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Abstract
Background: Prior research argues that positive learning environ­
ments support student learning, belonging, and the desire to con­
tinue learning. In order to create joyful learning environments, we 
must first study what characterizes such learning spaces. However, 
prior research has not yet asked students what makes CS learning 
environments joyful.
Objective: In this study, we sought to understand students’ joyful 
experiences in secondary CS classrooms and the elements of the 
learning environments that fostered those experiences.
Method: We interviewed 8 students who had joyful CS experiences 
about those experiences, the environments in which they occured, 
and about the pedagogies their teachers used. We then interviewed 
5 of their teachers to better understand the environments and ped­
agogies that cultivated joyful CS experiences.
Findings: We found 4 elements in common in each student’s expe­
rience: teachers worked to relate to students, prioritize a relationship 
with learning, frame CS with purpose, and reify a joyful CS experi­
ence.
Implications: These findings offer the opportunity for researchers 
and educators to reconsider pedagogies and design learning envi­
ronments that engender joyful CS experiences for students. This 
will better enable students to build relationships with CS.
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1 Introduction
All classrooms, including Computer Science (CS) classrooms, should 
be places that value humanity and center the learners’ experience 
[16]. These environments should foster a sense of belonging [9], 
as prior research makes clear that positive experiences encourage 
learners to keep learning [23, 24]. One word to describe belonging 
and the desire to continue learning is joy [16].

Scholars are already engaged in understanding joy in learning, 
giving talks about joy [38], and designing pedagogy for joy [18]. 
There has been some research studying joy in CS in particular. 
Sometimes instructors seek to design for their own joy [46]. Others 
learned that not all formats of learning computing are joyful for 
all students [33]. Some instructors designed curriculum intending 
to produce joy and found that it encouraged broader participation 
[1, 11, 12, 14, 25, 30]. Some have designed for joy in computing 
for particular populations; for example, centering connection in 
elementary CS learning [20].

Despite all the intentions to engender joy and what we have 
learned about joy, prior work has yet to ask secondary students 
themselves about their experiences of joy, or what joy is for them. 
This gap is notable: all educators know that their intentions to 
foster joy do not necessarily produce joy. Moreover, without an 
understanding of what students themselves say is important about 
fostering joyful CS learning, educators, teacher educators, curricu­
lum designers, and other key stakeholders in shaping CS learning 
have little reliable guidance to foster joy. Without that guidance, 
secondary students’ first exposures to computing may be their last, 
preventing them from wanting to continue to learn and explore 
computing concepts.

To understand secondary students’ experiences with joy in CS 
education, we asked two questions:

• What do joyful CS learning environments have in common?
• What pedagogies support joyful CS learning spaces?

To answer these questions, we reached out to 10 universities’ 
CS programs over two rounds of recruiting, hoping to find many 
to interview about their secondary CS learning, along with their 
former teachers. To our surprise, we found very few students who 
reported joyful secondary CS experiences. But the small set of 8 
that we did find have much to teach us about what pedagogies 
and values led to their joyful experiences. After we spoke to the 
students, we asked them to connect us with their educators to add 
an additional lens to this study.
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2 Related Work
There are many definitions for joy. For example, Roque frames joy as 
something dynamic that can coexist with struggle and grief [38]. It 
is how humans are restored, sustained, and energized. It is a complex 
joy, “Not joy as positivity or happiness, but joy from transformation, 
that emerges from the challenges and struggles they encounter 
as they create projects” [38]. Alternatively, Gholdie Muhammad 
focuses particularly on Black joy and defines it as “enkindl[ing] the 
most sublime emotions that can animate the human soul” [29]. We 
discuss how these broader conceptions of joy have shown up in 
research on learning.

2.1 Joyful Pedagogy
There is compelling prior work that suggests that joy should be 
a meaningful part of learning, and therefore a pedagogical goal. 
Approaching this work from the feminist materialist perspective, 
Tamboukou argues for the importance of embodiment and affect 
in learning environments and that a “creative and radical edu­
cation” allows learners to re-imagine themselves and the world 
[45]. Woglom and Jones centered feminist materialist practices and 
encouraged learners to push against “educational rigidity and in­
stitutional repetition” in learning music in a space that students 
and instructors “co-produced.” They found that spatial flexibility, 
creation, and limited adult intervention were essential in creating 
this joyful cacophonous environment to learn to make music [47].

Sometimes, prior work centers instructors’ joy. In one instance, 
a teacher centered joy in his classroom by focusing on community, 
visibility, and agency, defining joy as “deserving of study and in­
vestigation as any other pursuit” [44]. Another joyful pedagogy 
text argues for three factors: agency, community, and creativity, 
but again centers the teacher’s joy [4]. These works suggest that it 
is sometimes essential that teachers and instructors experience joy 
in teaching, but they do not connect this to students’ experiences 
of joyful learning.

Other prior work in higher education has broadly examined the 
phenomenon of joy. In one study, researchers found that the in­
clusion of culture and identity, multiple pathways for knowledge 
generation, acceptance and respect, collaboration, and meaning­
ful approaches to teaching content were ways to promote joy in 
learning [32]. Researchers also argued that joy can be a radical 
subversive pedagogical act of defiance, pushing against oppressive 
structures. Like humor, joy is relational and embodied [13]. O’Hara 
et al. argue that, “If we want to rekindle joy, we need to resist the 
impulses that drive us to conceptualize education as a transactional 
exchange for quantifiable outputs and economic worth,” and that 
trust is the foundation of joy [31].

Some prior work has examined joy in specific disciplines. In 
writing education, Muhammad argues that the purpose of education 
must be to ascend, to build a fulfilling life through learning. Joy 
itself is a worthy educational pursuit, and students must be exposed 
to joy in reading so that they can live and write about it [29]. In 
art, Jasinski and Lewis argue that there are many kinds of love, 
which lead to joy, but the ideal love is to love students no matter 
who they are or who they become [18]. Seeking to understand 
joy in STEAM, Scipio et al. developed Pedagogies for Joy (POY), 
which attend to affective experiences of participants, cultivating 

third spaces by drawing on diverse experiences so all students are 
supported, leading learning, and dreaming of pathways through 
learning [42]. Responding to the POY, Ryoo calls for more work 
that focuses on the voices and perspectives of young people [39]. 
In other work, Ryoo identified the importance of humor in the CS 
classroom and found that humor and the resulting joy were useful 
for student engagement, positively influenced students’ views of 
CS, leading to engagement in new forms of thinking and learning.” 
[41]. This work found that humor also supported critical thinking 
and communicative competence.

2.2 Joy in CS education
In CS education research, we see a variety of definitions of joy, 
often conflating it with the word “enjoyment,” where students are 
asked if they enjoyed a course, and then researchers write about 
the joy students experienced. While joy and enjoyment are both 
positive, they are different emotions and have different outcomes.

