ultimately a job in computing. When she reflects
n why she chose to pursue computer science, she mentioned that she “decided to go with it,
ecause obviously it’s also a really good major to do anyways, [...] It’s not something that’s going
o go out of date [...] But it’s like you can never be in trouble with that. There’s always going to be
ob opportunities.” This statement highlights how the dominant perception of computing, that it is
sed to get a job, was how she saw the endpoint of completing the major. Angelica felt conflicted
bout viewing computing as a career pathway because her role models in Program A, who were
omen working in computing, described hostile and socially isolated work environments. Taken
ogether, she decided those conditions were not something she wanted to work against in her life.
his gives us insight into how the perceived common practices of the dominant figured world of
omputing can lead to people not engaging with other aspects of computing that may otherwise
e interesting to them. 
Despite no longer being in the major, Angelica views her experience in Program A as helpful

nd something that still benefits her to this day. She stated that she “obviously” does not code
nymore but discussed the photo of the YouTube logo and identified multimedia making as how she
articipates in computing now. She stated that YouTube has been a huge factor in her educational
nd hobbyist pursuits. She also discussed social connection as a program outcome she valued
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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nd described how she made connections to other people that have helped her through college,
ncluding her college roommate, whom she met in Program A. The relationships she built through
er participation in computing outlasted her decision to major in CS. Although she decided to
hange majors, she describes still valuing the opportunity to make friends and try out computing:
Deep down I always kind of knew it really wasn’t the thing for me, but I also just wanted to try
t out. Because that’s kind of badass.” Given her social inclinations, part of why the CS major did
ot resonate with Angelica was how little it showed the opportunity to interact with others as
art of a possible career. Ultimately, she rejected a traditional career in computing because of this
imited opportunity to interact with others. However, she does not need to feel like she is part of
he traditional field of computing to see ways to participate, such as when she identified the many
ays she uses technology/computing to enhance her daily life. 
In her reflections, Angelica identified that she valued making friends and bonding over the expe-

ience of learning to program together as important outcomes of her participation. She described
eing drawn to computing education programs in high school because she viewed them as places
here she was able to meet up with friends and develop new connections. This figured world she
eveloped in high school changed as she went into the major at a university. However, the con-
ections she made while participating in Program A were instrumental in her transition to college
ife, because she is still friends with them and “most of [them] were all engineering at that point,
ut I would be able to study together and just make those connections that I definitely wouldn’t
ave had otherwise.”

.3 Deidre: “I was Thinking of the People I Know Who do Computing and are a Good 

Example of Being Capable but Also Kind”

t the time of this interview, Deidre, a Black woman, was a senior in computer science at a STEM-
ocused public university. She started off her journey in computing by taking AP CS A as a senior
n high school and signed up for program B because she was learning the content for the first time
nd wanted to have the extra help. At the time, she did not know how much of a “minority” she
ould be in computing, because her classroom teacher was a Black woman. This was something
he reflected on during her interview, saying she “didn’t really appreciate what a super-duper
inority I would be in computing because that year, when I started in high school, I didn’t stand
ut anymore than any of my other classes, than any of the other stuff I was doing.”
Deidre defined computing as “a field encompassing making computers and computer programs

hat help advance the world in some way.” In the interview, she elaborated on this definition,
aying “to me, computing really is just about people working together on computers to solve
roblems.” She mentions that she brought the photo of hackathons for this reason, because it
s “where everyone’s just sitting in front of a computer working on a problem because that, in
ssence, that’s kind of what it is. You’re using a computer kind of as your tool to solve something.”
igure 3 is a collage of the photos Deidre brought to the interview. Most of the photos she brought
ere originals she took at different times in her life. Notably, none of the photos she brought used
ode as central to the image. This is a departure from the representations of computing seen from
iranda and Angelica, who both include code prominently in their representations of computing.

