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Dynamics of Emotion, Problem Solving, and Identity: Portraits of Three Girl Coders
Abstract

Background and Context: Women are underrepresented in the field of computer science, a trend that in
part can be traced to girls’ early experiences with the discipline.

Objective: Our aim is to show how three girls who became strong coders talked about their debugging
practice at the intersection of problem solving, emotion, and identity.

Method: We use the portraiture methodology to trace the goodness of a designed programming workshop
environment. We aim to show the trajectories of three strong coders over the course of two years of
participation in weekend and summer workshops.

Findings: We found that creative reflection spaces through journaling, art making, and storytelling
opened possibilities for the learners to observe, understand, and critically examine the integration between
problem solving, emotion, and identity in their programming experience.

Implications: Findings have implications for designing inclusive programming learning environments

that invite collective reflection on the moment-to-moment experience of learning to code.

Keywords: computer science, debugging, failure, portraiture, identity



Dynamics of Emotion, Problem Solving, and Identity: Portraits of Three Girl Coders

Introduction

It is well documented that women are underrepresented in the computer science field (Ashcraft et
al., 2012; Lehman et al., 2016; Pantic & Clarke-Midura, 2019). In many cases, this noted
underrepresentation can be traced to early experiences with coding that shape learners’ identifications in
relation to computer science (Friend, 2015). Researchers have suggested that an early “experience gap”
between boys and girls in computing may contribute to girls reporting lower confidence in their abilities
(Hur et al., 2017; Margolis & Fisher, 2003), making them less likely to see themselves as capable of
pursuing computer science careers (Lewis et al., 2016). A contributing factor is that computer science
learning environments may not be designed with girls in mind, thus presenting missed opportunities for
early engagement with computer science (Lyon & Green, 2020). Attending in detail to girls’ early
computer science experiences with an eye toward facets of marginalization can inform future designs of
learning environments that aim to fully and equitably support girls’ explorations of computer science.

Toward this end, we have focused this paper on girls’ early experiences with computing by
following the trajectories of three strong coders over the course of two years of their participation in
weekend and summer computer science workshops that we co-designed with non-profit workshop
coordinators and often taught ourselves. The workshop design, which we describe in detail in previous
work (Dahn et al., 2020; DeLiema et al., 2020), drew on principles of productive failure (Kapur, 2008),
design elements of reciprocal teaching (Palincsar & Brown, 1984), and known debugging strategies
(Zeller, 2009), with the aim of fostering a supportive culture around bugs or errors that are frequent and
challenging facets of programming. These workshops supported a debugging culture through other
purposeful design choices, including peer mentorships, tools for debugging, and constructivist, project-
based approaches to coding curriculum and pedagogy. Here we focus on a novel facet of the design—the
ways we asked learners to creatively reflect on their coding and debugging experiences through
journaling, art making, and storytelling. The literature confirms that it is important for girls to have
frequent and in-depth experiences with programming to better understand and build confidence within the
discipline (Dasgupta & Stout, 2014; Hur et al., 2017; Master et al., 2016). Through our study, we argue
that fostering reflection on how it feels to engage with the practice of computer programming matters for
building this confidence, which in turn, shapes learning and identity.

We were interested in how learners—in particular strong girl coders—made sense of their
experiences during moments of struggle with coding. Our guiding research question was: How do three
middle and high school girls who become strong coders reflect on problem solving during moments of
struggle with respect to the processes and strategies they use, their emotions, and their identities? We
drew on the portraiture methodology (Lawrence-Lightfoot & Davis, 1997; Lawrence-Lightfoot, 2016) to
document their trajectories and argue that creative reflection spaces opened possibilities for learners to
observe, understand, and critically examine the integration between their experiences with problem
solving, emotion, and identity as they were learning to program.

Centering debugging

Why focus on debugging to study learners’ early experiences with problem solving, emotion, and
identity? In short, moments of failure in programming provide likely settings in which these three
dimensions intersect. Because debugging code involves locating what went wrong, generating conjectures



about what caused it, and experimenting with possible fixes, all while choosing from an array of tools and
strategies, debugging requires problem solving (McCauley et al., 2008). In addition, in line with general
predictions that “contradictions, incongruities, anomalies, obstacles to goals, and other impasses”
(D’Mello & Graesser, 2012, p. 145) are sites for uncertainty and reflection (Koschmann et al., 1998),
debugging is now increasingly recognized as generating layered emotional experiences (Dahn et al.,
2020; Kinnunen & Simon, 2010), especially feelings of confusion, frustration, and boredom among
newcomers (Bosch et. al, 2013). In this same way, in line with observations that moments of failure invite
statements about who is at fault (Weiner, 1985), statements about one’s efficacy to navigate a problem
(Bandura, 1982), and possible inequities in interactions with peers (Shah & Lewis, 2019), experiences
with debugging may profoundly shape the social space in which learners’ identities form in relation to
programming.

Emotion in the context of learning to program

In articulating a vision for a “more inclusive computer culture” more than 25 years ago, Turkle
and Papert (1992) reframed how programmers interact with computers through a “set of intellectual and
emotional values” (p. 20, our emphasis). Simply put, learning to code can be an intense and even visceral
emotional experience (Dahn et al., 2020; Kinnunen & Simon, 2010). Furthermore, emotion is not just an
embodied sensation, but also part of the process of deciding what to blame for failures (Weiner, 1985)
and how to plan a response (Oatley, 1987). Emotion is embedded in the problem solving process
(DeBellis & Goldin, 2006) and serves as a “driver” of decision making (Lerner et al., 2015, p. 799).
Relevant to our argument, emotions impact how learners understand themselves and their identities
(Heyd-Metzuyanim, 2013), described by Lemke (2010) as a dynamic process of “identification and dis-
identification.”

For these reasons, it is not surprising that researchers have started to recognize socioemotional
facets of learning to program (Bosch et al., 2013; Bennedsen & Caspersen, 2008), including how
emotions occur at different stages of programming assignments (Kinnunen & Simon, 2010). Emotion
may also matter for the quality of programming collaboration. In a high school pair programming context
within a physical computing curriculum, the quality of social interaction depended in part on learners’
impression that their partners were emotionally supportive (Lui et al., 2020). Related computer science
education research has adopted a phenomenological lens on how it feels for newcomers to learn to code,
attending to “discursive, perspectival, material and embodied experiences” (Sengupta et al., 2018, p. 49;
see also Kinnunen & Simon, 2012). We extend these analytical threads with research that examines
emotion among middle and high school students. Because gender-based assumptions about students’
STEM capacities are well-documented in middle and high school (Ramirez et al., 2011), this
developmental window is a critical time to investigate the complexities of problem solving, emotion, and
identity.