Often joy is declared because of instructor or curricular intent. 
For example, the Beauty and Joy of Computing [11, 12], which is “de­
signed to appeal to a wide range of students, including women and 
underrepresented minorities,” was piloted at Berkeley and adopted 
in a variety of ways for AP courses [14], underrepresented students 
[1], and as a new AP course [25]. It has also been used to design 
new programming languages [30], and to foster engagement in a 
first year engineering course [28]. Sometimes instructors center 
their own joy in teaching. This might be to advocate for a particular 
programming language which they find clear and useful to teach 
[46]. While in other prior work, instructors designed online plat­
forms for their own joy [33]. Furthermore, instructors designed for 
what they perceived students should find joyful in online learning 
[48]. In another example, Dijkstra (of the famous algorithm) gave 
a talk extolling the importance of formal methods in computing 
where he finds that, “[t]eaching to unsuspecting youngsters the 
effective use of formal methods is one of the joys of life because it 
is so extremely rewarding” [7].

Other times, practitioners design for joy in particular popula­
tions, like elementary students [20]. Here, instructors designed 
activities for elementary students to experience community and 
the joy of computing. However, this work measures joy from in­
structors’ perception, rather than students’ perceptions of their 
own joy. Practitioners also design in order to include marginalized 
populations needs. Lee et al. designed integrated math and science 
curriculum for Latinx students [21], and found significant improve­
ments in both their knowledge and their perceptions of computer 
science. Prior work centering Black joy in computing environments 
by Ivey et al. advocate for abolitionist teaching practices in sec­
ondary CS courses by centering the voices of Black educators to 
center Black joy [17].

Some research examines how important and difficult it is to cre­
ate spaces that center joy. Additionally, Jones and Melo call for 
more critical conversations in CS education by imagining alterna­
tive visions of CS that center student joy and liberation [19]. In a 
study examining the practices of creative coding instructors, in­
structors shared that certain amounts of competence were required 
to experience certain types of technical joy, and that all tools should 
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have playful but not toyish elements to best support student work 
[27].

Additionally, prior work has also examined community as a 
tool to increase student retention and enjoyment of the subject of 
computing. For example, a study on pair programming found that 
all students had increased confidence, and long-term persistence 
[26]. Additionally, Porter et al. included pair programming, media 
computation, and peer instruction and found increases in retention 
and enjoyment [36]. Chavez shared that limiting course creep and 
examining deadlines improved outcomes in a data structures course 
[5].

What this range of work in CS education shows is that instructors 
are designing courses in the hopes that students find the same joy 
in computing that they themselves have. There is an assumption 
that what instructors find joyful, their students will also find joyful. 
While researchers have studied student enjoyment, there is a dearth 
of research examining joy in CS from the student perspective.

3 Methods
We interviewed participants who self-identified as having joyful 
secondary computing experiences [3] to better understand those 
experiences. We also asked student participants to identify teachers 
in their joyful experiences, and interviewed those teachers. We 
conducted qualitative research using Braun and Clarke’s 6 steps for 
Thematic Analysis [3, 34]. This study was IRB reviewed and exempt 
at the researchers’ home institution.

3.1 Positionality and Reflexivity
The research team approached this work with joy, care, and cu­
riosity. We are a team trained in CS and education. Many of us 
carry identities of educators, and want to understand what makes 
classrooms joyful, CS and otherwise. A number of team members 
feel like outsiders looking in to CS, and brought that lens to this 
work. We bring our experiences and our positionalities to this work, 
and that influenced our interpretations. We balanced these personal 
perspectives with methods that explicitly focused on accurately 
capturing and valuing the voices in the interviews. Because joy 
is an emotional experience, joy can only be identified by the in­
dividual experiencing it. We did not approach this work with a 
definition of a ”joyful experience,” we left it to individuals sharing 
their interpretations of joy rather than defining it for them.

3.2 Participants
As students’ experiences were the guiding point of this study, we 
started by recruiting what we described in our materials as “students 
who had joyful secondary (high school) computing experiences.” We 
left it to the students to define what a joyful experience was for them. 
We conducted 2 rounds of recruiting. In Spring 2025, we emailed 
undergraduate mailing lists in our home institution in computer 
science and associated fields, and asked our personal networks to 
share in their courses. We received 15 responses; ten of those met 
inclusion criteria, five responded to interview invites. In Fall 2025 
we again emailed our undergraduate mailing lists, and expanded 
our asks of personal networks at other institutions. We received 10 
additional responses, 8 who met inclusion criteria, and 3 responded 
to interview invites. For students, our inclusion criteria included 

students who had joyful secondary computer science environments. 
Our exclusion criteria were students who had later post-secondary 
joyful computing environments, students who did not have joyful 
secondary computing experiences (and really wanted to share how 
awful they were). We think it is important to note that although our 
recruiting message was sent to thousands of students, only 18 met 
the inclusion criteria of a joyful secondary computing experience. 
This is likely reflective of how rare a joyful secondary computing 
experience is.

We then recruited teachers nominated by the 18 student respon­
dents who met the inclusion criteria. From the first round of student 
recruiting, 5 teachers were identified. We reached out to all through 
LinkedIn or email. Two responded to our requests and were in­
terviewed. From our second round of recruiting 3 were identified, 
and 3 responded to our requests and were interviewed. Our only 
inclusion criteria for teacher participants was that students identi­
fied them as the educators in their joyful computing environments. 
Participants and Student-Teacher dyads appear in Table 1.

3.3 Data Collection
The first author conducted semi-structured interviews over Zoom, 
each for a duration of 30-75 minutes, and participants were com­
pensated $25 for their time. The team conducted pilot interviews 
with community teachers and students until the research team was 
comfortable that the environment was identified. As noted previ­
ously, we left it to students to identify and define what a Joyful CS 
Environment was for them.

We asked students: 1) Tell me what the class [environment] was 
like, 2) Tell me about your favorite experience or project in CS, 3) 
Tell me what you enjoyed about your CS class [environment], 4) Tell 
me what was challenging about CS, 5) What were your experiences 
with your teacher? 6) Were there any class [environment] policies 
that stood out and made that class great? 7) What was grading like? 
8) What was feedback like? 9) What was the class environment 
like? 10) How did you feel taking these classes [environment]? 11) 
Any information that I haven’t asked about?

We asked teachers: 1) Tell me about your teaching journey, 2) 
Tell me about your teaching philosophy, 3) Tell me about a great 
experience you’ve had teaching CS, 4) What do you consider a 
classroom success? 5) How do you know a student is learning? 6) 
How do you approach a struggling student? 7) What environment 
are you trying to build in your classroom? 8) What classroom 
policies have you found helpful? 9) What was grading like? 10) 
What was feedback like? 11) Any information that I haven’t asked 
about?

After we conducted the interviews, we emailed participants their 
compensation and a brief survey to collect any demographics they 
wanted to share and any additional relevant information that came 
to mind after the interview. All transcripts were verified by the 
research team as part of data familiarization [3].

