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Abstract—Efforts to broaden participation in computing have
revealed the need for a deeper theoretical and empirical under-
standing of how girls of color form computing identities. In this
paper, we use the concept of identities-in-practice as an analytical
frame to examine how girls of color engage in computational
thinking practices. Our research investigates how the identities
of girls of color can be leveraged as funds of knowledge in
learning spaces and asks the following research question: How
does centering the identities of girls of color impact their
engagement with computational thinking practices? We provide
a program overview of CompuGirls, describe our curricular
design approach, and share results from pilot implementations
of the program offered at public libraries in Michigan, Arizona,
and California. Results from our pilot year demonstrate that
integrating identity exploration into a computational thinking
curriculum results in a mutually reinforcing relationship where
girls of color experience reflective identity development while
simultaneously increasing their understanding of computational
thinking. We present our approach as a promising avenue for
connecting computing knowledge and skills to girls’ identities and
lived experiences. By focusing on the girls’ identities, the program
re-imagines computational experiences by fostering interactions
with computational thinking from a personal perspective. Ulti-
mately, we argue that centering girls’ identities should be viewed
as an integral part of the learning process and not tangential.

Keywords—computing education, computational thinking, gen-
der

I. INTRODUCTION

Despite numerous efforts to broaden participation in com-
puting, disparities in participation among underrepresented
minorities continue to persist across all educational levels.
While we acknowledge that the barriers to diversifying partic-
ipation in computing are varied and complex, we argue for the
urgent need to deeply examine the social and cultural barriers
that result in differential learner participation and stratification
along racialized, gendered, and classed lines [1]. For girls of
color in particular, scholars [2] have explicitly advocated for
a greater theoretical and empirical understanding of how the
social and cultural aspects of learning environments impact the
formation of computing identities [3] and how the intersections
of gender and race shape their educational experiences [4].
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Motivated by research that has demonstrated the pedagogi-
cal utility of centering girls’ identities in curriculum materials
[5], this study draws from sociocultural theories of identity
to examine girls’ experiences reflecting on their identities
throughout the course of engaging in computational thinking
practices. We define the concept of “identity” as a form of self-
understanding that is complex and negotiated across contexts
and in relationship with others [6] [7]. As such, our study
addresses the following research question: How can identity
exploration can be leveraged to promote computational think-
ing (CT) practices among girls of color, ages 13-16?

This paper presents preliminary findings from an infor-
mal STEM program designed in collaboration with library
partners. The program includes the development of a 20-
hour computational thinking curriculum implemented across
three geographically-dispersed public libraries in Michigan,
Arizona, and California. Results from our pilot year suggest
that integrating identity exploration into a computational think-
ing curriculum results in a mutually reinforcing relationship
where girls of color experience reflective identity develop-
ment while simultaneously increasing their understanding of
computational thinking practices. By focusing on the girls’
identities, the program re-imagines computational experiences
by fostering interactions with computational thinking from a
personal perspective. We present our approach as a promising
avenue for connecting computing knowledge and skills to
girls’ identities and lived experiences. Ultimately, we argue
that centering girls’ identities should be viewed as an integral
part of the learning process and not tangential.

II. BACKGROUND

A. Social and Cultural Barriers in Computer Science Educa-
tion

Participation in computer science education continues to
be unevenly distributed, resulting in educational inequalities
that further contribute to diversity gaps, particularly among
underrepresented minorities such as women and students of
color. For female students of color specifically, some of the
most embedded and harmful contributors to diversity gaps in
computer science are social and cultural factors that result in
unwelcoming learning environments. These social and cultural
factors include racialized and gendered stereotypes of their978-1-7281-7172-2/20$31.00 ©2020 IEEE



STEM abilities and interests [8] and positioning of female
students of color as lacking motivation, unable to master
challenging STEM course content, and missing the social
supports necessary to fully participate in an academic culture
[9].

Thus, in order to persist in learning environments like com-
puter science courses, female students of color are faced with
navigating a learning environment and institutional culture that
often does not honor or legitimize their identities, interests,
and abilities. The result of learning environments that privilege
dominant language and literacies are pedagogical approaches
and course content that are mistakenly perceived as “neutral”
[10]. Within this paradigm, computational thinking is often
taught using presumably “neutral” approaches that emphasize
the mastery of task-based skills such as correctly applying the
syntactic and semantic rules of programming languages.

