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“Go[ing] Hard. . . as a Woman of Color”: A Case Study
Examining Identity Work within a Performative Dance
and Computing Learning Environment
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WILLIAM PAYNE, New York University

Performing arts computing environments have received little attention in the educational sphere; yet, they

offer opportunities for learners to validate their efforts, ideas, and skills through showcasing their work in

a public-facing performance. In this work, we explore an out-of-school dance and computing educational

program run by the organization, STEM From Dance. The organizational mission is to create an equitable

learning experience for young women of color to engage with computing while exposing them to STEM

careers. Through an analysis of eleven interviews with youth participants, instructors, and the executive di-

rector, we examine how the social, cultural, and political dimensions of the learning environment facilitate

identity work in computing and dance. Our findings point to three primary activities used by the organi-

zation to promote equity: (1) providing psychological safety through a supportive community environment,

(2) meaningfully engaging with learners’ social and cultural context through creative work with construction-

ist artifacts, and (3) actively promoting identity work as women of color in computing and STEM through

both artifact work and community events. Applying the constructs of identity and psychological safety we

explore the tensions and synergies of designing for equity in this performing arts and computing learning en-

vironment. We demonstrate how the seemingly contradictory elements of a high-stakes performance within

a novice learning environment provides unique opportunities for supporting young women of color in com-

puting, making them non-negotiable in the organization’s efforts to promote equity and inclusion. Our work

illustrates how attending closely to the sociocultural dimensions in a constructionist learning environment

provides lenses for navigating equity, identity work, and support for inclusive computing.
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1 INTRODUCTION

Creative computing spaces have opened up opportunities for learners to explore artistic disci-
plines and practices as they design and express their ideas through diverse media and technolo-
gies [4, 17, 30, 48, 76]. Within this ecosystem, performing arts integrate a live public showcase of
learners’ artistic artifacts, bringing visibility to their work and knowledge in relevant forms that
cross disciplinary boundaries. These public performances can serve to stimulate motivation while
enabling learners to connect their work to communities outside of the learning environment. This
article examines an organization, STEM From Dance (SFD), that teaches computing and dance
to empower, educate, and encourage young women of color to participate in STEM and comput-
ing. The organization upholds community values and learning goals that have arisen to sustain
the unique, supportive, interdisciplinary environment. The work reports a theme shared by every
learner and educator we spoke with: The final, hyped, scary-for-some, live performance in front of
family and friends, is critical to achieving the organization’s mission. We provide contextualized
insight into how the sociocultural characteristics of the learning community—including the learn-
ers, instructors, activities, and the dance and computing disciplines—create a unique landscape for
identity work to support learner growth.
Dance education creates a space for self-expression in ways that stimulate learners to work

across their physical, intellectual, and emotional selves [7, 49]. One set of explorations at the inter-
section of dance and computing involves learners coding avatars to dance, such as in the Dancing
Alice and VEnvI virtual environments [54]. DesPortes et al. [20, 21] attempted to close the gap
between the dance and the computational artifact by investigating an informal dance computing
camp in which learners created and integrated programmable wearables into their clothing as they
danced. Bergner et al. [12, 13] took a slightly different approach exploring how computing can
add a layer of understanding to learners’ dance practice as teachers and students analyzed move-
ment data from their competitive step team. These various approaches have demonstrated that
dance provides a breadth of opportunities to develop culturally meaningful computing in which
we can authentically engage in dance practices in tandem with computing. However, what has
been under-explored in prior work are the values, teaching approaches, and tensions that arise as
a consequence of integrating public performance and computing within a constructionist, collab-
orative, culturally sustaining learning environment. Questions remain regarding how to support
learners’ growth in a performing-arts computing environment that values both equity and quality
in its production of authentic, public-facing artifacts. The distinct challenges of integrating com-
puting into the performing arts point to a need for more specificity in conversations regarding arts
and computing, which frequently conflate visual arts, music, theater, and dance.
To further understand the inner-workings of a dance and computing space, we have undertaken

a collaborative three year research investigation with a non-profit organization STEM FromDance
(SFD). SFD was founded and is led by Yamilée, a Black woman who is a mechanical engineer and
a dancer. She created the organization to support other young women of color to grow in their
creativity and confidence as they build their STEM knowledge such that they can have “futures in
STEM fields” if they choose. SFD’s unique program design, developed over the past 10 years, has in-
tegrated a variety of computing technologies such as Processing [76], where participants program
animations as backdrops to the dance performances, EarSketch [30], where learners program the
music to their dances, and the Circuit Playground Express [31], where learners create and pro-
gram wearable electronic components that they integrate into their dances as costumes and props.
While computing and STEM are central to the organization’s mission, it became clear to us that
the organization’s work with these young women of color amounted to much more than intro-
ducing computing or dance concepts, and that to understand the organization’s success, we must
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examine the intersections between their efforts to create a supportive culture, and meaningful
identity work.
In this article, we share some of our insights from initial interviews that we conducted with

Yamilée, the founder and executive director of the organization, and a subset of six instructors
and four learners. We examine the ways identity work manifested in learners’ and instructors’
descriptions of the learning environment and their connection to the characteristics of the learning
environment designed by SFD. Through a qualitative analysis of the interviews grounded in our
relationships with the organization and our first-hand experience of the program context, we shed
light on the following research questions:

• RQ1.What contextual characteristics are important for foregrounding identity within a com-
munity of practice and how does this create opportunities for meaningful computing educa-
tion to follow?
• RQ2. How do the social and cultural constructs within the disciplines of dance and comput-
ing impact the ways a constructionist artifact is produced, shared, and valued by learners
and educators?
• RQ3. How can the construct of Psychological Safety contribute to our understanding of rela-
tional resources for supporting identity work and the design of culturally sustaining creative
computing environments?

2 BACKGROUND LITERATURE

2.1 Identity Work

2.1.1 Understanding Learning through Identity. Identity is a fluid, multidimensional construct
that is a combination of internal and external representations of the self situated within contexts
that have social, cultural, and historical characteristics [10, 43]. Our self-representations impact
how we engage with and are engaged by people, artifacts, infrastructure, and activities. Therefore,
identity is central to how we learn within a given experience or environment.
Lave and Wenger [53] tie learners’ identity to participation within a shared community of prac-

tice, highlighting the role of the social world in learning [68]. They understand learning as one’s
change in participation within a community of practice, where learners move from peripheral
activities to those more central to the practice as they gain knowledge and skills [53]. Research
has continued to examine the relationship between learners’ knowledge and understanding of
themselves to the ways they participate in learning communities. Gutiérrez and Rogoff [39] ad-
vocate for a cultural-historical approach to supporting learners. Their perspective highlights the
need to help learners leverage their “repertoires of practice” that they have built through partic-
ipation across other communities in their lives (i.e., ethnic, national, religious, disciplinary, etc.).
Our research also takes this cultural-historical perspective, exploring the interactions between the
cultural repertoires of the learners, the SFD community, and the disciplinary contexts of dance and
computing.
To do this, we connect to the work examining practice-linked identities, which narrows the

focus of identities to those “that people come to take on, construct, and embrace that are linked
to participation in particular social and cultural practices” [64]. In this work, researchers distin-
guish between practices tied to learning—“shifts in use of artifacts (both culture and cognitive) for
problem solving, sense making, or performance” [63]—and those tied to identity—“one viewing
participation in the practice as an integral part of who one is” [63]. Nasir and Cooks [63] identify
three resources learners leveraged in making practice-linked identities available in the learning
environment, “material resources (the physical artifacts in the setting), relational resources (inter-
personal connections to others in the setting), and ideational resources (ideas about oneself and
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one’s relationship to and place in the practice and the world, as well as ideas about what is valued
and what is good)” [63]. While our work conceptualizes identity beyond just the practice, these
three types of resources are useful for drawing our attention to different parts of the learning en-
vironment that can be leveraged by learners as they engage in identity work in a dance computing
context.
Identity work focuses on the processes of a learner self-authoring their identities as they de-

velop new practices within a discipline [18]. It attends to actions taken, relationships formed, and
resources leveraged as learners work with and against “historically, culturally, and socially legit-
imized norms, rules and expectations” (p. 38). Holland and Lachicotte [43] and Barton and Tan
[10] highlight how one’s positional identity within a social context is tied to power, status, and
rank. How one chooses to “accept, engage, resist, or ignore such cues shapes how they develop
identity-in-practice and determines the boundaries of their authoring space” [10]. We advocate
for the importance of this sociocultural lens to focus on the intersections between the disciplinary
practices and the learning community to develop a more nuanced perspective of how learners self-
author their identities. The insights from our work demonstrate how this expands our conceptions
of supporting minoritized individuals to engage with computing in personally valuable ways.