3.4 Analysis Process
The analysis process took place over four months. The research 
team met weekly and took memos of our thoughts individually and 
our collective conversations throughout the entire process. Addi­
tionally, each member of the research team spent time reflexively 
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Joy Identifier Joy Educator Joy Environment
Student 1 (teacher never replied) Outside of school, weekend CS course, multi-year

Student 2 Teacher A (identified during in­
terview)

Advanced Placement CS, Avanced Topics
TEALS classroom (Teacher A was an industry support instructor)

Student 3 Teacher A Advanced Placement CS, Avanced Topics
TEALS classroom (Teacher A was an industry support educator)

Student 4 (teacher never replied) Advanced Placement CS Principles
Student 5 (teacher passed away) Oceanic program for the last two years of secondary school.
Student 6 Teacher D Specialized School: No specific CS courses taught, instead multiple 

instructors incorporated this student’s interest in CS into other 
coursework (Teacher D taught Math)

Student 7 Teacher C Advanced Placement CS
Student 8 Teacher E Advanced Placment CS A followed by an Independent Study. Stu­

dent 8 found the independent study the joyful part they wanted to 
share.

Teacher B (nominated but stu­
dent never scheduled an inter­
view)

Advanced Placement CS Principles and Advanced Placment CS A

Table 1: Table of the students, joyful educators, and brief context of the environment of joyful CS

journaling about their own joyful computing environments and 
experiences of joy in computing. In each step of the analysis pro­
cess, the team started with students’ joyful computing experiences, 
and then corroborated with teachers’ interviews. Using student 
transcripts, the team individually identified themes of environmen­
tal factors that were part of the student’s joyful experiences. Then 
themes were identified in group discussion, before the team affinity 
diagrammed the themes. Next the team identified pedagogy that 
contributed to these environments of joy from the teachers’ inter­
views and affinity diagrammed those factors to arrive at themes. 
Once both sets of themes were identified and reviewed, we matched 
the themes between students and teachers and defined the code­
book seen in Table 2. Initially, some of the themes that the students 
found essential to a joyful environment (Collaboration, Responsive 
Teaching) were not in the elements identified as themes from the 
teachers’ interviews. However, when re-reviewing the teachers’ 
interviews, we found evidence of both of these themes. We found 
that students identified 4 elements of a joyful CS experience. Each 
element had several components. Each student identified all four 
elements as part of their joyful CS experiences, but not all of the 
components of each element.

We resolved all disagreements through discussion. For example, 
researchers debated whether humor was its own code, or an aspect 
of a Teacher Presence, ultimately deciding to collapse it into Teacher 
Presence. Finally, we defined themes and then re-read each tran­
script, attending in particular to student-teacher dyads, refining 
codebook definitions.

4 Results
We found that students identified 4 elements of a joyful CS experi­
ence: Relating to students to center the student experience, Prioritizing 

a Relationship with Learning, Framing CS with purpose, and Reifying 
a joyful CS experience. Figure 1 shows these 4 elements, aligned 
with growth in trust and student agency.

4.1 Relating to Students to Center Student 
Experience: Laying the Groundwork for 
Trust

Students who had joyful CS experiences noted that teachers valued 
relationships in the classroom by working to know and value stu­
dents and by establishing an environment where students could also 
build relationships and collaborate with each other. The three com­
ponents of this element were relationship with students, teacher 
presence, and collaboration.

4.1.1 Relationship. Teachers established relationships with stu­
dents that centered respect for students. These relationships were 
foundational as teachers mentored students through the learning 
process. This element was mentioned more often by students than 
teachers. For example, Student 4 shared how her teacher worked 
to make students feel like the whole class was part of a team to 
learn CS, ”[H]e was, like, a very chill teacher… I think he did a great 
job of making us all feel, like, We’re kind of, like, in this together.”
And student 8 mentioned how teacher E knew him well enough to 
encourage him to pursue CS after he completed an initial CS class 
because he thought,  ”the computer science teacher was awesome, 
and she prompted me to, like, go to [Local University] for early classes, 
and just encouraged me to keep learning.” Student 8 instead opted 
to create an in-school independent study. He collaborated with his 
teacher and two peers to design a year-long course of work that 
allowed the students to learn C++ and the relevant frameworks 
and to build a game.Teacher A shared how building relationships 
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Element Theme Definition
Relating to Students to 
Center the Student Expe­
rience: Laying the Ground­
work for Trust

Relationship Teachers established relationships with students that respected them as individuals. 
These relationships were foundational to mentor students through the learning 
process.

Teacher Presence Aspects of the teacher’s presence that supported their ability to learn. Teachers 
utilized humor and care to create an environment where students were able to 
learn CS.

Collaboration Collaboration with peers and instructors helped with learning and allowed for more 
complex problem solving, also not competitive. Another aspect of collaboration was 
instructor humility, instructors would share that they were didn’t know something 
and would need to learn with students.

Prioritizing a Relationship 
with Learning: Building 
Trust

Attitude about CS Teachers made learning over work, and emphasized the importance of making 
mistakes in learning

Assessment Con­
siderations

Teachers decoupled learning from assessment and prioritized the learning process 
over grades and outcomes. Sometimes that meant assessments were low stakes and 
expectations were clear.

Assistance to 
Support Learning

Teachers worked to provide support to students outside of class, or as individual 
students needed.

Framing CS with Purpose: 
Building Motivation for 
Students

CS as a tool Teachers framed CS as a tool to learn with rather than an end goal, they incorporated 
student interests into the assignments and worked to make CS interesting enough 
that students were motivated.

Meaningful work Teachers worked to align projects to relevant and meaningful work for students 
by attempting to capture student interest and to motivate students. Additionally 
teachers worked to make learning CS fun.

Responsiveness Teachers were responsive to student’s previous knowledge and experience, and 
worked to tailor assignments for individual students both in topic as well as with 
flexible deadlines and requirements for assignment submissions

Reification of a Joyful CS 
Experience: Trust Estab­
lished

Embodiment Teachers introduced complex topics with tangible ways of learning, making things 
students could see, and touch

Projects Work was often project-based which meant that student work was embodied 
because students were creating programs, or physical things. Additionally, projects 
allowed for students’ autonomy in selecting topics and teacher responsiveness in 
designing so that students cared about the work they did. These projects often went 
hand-in-hand with flexible requirements and deadlines because projects varied 
between students.

Autonomy & 
Agency

Students initiated their own learning, or made long term goals related to CS, some­
times making long-term goals related to CS.

Challenge Many students mentioned that complex material was presented in a way that 
they could really understand it, and they found they had learned far beyond the 
expectations of a secondary CS course.

Table 2: Codebook of Themes and the associated elements in a joyful CS experience.

with students was one of the hardest things for him to do, but he 
knew it was valuable to reciprocate whenever students would share 
anything about themselves:

“ I will say that one of my weaknesses is that I find 
[building relationships] hard to do…. I’m quite an intro­
vert. And so it’s hard to go up to someone, and without 
it being too artificial, and without it being too deep, 
because that would be awkward, but like finding that 
middle ground where you could start a relationship, and 
then sort of have that grow. It was hard for me to be the 
initiator. Fortunately, students would find ways when 
topics were really interesting to them, or topics were 

really scary to them, and for whatever reason they just 
needed to talk about it. ” – Teacher A

Later he mentioned the advantage of being one of the only CS 
teachers at his school; he would have some of the same students 
for multiple years, allowing trust to grow so he could effectively 
mentor students on independent projects in advanced CS classes.