B. Computational Thinking Practices

The concept of “computational thinking” continues to un-
dergo definitional and conceptual debate [11] [12] [13]. Com-
puter science education researchers have proposed and studied
a variety of thought processes including abstraction, pattern
generalization, systematic processing of information, algorith-
mic thinking, decomposition, parallel thinking, conditional
logic, among others [12]. In our own work, the focus on
computational thinking practices aligns with efforts to create
an actionable definition of computational thinking that can be
studied qualitatively and quantitatively [14]. Rather than focus
on abstract thought processes or mental syntheses that are dif-
ficult to identify due to their conscious or unconscious nature,
this research focuses on computational thinking practices, or
what learners “do” as they engage in computational problem
solving within the larger context of STEM learning [15] [16].

Within K-12 contexts, research has largely focused on
teaching computational thinking via programming [17] [18].
Researchers have focused on developing tools that make
programming more accessible to K-12 students; for instance,
several studies have examined the effectiveness of using vi-
sual programming tools such as Scratch [19] [20] [21] and
MIT App Inventor [22] to teach computational thinking and
programming skills. While these approaches have yielded
successful results, there remains a knowledge gap on how the
practices of computational thinking are connected to students’
cultural and social experiences and their future career goals
and interests.

III. CONCEPTUAL FRAMEWORK

Research in STEM education has broadly demonstrated how
grounding learning in students lived experiences and identities
promotes academic achievement [23] [24]. We utilize the con-
cept of identities-in-practice [25] to examine how girls engage
in computational thinking practices through identity work and
in relationship with peers and facilitators. The concept of
“identities-in-practice” examines identity development in situ
as learners participate and learn the practices of a community
[26]. In designing the curriculum, we focused on providing

girls opportunities to enact disciplinary literacies related to
computing via computational thinking practices. Moje [27]
defines disciplinary literacies as “the different knowledge
and ways of knowing, doing, believing, and communicating
that are privileged” in particular domains. By focusing on
computational thinking practices, we provided opportunities
for the girls to participate in the “doing” and “communicating”
that are privileged within computing contexts.

IV. RESEARCH DESIGN

A. Context

The data used for this study was drawn from a pilot imple-
mentation of CompuGirls, a computational thinking program
offered in public libraries in Michigan, Arizona, and California
from June 2017 to June 2018. Research has demonstrated
that informal learning environments are a promising forefront
for engaging students in STEM [28] [29]. We partnered with
libraries because they have a long history of providing youth
services, are embedded in communities, often work directly
with families and community partners, and represent safe
settings that provide public access to resources [30].

We recruited three library partners by considering the fol-
lowing factors: demographic makeup of library patrons and
communities, geographic location of branches (e.g. rural and
urban), and institutional availability of resources, such as
staff and funds devoted to young adult programming. These
selection criteria allowed us to recruit a racially, ethnic, so-
cioeconomically, geographically, and institutionally diverse set
of partner sites. The three partnering sites are library systems
located in an urban city in Southeastern Michigan, a rural town
in Southern California, and an urban city in Central Arizona.
In total, we collaborated with eight library professionals,
which included youth services librarians, paraprofessionals,
and branch managers.

B. Curriculum

The pilot program utilized a curriculum that combined com-
putational thinking and identity-based activities. The curricu-
lum includes ten modules that covered computational thinking
practices drawn from the AP Computer Science Principles
Curriculum Framework [31] (see Table I for examples of
practices). The curriculum was co-developed by the research
team and the eight participating librarians through a series
of in-person and remote meetings. The librarians provided
feedback on the content and pacing of the activities, as well as
suggestions for ensuring that the curriculum could be feasibly
implemented across a range of library systems.

TABLE I. COMPUTATIONAL THINKING PRACTICES

Practice Definition
Analyzing problems
and artifacts

Analyzing complex problems by
breaking them down into smaller units

Creating computational
artifacts

Designing a solution for a problem
by developing a process or set
of rules

Using abstraction and
models

Removing extraneous details to
identify general principles or models



Each module consisted of 2-hours of computational thinking
activities (20 hours total) that utilized low-cost materials such
as batteries, LEDs, paper, and colored markers. The majority
of the activities (sixteen hours) were ”unplugged” activities
that did not require a computer and two modules (four
hours) were Arduino activities that were completed at a local
makerspace. ”Unplugged” efforts aim to teach computational
thinking skills and practices using methodologies that do not
require access to computers [32] [33] [34]. The research team
and participating librarians made a joint decision to create a
predominately unplugged curriculum in order to accommodate
future library partners with limited computer and internet
access. In addition to focusing on computational thinking
practices, each module offered identity-based activities that
were intentionally designed to center student identity and
experience within the learning process. While each of the
modules follows the breakdown described below in Table II,
we will discuss two illustrative lessons in this paper.