n contrast, Deidre focuses on the people and the ability to connect to others with/over computing.
long the bottom of the collage (Figure 3 ) are images of people and places she associates with
omputing; from bottom left, images of a hackathon she had participated in and mentored for,
hen a photo of Deidre and her roommates sitting on the steps of the house they rented for a
oftware engineering internship they did in San Francisco, then a view from the window by one
f her friends’ desks, and in the bottom right two of the people who lead change as leaders of the
eaching assistant group Deidre participated in. 
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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Fig. 3. Collage of Deidre’s pictures. 
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When talking about her interests, she described wanting to work on things that are “tangible,”
entioning there are some parts of computing she does not want to do: “They’re not going to
atch me writing scripts, full-on data things. I like things that are tangible. I like making things
hat are tangible.” The “tangible” projects can be things a person can interact with, like an app.
er quote illustrates how broadly she understands the field of computing to be, bringing attention
o the divides between work that is “tangible” and “intangible” or more theoretical. Her figured
orld of computing is expansive, including the social connections she has made with those she
lso considers “actors” of figured worlds of computing. 
Deidre’s experience in the program inspired her to not only pursue CS, but also to come back

o the program as a mentor. She describes her decision to mentor other students as motivated by
being in a position to help someone else.” After majoring in CS for a year, she described under-
tanding there are computing concepts others can get “caught up on” or struggle to understand.
entoring served a dual purpose for Deidre; she was able to identify her own knowledge gaps by
reflect[ing] on the things you still don’t understand” as well as help others who were struggling
o learn computing concepts. The ability to go back and be a mentor for the program that sup-
orted her own educational journey in computing aligned with her values and was a personally
eaningful outcome of her participation. 
This attitude about the importance of mentoring was with her throughout her time in college,

s she also served as a mentor for hackathons and as a teaching assistant for different CS courses.
hen she thinks of people who participate in computing, she thinks of her peers who she TA’d
ith and describes them as people who are “capable and kind.” In Figure 3 , the two people she says
xemplify the “capable and kind” characteristics can be seen in the bottom right corner. Even in the
hoto, the people are striking a balance between being silly with the other TAs (especially Deidre,
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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ho took the photo) and still being in a leadership position, sitting at the podium in a lecture
all. This was an important distinction for her, especially for mentors, since many people she has
ncountered in school have not been as kind as they are capable, although this is something she
as encountered in her experience with mentors in industry. This view calls attention to the fact
hat, within a figured world, the practices people enact that are valued are not always those that
re the most supportive of others. 
Deidre began to feel like a “super-duper minority” in computing when she enrolled in college

nd took large introductory computing courses. She shared, “I had started college [and it] dawned
n me a little bit more. There’s large freshman lecture classes. I was like, ‘Oh, this is what it means
hen they said underrepresented. They meant really, really, really.’” Yet, instead of dropping out of
omputing, she recognized how her own experiences could help her be a mentor to young students
f color and women: “I still felt so similar and connected to them because I was like, ‘I was in your
hoes a year ago.’" Her newly gained understanding of underrepresentation in computing coupled
ith her positive experiences in Program B motivated her to become a mentor: “[Mentoring] was
ust a really, I feel, important experience. [...] Being able to help someone else through it because
ou’re like, ‘I know it feels this way right now. I felt that way a couple of months ago. But we can
ort of work through it.’”

 DISCUSSION 

he findings address the two research questions for this study: (1) How do women who partic-
pated in BPC programs describe their perceptions of computing? (2) How do those perceptions
lign or misalign with the program outcomes they valued? Miranda, Angelica, and Deidre present
any insights on these questions, which can help further our understanding of the role of pro-
rams that aim to broaden participation in computing by engaging marginalized students. Only
ne of the women profiled here, Deidre, “persisted” in computing in the traditional sense, by pur-
uing a career in computing and working on a major in computer science. However, the programs
till played an important role in the lives of Miranda and Angelica, because they were an oppor-
unity to learn new skills and find out what they were interested in. In the following sections, we
iscuss how the participants’ perceptions of computing illuminate important tensions around the
urpose(s) of computing education. 