2.1.2 Identity in Computing Education. Within CS education literature, researchers have
pointed to the importance of identity in expanding efforts to broaden participation in comput-
ing and the need to focus on practices that learners are engaged in within the learning environ-
ment. Mercier et al. [61], for example, showed that while learners typically depicted an experienced
computer user as a male, their self-identification was less tied to gender and more closely linked
to their confidence, time engaging with computers, and experience teaching others. Shaw and
Kafai [83] identify the shift within the computing, equity-oriented literature from static under-
standings of identity toward a more dynamic view. By focusing on a dynamic view, they advocate
for work that takes into consideration the role of narratives, community, and critical engagement
with computing and one’s relation with it. Foundational work from this perspective has exam-
ined how learners can be situated as techno-social change agents within their communities [80],
how learners can craft representations of themselves to support their participation with comput-
ing [22], how learners can design narratives to expand their understandings of themselves with
computing [73], and how learners can bridge their computational knowledge across communi-
ties, interests, and expertise [74]. However, Vakil [91] argues that CS education research acknowl-
edges identity as a backdrop but does not sufficiently address how identity work shapes learning
processes and trajectories. Our investigation into the SFD learning environment contributes to
this gap in the literature by understanding how the cultures and practices within the learning
community and disciplines provide resources for identity work. Connecting the practice-linked
identity resources laid out by Nasir and Cooks [63]—i.e., the material, relational, and ideational—
to their role in identity work within a computing education context. We link these three dimen-
sions to the following background literature sections that are useful in supporting this exploration:
(1) we discuss the culturally sustaining pedagogy that provides insight into the ideational resources,
(2) the constructionist literature to help conceptualize the material resources, and (3) the literature
on psychological safety to situate our understanding of the relational resources.

2.2 Culturally Sustaining Computing

Over the past few decades, several interrelated terms and frameworks have evolved to capture the
pursuit of equity and inclusivity in (predominantly Black) multi-cultural classrooms. With respect
to computing education, the term culturally responsive computing [26, 50, 79] emerged from sem-
inal work on culturally responsive teaching [36] and culturally relevant pedagogy [51, 52]. The
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work has resulted in computing education experiences that build on assets within communities
of color. Gaskins [33], for example, developed the construct of techno-vernacular creativity (TVC),
which brings attention to how minoritized communities are and have been engaging with tech-
nology in ways that are not typically recognized. Her work highlights the ways cultural practices
and artifacts, such as hair braiding, music, language, and dance, can be integrated as technological
competencies within culturally relevant STEM learning experiences [34, 35]. Similarly, Lachney
et al. [50] examine integrating the knowledge and cultural ways of knowing of members within
a cosmetology and hairstyling practice as a starting point for learners to develop computing and
electronics practices. Our study explores cultural practices, building an understanding surround-
ing the dance computing context. We draw on the work of culturally sustaining pedagogy that
lovingly critiques the instantiations of asset-based pedagogies through asking the question “for
what purposes and with what outcomes?” The work moves us beyond building relevance to com-
munities of color and into a focus on supporting the sustenance of communities. Further, it seeks
to challenge the deterministic and static view of culture, advocating instead for a perspective that
is situated, nuanced, and evolving [2, 3, 70].

We expand on the culturally responsive computing literature by examining how the culture
within the learning community intersects with the learners’ cultures and disciplinary cultures. We
will draw on tenets of culturally responsive computing outlined by Scott et al. [79] (p. 420–421),
namely, that “Technology should be a vehicle by which students reflect and demonstrate under-
standing of their intersectional identities. . . . Barometers for technological success should consider
who creates, for whom, and to what ends.” In line with culturally sustaining pedagogy, we ex-
plore how the creation process provides opportunities for the learning experience to be additive,
sustaining learners’ ways of knowing while building their capacities to participate within new
communities and with new disciplinary content. We will describe in particular how the cultures
within SFD create ideational resources for learners as they reflect on their intersectional identities
in a computing context. We examine both its process, i.e., the highly supportive learning envi-
ronment, and its outputs, i.e., a creative dance performance integrating computing artifacts. The
dance performance experience reflects a confluence of ideas from culturally responsive computing
and constructionism in which learners engage in identity-building and technological innovation
through creating with computing [29]. The work provides insight into how community and disci-
plinary cultural practices within a constructionist environment lay the ground work for ideational
resources [63] to enable opportunities for culturally sustaining identity work.

2.3 (Situated) Constructionism

The constructionist theory of learning [1, 40, 69] underscores the importance of externalizing ideas
and concepts in a manufactured artifact that is shared with others. In developing the theory in the
context of children’s computer literacy, Papert [69] was influenced by art classrooms where learn-
erswere guided by their own interests, rather than right answers, andwere able to build artifacts on
their own time frames. An anticipated consequence of this personally meaningful making process
is that learners will identify with the knowledge they acquire along the way [77]. Researchers such
as Maxwell [59], Pea [72], and Ames [5] have critiqued Papert for the minimal consideration of
the social and distributed nature of knowledge within the learning environment. They highlighted
the neglect of the educator, the situated nature of the constructionist artifact, and the ways knowl-
edge is distributed across human actors and even non-human objects within the environment. One
could argue that these constructs were central to how Papert described constructionism originally;
however, their work identifies how the early constructionist work decentralizd the socialcultural
aspects of the learning environment.
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Recent work has begun to more closely examine the social situativity of the constructionist
artifacts within communities. Searle and Kafai [81, 82], for example, identified opportunities for
Indigenous boys and girls to connect e-textiles to craft practices within their communities. While
the curriculum did not explicitly embed sharing, the researchers identified how the integration of
knowledge from the students’ families facilitated the e-textiles to become boundary crossing objects
that connected the students’ work and knowledge across their family, friends, and communities in
ways that promoted “pride and accomplishment in making something that was valued in the com-
munity at large” [82]. Holbert and collaborators [41, 42] similarly discussed the importance that
learners placed on sharing with or creating for other children in their community. Thanapornsang-
suth and Holbert [90] demonstrate the potential for identity work with these shareable artifacts,
finding that children making and sharing technology solutions for other members in their com-
munity changed their teachers’ and the community members’ perceptions of the learners from
mischievous and stubborn to competent learners with bright futures.
Constructionism is implicit in several educational computing environments that promote artis-

tic creation such as Scratch [58] (a blocks-based coding environment for creating interactive mul-
timedia projects), Earsketch [57] (a Python program for developing studio-quality music), and
danceON [71] (an environment for creating dances with coded animations that leverage body-
position data to trigger and control the animations). However, the platforms alone cannot deliver
meaningful experiences without attention to the design of learning environments, resources, and
educator supports to guide, scope, and scaffold learner’s engagement. Some work, such as Bennett
et al. [11], looks to more closely tie Indigenous art practices from minoritized communities with
computing and math and show how the students gain design agency within their studies. How-
ever, there is still a question of how the practices connect to the learners’ interests, practices, and
identities. As Maxwell [59] argues, the social and cultural contexts of the constructionist artifact
are essential to understanding the opportunities for learner’s identity development and growth.
We bring this situated-constructionist perspective here to our exploration of the SFD dance-

computing community. In particular, we attend to the ways in which a community of practice—
shaped by the disciplinary cultures, learner cultures, and organizational cultures—impacts the na-
ture of the constructionist artifact and how it is shared and experienced. We examine the construc-
tionist artifacts as material resources [63] created and used by the learners as they engage with
their identities.

2.4 Psychological Safety

Psychological safety is a construct that can provide insight into the relational resources [63] as
learners engage in identity work within the learning community. Edmondson [24] introduced psy-
chological safety in reference to interpersonal risk-taking in workplace teams. Since then, organi-
zational and management researchers have focused on its role in cultivating team environments
conducive to collaboration, learning, and productivity [25]. After an internal study by Google
found psychological safety to be one of the few distinguishable characteristics of their more suc-
cessful employee teams, the construct gained widespread attention in the media [23]. Studies of
psychological safety have also engaged with inclusivity in the workplace. Singh et al. showed how
a nurturing and diverse climate can support racial minorities, resulting in individuals going be-
yond their outlined roles. Researchers have implicitly and explicitly tied psychological safety to
identity based on how it moderates acting in authentic and honest ways and supports growth
and change [16, 47, 86]. Indeed, perception of psychological safety includes “a belief that others
won’t reject people for being themselves, that team members care about and are interested in
each other as people” [24]. Insofar as psychological safety frees up individuals to be themselves,
it can be important during formative years, not just in professional development. In terms of
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fostering psychological safety, prior work points to a few key characteristics of the environment:
high quality interpersonal relationships, trust, and leader dynamics. It has been observed that in-
terpersonal relationships not only help develop psychological safety but also develop better within
a psychologically safe space [45]. Positive relationships facilitate engagement such as peer-to-peer
support [78]. A particularly important dimension of these relationships, trust both promotes infor-
mation sharing and cooperation and is reinforced by such behaviors [25]. Team leaders have been
shown to impact the perception of psychological safety based on how they engage with the team
members. For example, Nembhard and Edmondson [65] identified inclusive leaders who invite and
appreciate others’ contributions.
Some scholars have pointed to a need for a nuanced understanding of psychological safety as it

intersects with race and gender. In an ethnographic study focused on Black adolescent girls, Wood-
son [93] explored how Black female students used “directness” in different ways, depending on
the racial dynamics at play. Drawing on prior organizational studies of Black women [28], Wood-
son suggested that directness may only sometimes indicate psychological safety, as implied by
Edmondson’s [24] model. For Black women, at other times it may signify an act of resistance.
To that end, Woodson argued that critical race perspectives have much to contribute to efforts
toward building psychological safety in educational environments. This view need not conflict
with Ladson-Billings [51]’s emphasis on the role that culturally relevant teaching can play in con-
tributing to a psychologically safe environment. However, it can provide important moderating
considerations. For example, Scott et al. [79] identified as a key feature of culturally responsive
teaching “meaningful and sustainable relationships with students predicated on the notion that
they will succeed” (p. 415). Woodson’s analysis suggests “meaningful and sustainable” support
may not be universal, that knowing how to support girls of color likely requires a deep under-
standing of their intersectional identities.
In the present study, we will demonstrate how SFD implements the above key tenets of

psychological safety through leadership modeling, empathy, and deliberate trust-building efforts.
These efforts are understood as particularly important to maintaining a nurturing experience for
an underrepresented population of girls of color. Through learner and instructor reflections on
the learning environment, we illustrate how these characteristics created relational resources [63]
for identity work.