“ I was doing a bit of mentoring as they were working 
on their own project, and this only worked because it 
was a student I had developed some kind of relationship 
with over the past 2 years prior in class.” – Teacher A
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Figure 1: The research team conceptualized the reification of a joyful classroom with the above diagram of four elements of what Teachers 
were doing to create these joyful environments. Each of the four elements has several different components. Not all students mentioned each 
of the components, but they did mention more than one component from each of the four elements.

Students shared how important it was to be noticed and encouraged 
by their teachers. Student 4 shared that her teacher constantly 
encouraged her for her work, saying, ”He was very supportive and 
helpful, and very encouraging as well. He was ’y’all are doing great!’ 
or he’d be like, ’[Student 4], you’re amazing,’ and I’m like, ‘Thank 
you!’”

4.1.2 Teacher Presence. Many students shared aspects of the teacher’s 
presence, like enthusiasm, care, and humor that supported their 
ability to learn. Student 2 shared how important it was to have an 
approachable teacher who was animated and excited to be there, 
almost as if he put on the mantle of his teacher presence every day:

“ I was really scared and nervous, but [My teacher] 
made the field of computer science and programming 
feel really approachable, like, I think he’s really gifted 
in explaining things clearly and succinctly to youth, 
like high schoolers. I remember just him being a very 
animated teacher. ” – Student 2

Teacher C shared his focus, ”I teach the student, not the curriculum,”
and later shared how seriously he took bringing the appropriate 
presence to the classroom:

“ I tell them consistency is always my big thing. They 
would have no idea… my house could have burned down, 
and I’d come in, I’d be the same thing. Like, it wouldn’t 
matter.we got stuff to do, we can have fun doing it, let’s 
leave everything else at the door. This is CS here, or 
math, and let’s just kind of roll in.” – Teacher C

Student 7 shared the impact that Teacher C’s consistency and en­
thusiasm had on the classroom environment when she said, “He 
was always, like, super energetic, and I feel like when he’s energetic, 
like, it makes all the students feel, like, more energetic and uplifted, 
and they, like, kind of wanted to, like, mirror how he was.”  She shared 
that he made class interesting and approachable. Even though she 
was initially terrified to take CS, she took a risk enrolling because 
she knew from a previous math class that she could trust Teacher 
C.

Students also mentioned how teachers used humor to allevi­
ate the stress of learning CS, but also to build relationships and 
demonstrate that they knew the students. Student 2 shared that her 
teacher’s humor helped to build a culture of ease.

“ And yeah, not only that. He just cracked a lot of jokes 
in the classroom… And I think that’s what made the 
class so fun as well. He kind of just treated us like we 
were peers, in a sense, and we were all just like friends 
getting along. ” – Student 2

Teacher A mentioned that he would try to create assignments that 
mattered, but would highlight when energy in the class was low by 
making jokes like, “How are you guys even still in this class? It is so 
boring.”  He then used those jokes to incorporate the next necessary 
step in order to motivate students. Teacher C shared he also used 
humor as a motivating tool to get stuff done when he said, “we have 
a good balance of joking around and getting stuff done.”  Humor was 
a way he built common ground with students and created a lower 
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stress environment and to build relationships with students, “the 
kids laugh, and then they… Almost like they see we’re actual people.”

Many students shared the passion their teachers brought with 
them to teaching. Student 3 shared his teacher’s dedication to the 
craft of teaching, ”[T]here was an element that he lived… he lived to 
teach”, when sharing the lengths that his teacher would go to make 
sure every student had the support they needed. Student 6 shared 
how their teachers knew they liked CS, and because they worked 
to incorporate it into their math and science coursework:

“ They had, like, a separate interest in computer science 
that they really wanted to share with people, I think… 
And they almost were able to, like, share their hobbies, 
because I know they were… like, ‘oh, if you’re interested 
in this, you should talk to me about it.”’ – Student 6

Student 5 learned CS by analyzing data she collected on a boat 
as part of her hands-on classroom. In this secondary program, 
students each had individual research projects and used the statistic 
programming language R to analyze data and specimens to answer 
their own research questions. Student 5 shared that the teacher was 
so excited to show them the power of CS:

“ When she was teaching R, it didn’t even feel like… 
she was necessarily an expert… It was more like, ‘hey 
guys, like, look at this super cool thing that I know how 
to do…don’t you guys want to try this out too?’. And 
[seeing] that enthusiasm, I think, also made coding feel 
a lot more approachable… it was almost like a puzzle. ” 
– Student 5

Through teacher presence, humor and enthusiasm, it was clear to 
students that CS was a joyful tool, and learning it was a worthwhile 
endeavor.

4.1.3 Collaboration. Collaboration with peers and instructors sup­
ported student learning and allowed for more complex problem-
solving. Students also compared these joyful experiences in CS to 
other competitive CS experiences they had. Several students shared 
that they collaborated with peers to solve problems they could not 
solve on their own, and developed relationships and friendships 
that endured beyond that class. Student 4 shared this collaboration 
and camaraderie contributed to the joyful learning environment:

“ [I]t was a really, like, friendly and good environment…I 
didn’t feel intimidated by other people in the class… 
These are my people, these are my peers. that also prob­
ably helped contribute to, like, ‘Oh, yeah, I like that 
class.”’ – Student 4

Student 8, who took an independent study with two peers, shared 
how they would all work on a complicated problem when they got 
stuck:

“ I remember there were a couple days where I just spent 
the full hour looking into one problem, one issue, and 
trying to research it and learn it. And because there 
were three of us, when one of us came to an error, and 
if they eventually managed to solve it… and then we’d 
all learn from it” – Student 8

Because these three students were working together, they had each 
other to rely on when they got stuck. Student 8 and his peers also 
collaborated with Teacher E to develop their coursework because 

although she might not have the CS concepts they needed to de­
velop their game, she did have a strong education background and 
was able to support that work. Instructors were an important part 
of the collaborative atmosphere. They would often collaborate with 
students to find answers. Teachers were vulnerable, willing to ad­
mit what they didn’t know, and problems solve with students. For 
example, Student 8’s independent study meant they needed some 
advanced physics simulations they would ask Teacher E for support. 
And Teacher E was not afraid to admit she did not know an an­
swer and would out to local university contacts when students got 
really stuck. Student 8 shared,  ”But sometimes when we got really 
stuck…there was one time where she actually connected us with some 
people at [Local University].” Teacher A, who was a full-time soft­
ware engineer in addition to teaching CS, was not afraid to admit 
when he did not know an answer, and would problem solve with 
students and model for student how to break down and start a prob­
lem telling students,  ”I have no idea, either, but we’ll look it up and 
try to figure stuff. We can work on it together.” Several students men­
tioned that they avoided later formal CS experiences because they 
were perceived as competitive, and competition wasn’t something 
they were interested in. Rather, these students pursued alterna­
tive majors like informatics to be able to continue their joyful CS 
relationship.