TABLE II. INDIVIDUAL MODULE BREAKDOWN

Lesson Section Description

Supporting Identity
Exploration

Girls engage in individual or group
activities that facilitate an exploration
of personal or collective identity

Anchoring Computational
Thinking

Facilitator introduces CT skill by
making an explicit
connection to the identity-based activity

Promoting Knowledge
Transfer

Facilitator guides girls in transferring
their identity-based understanding
of CT to a STEM context
such as circuitry

Facilitating Reflection

Facilitator prompts girls to
reflect on their understanding of
CT from an identity-based
and STEM-based perspective

C. Participants

Due to the personal nature of the identity exploration and the
availability of resources, the program enrollment was capped at
ten girls per implementation. Recruitment efforts targeted girls
from diverse racial, ethnic, and socioeconomic backgrounds
between the ages of 13-16. Given the focus on serving girls of
color, participants from diverse ethnic and racial backgrounds
were given priority enrollment. The enrollment percentages
broken down by race (Table III) did resemble the overall de-
mographics of the community. The recruitment was conducted
by the librarians who hosted “open houses” where girls were
invited to learn about the program and engage in hands-on
activities similar to those they would experience if enrolled
in the program, such as constructing simple circuits using
copper tape, LEDs, and coin cell batteries. Additionally, the
librarians presented at junior high schools, contacted local
organizations such as chapters of Women in Science and
Engineering (WISE), and advertised the program on library
and city government websites. In total, 64 girls were recruited
to participate in the program (Table 2).

TABLE III. PARTICIPANT DEMOGRAPHICS

Site Start Date No. Racial/Ethnic
AZ 06/17 3 67% Latina

33% Asian
10/17 9 33% White

33% Multiracial
11% Latina
11%African American
11% Native American

03/18 10 60% White
30% Multiracial
10% Asian

06/18 9 56% White
44% Multiracial

CA 7/17 4 100% Latina
4/18 4 100% Latina

MI 06/17 9 77% African American
22% White

03/18 7 71% African American
29% White

06/18 9 78% African American
22% White height

D. Data Collection

The pilot program was offered over summer, fall, and
spring breaks and held in “teen zones” or other youth-oriented
spaces within the three libraries. The data for this study was
collected during nine pilot implementations of the CompuGirls
program offered from June 2017 to July 2018. Given the
complex nature of learning, we implemented a protocol that
allowed for the collection of varied data types that captured
participants’ behaviors, actions, and artifact creation related
to identity expression and demonstration of computational
thinking practices.

Two researchers attended each program session and col-
lected participant observation data. One researcher focused
on taking field notes and the second researcher on collecting
audiovisual recordings and student-created artifacts. Partici-
pant observation activities included co-facilitating icebreaker
activities that focused on personal and group identity, helping
participants troubleshoot during STEM activities, engaging in
whole group reflection activities, and debriefing with librarian
facilitators after daily sessions. In total, the observational data
collection approach yielded systematic field notes, audiovisual
recordings of program activities, and photographs of student-
created artifacts such as journal entries, group projects, and
expressive artwork.

E. Data Analysis

We used an inductive and emergent process to develop
codes by directly examining the data in relationship to three
broad interest areas [35]. The broad interest areas included
girls’ behaviors and actions related to: 1) participation in a
community of practice such as engaging in a collaborative
learning process; 2) development of “identities-in-practice”
through engaging in activities and tasks related to computa-
tional thinking; and 3) negotiations of “identities-in-practice”
in relationship to peers, facilitators, and self-positioning. Based
on these broad interest areas, three members of the research



team analyzed a subset of the data and created codes through
the process of verbal consensus-building. The codes were
applied to the entire data set by two members of the research
team. The two members coded blindly (meaning they could
not see each other’s code applications) in the qualitative data
analysis software Dedoose. After all data was coded the
research team members ran a code application comparison
and created analytic memos for disagreements. Each analytic
memo included a rationale for the code(s) application in order
to facilitate a larger group discussion with all seven members
of the research team. The entire research team engaged in
the process of verbal consensus-building to resolve instances
of disagreement; however, in order to honor the interpretive
process, we did not aim to reach complete agreement and
allowed for variance in interpretation.