3 METHODS

3.1 Learning Context: STEM From Dance

STEM From Dance runs school-based programs throughout the calendar year as well as a stand-
alone summer intensive. All of their programming combines computing and dancing instruc-
tion and builds toward a culminating public-facing dance performance. All cohorts have at least
one Dance Instructor (DI) and one STEM Instructor (SI). Participants typically range from
11–18 years old spanning middle and high school participants and are recruited from schools,
community centers, churches, and other community organizations. The size of the cohort of par-
ticipants can range from a class of 20–30 students to a full summer program of 75–80 participants.
In the case of the larger programs, SFD breaks the cohort into smaller groups of 15 participants.
Within the classes and the smaller groups there is always both a STEM instructor that leads the
computational components and a Dance instructor that leads the movement and choreography
components.

3.1.1 Dance Performances. The youth participants engage in two types of dances through-
out their time with SFD: larger dances that are shared across an entire cohort of participants—
ranging from one class of 20–30 students to a summer program of 75–80 participants—and smaller
computing infused dances comprised of about 4–8 participants. The larger dances are generally
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choreographed by the SFD instructors and attempt to engage all the students in a cohort. They
are intended to get the students working and learning together across the program and are an
opportunity for students to hone their dance skills with guided instruction. The smaller dances
are developed by learners in groups, incorporating interactive visuals, props, and sometimes mu-
sic that they design and develop over the course of the educational period in tandem with their
choreography. The interactive elements are developed during periods of focused STEM instruc-
tion, using open source tools for creative computation such as Processing [76], EarSketch [30],
danceON [71], and the Circuit Playground Express [31]. The exact tools can vary across im-
plementations. In each case, there is focused support from instructors and staff, and depending
on the context and the amount of time they have with their participants, there is more or less
scaffolding.

3.1.2 Organizational Structure. The exact organization of activities varies depending on the
context, but consistent across all of their programming, are three main types of activities: Com-
munity Building Activities, Dance and Computing Activities, and the Final Performance (Table 1).
The flagship summer program lasts two weeks and spans from the morning through the afternoon
(5–7hrs/day, depending on the schedule). This program often incorporates all of the components
listed in Table 1. The school-based programming is delivered during classes or in an after-school
program. The timing is shorter and can vary from one hour to several hours a week, lasting either
an entire semester or full year, depending on the school. The schools vary in their expectations and
resources, and SFD remains flexible to meet the context in which they bring their programming.

3.1.3 Previous Research Activities. Over the course of our relationship with Yamilée and the
STEM From Dance organization, we have engaged in many activities, including observing four
two-week summer camp sessions, co-developing danceON [71] (a software in which learners can
code animations over their dance videos), developing curricular content for teaching about wear-
ables and the danceON software, conducting a 12-week internship for participants to explore and
build with danceON, and creating a two-week supplemental program engaging learners as tuto-
rial builders for SFD as part of their Summer Youth Employment Program. The work in this article
is informed by the extended amount of time and collaboration across these activities. While the
interviews took place at the beginning of our relationship with the organization, the analysis and
understanding of the findings that we report on have been built throughout the course of our three
year collaborative investigation.

3.2 Data Collection

To contextualize our understanding of the performative computing environment from the per-
spectives of the participants and stakeholders, we conducted 11 in-person interviews. We spoke
to the founder/executive director [ED], four STEM instructors [SI], two Dance instructors

[DI], and four high school youth participants [YP] (see Table 2). All research participants were
women, with the exception of one STEM instructor (Vlad). Interviewees were identified and con-
tacted through the organization’s program director. Interviews were conducted one-on-one with
a researcher, except in the case of Alisha and Nyah [YP] who were interviewed together, and
scheduled to last one hour. They consisted of a discussion of the interviewee’s experiences in SFD
programs, their current perspective on those experiences, including what they enjoyed and felt
they had learned, and their ideas for how to improve the program. The goal was to explore the
sociocultural environment based on the participants’ perspectives on their experience.
All interviews used a semi-structured approach inwhich researchers followed a script and added

followup questions based on participant responses. We prepared three separate scripts for the
executive director, instructors, and youth. All scripts began with a warm-up in which we asked
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Table 1. Representative SFD Activities

Community Building Descriptions

Speaker Series Professionals across STEM and artistic disciplines share their expe-
rience working in various companies and various roles. They then
engage in a question-and-answer session with the participants.

STEM Workplace Visits Participants visit STEM workplaces to tour facilities and talk with
STEM professionals about their jobs.

Community Norm Setting Facilitated by instructors but driven by participants, the cohorts out-
line norms and behaviors they want in the environment to make it
a comfortable place for everyone.

Affirmations The cohort recites affirmations together that are often led by one of
the participants.

Activities and Games Participants choose additional fun activities to engage in. Some are
related to further exploration of dance and computing topics, while
others are designed for participants to get to know one another and
the instructors while having fun.

Downtime Time allocated for participants to spend time with each other; usu-
ally built into breaks and lunchtime.

Dance and Computing Descriptions

Tech Sessions Time dedicated to learning about and creating with the technology
that will be integrated with dance. It is typically led by a STEM in-
structor with a Dance instructor participating in the activities.

Dance Sessions Time dedicated to learning pre-choreographed dances that span
their whole cohort, learning about various types of dance, and cre-
ating and teaching their own choreography to other participants. It
is typically led by a Dance instructor with a STEM instructor partic-
ipating in the activities.

Tech and Dance Sessions As the program progresses there is less of a separation between the
tech and dance sessions as students students connect across the dis-
ciplines to develop their final performance. The sessions are often
merged and there are also extra office hours held by the instructors
to facilitate the development of the projects.

Final Performance The performance is a celebration of all the hard work the partici-
pants have engaged in over the course of the project. It is an event
with an MC that integrates performances of the participants’ final
projects, award ceremonies that recognize the work and accomplish-
ments of several of the young women, various speakers including
Yamilée[ED], SFD alumni, and additional STEM and dance profes-
sionals. The event is attended by the participants, their friends and
family, and depending on the context, even their school classmates.

the participant to introduce themselves and describe how they arrived at STEM From Dance, or in
the case of the executive director, how she developed the idea for it. From there, questions diverged
across participant groups. We asked the executive director to give an overview of the organization
and its goals, to describe how its offerings and technologies have changed over the years, and to
indicate the decision-making processes that guide ongoing developments. Instructors were asked
to describe positive and negative interactions with learners as they taught their specialty (Dance or
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Table 2. Participants and Roles

Role Pseudonym(s)

Executive Director [ED] Yamilée

STEM Instructors [SI] Andrea, Nadia, Selena, Vlad

Dance Instructors [DI] Nichole, Tiana

Youth Participants [YP] Alisha, Celeste, Nyah, Shania

STEM), their experience partnering with an instructor with a different specialty, how they guided
and facilitated student projects, and their ideas to improve their learning environment or STEM
From Dance as a whole. Finally, learners were asked to describe their experience participating in
SFD, the project(s) that they had worked on, including how they collaborated with others, and
whether there were other things about computing or dance that they wish they had learned about.
As described below, our understanding of STEM From Dance is informed by these interviews as
well as by first-hand observations of the learning environment and co-development of curricular
material over the course of two years.

3.3 Thematic Analysis of Interviews

The coding and analysis of the interviews was conducted by four researchers using an iterative,
six-phase thematic coding process outlined by Braun and Clarke [14, 15]: (1) familiarizing one-
self with the data, (2) generating initial codes, (3) searching for themes, (4) reviewing potential
themes, (5) defining and naming themes, and (6) producing the report. We entered the analysis
interested in understanding the successes and challenges of creating a dance and computing learn-
ing environment for young women of color. Specifically, this structure was intended to provide us
with themes that could contribute to understanding of how participants and instructors situated
themselves within their experience in STEM From Dance.
We began by familiarizing ourselves with the data by listening to the audio recordings and

correcting errors in the machine-generated transcriptions. Then each researcher was assigned
2–3 interviews to highlight and comment on. At least two researchers inductively coded each
interview and then exchanged transcripts to code additional excerpts and comment on the ex-
cerpts previously identified. Through several iterations and discussions, we found commonalities
between comments and labels written independently by researchers and refined our ideas into
an initial codebook, loading the transcripts onto Dedoose (a collaborative, qualitative coding soft-
ware1) to apply codes across the data. We identified 12 codes for instructors and students (i.e.,
“Funds of Knowledge,” “Supportive Community,” and “First Experience”) and four codes specific
to instructors depicting how they engaged with students and consciously altered their classrooms
(i.e., “Asset/Deficit” and “Speculative”). We then conducted another iterative process refining our
codes. The five major themes depicted below in our Findings section emerged from our discussion.