.1 What Does it Mean to be a “User” or “Creator” in Computing? 

efining what computing is and what computer scientists do is an important point for entering
nto conversations about why it is important or how one can relate to the field. No two people in
his study think of or represent computing in the exact same way, although there are some themes
hat arose across participants such as describing computing as the act of using a computer to “solve
ny problems,” “advance the world in some way,” or to “complete tasks more efficiently.” While
eidre also does call attention to “making” computers as part of computing, it is important to note
cross the board “using” computers is an important part of their definitions of computing. This adds
 layer of nuance to existing work in pushing for students to not only be “consumers” or “users”
f technology and computing [ 32 ] but to be “producers” and “creators” of it. Namely, participants’
esponses all call attention to what the end goal of using or making the computing technology
s. Further, Miranda describes herself as a “creator of” technological artifacts (her videos), though
his use of computing is often interpreted as being a “user” of, and thus less valuable to include
s a participant in computing. This point builds on Weidler-Lewis et al.’s [ 32 ] idea of taking a
social practice” view on computing and who participates in it to expand participation. That is,
articipation in computing is much more about how people relate to computing and others in it
han it is about participating in narrow activities such as programming for working with hardware.
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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.2 Depictions of Coding and Coders 

cross all 12 of the participants, depictions of code and people coding (or who were perceived to
e coding) played a large role. However, as is illustrated by Miranda, Angelica, and Deidre, their
eight in their reflections on computing is different. Deidre, who is taking a more traditional path
hrough computing, does not present code in her photos at all, while both Miranda and Angelica
iew it as playing a major role. This trend appeared across the 12 participants; those who pursued
omputer science as a major included depictions of code or “coding” (a person sitting in front of
 computer with code explicitly on the screen) less than those who were not pursuing or did not
omplete computer science degrees, though some participants who were CS majors did include it
o a lesser extent. Deidre’s narrative gives us some insight into why this could be: As she progresses
hrough her college major, she sees more and more the importance of being able to plan out what
he code should do and being able to explain it to others. The two images of whiteboards she
rought illustrate this as well, since the whiteboard process (“whiteboarding”) was crucial to her
s she collaborated with others and planned her work. This process is central to her work as
omeone on the traditional path, yet “whiteboarding” is not something any of the participants
entioned as part of learning how to code, until they got into advanced courses in college. Future
xploration into this point can be explored as part of the design of a learning environment where
earners engage explicitly with the process of “whiteboarding” before they start programming. 

.3 Moving Beyond a Sole Focus on Technical Acuity 

here are a few ways participants present how they think about their participation in computing
nd its relationship to the programs they participated in. For example, Angelica does not consider
erself to participate in computing, because she is no longer a computer science major. However,
he program and classes she took played a major role for her to explore her interest in the field and
as a place where she made friends that she has to this day. In a figured world, learners will attach
ignificance to some acts and not others: Although Angelica was learning to program (which is a
ey academic outcome), she attached more significance to developing friendships. In her figured
orld of computing, the social acts of making “new connections” and “study[ing] together” were
rogram outcomes she personally valued. Importantly, the social outcomes were carried on beyond
he program and into her broader educational experiences in college. 
Building on Angelica’s narrative, Miranda’s experience with developing her leadership skills