4.2 Prioritizing Learning: Building Trust
Learning was the ultimate goal, any assessment was secondary. 
This included decoupling assessments from learning, creating low 
stakes environments, encouraging students to make mistakes, and 
the time teachers devoted to supporting struggling students.

4.2.1 Attitude about CS. Teachers made learning more important 
than work, and de-emphasized mistakes. Student 4 shared they, 
“felt accomplished because I was able to, like, do the assignments, and 
I felt like I was learning stuff from that class.”  And Teachers B and C 
shared that they would not cold call students, but they would offer 
reward tokens like a small piece of candy to encourage students 
to take risks and normalize mistakes. Teacher B shared, “You can 
make a mistake, and still earn a prize right?”

Student 8 shared surprises that arose during his independent 
study. For example, the students were given locked-down school 
laptops that did not have enough memory allocated to their logins 
to save the files they needed in order to make their game. They had 
to find workarounds. In these workarounds, they surfaced several 
weak points in the schools security infrastructure. They shared 
these weak points with Teacher E, who would pass this information 
on to the school’s IT department. Teacher E shared her perspective 
and the trust she had in these students:

“ I don’t even really know all the things that they did, 
but they found their way around things and I wasn’t 
overly concerned, because they’re such good kids, right? 
They weren’t gonna do anything with that information, 
but they were like, ‘[Teacher E], we were able to access 
all of this stuff,’ I think people realized ‘Oh, we gotta 
secure these systems’…[The students] were just honest 
with me about what they discovered. And I would share 
that with people discreetly, ‘Hey, maybe we should fix 
our systems a little bit.”’ – Teacher E
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Teacher E worked with the school to navigate what could have 
been a very difficult scenario. In this scenario, you can also see 
the trust these students had in Teacher E. They passed on sensitive 
information that would improve everyone’s security.

4.2.2 Assessment Considerations. Teachers decoupled learning from 
assessment and prioritized the learning process over grades and 
outcomes. Learning was decoupled from assessment in several 
ways; grades were de-prioritized and learning was emphasized, 
sometimes students had multiple opportunities to take or re-take 
assessments. Teacher B shared that she decoupled learning from 
assessments by “having a retake policy where every test you do, you 
can retake up to 100 full credit, I think has really helped a lot in terms 
of fostering that mistakes are welcome.”  She also shared that she 
extended this to projects, and encouraged students to learn what 
the misunderstood and, “fix up your responses so that you know how 
to do it, and then I’ll regrade it up to 100.”  Additionally, Teacher D 
shared that their school renamed grades so that students would not 
worry so much about achieving A’s and focus on pursuing their 
interests and learning. And Student 8 shared that because of the 
work they were doing:

“ The grades were just the computer science teacher, 
she saw us working, and saw us talking, and was like, 
‘They’re learning stuff. Cool.”’ – Student 8

And Teacher E shared that it was not difficult to grade Student 8 
and his peers because they were constantly running into difficulties 
and having to work through problems.

“ Probably they thought it would be very linear. But it 
was so messy, right? It was just so messy..that’s how I 
knew they were learning, because they knew that they 
got stuck, right? And then knew enough about what 
they didn’t know to then go seek out the next thing 
and just kind of bounce around and piece it together.” – 
Teacher E

For Teacher E, the process of learning how to get stuck and then 
figuring out what to do next was more important than getting it 
right the first time.

In a more traditional CS course, Student 7 shared that her CS 
tests were, ”a lot less stressful than a lot of other tests”  because there 
were clear expectations and if she had done the work, she felt that, 
“most of the time had a pretty good understanding of what was on 
it.” Her teacher, Teacher C worked equally hard to make sure both 
rubrics and grading requirements were clear for projects:

“ Before I even grade it, I’ll say, ‘okay, you got the rubric, 
I’m gonna read off the rubric, you point to your code 
where you’ve got it.’ Like, if I said, ‘you gotta make 
an enhanced for loop.so I’ll say, do you have an en­
hanced for loop?’ And they’ll scroll through the code, 
like, right there. ‘Okay. Do you have this? Do you have 
this?’ So, And then if they don’t, then we can kind of 
talk specifically on that” – Teacher C

This process not only made grading low stakes, it allowed for con­
versation and ways to clear up any confusion about expectations 
or content.

Flexibility of assignment requirements and deadlines was also 
important for students. Sometimes life just happened, and some­
times, because students were defining their own assignments, it 
took extra time to complete a task. Student 5 shared that since 
their classmates had similar deliverables, but very different data 
and research questions, grading was flexible, and different for each 
student:

“ I think… we would have similar kinds of deliverables 
of, like, submit some exploratory data analysis; submit 
a few figures, submit your citations. But, I would say 
the way they were also graded was pretty flexible It’s 
all pretty customizable.” – Student 5

And Teacher B shared the importance of extending grace with 
assignments and deadlines because “life happens”  and shared “I’m 
not super strict on stuff, right? Like I make mistakes, you know. I would 
hope somebody would have the grace to give me a second chance.”  She 
indicated the trust she had in students allowed her to encourage 
them to ask for what they needed, and be honest about what they 
needed.

4.2.3 Assistance to Support Students. Teachers worked to provide 
support to students outside of class, or as individual students needed. 
Each student shared examples of how their teachers made time to 
support them and answer questions they had. Sometimes that meant 
a tutorial period, sometimes that meant during lunch, and in one 
case, Teacher A created a ticket system, and would get back to 
students in about 5 minutes. Student 3 shared:

“ I don’t know if [Teacher A] told you this, but he would 
literally answer you anytime before 7 pm. Which is, 
when he would go to bed. You would get a response in 
like 5 min from him. But any question.” – Student 3

Teacher A mentioned this system, but focused on the way he that 
he sought out students that were struggling and met them an hour 
before school started (the school’s designated tutorial hour) for 
extra support and encouragement. Students described the patience 
with which teachers would answer their questions. For example, 
Student 7 shared her struggle with selection statements:

“ So that was something I always had, like, a hard time 
with. at first, so then I had to ask [Teacher C] to explain 
it a lot with me…I feel like that really helped me un­
derstand, and then over time…the struggle just got less 
and less until I understood” – Student 7

Student 1 shared that, “anytime we had a question or like we wanted 
feedback, we can just ask her, and she’d give us feedback.”  and Student 
5 shared similar teacher availability, “you could, like, reach out to her, 
make a personal appointment, whatever.”  Over and over, teachers 
shared stories of tracking down struggling students, and students 
shared stories of how easy it was to find support.