Girls’ identities within computer science

Researchers have attended to how learners construct identities within computing (e.g., Rodriguez
& Lehman 2017; Tonso, 2006; Wong, 2016). We consider identity within computing to be a social
phenomenon influenced by dominant identity discourse and how young people see themselves fitting
within current social constructions (Wong, 2016). Identification with computing is also impacted by the
organization of the immediate learning environment, including how programming activities are designed
to support social recognition by peers and teachers so that young people are positioned as experts (Fields



& Enyedy, 2013). As such, we take up the idea that “identity is not a static ‘thing’ but rather a dynamic
and changing process over time,” (Fields & Enyedy, 2013, p. 17), part of a trajectory of identification
(Wortham, 2006), malleable and responsive to the design of learning spaces (Wong, 2006).

Because we are interested in domain-specific identities related to coding and understand identities
as taking shape in the figured world of the classroom (Holland et al., 1998), we draw from Nasir and
Hand (2008) who conceive of identities as practice-linked, or identities that live within the connection
between self and activity bound to the social and cultural practices with which learners engage. This
includes how accessible the domain is to a participant, the roles a participant takes on, and the ability to
feel confident and make contributions. As part of a practice-linked identity, we see identities as
endorsable stories learners tell about themselves that imply membership within communities (Sfard &
Prusak, 2005). Our conception of computer science identity also includes the element of time in which
learners acknowledge past, present, and future selves (Brickhouse & Potter, 2001). Like Hand and
Gresalfi (2015), we view the identities youth develop as ways they make “social futures” (p. 201) for
themselves and think about their potential for long-term identification with computer science.

Research suggests that the more experiences women have shaping the learning environment and
contributing to part of a computer science culture, the more they feel belonging (Frieze et al., 2012).
Studies of college-aged learners have attempted to increase retention of women in computer science
majors through targeted interventions (e.g., Dekhane & Napier, 2017). Lehman et al. (2016) suggest that
addressing the gender gap can be supported by designing for the unique characteristics of women
successfully pursuing computer science careers, which included higher self-ratings of artistic ability when
compared to men. For young girls, e-textiles have shown great promise for challenging traditional gender
roles in computing (Buchholz et al., 2014; Peppler, 2016). Cultivating a sense of belonging can be
supported by pedagogy that centers lived experiences of youth (Pinkard et al., 2017). Similarly,
Tissenbaum et al. (2019) suggest that computer science learning environments ought to be designed
around the notion of computational action, meaning that youth should have opportunities to engage in
computing activities that directly impact their lives and communities.

We focused on the immediate coding and debugging experiences of learners to understand their
practice-linked identities. We looked at strong girl coders to document how our design of creative
reflection spaces—including art making, storytelling, and journaling—worked for them. We were
interested in understanding more about how these learners saw themselves, why they were successful, and
how our designs supported their positive development.

Our focus learners identify as Latina girls. While white girls pursue science disciplines at nearly
the same rate as boys, those from minoritized ethnic groups have not (National Academies, 2007;
National Center for Education Statistics, 2011). Rodriguez and Lehman (2017) write about the need to
theorize computing identity as an intersectional concept to understand how layers of race, ethnicity, and
gender impact how learners understand themselves within computer science. Unpacking the possibilities
for identity in computer science is important for adolescent girls, especially girls of color, who are often
discouraged to engage or persist with computer science due to stereotypes and socialized beliefs about
computer scientists (Varma, 2010). While the focus girls’ Latina identity was not explicitly incorporated
within our curriculum design, nor did it emerge explicitly in how they talked about their problem solving
processes, it is important within the context of broader narratives about who gets to engage in computer
science. Noting the limitations of our design, we acknowledge this study is situated within what some
scholars have called identity work (Calabrese Barton et al., 2013), in which learners position themselves
in relation to historical and cultural understandings of practice.



Dynamics of emotion, problem solving, and identity in computer science

To focus our theoretical lens (see Figure 1), we draw from scholars who discuss the dynamic
relationship between emotion, problem solving, and identity in domain-specific ways. One example
comes from Heyd-Metzuyanim’s (2015) case study of a middle school girl’s relationship with
mathematics. Heyd-Metzuyanim presents a framework for studying the close connection between
learning, emotion, and identity, describing how the three interact with cognitive skills required to engage
with mathematics. In her trace of an individual learning trajectory, she notes the interactions between
complex layers of emotion, cognition, and how a learner’s identity develops, arguing that they are
constitutive of one another and inseparable.

Identity

Interconnected facets
of how students experience
and approach the practice of programming,
especially in moments when their code does not work

Emotion Problem solving

Figure 1. Interconnected layers of emotion, problem solving, and identity in programming

By looking at the intersection of emotion, problem solving, and identity, we can get a sense of
who learners are at particular points in time as they learn to code, which might reveal something deeper
about how they see themselves in relation to computer science. Aligned with work describing inequities
in computer science education (e.g., Margolis et al., 2012; Nasir & Vakil, 2017), we argue that a stronger
understanding of what learners feel and think, as well as how they see themselves, will better equip
researchers and teachers to design more inclusive learning spaces.

Portraiture to trace the goodness of an environment
We drew from the portraiture methodology to construct narratives about three focus learners because we
were aiming to understand success, or what a portraitist would call the goodness (Lawrence-Lightfoot,
1986) of a learning environment. Kinnunen and Simon (2012) argue that qualitative methods including
phenomenography and grounded theory are useful tools for computer science education researchers, and
we think that portraiture adds another qualitative lens that attends closely to learner experience.

Lawrence-Lightfoot and Davis (1997) explain that as the portraitist mines for goodness, she
focuses on the positive in relation to a phenomenon of interest. Because we noticed that our focus learners
were expressing facets of their identities and positively identifying as problem solvers within their coding
practice over time, we determined that portraiture would support us in uncovering the goodness of
practice and how the designed environment—including the creative forms of reflection we made central—
—provided a backdrop for their positive identification.

The portraiture methodology includes five central features: context, voice, relationship, emergent
themes, and aesthetic whole. To elaborate, the context in which participants are embedded shapes all



experience; the voice of the researcher is evident in the interpretive work and voices of participants are
foundational data sources for constructing portraits; the relationship between the portraitist and
participants supports the dialogic construction of portraits; emergent themes lend analytical coherence to
the interpretive work of portraiture; and finally, how portraits are presented as an aesthetic whole stress an
artistic process.