3.3.1 Establishing Validity and Credibility. During our coding process, we set out to achieve
consensus rather than inter-rater reliability (IRR). IRR has shown to be useful for demonstrating
that codes are standardized, not overly subjective, and valid such they they convey an agreed-upon
property of the data [60, 89]. However, our goal in this study was not to report themes that can
be generalized across contexts or be objectively applied or validated. Rather, our identification of
themes was in search of a thick description [37] of SFD experiences, situated within the broader
context of the organization and the landscape of equity in computing [55, 60] to share insights

1https://www.dedoose.com.
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that may transfer across contexts. We apply an interpretivist framing [62] that acknowledges our
positionality within the work. Our findings incorporate our understanding of the organization,
its members, and the young women they serve based on two years of participating and collabo-
rating with STEM From Dance. To address issues of validity and credibility within our research
methods, we used established techniques such as triangulation, prolonged engagement, and mem-
ber checks [55, 56, 60]. The work presented in this article focuses on the interview data, but the
findings have been triangulated with data sources across our research activities, including written
observation notes of the summer program, notes from planning sessions with Yamilée, and notes
from the weekly research meetings with the organizational leads of SFD.

4 FINDINGS

The thematic analysis yielded five high-level themes that were identified across the interviews:

(1) Development and realization of a safe and supportive community - Identifies the ways
in which the community was caring and supportive of the youth participants and their
growth through design decisions made by SFD, the ways the instructors supported the par-
ticipants, and the ways in which the participants supported one another.

(2) Culture in the learning environment - Focuses on the moments identified when youth
participants brought themes or topics that they found meaningful into the work they did,
when they were able to build on their cultural resources or prior knowledge, and when they
were able to connect with communities outside SFD.

(3) Importance of constructionist artifacts and processes - Outlines the ways in which the
youth participants or instructors identified the importance of what they or others created or
could create, the significance of the production process, and the tensions that arose out of
the sense of importance ascribed to the artifacts.

(4) Identity and interest in relation to computing, STEM, and dance - Outlines youth par-
ticipant and instructor reflections on identity and interests, shifts in knowledge, perspective,
or confidence over the course of programming, and sense of ownership over work created
or role assumed in the creative process.

(5) Exposure and representation in computing and STEM fields - Outlines the ways in
which youth participants were exposed to STEM fields and built their conceptions of what
it means to participate in STEM fields as an underrepresented minority.

In the following sections, we focus on a descriptive account of the key characteristics of the learn-
ing environment using quotations from the interviews to illustrate our findings, and where appli-
cable, we triangulate with observations and notes from our time working with SFD. We organize
findings into three sections: developing a safe and supportive learning environment (theme 1), cul-
tural and social context of constructionism (themes 2 and 3), and identity and growth within and
beyond computing (themes 4 and 5).

4.1 Developing a Safe and Supportive Learning Environment

SFDwas designed to promote a safe space for youngwomen of color to engage with computing. As
Yamilée, the executive director [ED], explained, “we prioritize creating a sense of. . . culture and an
environment that I think the girls really respond well to. . .One girl described it as warm.” Andrea,
a STEM instructor [SI], identified how learners, “build up and kind of find. . . a safe place in the
class.” Instructors saw SFD as not only a learning experience but also an important community
within the young women’s lives. Serena [SI] felt that the most important part of the program was
that it served as a “support group” for the young women. Similarly, Nichole [DI] described the
most significant impact of SFD on youth participants as,

ACM Transactions on Computing Education, Vol. 22, No. 4, Article 49. Publication date: September 2022.



49:12 K. DesPortes et al.

“I think having supportive women in their lives, ’cause we were consistent. . . . There
was one school that we worked at. . . all the students in that school had been like ex-
pelled or suspended like multiple times. So it was like, they’re in gangs. Most of the
girls had children. There was like. . . a lot of trauma. And it was really hard to get their
trust. . . . And so that type of environment, it was like, it was all about trust, like getting
these people to know even if they didn’t learn anything in class because thewhole time
we spent like doing behavior management by the end, like when we walked in they’re
like running to hug us or like I just felt like they knew that we have their backs and
like their best interest at heart.”

We identified three characteristics of the organization that led to cultivating a safe and sup-
portive environment for learners: instructor dispositions, explicit design decisions for fostering
community, and readiness to adapt activities to serve immediate needs.

4.1.1 Instructor Dispositions. The instructors nurtured psychological safety through their em-
pathy with the youth participants and their acknowledged role in both easing the pain and mod-
eling productive risk-taking. All of the female instructors we spoke to identified their own past
difficulties navigating computing culture and concepts and showed empathetic responses to what
younger learners might be going through on this journey. As Andrea [SI] stated, “I kind of always
wanted to, you know, make things easier for the kids because for me it was difficult.” Serena [SI]
explained, “So like my first computer science class, I freaked out and I did badly. . . . I almost didn’t
do computer science because that experience—it’s a very painful experience for me. . . . So I hope
that because they have a group of people rooting for them, like really believing they can do this,
they might pursue it if they want to.” Nadia [SI] recalled a childhood dream to make digital tap
shoes, but was, “not brought into the robotics class probably like the boys.” The instructors had
distinct memories that had emotional implications that shaped their approach towards teaching.
While the female STEM instructors recalled painful experiences and feeling outsider status, the

one male instructor notably did not. Instead, when prompted to think about difficulties and chal-
lenges, Vlad [SI] focused on learner engagement during STEM instruction, “The biggest challenge
was getting them really involved and excited with a tech aspect and keeping them, keeping their
interest at a peak instead of their interest dropping.” To be clear, Vlad was wholly supportive and
invested in the success of his learners; however, he did not position himself as someonewho related
to their experiences.
Instructors’ own identification with respect to specializing in dance or technology impacted

how they engaged with learners and led to opportunities for modeling and reassurance. For ex-
ample, Nichole [DI] identified how as a dance instructor she was learning to code along with the
participants, “So I thought that was really cool, to be able to share that with them and also to help
take that fear from them. Like, ‘Hey, I’m an adult and I don’t know either and I’m learning with
you...’ So I think for some students it was. . . reassuring.” Similarly, Serena [SI] said, “I think joining
the students this year while they dance helps because I’m not a dancer so they can see somebody
that’s not a dancer but still is doing it and messes up just like they mess up and it’s okay.” We saw
this take place within our observations when Vlad [SI] was leading the students through exercises
and the Dance Instructor would ask questions and identify when she was stuck. There was a point
in the session when the whole group was helping to debug the dance instructors’ code for her
programmable wearable microcontroller.

4.1.2 Fostering Community. SFD treats community building as a central goal of program design
that seemed to facilitate psychological safety through developing an orientation towards: building
trust, cultivating existing ties, and creating new ones through social activities. As Yamilée [ED]
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stated, “We try to encourage the relationships between the adults and [learners] where we con-
vey like a level of trust to them.” That trust was articulated by the learners, as when Nyah [YP],
endearingly but smiling in jest, referred to an instructor as “an angel” guiding them through their
learning. Relationship building occurred outside of project time, as Alisha [YP] recalled, “they
actually infuse more fun aspects like. . . to create better bonds. . . it was weird, but like everybody
became friends in the three-week span, which is different because I’m not really used to that. I’m
not really used to opening up to people.” Explicit practices meant to foster community were also
embedded. For example, Yamilée explained how they facilitate community norm setting through
community agreements used within cohorts, “at the beginning of making the groups, they make
these agreements together. So it’s like, ‘Hey, we’re not going to tell you everything that you need
to do. You know what you want from your group, say it’ and they agree. They signed to it.” In the
sessions, we observed the activity was always highly collaborative with the facilitator encouraging
input from multiple students (i.e., calling on participants who had not contributed yet), while also
encouraging iteration on ideas to refine one person’s idea into an agreement others were happy
with. Some example agreements we saw were, “always be creative” and “don’t put others down.”
These types of activities ensure the culture is not exclusively defined by SFD and integrates the
youth’s voices.
Besides fostering community from within, SFD also integrates with and recruits from commu-

nity organizations such as churches and under-resourced schools. Shania [YP] described being
recruited during a praise dance practice at church and volunteering because she liked math. Be-
cause of the targeted community outreach, existing friend groups regularly enroll together. Celeste
[YP], discussed the effect of having her friends in the program, “I’m kind of shy and like not super
outgoing, so that was scary, but I had my friends there who were also part of the church dance so
that kind of helped me, they kind of pushed me to step out of my comfort zone.”
Aside from designed activities and external networks, community emerged through learners’

own unstructured peer interactions. Nyah recounted being the one girl with coding experience
among a bunch of dancers, “so I took the lead in the class because I had experience in AP Computer
Science. . . . I remember there was a time where the class was not understanding the instructor, and
I was able to break it down so that all of us could understand. Because I was at the point where
I didn’t understand anything to where I actually did good in my exam, so I was able to speak in
like. . . from student to student to teacher to teacher, if that makes sense.” Nyah was able to draw
on her own experiences learning the material, which facilitated her in taking a leadership role as
she helped to break down the material for the other participants.