4.3 Framing CS with Purpose: Building 
motivation for students

Teachers sought buy-in from students in a number of overlapping 
ways. They framed CS as a tool to solve problems with and they 
worked to provide relevant, interesting and meaningful work.
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4.3.1 CS as a Tool. Teachers framed CS as a tool to learn with 
rather than an end goal, and they incorporated student interests 
into the assignments to make CS interesting. The end goal was not 
to learn CS, the end goal was to learn how to do cool things and 
how to solve problems. For example, Student 3 shared how Teacher 
A presented programming as a way to solve problems, rather than 
a discipline itself:

“ [Teacher A] never really told us… ‘Oh, you should 
be CS majors,’ right? Or you. ‘Oh, you should pursue 
programming.’ But he would give us these tools. ” – 
Student 3

And Student 1 shared, “A lot of times we were using programming 
to solve really interesting questions.”  In Student 5’s coursework, 
they learned programming in order to conduct their own scientific 
research. And for Student 6, their teachers would allow them to 
complete work as they needed as long as they shared their process.

4.3.2 Meaningful Work: Interest and motivation. In these joyful 
environments, teachers worked to align projects to relevant and 
meaningful work for students by attempting to capture student 
interest and to motivate students. Student 7, who enrolled in the CS 
course because of the relationship she had with Teacher C from a 
previous math course, shared how her hesitance to code faded away 
when she realized all the things she could do. She stopped even 
realizing she was doing the math and programming because she 
was able to make her programs interactive. She was both interested 
and motivated to do work she found meaningful.

“The designing aspect of it was definitely my favorite… 
seeing the code turn into something visual and interac­
tive. That was my favorite portion, because I was able 
to put in all this work creating something. ” – Student 7

Teacher E found another way to introduce meaningful work. She 
realized that her students needed a break from their year-long 
independent study project and introduced another opportunity to 
use the students’ coding skills:

“We had sub-shortages, you know, teachers are covering 
each other’s classes… It didn’t seem like a super fair 
way for teachers to get assigned to do class coverage…I 
sat down with [the students and said] ‘I’ve got a prob­
lem that we need help solving… I want a way to track, 
like, who’s gone, who’s next on the list, who’s up, who’s 
available during what prep hour… How can we make it 
fair and transparent?”’ – Teacher E

She went on to share how they quickly figured out a way to program, 
automate, organize, and fairly distribute the sub list, so that the first 
teachers on the list were not constantly covering for everyone. The 
teachers felt relief that the system was established which allowed 
them to predict where they were in the sub list, so much so that 
they are still using the program the students had written several 
years later. Teacher B worked to interest and motivate her students 
by providing a variety of options to practice their abilities.

“So I had different versions of assignments that they 
could do so like I gave them a little menu… if you didn’t 
want to do the practice like you could be a TA for me and 
help other students…Or you could do these kind of bonus 

extension projects. And I had some more challenge-type 
projects ” – Teacher B

Student 3 shared a story about how much he liked a project 
where he combined Conway’s Game of Life with the classic game 
Space Invaders:

“[I]t was fun. And I think, most importantly, it was, you 
know, taking the project and going a step further, like 
taking that framework that you’re given and making 
something new out of it. Which, honestly, I think cre­
ativity is one of the hardest things to encourage in a CS 
course” – Student 3

Being given the choice to define his own project, as well as incorpo­
rating elements of creativity, meant that a complicated task became 
fun for him. Student 3 was taught by Teacher A, who worked fas­
tidiously to motivate students by offering choice and by making 
projects relevant for students. He also ensured the underlying com­
plicated mechanisms were clearly explicated. Teacher A shared 
that he felt it important to explain why and how what they were 
doing was useful, rather than just doing it for the sake of doing 
it, because it was important to motivate students and make the 
work interesting. This also meant that in addition to having a joyful 
experience while learning, students had a deep understanding of 
complex material (which will be discussed in Section 4.4.4).

4.3.3 Responsiveness. Teachers were responsive and worked to 
incorporate students’ previous knowledge and experience and pop 
culture references. They also worked to tailor assignments for indi­
vidual students both in topic, and through deadlines and require­
ments.

“[Teacher C] always did make, like, references to, like, 
things that were current… when he said them, everybody 
thought it was, like, so funny.” – Student 7

And Teacher C shared that he did this because he knew that 
he had to be approachable and develop a strong relationship with 
students because he was one of the few teachers in the district that 
students could seek support from:

“ Being one of two teachers here that teaches it..;They 
kind of know how fast I can find or talk with them. They 
just know I’m not intimidating.” – Teacher C

Student 6 shared how Teacher D differentiated instruction and 
tied Student 6’s interest in CS into math class.

“He had a lot of computer science training… He would 
figure out ways to, kind of, to use my interest in com­
puter science to support me doing other things. ” – Stu­
dent 6

And Teacher D shared the flexibility he had to tie curriculum to 
student interests,“Yeah, you could, you could definitely, kind of go 
off on, on sort of, like. Cater to your interests, the students’ interests. 
Try to find some overlap and stuff like that.”  Within this particular 
school, teachers had the ability to share their own expertise to 
student interests and curiosities. This autonomy for teachers and 
students will be discussed further in section 4.4.3.
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4.4 Reification of a Joyful CS Experience: Trust 
Established

Students described several aspects of learning that established their 
CS experiences as joyful.

4.4.1 Embodiment. Teachers introduced complex topics with tan­
gible ways of learning, building demos that students could see, and 
touch. They then created environments where students could also 
create things they could see, feel, and touch. Student 2 shared sev­
eral physical lessons the teacher used, like the towers of Hanoi to 
teach recursion and learning types:

“He was teaching about object versus primitive types 
or something, and he had these 3D printed boxes with 
labels, like variable name labels. And then he was show­
ing how like oh, with the primitive variable you could 
put a sticky note in this box. But if it was an object, 
it would be like this sticky note with an address that 
pointed somewhere else in the classroom.” – Student 2

And Student 3 shared the way that Teacher A also made ev­
ery concept visible in order to help students understand abstract 
concepts:

“The best part about the class was that he did teach us 
the abstract concept, the algorithm. But you know, he 
linked it to something that wasn’t necessarily like real, 
but felt more real, something I could see and visualize 
and stuff like that. There was sort of like a custom library 
associated with every project that would render your 
output.” – Student 3

Additionally, Teacher C mentioned drones, Chromebooks, and the 
disassembly and reassembly of his personal computer as a way 
to make sure students understood the everyday technology they 
interacted with in order to build an understanding of the underlying 
components that made the programming visible.

4.4.2 Projects. In students’ joyful experiences, work was often 
project-based, which meant that student work was embodied be­
cause students were creating programs, or physical things. Addi­
tionally, projects allowed for students’ autonomy in selecting topics 
and teachers’ responsiveness in designing the projects so that stu­
dents cared about the work they did. These projects often went 
hand-in-hand with flexible requirements and deadlines because 
projects varied between students. Several teachers articulated that 
these were not projects where everyone completed the same steps, 
but projects where students had choice and worked to define the 
goals and requirements. Student 2 shared that most of her course­
work was projects and that those projects were “super interesting.”
She then shared several examples, including the first project that 
class did which was a “Java program where you clicked keys on your 
keyboard, and it generated some like Midi sound, and you could make 
like a musical player.”  She clearly remembered the projects she 
completed years later. When asked about these projects, Teacher A 
shared that he initially inherited some projects but worked to make 
sure that they were fresh every year, and completely revamped 
several each year to make sure these projects were interesting and 
offered students autonomy and choice. Student 4 often compared 
her joyful high school CS experience to a less joyful undergraduate 

experience. She mentioned learning just to pass tests in undergrad, 
and then completely forgetting the material. She compared it to 
learning CS concepts in secondary school that she felt she still re­
membered and used. She attributed some of this to the projects she 
completed in secondary class, and the flexibility that came along 
with them: ”You build a project, And you have, like, extra time to do 
that, and I was like, ‘Oh, this is kind of cool.’”