The portraitist has a central voice as “narrative text is blended with the interpretive perspective of
the researcher combining to create a shared world of understanding” (Cope et al., 2014, p. 89). In our
case, we were instructors and researchers involved in the details of curriculum design, teaching, and data
collection. We aim to be explicit that our findings are a result of our collaborative, interpretive work,
presented as they are not in spite of, but precisely because of the relationships we had with participants
and data.

Method
Overview of setting and intervention

We used design-based research (Brown, 1992; Collins, 1992) to create workshops at a computer
science education non-profit for 5th through 10th graders. The non-profit ran a variety of computer
science education classes at schools and through summer, weekend, and after school programming. Our
workshop focused on surfacing learners’ reflections on failure. Curriculum consisted of a progression of
coding concepts with interleaved skills-based and project-based modules emphasizing debugging (see
DeLiema et al., 2020 for details). Participants wrote code in JavaScript and Lua (on software platforms
including Minecraft, PixelBots, OpenProcessing, and Lego Mindstorms) to create beat machines, mosaic
paintings, robot dances and battles, video games, and avatars to use in a live Dungeons and Dragons
game.

We use the portraiture methodology to report on the individual experiences of three strong girl
coders who participated consistently over 26 months of weekend and summer coding workshops between
summer 2016 and summer 2018 (see Table 1). The iterative component of our design-based research
resulted in some specific design changes from the summer 2017 workshop to the one in summer 2018.
For example, in summer 2017, learners rotated through three coding classes with different instructors and
participated in a related art class over two weeks (see Dahn et al., 2020, for details on art making
projects). In 2018, the summer workshop ran for three weeks to support deeper participation, and learners
remained in one classroom with the same 2-3 instructors who taught both coding and art. During both
workshops, we conducted semi-structured interviews with all participants about their coding, debugging,
and art making experiences (see protocols in appendix of Dahn et al., 2020).

The second author had been part of the non-profit community since 2013 as an instructor and
researcher. In 2017 the first author was the art teacher for all 63 participants in the summer workshop, and
in 2018 both authors co-taught coding and art with an additional coding instructor in a single classroom of
21 participants. The first author was formerly an elementary school art teacher with no coding experience,
and the second author had worked as a coding instructor at the affiliated non-profit.

Focus learner selection

Focus participants, all three of whom attended Title I schools and identified as Latina, were
chosen based on the depth of their coding practice, their commitment to their coding and artwork, their
attendance at both summer workshops, and availability of data. By the final summer workshop these three
participants had learned fundamental programming concepts (e.g., sequences, loops, conditional



statements, functions, multi-parameter functions, and arrays), were consistently applying these concepts
in self-directed and independent ways, and were reliable mentors.

Table 1. Girls’ attendance at weekend and summer workshops at non-profit

Win Spr Sum Fall Win Spr Sum

2017 2017 2017 2017 2018 2018 2018
* *
Lorena X X X X X X X
Alexys X X X X X X X
Kat X X X X X X X

*notes summer workshops, during which the majority of data were collected; summer 2017 ran for 2
weeks (6 hours/day) and summer 2018 ran for 3 weeks (6 hours/day)

Data sources

Relevant data include interview transcripts, artwork, written artist statements, journal entries, and
video transcripts of in-class storytelling with peers. Interviews were conducted by authors. Because the
interviews most straightforwardly conveyed how learners experienced debugging, we relied on them most
when first crafting our portraits, yet we triangulated findings with other sources (Sandoval, 2012). We
incorporated data from journals, artist statements, and in-class storytelling to add texture to the stories
girls mapped out in interviews. We approached this work with awareness that a unified picture was not
guaranteed (Tracy, 2010). We knew that a coherent/convergent picture might emerge across triangulated
data sources (Denzin, 1978), or that a fragmented, divergent picture might emerge across data sources,
what in postmodern frameworks has been described as crystallization (Richardson, 1997). We discussed
the possibility of including video records of what participants said and did during coding, but we lacked
resources for such a large initiative. In addition, in reflecting on the rigor of our approach, we agreed that
the focus on participants’ reflections on their coding practice, our longitudinal data set spanning two
years, and our heterogeneous data sources provided enough substance to detail how learners viewed their
own problem solving processes, emotions, and identities.

Analytical approach

We first re-reviewed and transcribed all data. Because we were interested in how learners talked
and wrote about their coding strategies and processes, emotions, and identities, our initial codes
considered these elements in isolation. However, we came to understand that emotion was intertwined
with learners’ talk about their problem solving processes and identities. More directly, we found that
providing a space for reflection on the emotional experience of learning to code supported learners in
seeing themselves as the kinds of people who could solve problems.

Our operationalization of identity was aligned with Heyd-Metzuyanim’s (2015) conceptualization
of identity as explicit talk about a person. To glean statements about identity from learners’ talk, in our
data we pay attention to specific statements, generalized statements about recurring experiences, and
stable traits (Heyd-Metzuyanim, 2015). These statements include remarks about how learners participate
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and how they evaluate their own membership within a particular group. To operationalize emotion, we
drew on our prior work (Dahn et al., 2020) in which we used a storytelling framework (Herman, 2009) to
attend to descriptions of internal experience about debugging. We understand emotion in the body as
“multifaceted, biologically mediated...(experiential, cognitive, behavioral, expressive)” (Lerner et al.,
2015, p. 800), but also a vibrant part of the social world in which we communicate about emotion
(Goodwin et al., 2012). In this way, we attended to a range of dimensions of emotions, including the
novelty of description, change over time, and emotions about emotions. Comparable to work in discursive
psychology that examines internal experience as part of communication in a social context (Wiggins,
2016), we viewed girls’ reflections on emotion as dynamically coupled to other expressions they made
about their coding process. The final construct we considered, problem solving, was operationalized
according to how participants described the tools (e.g., syntax checkers, steppers) and strategies (e.g.,
isolate the problem, experiment with a fix) they used to debug problems in their code. We included
practices from computer-science debugging literature (e.g., McCauley et al., 2008; Zeller, 2009) and
additional practices participants named as valuable.