elated to computing was crucial for the work she does today. As she participated in Program C,
he became “more outspoken” and volunteered to “present more.” Thus, through her increased
articipation, Miranda begins to see herself in a different light, as someone who is capable of
eading and making significant contributions. She was able to develop leadership skills based on
he way the program allowed her to show her expertise and help others. The leadership skills
he developed in the program persisted into her career, and she continues to grow and share her
xpertise on using technology in the classroom. 
Finally, examining Deidre’s emphasis on being “capable and kind” as part of the skillset of some-
ne who participates in computing is important, because it highlights one’s ability to help others
s being equally as valuable as their technical skills. She started off in Program B as a student
nd then decided she wanted to be a mentor for the program when she entered undergrad. As
he continued her journey in college, she gravitated towards people who were also interested and
ble to teach others computing and considers that skill as integral to what it takes to participate
n computing. This is something not often considered as an outcome of students’ participation in
omputing education programs, yet it played a major role in how she thinks about computing. 
One of the key implications of these narratives is in the design of computing learning en-

ironments. That is, we should take into consideration what we anticipate the social or other
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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on-cognitive outcomes of their participation could or should be. A narrow focus on designing
nly for what content students should learn ignores the fact that there are many other things stu-
ents are learning within any given context. 

.4 Expanding Computing Pathways Beyond a Computing Career 

s learners reflect on their interactional experiences, they assign significance to particular acts or
ractices [ 11 ]. BPC programs may narrowly assign significance to computing by primarily focus-
ng on the field as an economically valuable career pathway. Yet, prior research identifies honoring
nd integrating communal values as crucial to promoting a sense of belonging among learners
nderrepresented in computing [ 4 ]. Deidre’s reflections reveal computing had social significance
hat aligned with her values of community-building and “being able to help someone else” with
mpathy and encouragement. 
Both Miranda and Angelica mention in their interviews the credential of a degree in computer

cience is an important part of what makes someone a “computer scientist.” Angelica outlines the
athway that lies before her, should she decide to pursue a career in computing: She would take
he high school courses, complete a CS major, and get a job programming. She also knew from the
xperiences shared with her in Program A that this would be no easy thing, especially as a woman
f color. Program A, while exposing her to the realities faced by women in computing careers, still
id not have the effect of broadening what she could possibly do with the skills she learned there.
er perception of computing being “making apps and robots” with low social interaction and a
igh chance she would experience hardships due to her identity turned her away from that path.
his is despite the fact she has skills that could be aligned with using computing, such as a desire
o make a difference in the world, socialize with others, and programming. 
Notions of participation in computing that value a narrow set of career interests and positions

such as software engineering) serve as a form of gatekeeping and overlook other meaningful forms
nd outcomes of participation. For example, Miranda, who did not complete an undergraduate
egree in computer science, does not see her participation in computing as something that is
etermined by her degree. She employs many of the skills she learned in her program in her
ob as a teacher and in her hobby making videos. Her identity as someone who participates in
omputing is constantly in question, because she does not have the recognized credentials. Yet, her
orm of participation and persistence is important to her and is overlooked when focusing on just
n interest in a computing career. People engaged in teaching computing or using computational
ools can count as part of the wider computing community, depending on how it “is defined and by
hom” [ 32 ]. With this in mind, it is important to design programs to ensure these many interests
nd end points [ 5 ] are valued. 

.5 Limitations 

his study represents a small subsection of women who participate in BPC programs nationally
nd year-after-year. Miranda, Angelica, and Deidre offer us important insights into how narrow
onceptions of participation in computing can have unintended consequences on participation,
et we would not claim their experiences necessarily generalize across all women who have ever
articipated in a BPC program. Indeed, even within this study each of the 12 women we inter-
iewed has had a different experience before and since their participation in a BPC program. Ad-
itionally, there may be some bias in who decided to share their stories, in favor of people who
ad positive experiences in the programs. However, this work can be considered a starting point
or future research to envision alternative conceptions of participation. Although unique, their
xperiences are not so siloed to make it impossible to identify themes across their experiences,
nd from the analysis of their interviews, we were able to identify some that we build on deeply
ACM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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y focusing on three participants. Ultimately, there is still more work to be done to see how these
hemes may or may not generalize to a wider cross-section of BPC participants. 
Given the temporal distance between the person we interviewed and the person that partic-