The analysis process included cross-checking interpretative
claims using data and investigator triangulation. Data trian-
gulation occurred by converging information gathered across
the textual, audio, and visual forms of data. Investigator
triangulation occurred through the use of multiple researchers
in the process of data collection and analysis to “balance
out the subjective influences of individuals” [36]. Thematic
analysis of the coded raw data occurred through a collaborative
process where there was a “joint focus and dialogue” among
the three researchers “regarding a shared body of data, to pro-
duce an agreed interpretation” [37]. The agreed interpretations
were used to create themes and interpretive claims that were
representative of all three sites. While we did note variance
across the three sites, we did not conduct a comparative
analysis and instead report on themes that surfaced across sites.

V. FINDINGS

Given the paper’s focus on exploring how identity explo-
ration can be leveraged in the learning process, the findings
from this paper will focus on how identity exploration was
used as an entry point to computational thinking. Thus, rather
than focus on quantitative measures of computational thinking
gains, we present a detailed analysis of a particular activity that
highlights how girls were able to transfer their understanding
of decomposition (e.g. analyzing complex problems by break-
ing down them into smaller units) as grounded in their personal
identities to a STEM-related context.

A. Anchoring activities in girls’ identities offered a personal
entry point to computational thinking practices.

The girls in the program participated in an “I Am” activity
that was designed to bridge computational thinking practices
with self-knowledge through an exploration of one’s complex
identity using the practice of breaking down complex concepts
into smaller units, also known as decomposition. The librarians
facilitated a discussion of social identity groups that prompted
the girls to reflect on the complexity of their identity and multi-
group membership. In order to encourage reciprocal sharing,
the librarians used a list of identity categories provided in girls’
journals (Figure 1) to share examples of their own complex
identity.

FIG. 1. SAMPLE JOURNAL PAGE LISTING IDENTITY GROUPS.

For example, Kendra, a teen services librarian, shared,
“I am an adult woman who identifies as white and middle
class.” The librarians encouraged girls to use the practice of
decomposition to gain a deeper understanding of their complex
identities by asking them to “break down who they are” into
discrete social identity groups and further reflect on their
position as a member of multiple social identity groups.

For instance, Jasmine (all names are psuedonyms) used
the social categories listed in the journal activity to reflect
on her personal identity. While she had many social identity
categories to choose from, she chose those that described her
age, race, gender, class, religion, and language. When asked
why she chose these personal identifiers, she paused, giggled,
and then responded, “I guess these are the one’s that most
people probably notice about me.” Her response revealed her
process of breaking down her complex identity into smaller
units included reflecting on how others saw her. Her response
demonstrated that she was able recognize how her identity is
complex and often negotiated in relationship to others.

B. Anchoring activities in girls’ identities offered a personal
grounding to return to when applying computational thinking
in other contexts.

Since we were interested in capturing data on their
“identities-in-practice,” we followed up identity-based activ-



FIG. 2. BREAKING DOWN COMPLEX IDENTITY INTO SOCIAL
IDENTITY GROUPS.

ities with STEM activities that incorporated computational
thinking and provided girls opportunities to participate in the
ways of “doing” and “communicating” that are privileged
within computing contexts. For example, after decomposing
their identity, the girls were asked to apply the same skill to
the creation of circuit. Most of the girls were creating circuits
for the first time which resulted in nervousness. However,
the librarians facilitating the activity reminded the girls that
they could decompose the circuit in the same way they
had decomposed their identity in order to understand how it
worked. The girls worked together to decompose the circuit
they were creating by first listing all the components and then
describing the relationship between them (Figure 3).

FIG. 3. DECOMPOSING A COMPLEX CIRCUIT ON THE
BOARD.

As a knowledge checkpoint, girls were asked to reflect
on how they used decomposition throughout the identity and
circuitry activities. As demonstrated in Figures 3, reflecting
on identity and decomposition led girls to make connections
between their self-knowledge and the practice of disentangling
complex concepts such as personal identity. Sarah shared how

decomposition helped her both identify three personally salient
identity categories, as well connect the act of breaking down
her identity to the creation of a circuit.

FIG. 4. CONNECTING BREAKING DOWN COMPLEX IDENTITY
TO BREAKING DOWN PARTS OF A COMPLETE CIRCUIT.