We wrote short narratives and pulled out resonant and repetitive refrains from girls’ interviews.
From these we inductively developed themes to capture how reflection on emotions supported the ways
learners talked about themselves as problem solvers. We aimed to tell a fluid story of each girl while still
maintaining the systematicity and precision we began with in looking at the particulars of problem
solving, emotion, and identity.

Lawrence-Lightfoot (1986) argues that the portraitist should work as an ethnographer, fully
embedding herself in the research setting. As we note above, we spent time with focus learners as their
instructors, as researchers, as co-creators of artwork, and as people chatting over lunch. Given these
multifaceted roles and participation frameworks, we aimed to be self-reflexive in analysis, challenging
one another’s inferences and transparently documenting our rationales (Tracy, 2010). In addition to
drawing from the portraiture methodology to construct narratives, we used the constant comparative
method (Glaser, 1965), developing themes through explicit definitions of constructs, iterative
examinations of data, and memos documenting evidence for claims. Using a constant comparative
method paired with portraiture, we coded data around themes of problem solving, identity, and emotion,
comparing new instances of data to prior codes to refine each theme.

Findings
Lorena

Lorena was a rising 10th grader during the summer of 2018. As her instructors, our impression
was that in both art and coding, she took her time, paid close attention to details, and held herself to a high
standard. She would sometimes take art projects home to finish them. Lorena also spent some breaks and
lunch periods chatting extensively with instructors about new coding concepts. In her artwork, she
documented having conversations about code with peers that continued into break and lunch periods
(Figure 2). In all, Lorena took responsibility for her own learning, and in both art and coding, seemed to
take pride in her work.

In building a portrait of Lorena, it became clear that she had mixed reactions about her approach
to coding. The following journal entry after a difficult day of coding in 2017 hinted at this dynamic: “[I]
have to work at home on code now :) ‘great’—sarcasm.” Her commitment to working at home, with a
smile, was hedged with a sarcastic “great.” In a similar vein, one of her works of art (Figure 2) used
plants drawn with fine details as an anchoring metaphor for growth. However, the vines showing growth
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also tracked the “# of runs until code was correct.” This recognition of extensive personal effort to reach
correct code, especially through multiple attempts at formulating a solution, balanced with an awareness
of growth, is what we unpack in the portrait below.
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Figure 2. Lorena’s data visualization artwork

Overthinking

When describing her debugging process, Lorena frequently alluded to “overthinking” solutions
and moving slowly. Lorena explained how she liked to have a sense of control over what she did, was
most content when things were organized, and emphasized the value of being aware of her feelings as “a
good thing so you could change them if they’re negative.” Lorena acknowledged that her desire to
understand problems led her to persistently read her code:

“didn’t reread my code
#reread my code
#reread my code more” (Journal Entry, Winter 2017)

Lorena further explained in an interview that she sometimes “overcomplicates” things by taking

up “way too much code line” when writing code. She also linked her experience of overthinking to a

general statement about her speed: “I guess I’m kind of slow, which kind of sucks because I overthink it,

the solutions.” And in a journal entry on “what to know when coding” (Figure 3), Lorena advised herself
“think about the problem and be aware of the issue.’

Figure 3. Lorena’s journal entry on “what to know when coding”
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Being someone who “overthinks,” is “aware of the issue,” “#rereads my code more,” and is
“slow” and controlled, which Lorena viewed as something that “kind of sucks,” is how she often saw
herself in relation to her problem solving practice.

Overthinking in comparison to others

Lorena consistently compared her observations about overthinking and self reliance to her peers.
Using her abstract watercolor artwork from Summer 2018 as a springboard for reflection (Figure 4), she
noted a stark comparison between herself and others:

This is me debugging [referencing the bottom of Figure 4] and this is how I feel like everyone
else debugging [referencing the top of Figure 4]. We both encounter a bug and it's the same bug,
but with me since Mia says I'm meticulous and overthink a lot of things, I overthink the solution
and I don't follow it logically like other people, which we both eventually like reach the solution
but I have a hard time navigating my way, unlike other people.

Figure 4. Lorena’s abstract artwork

Drawing a contrast with her peers, Lorena positioned herself as someone who overthinks, does
not follow a logical path, and has difficulty navigating her way to a solution. She elaborated that she tried
to “find different solutions,” and that her code was sometimes “overcomplicated,” voicing the words of
her instructor, Mia, when reifying this perception of her problem solving identity. In her artist statement
for Figure 4, Lorena described this gap in a positive and negative light:
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When finding a bug in code I noticed how fast or “easy” other coders solved the problem...I on
the other hand seemed to over complicate/overthought solutions leading me to find the alternate
solution. Although overthinking is a bad habit it helps me see the same situation in a different
perspective. The right side represents me...unorganized thoughts...scattered...still eventually
reaching the “solution”. Whereas the right side represents fellow coders and everyone else in
life...organized simplistic...getting to the solution more logically.

In her interview, Lorena said that this “bad habit” seemed to “put [herself] down,” and yet her
artist statement hinted at a strength, that overthinking “helps [her] see the same solution in a different
perspective...still eventually reaching the ‘solution’.” This double bind was further reflected in Lorena
consistently nudging herself to ask for help. In a journal entry from winter 2017, she implored herself to
“#ASK PLEASE,” and then the next day to “#ASK!” A few months later she wrote to remind herself to
“ask for help and explanation if I don’t understand something,” “attempt to explain more clearly when
asking for help,” and to “not freak out, ask for help.” Lorena noted that “working independently didn’t
really help. But did.” Those final words (“but did’) capture Lorena’s mixed perception of her self-reliance

and overthinking as something that worked but also “kind of sucked.”

Past and present versions of self

When Lorena reflected on her past and present experiences of debugging, the themes of
overthinking and comparing herself to others came together and suggested a shift in emotion and strategy
over time. She explained:

I used to get really embarrassed if I couldn’t pass a bug, and I would just look over at
other people’s screens and I would be like oh jeez, like i’m behind. Now I’m more calm
about it like I just try to follow the strategies, and if I can’t get that specific bug I’1l just
move on to something else or I’ll comment whatever is making it wrong.

Lorena described trying to “pass a bug” as something that “used to get [her] really embarrassed,”
prompting her to look at “other people’s screens,” and feel, “oh jeez, like I'm behind.” In a 2017 journal
entry, she echoed this perspective by urging herself to “stay calm” and “solve one problem first (bug)
instead of moving on to the next.” In contrast, Lorena described her present approach to coding: “more

b

calm about it,” “follow[ing] the strategies,” and “if I can’t get that specific bug I’ll just move on to
something else.” These reflections represent a change over time in how she approached bugs; while she
would first solve bugs one at a time, get embarrassed, and feel behind, she eventually found ways to keep
herself moving as she solved bugs, including following debugging strategies, staying calm, and returning
to problems after a break. In looking toward the future when solving bugs in code, Lorena explained that
perhaps she should “not stress [herself] out too much and think of easier solutions.”