4.1.3 Maintaining the Safe Space. While the organization and instructors prepared in advance
to create a safe space, interpersonal conflicts would occasionally arise. Maintenance and regulation
of psychological safety involved both instructor and learner initiatives. Serena [SI] described her
experience protecting youth from harassment while being careful not to stigmatize,

“the instructor has to step in and, you know, make sure that even though you’re giving
each other constructive criticism [it] has to be constructive. . . . We usually will point
out the behavior that’s wrong, butwe’ll do it in away that’s not like embarrassing them
or be like, ‘. . . I understand why you’re criticizing [Hanna], but you know, [Hanna] is
trying her best. Like you are not perfect as well and you know, you have also been
unfocused and you’ve also made mistakes.’ So you know, you kind of have to tone it
back.”

Learners recognized the importance of the supportive culture and the need to protect it. Celeste
[YP] reflected, “I feel like this whole program is built up on building people up and I just think
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that’s so amazing, but it really sucks when you get those few, two or three people, that’s just
kind of negative.” While learners had conflict and tensions they also were able to work through
some of them themselves. The following quote from Celeste [YP] demonstrates how an aesthetic
disagreement about choreography was resolved with a focus on making all of the dancers feel
comfortable.

“Since we didn’t sit down to assign what certain people would do, there would be a
slight conflict on which move we would do for this specific dance. So let’s say I made
a part of the song, a choreo for the part of the song and somebody else kind of did
it as well. They would want to do their move, and I want to do my move. And you
got to find a compromise, which is difficult. . . . I think mine is really good and she
thinks hers is really good, so we have to find a nice compromise where both ideas can
be showcased and not, you know, overseen. . . . We just talked basically and just saw
which ones felt more natural, I guess. So whoever thought my move was harder, if
there was more people thinking that mine was hard, we would just go with the easiest
one. So everyone felt comfortable or the majority felt comfortable.”

Psychological safety was supported by an awareness of the need to self-regulate to support all
participants especially those struggling. Compromise was discussed not as transactional (i.e., this
for that) but as decisions made to minimize discomfort.

4.2 Cultural and Social Context of Constructionism

Instructors and learners both emphasized the cultural and personal significance of the computa-
tional artifacts theyworked on. Shania [YP] emphatically recalled, “I think it’s pretty fun, especially
the results. I love the results. I cannot stress enough how much I love the results.” She contrasted
her prior experiences using an educational coding environment with making interactive props in
the form of a crown and a staff (stick) for a SFD performance,

“I was taking coding class in my freshman year of high school and at first it was kind
of okay, but after a while I started losing interest. When I got into [SFD] I still didn’t
really like it. But at the end of it I actually started to like it because, I like what the
results was way better. Because, at school we used a coding website. It’s a dog named
Karel,2 and you have to code it and make her do a flip, and it’s not really as interesting
as making something up, making a crown, making a stick.”

Shania’s reflection illustrates how the constructionist artifacts only become a material resource
for identity work once they had personal value. This demonstrates a need to understand the socio-
cultural nuance within constructionist experiences.
Nadia [SI] distinctly gendered her perspective of the importance of the dance performance,

“Women, I think more so than men, just culturally have a project-based-outcome de-
sire. You know, you will learn the thing if you are trying to create the end result, more
so than just getting the answer right. So getting to the end of your math problem
and the answer is 4.2 isn’t exciting but getting to the end of your code problem and
you’ve made something that you feel is aesthetically beautiful or expresses yourself is
a reason to get through the hard stuff.”

In the following sections, we demonstrate how the participants depicted the dance projects as
meaningful not just because they were creating artifacts, but because the artifacts were authentic

2https://codehs.com/info/curriculum/introkarel.
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to learner interests and values because of the social and cultural contexts in which the artifacts
were situated.

4.2.1 Culture and Meaning Embedded in Dances. The importance of the computing and dance
artifact produced during SFD programs goes beyond the desire for a project-based outcome. It was
frequently invoked as an opportunity for learners to bring meaning and culture into their work
with STEM. Yamilée [ED] reflected on her desire to approach dance authentically,

“There’s something about this performance space that allows the two [computing and
dance] to exist. And I wanted the dance to feel like dance, not like, you know, like
the ‘dance your PhD’. . . . That’s cool, but for like a 13 year old child, you know, like
dancing the DNA helix may not be that cool looking, you know?. . . I wanted it to feel
like what dance looks like to them.”

Dance has cultural roots for many of the participants and integrates across various communi-
ties in their lives, from their neighborhoods, to churches, to dance and cheer teams. Nyah [YP]
explained her connection to dance and how it was integral to her cultural repertoires [39] that she
integrated into the learning experience,

“Dancing’s like how I express myself. Because like growing up we used to have things
they call block parties. . . . I used to do this thing called getting lite, it’s like a [neighbor-
hood name] thing where you just move your shoulders and get lite with your feet. . . .
No one in the program knew how to do that, so I taught like my whole entire cohort
how to get lite.”

Serena [SI] described how one group of learners brought in their own style of dance combining
Hip Hop with a Caribbean-style dance, adding, “It was cool to see them take what we’ve taught
them, but also incorporate something that they have been growing up with.”
Dance not only makes a connection to one’s culture through music and movement, it is also a

contemporary art form that engages with evolving social issues. SFD learners had the opportunity
to design choreography around themes that were important to them. Shania [YP] discussed her
cohort’s dance on the theme of police brutality,

“We tried to emphasize certain words that would make the audience feel things. So in
the beginning ‘Just Friends’ is like a hard bass and it’s kind of scary. So we put words
like ‘breathe,’ ‘relax,’ ‘calm down.’ Because in that part of the dance I started as the
Black person and I’m getting pulled over. So it’s like breathe, relax, all of that. And
then towards the end it was names of Black people that have passed away because of
police brutality.”

In our time working with SFD we have seen participants engage with a range of self-identified
themes for their dances from sociopolitical themes such as the Black Lives Matter movement, to
social themes of self-empowerment and women empowerment, to themes that were commentary
on some of the social pressures participants experienced, like the pressure to look good on social
media. The culture and values integrated across the disciplines and learners became ideational
resources [63] that were important and emphasized by both the instructors and learners.

4.2.2 Social Context for Constructionist Artifact. The public-facing element of the final perfor-
mance is key to the SFD learning environment, as Yamilée [ED] explained, “...exemplifying our
whole point that STEM is relevant to you and it can be something that can help you because you
just made this dance performance that’s really cool and you’re excited to show it to your friends.”
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Learners depicted the performance as an important shared experience and a major motivator
as they expanded their practices within computing. Shania [YP] said the most fun part of the
program was, “the last day when everybody came together and we saw everybody’s end result
and everybody’s hard work paid off. And it was a really good bonding moment. Everybody was
cheering each other on.” Similarly, Alisha [YP] stated that the performance, “was the funnest part
because we got to exchange our personalities with each other,” and Celeste remembered: “I loved
my dance. I feel like I was really confident and it really showcased all of our talents and we worked
really hard on it.” The final performances that we observed were full of positive peer and instructor
support with participants providing individual and team shout-outs offering their congratulations,
commenting on how good the dances were, and highlighting particular aspects of the dances that
they appreciated.
Serena [SI] reflected on how the performance served as a way to focus and motivate the learners

around a shared goal, “When we tell them that there’s only three weeks left. . . . Oh like they were
operating at 20%, but then when they get to that last, um, three weeks, they’re like catching up to
the 80% that they’ve been hiding from us.” The participants recognize the importance of getting
to the finish line with their final projects.

4.2.3 Tensions of the Public Performance. The instructors and learners identified not only the
benefits of this public performance, but also the tensions that arose because of it. Tiana [DI] re-
flected, “Some people are really shy and once you tell them, ‘Oh, we’re going to perform in front
of your friends and family,’ uh, they’re like, ‘wait, hold on. I didn’t know you were going that far!”’
Participants identified ways in which clever integration of technology and specific instructional

strategies helped learners navigate the emotional challenges of the performance. For example,
Nyah reflected on her team’s decision to wear LED masks (before the pandemic): “we chose the
mask because there were these two dancers that always had masks on. They never danced with
their faces showing, and that helped us cover our weird facial expressions and to calm down nerves.
Because you knowwhen you’re dancing you get nervous, likewatching the crowd, and likemaking
like weird faces, so the mask was to like um kind of like hide that and like just show the beauty of
technology.” Participants are embodying their constructionist artifacts, and the clothing choices
provide another layer of control in how participants were able to do that. In this case, the mask
acted as a barrier to the audience helping to subside their fears and hiding their faces, which they
no longer had to focus on the presentation of during their performance.
Nichole [DI] discussed one of her strategies for helping learners overcome performance anxiety.