4.4.3 Autonomy and Agency. Students shared how they initiated 
their own learning and were encouraged to take agency over their 
work in these joyful environments. Sometimes, students took this 
agency to make short or long-term goals related to CS. They also of­
ten noted how important it was for teachers to also have autonomy 
to run their classes, and not be confined by unhelpful rules.

Student 8’s entire experience was one of autonomy. He and two 
peers initiated a year-long independent study to complete the giant 
project of building an entire game. He shared that the autonomy 
was, “really fun, because I was just with two of my friends, and we 
were learning this thing… that all of us really liked learning.”  He also 
shared that they learned a ton about project management, even 
though that was never one of their goals. They learned to better 
collaborate, and how to advocate for themselves. And he shared, 
“It was definitely challenging, because we didn’t have that structure. 
We were learning a lot, but it wasn’t necessarily, like… always useful 
information, you know?”  Learning wasn’t linear for Student 8. He 
shared that his team had to go back to the drawing board and 
reconfigure earlier designed structures of the game because of new 
things they were learning. He shared that it was at times frustrating, 
but rewarding to have the freedom to learn this way. Similarly, 
Student 3 shared a story of a year-long project-based advanced 
CS course where he could choose his own semester-long project 
and that he would be graded on the presentation at the end of the 
semester.

“And so at the time I was, I was pretty into chess. And 
so, as many programmers do, I was like, oh, I’m gonna 
make a chess engine…It was essentially a state space 
search, which the only reason I sort of knew what that 
was was because [of an earlier project-based assign­
ment.]” – Student 3

Due to that previous project and the complex topics covered, he 
was able to understand and make progress on that chess engine, 
and without the ability to learn difficult topics through projects, he 
“wouldn’t have been able to make it probably.”

But these advanced independent studies were not the only sto­
ries we heard of student agency and autonomy. Teacher B saw 
autonomy as essential and explicitly said “I actually honestly think 
that giving students that autonomy and, you know, like having high 
expectations of them to like, learn how to manage their time.”  Stu­
dents in traditional classrooms shared stories of starting clubs at 
their schools, or having the freedom to choose the focus of a week-
long project. Student 6 shared that in science class they “wrote a 
program to [transcribe DNA], because I was feeling very lazy, and 
they accepted that as the kind of thing that we could do.”  These small 
moments of autonomy were important to students and conveyed 
freedom and trust their teachers had in them.

In addition to the independent studies and projects students 
initiated, several students shared that they made long-term goals 
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related to CS because of these joyful experiences. Student 4 shared 
that in the midst of her class she thought, “wow, this is really cool, 
like, I think I want to do this in college.” The goal of these experi­
ences was not to push students to become computer scientists or 
to pursue CS, but several students shared that they chose CS as a 
career because of the power they saw in CS. In addition to several 
non-traditional environments, many students in traditional class­
rooms mentioned how teachers needed flexibility and autonomy 
to create environments students found joyful. Student 5 compared 
her current undergraduate course inflexibility to the flexibility and 
responsibility she was trusted with in her secondary program:

“I think they were pretty good about, you know, kind of 
tailoring the deadlines and deliverable expectations to 
what you needed and what you were expecting to do, 
right? ” – Student 5

And Teacher D shared how helpful it was to have a school that 
trusted him with the curriculum and learning of students. ”One of 
the things about the school is that they really did allow, sort of, a lot 
of leeway in, sort of, the curriculum that you taught.”

4.4.4 Complex topics/Challenge. Many students mentioned in ret­
rospect that complex material was presented in a way that they 
could really understand it, and they found they had learned far be­
yond the requirements of a secondary CS experience, even though 
these experiences were joyful. Rather, learning complex topics 
seemed to be a byproduct of a joyful experience. Students had au­
tonomy to follow their curiosity. They would tackle really difficult 
projects in order to do meaningful work.

Student 1 shared that Teacher A “made these really advanced 
and complex topics still digestible for high school students.”  And that, 
“when I came into college, I didn’t learn like these algorithms to like the 
end of my sophomore year,”  as a CS major. Student 3 also shared that 
he felt “very privileged ”  because of his secondary course and that 
because of this course he recognized how problem sets were not 
interesting because ”if you try to take the creativity out of something, 
you lose the problem solving.” and he was able to solve really complex 
problems because he had learned the art and creativity of problem 
solving in his secondary experience. Student 5 shared that her 3- 
term project collecting and analyzing a large amount of data was 
“decently high level for a high schooler.”  and that when she got really 
stuck she never felt overwhelmed because she was able to view it 
as “a new puzzle, it’s a new thing to, like, try and figure out.”

5 Discussion
We identified four elements of joyful computing environments. 
In each step of this research we started with the students’ joyful 
experiences and then corroborated those experiences with teachers’ 
perspectives. These four elements show the relationality between 
processes of learning, teachers, and students. As a research team, 
we conceptualized the results as a “joy sandwich” of sorts. There 
were four overarching elements that each student identified, but the 
components of each element were not always the same. Each person 
may have their own sandwich preferences, much like environments 
that engender joyful experiences will vary from student to student.

Each of the elements students’ identified as important part of 
their joyful experiences could be considered part of “good teach­
ing.” However, this study sought to understand students’ joyful 

computing experiences. Students were recruited because they had 
joyful experiences, and they shared those with the research team. 
It is not surprising that many of the environments that allowed 
for students’ joyful experiences to flourish also had good teachers, 
excellent pedagogy. In contrast, prior work often focuses on teacher 
and pedagogical aspects of joyful experiences, this work focuses 
on what students’ joyful experiences are.

The elements of joyful experiences we discussed in the results 
are building blocks that can be remixed to create joyful learning 
environments. These elements highlight two types of relationships 
that engendered joy: 1) joy emerging through relationships in the 
classroom, and 2) joy emerging through a relationship with CS. 
These two types of relationships have many ties to prior work.

5.1 Joy emerging through relationships in the 
classroom

Joy emerged through relationships in the classroom in several ways: 
between students and teachers, between students and peers, and 
in the way teachers helped facilitate students’ relationships with 
learning. Joy was a collaborative effort that existed as a result of 
relationships in the classroom. Both teachers and students con­
tributed to its existence.