In summary, Lorena’s reflections on emotion, identity, and problem solving were inextricably
linked. With the phrase, “I’m kind of slow, which kind of sucks because I overthink it, the solutions,”
Lorena bridged a way she saw herself (“I’m kind of slow”) with an emotional valence (“kind of sucks”)
and an approach to finding solutions (“I overthink it”). In her artist statement and interview, Lorena
described her identity as someone who overthought and was slow, yet even in naming these qualities she
also socially positioned herself in a positive light as someone who approached problems differently and
saw things from a different perspective. Lorena’s story had an arc to it. She started by describing herself
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as self-reliant, scattered, behind, and having a hard time, accompanied by an emotional resonance of
freaking out, embarrassment, and feeling like it sucks. Lorena described her initial problem solving
practices, including re-reading code, thinking about the problem, sticking with the bug until it was
finished, and wanting to ask for more help, as practices that “did” work because she could still reach the
“solution.” Over time, Lorena described an overarching shift toward feelings of calmness when faced
with bugs and a problem solving approach in which she utilized debugging strategies and temporarily
moved on from troublespots. Lorena’s reflections point to the connected nature of identity and emotion
that mutually informed one another during her problem solving process. As Lorena came to excel as a
coder over this two year period, repeated opportunities for reflection that were embedded in our workshop
design (e.g., journal entries over time, written artist statements) nudged her simultaneously to articulate
out loud and in detail who she was as a coder and how she was changing in ways significant to her.

Alexys

Alexys was a rising 10th grader during the summer of 2018. Her younger brother, who was in
sixth-grade, was also part of the workshop. Because he was less experienced, her brother sometimes
asked her for help with his code, and she readily offered assistance. In reflecting through artwork, Alexys
created pieces that she described as related to both her coding experience and more general themes related
to living in the world. For example, she explained in an artist statement that her abstract art in Figure 5
shows the positive and negative sides of a person’s day in coding and in life.

Figure 5. Alexys’s abstract artwork

In our portrait of Alexys, we highlight how she described a shift in confidence as she gained more
debugging and coding experience, in particular by growing her repertoire of debugging strategies. In turn,
she began to identify as a mentor to others. She also emphasized being a creative person in coding and art.



15

Shifting confidence linked to growth in problem solving strategies

Like Lorena, Alexys talked about her problem solving process in terms of how it changed over
time. Alexys drew a contrast between her prior reactions to bugs and how she handled them as a more
experienced coder. In her interview from the first summer workshop, she explained that “before like last
summer or like weekends I didn't really know how to debug until like now,” describing an arc of progress
from “you don't know what to do so you kind of like freak out and say ‘where's the bug at?’” toward
“knowing” how to debug. She unpacked “knowing” across interviews by describing a range of debugging
strategies in her toolkit: “debugging you have to go step by step,” check for “spelling,” check “how you
reread my whole

LRI

put it together,” use the “console at the bottom, it usually tells you what is wrong,
code,” “see if anything's missing,” “double check,” “revise what is wrong,” and “go through my past
work.”

Overall, Alexys described learning to better understand and deal with what she was “stressing
about.” In her interview from the second summer workshop she explained, “My first like two years I’ve
been here I would get like a lot of bugs and stuff and I'd always ask for help,” adding that “if you're like
stressing over something and you draw it out you could see like what you're stressing about and like
maybe you could ask someone like how you could fix it.” Here Alexys linked a feeling of stress, what she
characterized in the first summer workshop interview as an “explosion,” with dependence on others to
debug her code. Later in the interview, she explained how her feelings shifted over time: “Since I pretty
much know how to debug already I don't really like get nervous about it so I just kind of go with it.” She
attributed this change from nervousness to “going with it” to learning more about how to debug and to her
growing confidence as a coder and independent problem solver. By the second summer, Alexys viewed
debugging and coding as connected in such a way that you could not have one without the other: “I think
debugging....if you didn’t have it, I don’t know what like the whole point of coding [would be],” and then
emphasized how learning necessarily derives from mistakes. This shift in confidence supported Alexys as
she took on a mentorship role and began to see herself as someone who could help others, a theme we
elaborate below.

Becoming a mentor

Importantly, gaining confidence in her abilities as a coder helped Alexys to see herself as a
mentor for her younger brother and other novice coders. She explained, “It just feels good that they know
that you know all the stuff and yeah it just feels great like helping out.” Through this statement she
positioned herself as a mentor, as someone who others could turn to for help because she “know([s] all the
stuff.” She acknowledged that this recognition as a mentor made her feel “great like helping out.” Alexys
then explained her motivation for wanting to be a mentor to younger, novice coders as well as the kind of
mentor she hoped to be:

I actually wanted them to do some codes because I've actually been here four years so wanted to
see how the little kids were actually using their minds to create code so if they ever need help I
would actually help but I just wanted them to be creative because I would probably do something
more like experienced but they’re here new so I was just like no you do it... and act all bossy to
them no... and also I’'m not that controlling, I just don’t like being the leader, that’s just not me.

Alexys described wanting to understand how novice coders (whom she called “little kids™) were creating
code on their own before she determined how to help them. She emphasized wanting “them to be
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creative” instead of following her more “experienced” approach to writing code. In many ways, this
stance carried forward the self-directed approach to instruction that Alexys described receiving as a new
coder: “they just sort of taught me how to like check over my work,” instead of directly fixing the
problem. Alexys similarly described her mentoring as not wanting to be “the leader,” which to her, meant
that she did not want to be “bossy” or controlling, something she did not see as part of her identity: “that’s
just not me.” Alexys also discussed the value of being creative in her own coding and art practice, a theme
echoed in an abstract art piece (Figure 6) from the first summer workshop (which she drew to represent
“Creativity”), in her haiku about the avatar she coded in the p5 platform (“p5 more freedom / Artistic me
takes over / Rosey is just made”), and in her artwork modeled after the Dear Data project (Figure 7) (in
which she tracked herself making twice as many creative expressions as uncreative expressions). In short,
Alexys saw herself as someone who enacted freedom, creativity, and artistic expression during coding,
and as someone who practiced these same values in her mentoring.