“We did this activity where we had them anonymously write down fears about the
stage. . . . And then, they put it in a hat and I read all of them out loud and they started
to hear that there were like duplicates of the same thing over and over again. We had
this clique group that was like super popular. They were like the best dancers. It was
really interesting to hear that just about everyone was talking about the nervousness
of messing up on stage, of looking like a fool, of someone making fun of them. It was
like all the same. And I was like, ‘do you see how we all are feeling the same things?”’

The instructors’ sensitivity and empathy for the participants’ fear of failure meant that they were
able to devise ways to help them navigate their fears by bringing it to the forefront. The community
that they built together enabled the participants to safely share their fears and see the similarities
between them.
Serena [SI] noted the stakes of failure,

“that’s really their first experience with a project and like computer science. And so
they want it to go well and I think rightfully so because their parents and their friends
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are seeing them. So it’s a lot of, can be a lot of pressure for them to do well. . . . If the
performance doesn’t go well, then it’s really disappointing for them. . .why would they
come back next semester and then go through that pain again?”

The performance has a strong sociocultural value within the learning environment, which then
creates an environment in which failure and the idea of failure become more pronounced and
impactful for learners. Going back to the youth participant’s example of Karel the dog, if Karel is
not able to do a flip it’s not a big deal because Karel did not mean much to the student; however,
if the performance does not go well it is a big deal because not only is the learner more invested
in the outcome, but the outcome is public. Nadia [SI] seemed to go even further than Serena in
expressing concern about the stakes of the final performance:

“I think that it’s important to have the space to fail, but not have it be a part of your
finished project that you then have to go and perform in front of your peers in three
weeks. And if you don’t get that new skill perfected in time, you’re going to fail on the
big thing. That’s the thing that’s scary to me because these girls, they’re performing
in front of other classes, and their boyfriend is out there, and they’re nervous. These
are such high-stakes social situations. So yeah, you don’t want to be the one whose
thing doesn’t light up because you didn’t learn how to solder.”

Here, Nadia [SI] explicitly points out this tension of having a learning environment that should
support imperfections and failures and these same imperfections and failures then being tied to a
high-stakes performance. The requirements of support that instructors provide to get participants
to the finish line become even more critical to the success of SFD. To mitigate risk while respecting
learner ideas, instructors take projects brainstormed by learners, attempt to scope and concretize
them, and present them back to learners as options. As Vlad [SI] noted, “we as instructors at the
end of the day go over which projects are feasible to do with the tech that we have and then we
gear them towards that.”
While it is not the norm, when needed, SFD instructors will step in to complete work. Yamilée

[ED] described an instance in which, “one of the groups went to make these flames that had lights
and the instructor ended up doing like 90% of it because they just didn’t have the time and the focus
to do it in the sessions.” In the eyes of Yamilée, the stakes of major failure in a live performance
outweigh the benefits of learning a hard lesson about focusing during class, a perspective that is
consistent with her mission to create an identity-affirming experience for students. Failure has an
additional concern for Yamilée [ED], as was indicative from her reflection on what makes a dance
performance “unsuccessful.” She states,

“I mean, first thing that comes to mind: Tech’s not working, because that’s the whole
point of our existence right—it’s that integration of tech into dance—and so when the
tech doesn’t work, it’s just such a bummer because that’s the expectation that people
have when they see it. And, also for the girls it’s important because we’re trying to
convince them that they can do tech.”

Yamilée [ED] recognizes the impact of failure for the young women, as well as sees it as negatively
reflecting the organization’s ability to carry out on their promise of connecting the technology to
the dance. This is a central concern to Yamilée, since this is one of the main defining characteristics
of their organization. Generally, the instructors are there to provide just-in-time help so learners
aren’t spinning their wheels on a problem without guidance. The instructors often work with
participants to think through their complex problems and solve them while leaving the majority
of the work and direction up to the participants.
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4.3 Identity and Growth within and beyond Computing

In addition to supporting the development of culturally and socially situated artifacts, SFD supports
the identity and growth of their participants through building their conceptions of what it means
to participate in STEM fields as an underrepresented minority and explicitly focuses on cultivating
their participants’ confidence.

4.3.1 Engaging with Under-representation in Computing & STEM. SFD communicates its mis-
sion statement, regarding under-representation in STEM and computing, to learners at the begin-
ning of their programs. For example, in the summer camp’s welcome ceremony, Yamilée [ED]
shared her personal story about how she entered engineering and why she created the organiza-
tion to support young women of color in STEM fields. The summer program also features a daily
speaker series in which STEM professionals, who are often women and people of color, share their
work and experiences in their field. The narratives highlight the reality of the difficulties that un-
derrepresented individuals often face and the success of overcoming them through perseverance
and community support. Learners also take field trips to various STEM organizations where they
interact with professionals in their workplace. Alisha [YP] and Nyah [YP] explained the impacts
of these visits,

Alisha: “I was actually able to see like in the companies how there was a majority of
men and a few women.”

Nyah: “And lack of people of color. Yeah, it was mainly like white people, Asians,
men. . . ”

Researcher: “How did it feel going on those visits?. . . ”

Nyah: “After the visit, it pushed me to like actually go hard for STEM as a woman of
color. Because like I’m from the quote un-quote the hood, so like my friends outside
the school, they don’t know about computer science. . . . I went harder for computer
science than I ever did before, and I didn’t really care for it but after that I was like,
actually I should take more time with STEM and try to do it in college maybe. . . ”

Alisha: “For me, it made me feel, I guess, empowered. Because adding on to what she
was saying, in [city name] there’s a big education gap between people of color and
Caucasian and Asians, because we all end up going to different schools with differ-
ent curriculums, and usually the one that people of color go to—they don’t have the
best curriculum, so their graduations are pretty low, so that just empowered me—how
computer science could open pathways for people.”

The participants connected their experience seeing underrepresentation in the workplace to their
understanding of systemic issues in the world and the implications of gender and race. As Alisha
[YP] further reflects,

“that’s also a big part of being in a patriarchal society, like it’s kind of easier for a
woman to downgrade each other, degrade each other, than just like push each other
forward. So like SFD really taught us that in certain fields we have to work together in
order to make impact, and be courageous, and show grit, and just persevere through
any other gender norms you face or racial norms you face.”

Serena [SI] noted that the learner perspective is also shaped by seeing a preponderance of
women in instructional roles: “So they also have the STEM instructor be an example for them
as far as like, Oh, okay, so women currently are pursuing computer science.”
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All interviewees noted multifaceted transformations and growth that occurred through partic-
ipating in a SFD program. Yamilée [ED] identified how the organization is not designed just to
cultivate engineers.

“We want some percentage to actually go to some kind of post-secondary education
for STEM, to graduate with a degree and/or to have some kind of STEM-related job. . . .
Not STEM-related but like a job that relies on a STEM skillset. So it may not be an
engineer, but it could be, like the technical staff of Lincoln Center, who are, you know,
doing work that uses STEM skills to put on a production.”

SFD’s program design engages with learners’ understanding of how STEM can be applied,
through its intersection with the arts, thus broadening their perspectives of STEM identity. Serena
[SI] recalled,

“Seeing them understand that you can combine STEM with other things is also cool
because a lot of them think that STEM is something that you learn in school and then
you just leave it at school. Like there’s no like application for STEM or it’s like what,
like men in white coats are doing in like the laboratory.”

The sociocultural context of the constructionist environment was about more than just what stu-
dents were doing in the learning experience, but how they were connecting it to their view of
computing in the real-world.

4.3.2 Confronting Issues of Confidence. Interviewees emphasized the role that confidence and
mindset play for learners in deciding whether to pursue further STEM participation. Andrea [SI]
reflected that confidence was a greater hurdle than learning and knowledge, “It’s not that they
don’t know, it’s just they are like, ‘I, I’m scared.’. . . . I feel that like maybe, um, self doubts. It’s a
big, big challenge for them.”
The goal of fostering confidencewas also seenwithin the organizational structures. For example,

SFD organized participants into cohorts with empowering nouns—i.e., Tenacity, Confidence, Per-
sistence, and so on. The goal being for learners to identify with and embody these qualities within
their time in SFD. In our observations, the instructors promoted participants’ confidence in var-
ious ways, such as giving students leadership positions, calling out participants’ persistence and
successes to make them more visible, and focusing their time and attention on participants who
are struggling to help them navigate failures. They even gave awards during the final performance
to participants who persisted through challenges.
Instructors were particularly sensitive to changes in confidence levels in their interviews. Vlad

[SI] recounted a specific change in a learner, “The whole two weeks she was quiet for the camp.
Like, and then the last week when it came to projects she was so into it. It was a shock to see
[her] talking and contributing ideas and giving suggestions. . . that was really cool.” Serena [SI]
remarked on how changes in confidence, even incremental changes, are an essential goal of the
program, “Maybe not all the girls will come out wanting to be scientists, but that wasn’t the point
anyways. It was just to show them that they could if they wanted to.”
Yamilée [ED] recounted that challenges developing confidence were exactly why she started

SFD at the intersection of computing and dance,

“I started to think about [SFD] because of how much mindset is a barrier. . . . I just
wanted to change that mindset. And that’s what got me thinking about dance. Because
when you dance, you have the sense of possibility and kind of like a fearlessness, you
know, to perform in front of an audience takes a lot of courage. And, and I was doing
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that since I was like four years old every year. And I know that has some influence on
my ability to persevere in difficult situations.”