Relationships between teachers, students, and peers. Prior work has 
conceptualized joy in rich ways [38]. This work included a list of de­
cisions facilitators make in those spaces, but has yet to examine the 
interactions between those decisions and student joy as this work 
does. In our work, we saw teachers moving with kindness, care, 
humor, and fostering a collaborative environment in order to relate 
to students, thereby centering the student experience. This aligns with 
previous work by Ryoo highlighting the importance of humor in CS 
classrooms [40]. These environments built by these relationships 
nurtured collaboration over competition– in a way that allowed 
students to engage vulnerably; by making mistakes, taking risks, 
and by taking agency over their work. Centering responsiveness to 
understand student interests and experiences are key elements of 
Culturally Responsive and Sustaining Pedagogy (CRSP) [6]. The 
fact that these elements surfaced strengthens CRSP’s claims, and 
emphasizes the need for these pedagogies in CS classrooms.

Relationships between students and learning.  By building rela­
tionships with students, teachers were able to tailor course content 
to individuals fostering student relationships with learning. We 
heard students talk about how teachers who created joyful comput­
ing classrooms valued learning over work, decoupled assessments 
from learning, and made great efforts to assist and support students, 
which prioritized a relationship with learning. Much of this aligns 
with prior research we know about students’ needs around assess­
ments [43], that students need flexibility and care from instructors 
in order to feel seen in the learning process.

5.2 Joy emerging through a relationship with CS
Joy also emerged in the classroom when teachers framed CS, often 
through their own joy, so that students were able to build a joyful 
relationship with CS. With this relationship, students often con­
tinued their relationship with CS beyond the classroom, through 
hobbies or career choices. Framing of CS.  When teachers were 
encouraging students to do meaningful work, and responding to 
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student interests, knowledge and needs they framed CS with purpose
and as a tool to build with. For example, when Teacher C framed a 
class assignment as meaningful work, Student 7 realized that she 
”was able to put in all this work [and] creating something”, and could 
now do things like design and make cute objects. In contrast, STEM 
tools often come with preconceptions about what you can and 
cannot do with them. Many of those preconceptions are gendered 
[35] and prevent students from imagining the world that is open 
to them. When CS was reframed, students saw opportunities for 
creation they had not envisioned, and those acts of engaging with 
CS were joyful. Alternate CS experiences were entangled with joy­
ful CS experiences. It is therefore important to create joyful CS 
environments which provide alternate CS experiences for students 
to expand their conceptions of what CS affords, and what they can 
do with it.

Joyful relationship with CS.  In our work, we saw teachers offer 
projects that incorporated student interests, autonomy, and agency 
as embodied work that made learning tangible. By doing so, teachers 
were helping to reify a joyful CS experience. Additionally, because 
students incorporated their own interests into their learning, they 
were often motivated to learn complex content to achieve their goals. 
Students mentioned over and over again how CS allowed them be 
creative and solve problems. For example, Student 1 shared that, “A 
lot of times we were using programming to solve really interesting 
questions,”  highlighting the framing of CS as a tool to problem solve 
motivated them to learn.

Throughout each of the 4 elements, trust played an important 
role. Teachers worked to build relationships and trust with students, 
and students trusted teachers to provide support to learn CS, which 
aligns with prior work that showed students’ desires to be trusted 
in the CS classroom [8]. Because students trusted teachers, they 
were able to reify their relationship with CS, like Student 7, who 
enrolled in her CS course and trusted that Teacher C would support 
her. That initial trust made that student realize the doors to design 
that CS opened.

The goal of this study was not to understand student identity 
or interest development, although several students shared that 
they were already engaged in long-term goals involving CS and 
CS identities. However, we believe this study is orthogonal to the 
ideas of interest development [37], identity development [22], and 
self-efficacy [2]. Instead, in our exploration of joyful CS learning 
environments, we saw the significance of joyful relationships with 
CS that students developed. These relationships with CS occurred 
because of students’ strong relationships with teachers. These teach­
ers were modeling the power and joy they themselves found as 
they related to CS. Student 5, for example, shared how her teacher 
enthusiastically embodied how cool it was to analyze data and see 
what you could learn using CS. Student 3 discussed how passionate 
Teacher A was, how he used CS to teach interesting lessons, and 
built tools to quickly reply to students. Both of these students built 
their own joyful relationships with CS by following the model of 
their instructors’ relationships: Student 5 used CS to better under­
stand her own data, and Student 3 shared the joy and creativity he 
found in the power of problem solving with CS.

5.3 Pedagogy that supports joyful learning
The findings from this study foreground the importance of rela­
tionships and highlight what is missing and often dismissed in CS 
education. Traditionally in CS, the quality and quantity of content 
is emphasized as most important to encourage learning. This study, 
however, finds that relationships are central to learning, and that 
content and deep learning follows. The type of pedagogies that we 
saw teachers in this work use to foster joyful CS environments 
were ones that centered care, relationships, students, embodied ex­
periences [16, 45], value student agency, and autonomy [10, 15, 47]. 
Bringing these fundamentally feminist pedagogical approaches into 
the CS classroom offers educators the opportunity to create joyful 
CS experiences for students, and are important to practice if we 
want students to continue to build joyful relationships with CS. To 
do this, the discipline must value relationships over efficiency and 
care over content. Our results suggest that if we fail to value the 
experiences of the students in our classrooms, our worries about 
content are moot.

5.4 Future Work
There are several limitations with this work. Many of the students 
interviewed for this study did go on to pursue CS or affiliated fields. 
This may be because our recruiting started with CS students and 
near peers. All of the interviews were retrospective, and findings 
depend on participants memory and interpretations of their experi­
ences. Results were also limited by the cultural context of the United 
States, and the pool of students who identified their experiences 
as joyful. Though we worked hard to faithfully epresent students’ 
perspectives, the experiences and identities of the research team as 
well as our positionalities are inextricable. Another research team 
may have noticed additional or alternate elements and components 
of a joyful experience.

Our work shows that relationships underpin students’ joyful 
experiences: teachers’ relationships with students, the teachers’ 
relationships to the discipline that they model for students, and the 
peer relationships that teachers’ practices support. This suggests 
that it is fundamentally important that teachers have the time and 
space to value, nurture, and support those relationships in their 
classrooms. Our work also demonstrates that we need far more 
research on how to reliably create joyful experiences of CS learning.

More broadly, our findings suggest that future work is needed 
to explore feminist pedagogies in CS, designing CS courses with 
these student-centered approaches. Future work should also ex­
amine joyful experiences in other age bands like post-secondary 
CS environments, and elementary CS environments. More work is 
needed to understand experiences of students who enrolled in CS 
classes, but chose identities and careers outside of CS. Further work 
is needed to understand what parts a teacher contributes to joy and 
what part a student brings to a joyful experience, and if like rela­
tionships, the burden of joy shifts from the teacher to the student. 
There is also further work needed to understand if a student has 
previous experiences or other background factors that contribute 
to their ability to have a joyful CS experience. Additionally, there 
is the opportunity once researchers have identified joy in a field 
that is so often perceived as dry and boring [8], to compare this joy 
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against pedagogy in other disciplines, and perhaps make schools 
more joyful overall.
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