Figure 7. Alexys’s data visualization artwork
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In summary, Alexys described feelings of stress, freaking out, and nervousness shifting over time
toward calmness, “just kind of go[ing] with it,” and confidence. She explicitly credited this emotional
shift to growth in her problem solving practice, which she said started as an “ask for help” approach and a
sense that “you don't know what to do,” and became one of really “knowing how to debug,” which
involved techniques that Alexys unpacked in considerable detail. For Alexys, the “whole point of coding”
was wrapped up with debugging problems. By contemplating her shifting feelings and problem solving
practices in our designed reflection spaces over time as she gained experience coding and debugg\ng,
Alexys positioned herself as a mentor who had knowledge and wanted to help others, especially in the
creative way she defined herself and wanted others to experience coding. By composing heterogenous
classes of novice and more expert coders, our design opened the possibility for Alexys to articulate how
others socially positioned her as a mentor. Sustained engagement over time and consistent checking in
through activities like journaling and art making supported Alexys’s positive perception of herself as a
creative and self-assured coder who could practice cultivating those same values in her mentoring of
newcomers.

Kat

Kat was a rising 8th grader during the summer of 2018. She referred to the non-profit across two
separate works of art as her “second home” and where “my second family will always be.” As her
instructors, we took Kat to be someone who was very thoughtful about her coding and artwork; she was
eager to learn and explore the bounds of her own creativity. She liked to go deep with her art, using
symbolism and metaphor to express meaning. As an example of one work of coding-inspired art she made
during the second summer workshop (Figure 8), she wrote in an artist statement:

Figure 8. Kat’s abstract artwork



18

The fires of h, e, double hockey sticks
burns the soul.

The blue waves of the ocean heal

the sand of heat.

Fire, water, each come together to
make a happy medium

They create a world of peace and
destruction.

Not perfect, but it’s ours

She explained during in-class storytelling with her peers that in this work of art she was trying to
show with the “fire, you know, anger, frustration, all the negative emotions,” and juxtaposing that with
“almost like a beach, like calm, cool, you know the positive emotions.” In the middle, she explained that
the “purple here is when they mix together sort of yin and yang.” Across art projects, Kat explored a wide
range of emotion: “happiness,” “confusion,” “worry,” “frustration,” and “confidence,” and marveled that
“a little computer makes you feel every one of these things.”

In her reflections on her problem solving experiences, Kat highlighted the centrality of frustration
related to her debugging process as well as a progression of different emotions, including building
confidence over time as she gained more debugging experience. She discussed the value of learning from
failure to fix mistakes in the future.

Fixing mistakes

In Kat’s reflections, she framed debugging as what “we use...to fix our code” and elaborated that
failure is something that helped her grow as a coder, so that “the next time you know what you’re doing”
and can “climb the ladder.” Alternatively, with some bugs, Kat noted that she nimbly adjusted her goals.
Instead of fixing the bug, Kat would “change how you want it to look later on,” and then drew a parallel
with how in art “you can always change it to make it look like what you want it to look like.” When asked
how these bugs got into her code, Kat lightheartedly discussed a classroom inside joke about the curse of
Sam, an instructor whom the students accused of magically planting bugs in their code. Kat then more
seriously addressed how her mistakes derived from “not paying attention” and from how “you’re just
going really quickly so you didn’t really notice it.” Indeed, Kat saw this as a general part of who she was:
“I probably just didn’t notice it because I’m not very good at noticing a lot of things, like very small
details I’'m not very good at noticing.”

Beyond taking ownership over the causes of her bugs, Kat unpacked an array of tools in her
debugging kit, describing how she would “experiment,” use the “stepper tool,” “rewrite the code,”
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“explain the code to someone,” use “notes in our journals” to “help with the code,” “ask my friends,”
“find error messages...and read through them,” and as a last resort, “ask one of the teachers.” Perhaps not
surprisingly, alongside this array of debugging strategies, Kat framed persistence as a central goal. She
repeatedly wrote in her coding journal about grit as her debugging goal, which she described as an
approach “to keep moving forward and to keep trying.” In a letter to future coders, she explained: “I'll act
normal, and feel like quitting. Yet I didn’t quit and I worked hard.” After exhausting all of her strategies,

Kat talked about soliciting help from an instructor. After a hint, she would “figure it out almost instantly,”
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noting that she was “happy when I fix a code.” In moving forward, Kat described wanting to write down
more notes to document how she fixed code to guide her problem solving process.

In all, Kat described a robust debugging practice: persisting to fix a bug or simply revising her
goal, taking responsibility for bugs in her code, implementing a wide range of debugging strategies, and
setting a goal of generalizing her approach to debugging. Kat’s reflections on her problem solving process
and emotions connected to that process were future-oriented and focused on both the kind of
coder/problem solver she thought she was and the kind of coder/problem solver she hoped to be.

Frustration building and building confidence

How did Kat respond emotionally to these stretches of debugging? Across two years, Kat
consistently described wavering between confidence and frustration, what she captured precisely as “the
cool yet worry of my code.” In particular, Kat talked about how she would get frustrated with her code
(“#Frustration, towards a word; “#Worry, when I get an error”), especially when she felt that she had
persisted within a problem solving process over a long stretch of time. This frustration was even more
present if she was still clueless as to how to fix a bug she encountered: “it was very frustrating and it was
very difficult because a lot of us didn’t know what to do” (first summer workshop) and “sometimes I will
feel frustrated because there are times when I don’t know what’s going wrong” (second summer
workshop). Like Lorena, Kat first looked to and depended on herself to understand how to approach the
problems she faced when coding. She explained, “If I’m kind of like on the code for a very long time and
I don’t know what I’'m doing and I try fixing it a million times then I start getting a little frustrated and
that’s when I ask my friends or teacher." In one of her art pieces, Kat poetically described lowering “the
brightness on my screen while coding. It almost seemed as if my code disappeared...,” which Kat called
“electric night.” Kat wrote about how she curbed some moments of frustration: “I view my electric night
every now-and-then to have peace and be calm.”