The impact of dance on learners’ sense of self was also noted by other instructors, as Serena
[SI] stated, “with dance, I think they start to gain ownership over themselves in a way that like
other subjects can’t teach them. Like dance is such a nice discipline because it gives them. . . like
the physical confidence, like the confidence in their body.” These performative computing spaces
are special in how the learner is situated within the constructionist artifact, such that they are
embodying the successes and at times also the failures of what they created.

5 DISCUSSION

What distinguishes SFD as an interesting case is not that it is an after-school program designed to
teach computing. Nor even that it is a program emphasizing equity and targeted at girls of color.
As a creative computing opportunity, it is in good company. In choosing to focus on performing
arts, perhaps, it becomes perhaps a rarer example. High-stakes outcomes for computing experi-
ences exist elsewhere, notably in competitions like First Robotics. However, SFD offers a unique
blend of high-stakes, public-facing performance with a target population facing an upstream cur-
rent of domain under-representation, marginalization, inexperience, and, subsequently, lower de-
grees of self-identification. Why would an organization that recognizes the need and challenges
of their outreach mission—and deliberately cultivates psychological safety—simultaneously insist
on a high-stakes final performance or even a performative medium in general? We now turn to a
discussion of some of the distinctive aspects of SFD as an organization navigating tensions of its
own design to create an effective environment for identity work.

5.1 Cultivating Space for Relational Resources

Nasir and Cooks [63]’s work defines relational resources as “the positive relationships with others
in the context that can increase connection to the practice” [63]. In the SFD learning environ-
ment, the relational resources were the foundation of the culturally sustaining experiences and
the types of identity work that it enabled. In our findings, we saw several ways in which SFD
created a psychologically safe space that was reciprocally related to relationship formation—i.e.,
psychological safety was both caused by and created opportunities for relationship formation. In
line with prior work by Schulte et al. [78], social support was central to the development of psycho-
logically safe spaces. Most work in the Culturally Responsive Computing (CRC) literature attends
to aspects of the social environment—such as Scott and White [80]’s theme of promoting People
Before Technology (PBT), Clark and Sheridan [19]’s focus on peer-mentorship, and Pinkard et al.
[73]’s integration of STEM mentors. Not only are these types of resources seen as important for
practice-linked identities, but if we think beyond the practice to culturally sustaining pedagogy,
the relational resources in our work have been centralized by SFD to promote sustenance of com-
munities [2, 3, 70]—specifically those marginalized by computing fields.

5.1.1 Instructor-Participant Relationships. Our findings highlight how relationships stemmed
from the trust that was cultivated between the instructors and learners through the organizational
structures and the orientations of the instructors. Trust was noted to be particularly important in
our findings, because the learners are predominantly young women of color, many who are engag-
ing with computing for the first time, and some who lack other safe spaces and communities in
their lives. Trust has been noted as a requirement for psychological safety [25] and as a key char-
acteristic in creating a communication structure in which “ideas can be explored, and mistakes
can be made safely” [32]. The CRC literature acknowledges the importance of instructor-learner
relationships especially when it comes to engaging in justice- and equity-oriented discussions [6];
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however, there are not always clear directions for how to do this. Our findings suggest that empa-
thy and humility were central to supporting development of this trust.
The instructors demonstrated empathetic dispositions when it came to supporting learners in

navigating the challenges and failures that come along with learning computing. Their dedication
was first to the learner and second to the material that was being learned. This impacted the types
of activities they engaged in and their orientation towards struggling participants as they helped
mediate intense emotional responses around failure. The participants we interviewed recognized
the instructors’ and organization’s efforts in creating a supportive and trusting environment and
reflected on its importance during the interviews. Our case-study had several alignments with the
care ethics literature, in which the learners in SFD were not just cared about by the instructors
and organization, but they were cared for [66, 67]. Importantly, this was both intentional and
recognized by the learners. We believe that the CRC literature might leverage the work within
care ethics that draws attention to the social dynamics involved in creating relational support
in a learning experience—specifically how “care, attention, empathy, response, reciprocity, and
receptivity” [67] are fostered and emerge in the learning environment. Using these as additional
supports in the CRC literature can draw a greater focus to the development of culturally sustaining
experiences in which the instructors’ relationships with the learners can reach beyond the learning
environment and “enhance the likelihood that their students will live in and promote a public
climate in which caring relations will continue to flourish” [66].
Trust was also supported through instructors’ demonstration of humility, which created a safe

space to ask questions, not know something, and encounter failure. In computing education, there
is a prevalence of defensive climates in which competitive demonstration of knowledge often hin-
ders the development of collaborative and supportive experiences for minoritized learners [8, 9].
In this environment, relational resources that can facilitate productive social experiences become
even more important. Walters and Diab [92] has identified how humility in leaders—i.e., acknowl-
edging limitations and mistakes—can lead to greater psychological safety, enabling individuals
within the group to be able to “act without fear” and engage more fully in their work. The struc-
ture of SFD embeds opportunities for humility by having separate designated dance and STEM
instructors who can then learn each other’s discipline along with the youth participants. Within
this performative, constructionist learning environment the social artifacts—i.e., the dances and
wearables—were highly visible, which made making mistakes (and not knowing something more
generally) also highly visible. When this visibility was leveraged by the instructors to demonstrate
their own lack of knowledge, it set a precedent for being able to make mistakes, while also becom-
ing a point of engagement for participants to learn with, and at times, also teach the instructors.

5.1.2 Peer Relationships. Scott et al. [79] highlight the importance of learners forming relation-
ships with one another in their definition of CRC. In our work, the interviews demonstrated how
the youth participants were able to become friends with other participants within the learning en-
vironment, which seemed to be the result of four organizational decisions: instantiation of a cohort
model that grouped a subset of participants together, the requirement to engage in collaborative
construction of dances, the allocated community-building time outside of the computing and dance
activities, and the recruitment strategies focused on leveraging existing relational resources from
other environments by recruiting groups of participants from community spaces. The interviews
highlighted how the relationships translated to supportive behaviors between participants for fa-
cilitating identity work, such as choosing dance moves that everyone would feel comfortable with
and navigating conflict based on their understanding of the other person. Further, the youth partic-
ipants felt comfortable serving as intermediaries between the instructor and other participants to
help explain concepts that their peerswere strugglingwith.Mentorship has strong roots in how the
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CRC model has evolved [79, 85], and we similarly saw the affordances of students taking on lead-
ership roles. Our findings demonstrate that the interdisciplinary dance computing environment
enabled participants to leverage their various expertise and funds of knowledge [38] to contribute
to the learning environment. Similar to DesPortes et al. [21], we found the group project created
space for many types of knowledge contributions, which can have a positive impact on learners’
identity work across disciplines [18]. We saw this manifest in the learning context as participants
took advantage of the opportunity to teach one another. In line with Mercier et al. [61], we found
that this stimulated opportunities for learners to identify with computing [61]. Learners reflected
on the effectiveness of both teaching and learning from their peers. Our work points to how the
relational resource between students helped to make this happen. These relational resources then
fed into the ways the material resources were engaged in within the community of learners.

5.2 Structuring Material Resources for Positive Social Interdependence

The essence of SFD is embedded in how the material resources of dance and computing are orga-
nized and shared throughout the learning experience.Material resources involve “theway inwhich
the physical environment, its organization, and the artifacts in it support one’s sense of connection
to the practice” [63]. As a constructionist environment, it is not surprising that these are central
to what makes the learning experience effective. However, as we saw with Shania’s juxtaposition
of her experience in SFD with her experience using Karel the dog,3 not all constructionist environ-
ments have the same value for all learners. The organization of the material resources were all in
service to the development of dances that would exist within the high-stakes performance. The
material resources that we identified in our findings included the physical movements, the cloth-
ing worn and modified, the technology in the dances, the tools supporting the development of the
dances, and the music. Importantly, these material resources were organized within the structure
of group dances situating them as collaborative objects. We saw how these material resources de-
veloped a social structure that was supported by the relational resources rather than emulating an
individualistic hacker culture identified by Ames [5].
However, as noted by the instructors, while dances were collaborative, there was still an individ-

ual nature to the artifacts in how they were distributed. Each participant, regardless of prior experi-
ence or confidence, must get up and dance on stage with the material components of their creation.
In dances that integrated physical computing, the technology is also individually allocated with
every student wearing their own outfit featuring electronics assembled and coded collaboratively
by their team. This collaborative yet individual nature creates a positive social interdependencewith
the work of the individual supporting a collective goal [46]. We saw this in how the students were
helping each other to figure out and learn about the different components with each other. Yoder
[94] identified how cooperative learning theory could be incorporated into the design of dance
experiences to facilitate effective collaborative learning experiences. However, there is still little
work investigating the opportunities for positive social interdependence. In our work, the poten-
tial for positive social interdependence is particularly notable because of the high-stakes nature
of the final performance which prompts even more attention to the success of the group. This
impacted the organization of the material resources both in how they were constructed and how
risks of failure were mitigated. The live performance is frequently cited as a point of pressure by
learners and instructors, as no one wants to fail (technologically or artistically) in a public-facing
setting. Youth participants, for example, edited the dance moves—i.e., making sure everyone could
do the dances—even if it meant making the dances easier and less complex. Instructors designed
instruction to help learners succeed in groups, assisted with planning and scoping the material

3https://codehs.com/info/curriculum/introkarel.
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resources that go into the final artifacts, and in some cases completed or fixed projects to make
them performance-ready. In the constructionist computing and the CRC literature, focusing on
positive social interdependence could stimulate new ways to conceptualize organization around
the material resources in the environment to drive and reinforce the relational resources for sup-
portive interactions.