pated in the program, only so much can be said about the “actual” outcomes of the programs
e.g., is their perception of computing from this program or another experience?). We therefore
osition the reflective activities participants did as part of this research as creating a trace of what
e can understand to be as an “alternative endpoint” of participating in computing. Put another
ay, we cannot (and do not) attempt to claim the participants’ entire perception of computing is
olely shaped by an educational experience they had many years ago. Instead, we place emphasis
n how they interpret their experiences since that time and how it might still be something that
nfluences them to this day. This perspective emphasizes that no matter what, or how much, or in
hat ways, educational experiences impact learners that can have ripple effects across their lives.

.6 Implications & Future Work 

cross participants’ stories, we can see how computing education can have broader impacts on
oung women than their interests in computing careers. They take up the knowledge they learn in
hese spaces in different ways; sometimes, it is not the knowledge they take away but the connec-
ions they made in those contexts that matter to them as they live their lives. The implications of
aking this view on their stories and perceptions of computing can be most directly seen in how we
esign and redesign future programs for learners of all backgrounds. Certainly, engaging students
n learning about technology, programming, computational thinking, and so on, will continue to
e a focus of computing education. However, the “soft skills” and community development that are
urrently considered as incidental learning or relegated to the realm of informal/BPC programs,
uch as leadership and activism, pro-social activity, appreciation of diversity, and ability to relate
nd communicate with others, should also be taken up more substantially in the design of comput-
ng learning environments as equally vital to students’ learning in these spaces. Further, this will
llow us to consider a wider range of participation in computing, because the desired outcomes of
articipation will no longer center on how technical knowledge can be wielded most efficiently,
ut how learners can use their knowledge in ways that consider their own interests, communities,
nd contexts. 
Future work in this area could expand upon these implications in a few ways, namely, (1) design-

ng and assessing a program that explicitly attends to the social developments of teaching com-
uting and (2) closely examining how dominant narratives of participation in computing shape
earners’ experiences with computing education at various levels. While doing this, it will be
rucial to consider how learners of various (dis)abilities, socio-economic, gendered, and racialized
ackgrounds are able to participate in these programs so their experiences can also shape future
esigns. 

 CONCLUSION 

he role of computing and computing education in society is constantly in flux. Whether to grow
 workforce, increase technological literacies, be a place for expression, or something else entirely,
e, as researchers, educators, and advocates for computing education need to be reflecting on
ho gets to decide why computing education is important [ 43 ]. Part of this work is to ask how
omputing education has been important to people who have already experienced a part of it.
o this end, our study presents cases of women who participated in informal, women-focused,
omputing education programs that taught computing and how it impacted their trajectories and
hinking about what computing is and what it can be used for. As Miranda, Angelica, and Deidre
eflect on their experiences with computing through photos and personal narratives, they provide
CM Transactions on Computing Education, Vol. 23, No. 2, Article 23. Publication date: April 2023. 
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mportant insights into how dominant framings of why computing education matters can limit
ow participation in computing is recognized. The reflective interviews help nuance the existing
ork on perceptions of computing to parse out the different dimensions of a perception of comput-
ng. Their perceptions of computing are complicated and varied; this increases our understanding
f how computing education can matter to people, even when they do not follow traditionally
ecognized pathways through computing. 
Therefore, in this article, we discuss how participants’ narratives raise points around (1) how

ommon depictions of coding and coders matter, especially across CS majors and non-majors,
2) why it matters to be a “user” or “consumer” of technology, (3) moving beyond a focus on
echnical acuity, and (4) expanding the possibilities of what people can do with computing and
hat is considered part of computing. Taken together, the insights we see from participants can
elp inform the design of future programs by changing how we think about the rationale and
alues [ 3 ] that go into them, how we think about the social development of learners, and motivate
uture research into how programs can promote different types of participation in computing that
o not center workforce and economic demands [ 44 ]. 
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