Kat’s frustration stemmed from whether or not she considered herself confident enough to solve a
problem on her own. She elaborated, “A lot of the times it could get frustrating but a lot of the times I
know what I’m doing and I understand the problem." In this reflection, Kat explained that frustration was
not part of her emotional experience when she could understand the problem or fix the bug, what she later
called “#Confidence, once it’s over.” Kat also described emotions that followed frustration: “frustration
and then afterwards there’s like curious and then there’s happiness.” In the second summer workshop, Kat
made a strong statement about herself with respect to confidence: “I can get very confident very easily.”
In her Dear Data piece from the second summer, she recorded herself being confident considerably more
often than she recorded herself being frustrated during debugging. And in some interview responses, she
alluded exclusively to confidence: “When I debugged code 1 would always get very confident like maybe
I could do this now and I can do that, it would help with confidence....the more you do it, the more
confident you get, it kind of helps.”

Kat explained that when she had an understanding of a coding problem, she experienced
increased feelings of confidence in contrast to the frustration she felt when she did not know how to fix
her bug. We take this to mean that Kat did not necessarily need to arrive at a solution, she just needed to
understand the problem to gain confidence. Kat discussed a progression of emotions that led her to
understand if she knew how to solve a problem and therefore, if she had confidence. The progression of
emotions included a bit of frustration, “curiousness,” happiness, and “more curiousness” before she
figured it out. She explained that the more she debugged, the more her confidence grew.
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In summary, Kat talked about a range of emotions experienced during problem solving, including
frustration with bugs as well as curiosity and happiness. Her emotions informed decisions about problem
solving, including whether she would ask for help, persevere, or take a break. She explained how past
mistakes helped her build confidence over time and envisioned a future self as growing even more
confident. Her stories described temporal trajectories that interleaved emotion and problem solving, for
example, when Kat remarked on how she showed no emotion on the surface, felt like quitting on the
inside, and yet continued working toward a solution, exhausting all of her debugging strategies, asking for
help, and then seeing the solution and feeling happy. In another account, Kat describes debugging without
arriving at a candidate fix, feeling frustration, and then darkening her screen to take a break. For Kat,
these were trajectories through moments of failure that strung particular emotions together with particular
problem solving experiences, and allowed at times for a strong sense of confidence and identification as
someone who is persistent. Art making and storytelling opportunities allowed Kat to surface how she saw
herself as a coder, namely how she saw herself changing as a coder, both over short and long time scales,
and with respect to her past, present, and future progress. These activities afforded Kat a context to
precisely narrate how her emotional experiences and problem solving approaches interacted to make
coding feel a certain way at certain points in time.

Discussion

As Lorena, Alexys, and Kat discussed coding-linked emotional experiences, they talked about
their problem solving experiences in relation to how they saw themselves as coders (see Table 2). More
concretely, participants’ ways of seeing themselves as particular kinds of coders (slow, different from
everyone else, creative, persistent, independent) were linked to how they described their problem solving
process (overthinking, re-reading, stepping, taking breaks) and how they reported feeling (sucks, peace
and calm, getting frustrated, confident, freaking out, lacking nervousness). Without attending to emotion
in our design, it would have been difficult to infer how participants’ approaches to problem solving
informed their evolving identities. By acknowledging emotion and engaging with how emotion connected
with debugging processes, participants’ creative reflections created a bridging space between problem
solving and identity. What feels right, wrong, comfortable, or uncomfortable when navigating a problem
forms a constitutive element of identity (Lemke, 2010). Considered in light of other facets of identity,
including stories others tell about us (Sfard & Prusak, 2005) and common practices across communities
(Nasir, 2002), the emotional context in which problem solving takes place becomes one more grounded
way to understand how students experience a discipline (Sengupta et al., 2018).

As computer science educational researchers continue to call attention to the value of students’
computational identities (Tissenbaum et al., 2019), in particular to foster more inclusive learning spaces,
we would argue that the portraits presented in this paper nudge teachers and researchers to attend to
identity at the intersection of how learners see themselves solving problems and how they feel about their
approach. We complicate the notion of confidence, something we know to be particularly important for
girls identifying with computer science (e.g., Friend, 2015; Hur et al., 2017), by showing how it changes
over time relative to problem solving skill. Additionally, through our interest in creating a productive
culture around failure, we positioned identity as something that requires social support (Friend, 2015).
Viewed in light of prior work capturing substantive shifts in identity over time (Heyd-Metzuyanim,
2015), we argue that these portraits reaffirm that educators should be open to seeing identity as malleable,
notice when identity changes take place, and question how other facets of experience, whether problem
solving approaches, emotions, or stories, contribute along the way (e.g., Fields & Enyedy, 2013).
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Table 2. Overview of girls’ problem solving approaches, related emotions, and identifying statements

Girl Problem solving approach and emotions How she defines herself

Lorena - Overthinking problems sucks and is a bad habit Someone who wants to feel in control,
but also helps to see the solution is meticulous, works independently,
- Re-reading code moves slowly, overthinks the solution,
- Working independently even while freaking out  has a hard time getting to the solution,
- Getting stuck, feeling embarrassed, and not approaches problems differently from
moving on from the bug..over time becomes “everyone else,” and has future
getting stuck, feeling calm, following debugging aspirations of less stress and thinking
strategies, and moving along of easier solutions

Alexys - Not knowing how to debug, freaking out and Someone who is a mentor who knows
stressing within an explosion, and relying on what she is doing with coding and
help...over time becomes knowing how to debug feels good about that; not a bossy kind
(stepper, check spelling, console, re-read, double of person; someone who lets others be
check, revise, look at prior work) and lacking creative; a creative person herself; a
nervousness, going with it, and feeling confident confident person in relation to coding

ability and knowledge
Kat - Learning from past failures Someone who goes quickly, doesn’t

- Changing the goal to avoid the bug

- Using a wide range of debugging strategies (e.g.,
experiment, step, explain) before asking for help
from an instructor

- Feeling like quitting and getting frustrated but
acting normal when facing a bug she does not
understand, but choosing to persevere, feeling
curiosity and eventually feeling confidence once
it’s over

- Taking breaks to find peace and calm when
faced with prolonged debugging

always pay attention, is not good at
noticing details, perseveres through
tough bugs, starts by working
independently, grows confidence over
time as she gains experience, and can
easily get confident.