The remainder of the activity continued to increase in
complexity and introduced controlling physical outputs by
combining their circuitry knowledge with Arduino code, such
as creating the circuits and sketches to make buzzers, speakers,
and lights turn on. With the introduction of programming via
Arduino sketches, the librarians were able to once again build
on the girls’ previous knowledge of decomposition that was
grounded in the identity-based activity to explain how to break
down complex code into small chunks that could be tested.

FIG. 5. COMBINING CIRCUITRY KNOWLEDGE AND CODE.

Ultimately, our analysis found that the girls were able to
begin practicing decomposition within a context that they
know intimately – the self. By grounding initial decomposition
practices in their personal identity, the curriculum afforded



librarians an anchor point to return to when the introduction
of new and more complex skills began to feel overwhelming.

For our next steps, we plan to iterate on the design of
the curriculum and conduct further implementations across
all three sites. While this iteration predominately focused
on racialized and gendered experiences, we are specifically
interested in further incorporating experiences from a broader
spectrum of identity categories, such ability, sexual orientation,
and the intersection of these categories.

VI. DISCUSSION

The act of learning science and engineering practices has
been described as a cultural process that requires students
to “cross borders” [38]. As girls of color are learning com-
putational thinking practices, they are often interacting with
discourses that may align or differ from their own. Research in
science education has pushed for science educators to imagine
a space where students’ learning and identities can come
together to form a learning experience that does not force them
to leave behind their cultural knowledges and lived experiences
for the sake of learning science [39] [40]. Results from pilot
implementations of CompuGirls demonstrate that centering
girls’ identities in process of learning computational thinking
practices is a promising avenue for connecting computing
knowledge and practices to girls’ lived experiences.

Interestingly, while the focus on identity was originally
proposed as an entry point to computational thinking practices,
our study found that an emerging theme of identity explo-
ration serving as more just an entry point; instead, integrating
identity exploration into a computational thinking curriculum
resulted in a mutually reinforcing relationship where girls ex-
perience reflective identity development while simultaneously
increasing their understanding of computational thinking. As
shown in the “I Am” activity, identity exploration helped girls
understand computational thinking practices, and through the
practice of computational thinking they began to understand
their own identities at a deeper level and in more complex
ways.

We analyzed identity development as a negotiated process
that includes community membership and participation in
shared practices. Thus, we found that fostering a sense of
community was integral to creating an environment where girls
could feel safe to explore their identities. In order to foster a
sense of community, the research team and librarian facilitators
encouraged the girls to develop a set of shared practices. In
the first group activity, girls are invited to participate in norm-
setting by creating guidelines for their learning environment
through a “Safe Space” activity. For this activity, girls are
asked, “What do you need to feel safe here?” First, girls
reflected on these questions individually and identified their
own individual needs on sticky notes. We urge researchers
and practitioners to ensure that they have created a safe
and affirming learning environment before asking girls of
color to share personal information that may make them feel
vulnerable.

VII. LIMITATIONS

In line with other forms of interpretivist work, the goal of
this study is to highlight the experiences of this particular
set of girls to illustrate the potential of merging identity ex-
ploration and computational thinking practices. Additionally,
since identity exploration and reflection is an intimate and
personal experience, the sharing of girls’ experiences may
raise ethical concerns regarding privacy and disclosure in
research processes and reporting. Thus, as a research team,
we mindfully reflected on how to safely represent aspects
of the girls’ personal experiences. We mitigated privacy and
disclosure risks by anonymizing the data presented and care-
fully selecting data that did not disclose potentially identifiable
experiences.

VIII. CONCLUSION

Research [41] has emphasized the need for curriculum
materials and classroom pedagogy to take into consideration
girls’ interest, experiences, and ideas. In our study, we aimed
to address the need to discuss racialized, gendered, and classed
experiences more explicitly in learning environments [9]. By
honoring girls’ complex identities in the process of learning
computational thinking practices we sought to make space for
their multiple subjectivities in the process of science learning
and allowed for diverse entry points to computing knowledge
and practices. From our work, we found that identity explo-
ration provides multiple entry points to learning computational
thinking practices through personal self-reflection. We do not
view learning computational thinking practices through iden-
tity exploration as a replacement for other effective strategies
such as visual programming; rather, we present our approach
as a complementary and alternative avenue for connecting
computing knowledge and skills to girls’ lived experiences.
By focusing on the girls’ identities, the curriculum re-imagines
computational experiences by fostering interactions with com-
putational thinking from a personal perspective. Ultimately, we
argue that centering girls’ identities should be viewed as an
integral part of the learning process and not tangential.
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