5.3 Social, Political, and Cultural Dimensions of Ideational Resources

Nasir and Cooks [63] identify ideational resources as a broad range of individually held ideas
encompassing, “the ideas about oneself and one’s relationship to and place in the practice and the
world, as well as ideas about what is valued or good.” In SFD, the ideational resources spanned
the ways learners engaged in their sociopolitical identities within the learning environment to the
final performance and how it was socially and culturally situated to develop learners’ identities
with computing and dance.

5.3.1 Sociopolitical Ideational Resources. As evidenced by our findings, learners regularly en-
gaged with sociopolitical structures in the performances they create and in how they reflect on
what it means to participate in computing as an underrepresented minority. Vakil [91] conceptual-
izes justice-oriented approaches to computing education in which he advocates giving attention to
learners’ political identities and creating opportunities to encounter power and inequities as part
of the learning experience. But this leaves the question of:What supports are necessary for facilitat-
ing this work? InAshcraft et al. [6]’s study, they center the importance of engaging in identitywork
that spans discussions of race, gender, and social inequities as part of what facilitates the students
to assume the role of a technosocial change agent. They identified how “shifting the spotlight” to
various dimensions of identity and equity served to provide multiple entry ways into discussions
and how it could be useful for not perpetuating helplessness when focusing on marginalization. In
our work, we saw other strategies that built awareness and resilience. Visiting STEM workplaces
enabled participants to see underrepresentation for themselves, while narratives shared by visiting
STEM professionals served as exemplars of overcoming challenges. Prior work has illustrated the
power of narratives that challenge stereotypical depictions of participants from minoritized demo-
graphics such as Pinkard et al. [73] and Shaw et al. [84]. In our work, SFD used the examples and
narratives as a foundation to discuss practices that support community resilience as minoritized
learners. Specifically, they taught about the importance of solidarity, community, and supporting
each other within the program and beyond. The power of these ideational resources was evidenced
through how the participants’ sociopolitical perspectives of themselves shifted as they reflected on
what it meant to be a woman of color in STEM and their role in supporting one another to succeed.
The participants describe their intentions to translate these perspectives outside of the learning
environment. Resilience in computer science is often looked at from the angle of the individual
who must be resilient (i.e., Reference [75]) or in identifying what facilitates resiliency in learners
(i.e., Reference [27]). Our work points to the potential for thinking about developing learners’ prac-
tices that support community resilience as ways to eventually shift inequitable structures within
the discipline.

5.3.2 Authenticity of Dance and the High-stakes Final Performance. Yamilée [ED] was adamant
about engaging with dance deeply and authentically from the perspectives of the participants—i.e.,
it needs to look and feel like dance to them. SFD strategically recruits in community spaces that
engage participants with cultural ties to dance. The performance and practice sessions then serve
as ideational resources that provide opportunities to forefront participants’ cultures and identi-
ties within a space that also integrates computing. Participants’ funds of knowledge are valued
in the learning environment as they are able to introduce their cultural dance expertise into the
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creative process, e.g., as Nyah [YP] taught her peers getting lite, a movement she learned in neigh-
borhood block parties. While not all participants have expertise in dance, as a performative art
form, dance also embeds participants’ expertise. Similar to how Solomon et al. [88] identified an
embodied physics dance as an ideational resource to think through physics concepts, the dances
in SFD became ways for participants to explore the ideas, ideals, narratives, and aesthetics that
they integrate within their performances. Shania, for example, reflected on coding text to help the
audience connect to a performance on police brutality. This demonstrates an interplay between
creative technology and learners’ intersectional identity [79].

In alignment with the practice of dance, there is a public final performance that becomes an
artifact that receives significant consideration from Yamilée, instructors, and participants. Similar
to Nasir and Cooks [63] where the track & field event in which one competed in was an ideational
resource that solidified one’s standing within the discipline—i.e., someone who competed in hur-
dles became a hurdler—in SFD the final performance also solidified the youth participants’ standing
as dancers, computer scientists, and engineers, as they demonstrated their skills across the disci-
plines. The participants’ readiness and ability to overcome this task of designing, constructing, and
performing publicly with technological artifacts led to their transformation in their relationship
to dance and computing, a goal of CRC [79]. SFD performances created a space for dance com-
puting artifacts to transcend the learning environment. As in other constructionist environments
(i.e., Reference [77]) the final artifact becomes a motivating factor for the learners to pursue tech-
nical knowledge. Instructors highlighted how participants ramped up their productivity, bringing
the additional “80%” of their energy in the weeks leading up to the performance.
What we found special about SFD’s constructionist environment is the way they amplify how

the constructionist artifact is socially situated such that it can become an immense ideational re-
source. Instructors and learners reflected on how the performances reached participants’ commu-
nities, families, and friends. Coupled with the ways learners saw these computing artifacts as rep-
resentations of themselves, their ideas, and their ability to do computing, the environment creates
a unique opportunity for their identity trajectory to shift across communities and spaces in their
lives similar to Calabrese Barton et al. [18]. The performance thus also became a risk, because if
failure occurred, that too would be amplified. Our work sheds light on this underexplored tension
in constructionist environments inherent in their instantiation—i.e., social artifacts can facilitate
attention to both success and failure. The risk was seen as worthy by SFD because of the power
of a successful performance for solidifying the experience, the learners’ knowledge and skills, the
collaborative and supportive relationships, and the demonstration of confidence and fearlessness
through participants’ successful traversal.

5.4 Implications for Future Computing Education

Three main contributions in this work add to our understanding of teaching and learning comput-
ing. First, the case study provides insight into the ways designers can center identity in the design
of a computing learning environment to open up opportunities for personally meaningful educa-
tion. While previous work has pointed the the importance of identity, we demonstrate how SFD
created specific ways for learners to engage with their socio-political identities that should be in-
corporated into broadening participation efforts. Further, by exploring dance and computing, our
case study illustrated the opportunities for identity work that are unique to performative comput-
ing spaces. Second, we highlight how the intersections between dance as a performance discipline
and computing as an artifact-driven discipline can have unique social and cultural implications
for how constructionist artifacts are produced, shared, and valued. These in turn affect the types
of identity work and engagement with computing that are possible as the learners create their
dances and share them with a broader audience. Last, we identify how psychological safety can
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be a helpful construct for designing inclusive and supportive learning environments. Examining
the learning environment from the lens of psychological safety highlighted important characteris-
tics for equity and enabled us to explore how it was received and reciprocated by the learners and
instructors. Computing education could benefit from operationalizing this construct within the de-
sign and development of inclusive learning spaces to forefront empathy and care for minoritized
learners engaging in computing.

6 RECOVERABILITY

The article was developed through a research collaboration grounded in relationships of individ-
uals from the organization STEM From Dance and our research team. Through our collaborative
work together we were able to situate findings from the 11 interviews we conducted with in-
structors, youth participants, and Yamilée, the executive director, in the broader context of STEM
From Dance and our work with them. The detailed account of our methods, including the process
through which we built a relationship with the organization, is intended to articulate the framing
of the investigation and the approach to implementation to make our processes recoverable [44]
such that other researchers can understand the frameworks that guided the investigation and the
work engaged in by the researchers to reach our findings and conclusions. The intention of the
work is to contextualize the learning environment and the participants’ experiences in ways that
expand how computing education researchers explore design for meaningful engagement and par-
ticipation of learners within underrepresented demographics in computing.

7 CONCLUSION

Performative artistic computing spaces create a distinguishing tension between the challenges
and fears surrounding a final performance, balanced with the potential for a transformative ex-
perience overcoming those hurdles and showcasing learners’ artifacts, identities, and skills. Com-
bining dance with computing provided an open-ended site for creative collaboration that allowed
learners to personally identify with the artifacts they created as they leveraged existing cultural
knowledge. Learners were motivated to persist through technological challenges by a desire to
deliver a successful public performance. Further, they had opportunities to teach, learn, and gain
social capital through meaningful group work as they developed their artifacts. The features of
the format also came with the risk of the final performance going poorly and its potential neg-
ative impact on confidence and identity work. However, the organizational structure of the SFD
community and experience created a psychologically safe environment to mitigate the risks and
support learner growth. Performative computing spaces offer an exciting potential that research
needs explore further as we expand the ways that youth can engage with their computing identi-
ties and expand the ways in which computing spaces develop equitable and inclusive contexts for
learning and cultural sustainment.
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