Implications for and limitations for the design of more inclusive learning environments

The finding that problem solving, emotion, and identity are intertwined points to a number of key
implications as illustrated in our three portraits. We highlight two here. First, we argue that creating an
inclusive learning environment requires checking in with learners to track not only whether learning is
taking place, but also to understand how they are feeling when engaged in practice. In the case of our
portraits, we asked all three girls to consider the emotions involved in their practice through a variety of
reflective practices such as journaling, art making, and interviews with instructors. Alexys, for example,
described feelings of stress and nervousness contrasting with her eventual experiences of being calm and
gaining confidence. Similarly, both Lorena and Kat deeply engaged with prompts to reflect on emotions,
acknowledging that they were often mixed up, overlapping, and shifted over time. In computer
programming contexts, in which moments of failure are well-recognized as foundational, common, and
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challenging (McCauley et al., 2008), including inviting of complex emotion (Bosch et al., 2013; Dahn et
al., 2020; Kinnunen & Simon, 2010), we would be asking newcomers to process recurring failures in
isolation unless we attend carefully to and support their experiences. Indeed, our approach to supporting
learners during coding and debugging often emphasized tool-driven debugging strategies (DeLiema et al.,
2020). In doing so, we inadvertently separated reflection on problem solving from reflection on other
aspects of coding experience. Bridging this gap more directly during coding instruction is an opportunity
for future research.

Second, it is important that problem solving, emotion, and identity as constructs are not isolated
in future designs as the portraits showed us that all three are deeply connected. For example, we saw that
Lorena’s description of herself as someone who saw things differently was connected to the scattered and
embarrassed emotions she described as she compared herself to others during her coding practice.
Similarly, Kat’s mixed feelings of frustration, confusion, and happiness were related to precise moments
in her problem solving process and contributed to her growing confidence. Thus, if we want to support
particular identities, we should make sure students are also supported with their problem solving practice
as well as take inventory of how they feel along the way. And by extension, if we want to make sure
students have strong problem solving practices, then we should also check in on their identities as coders
and their emotions. In short, we want to make sure we understand our students and how they are changing
over time along these three dimensions if we want to responsively support their growth as coders.
Importantly, attending to these three dimensions in ways that can make a difference for how learners see
themselves must be an embedded part of the learning design throughout the experience and cannot simply
be a summative afterthought. That is, artificially asking students how something felt at the end of a
coding workshop will not likely result in a transformative understanding of their identities or problem
solving approaches. Though we did try to embed reflection spaces into our curriculum design throughout,
in future research we might try to even more explicitly integrate reflection on emotion and identity during
students’ coding practice.

How can we embed formative dialogue around emotion and identity in computer science learning
contexts, and what purpose would this serve? Our design approach takes advantage of the open-ended,
reflective space of art making to foreground stories about success and failure. Without a doubt, this
approach is not the only one available to foster reflection. More broadly, in envisioning new classroom
practices aligned with our designs, we suggest building on research recommending that interventions
place youth in a position of power (e.g., Yeager et al., 2018). Foster (2014) richly describes how
mathematics teaching that reflects a pastoral approach to instruction foregrounds “warm empathetic
listening and minimal intervention to support people in solving their own problems and developing
increased autonomy” (p. 147). Foster notes that teaching along these lines involves instructors giving
considerable time to listening to their students, remaining open to multiple possibilities, reflecting with
colleagues, and feeling uncertain. Positioning students as authoritative drivers of action is perhaps
particularly important to dialogue around emotion. As Jaber & Hammer (2016) note, instructors should
“accommodate a range of norms regarding emotional expression” and expect that students will “vary
significantly with respect to how they experience, express, and regulate how they are feeling, both across
and within cultures” (p. 191). Efforts to respond to students’ heterogeneous reflections in this way might
align well with an institutional “culture of care” in schools (Cooper & Chickwe, 2012), in which the
“caring actions of school officials must be motivated by student need, not an adult’s desire to demonstrate
sympathy, empathy, or compassion” (p. 242), and should be accompanied by positive peer relationships
and high expectations. More work is needed to continue to describe the ways that instructors foreground
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learners’ authority within classrooms that surface nuanced reflections on emotion, problem solving, and
identity. In addition, perhaps future research can consider how key elements of instructional and
pedagogical design focused on learner agency and distribution of authority might further support how we
theorize about computer science identity (see Cobb et al., 2009 for similar discussion of identities in
mathematics classrooms).

We acknowledge the limitations of generalizing from our unique dataset, in which all focus
participants had multiple years of programming experience. Unfortunately, although they may spark
interest, most drop-in summer camps may not be enough to make a difference in girls’ identifications
with computer science due to their short duration (e.g., Hur et al., 2017). School contexts also pose
challenges (e.g., limited time for certain disciplines, student-teacher ratios) to the translational work
needed to create spaces that foreground emotion and identity. One way comprehensive public schools
might look to support learners could be through the creation of smaller learning communities built around
shared interests in computer programming (Edward et al., 2019).

Our study also presents limitations in terms of how learners’ cultures might be explicitly
incorporated into design to support identity development. Both formal and informal classrooms spaces are
figured worlds (Holland et al., 1998) with particular sociodisciplinary values and norms. In our case,
while participants engaged in peer mentorship, our curriculum emphasized developing confidence and
skill as an independent problem solver during debugging (e.g., DeLiema et al., 2020). The discourse, task,
and material structures that were informed by this value in our design may have aligned or clashed with
learners’ familiar, culturally based practices outside the classroom (e.g., Lee, 1995). For example, some
research suggests that learners belonging to Indigenous communities value collaboration centered on
ensemble and unified engagement rather than the joining together of separate ideas (Mejia-Arauz et al.,
2018). This raises the possibility that participants in our learning community encountered friction moving
between distinct cultural activity systems (Engestrom, 2001). Understanding learners’ cultural viewpoints
and how they approached sense-making would likely have afforded an even stronger opportunity to
support our students. Future work could explore how to build from our focus on emotion during problem
solving to design for rightful presence (Calabrese Barton, & Tan, 2019) by making visible youth
experiences with marginalization and then using those experiences to drive their engagement with
consequential learning (Jurow et al., 2016). We might also consider how integrating personal narratives
within curriculum could surface girls’ understandings of how their race, ethnicity, and gender intersect
with their computer science identities (Pinkard et al., 2017). Explicitly designing from a critical, social
justice-oriented perspective coupled with the approach of attending to emotion during the problem
solving process strikes us as an important opportunity for future research.

Here we have shown how strong girl coders make sense of their debugging experiences through
reflections on emotion and identity during problem solving. The portraits drew attention to interconnected
dynamics between these three constructs, substantive shifts in students’ practices and experiences over
time, and implications for the design of computer programming learning environments. Our work
suggests that designing learning environments that attend to what learners are thinking and feeling when
they solve challenging problems creates space for a computer science identity to develop with
implications for both present and future practice.
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