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ABSTRACT
Exploration and play are core components of sports-related com-
puter science learning. This study explores how youth collaborate
and compete in an activity with an AI-embedded sports application.
The activity design and technology fosters interactions where the
youth leverage their bodies, social interactions, and the camera’s
view to construct knowledge around computational concepts and
gaming practices. Through interaction analysis of video record-
ings, we examine how social and embodied engagement with the
technology’s live camera feed enables an interplay between collabo-
ration and competition. The study highlights the value of designing
sports technologies and experiences for social sensemaking where
youth have opportunities to collaboratively make sense of how
these technologies work, such that they can use them productively
while being aware of possible shortcomings. Designing game-based
sports training technologies like this opens up space for shared
social sensemaking around complex technologies, and developing
computing knowledge while improving athletic skill.

CCS CONCEPTS
• Social and professional topics → K-12 education; • Applied
computing → Education.
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1 INTRODUCTION
Innovations in computer science (CS) education extend comput-
ing experiences across diverse collaborative and interest based
learning environments. Our study delves into the intersection of
CS and sports, particularly how youth collaborate and compete
with HomeCourt.AI [10], which is an artificial intelligence (AI)-
embedded sports application. In our activity design, we frame this
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app as a game, where youth can practice their sports skills and ex-
plore and develop new understandings around advanced computing
technologies.

By framing the activity as a game, we see the game-based learn-
ing processes emerge from the context of the interaction between
the youth and the tool. Game-based learning has been used in CS
education to support youth learning problem solving, decision mak-
ing, and computational thinking [12, 22]. The design of the game
is not always explicitly built for youth learning, but that does not
mean rich learning around these skills cannot emerge. Drawing
from video recordings of youth in-game engagement, this paper
explores youth’s emerging CS learning with a sports technology
that is designed explicitly for athletic and sports learning.

Sports contexts offer environments where youth engage in per-
sonally and culturally grounded interests. These spaces are rec-
ognized for having rich constellations of resources and practices
through which youth develop pluralities of identities as athletes
and knowledge and expertise around sports [18]. These resources
have been described as spanning ideational, relational, and material
resources. The relational resources include a spectra of fluid rela-
tionships among athletes and coaches (among many others), which
span changing ways of engaging collaboratively and competitively
– depending on the activity at hand, as long as athletes’ dispositions
and ongoing relationships.

In the material resources enacted in sports (particularly team
sports), there is a widespread usage of objects, tools, and practices
that foster learning through joint attention and engagement. The
use of learning through joint engagement and attention is also
considered foundational and central to early development across
skills like language and gestures [14]; as well as a productive design
heuristic for games and technology based learning for socially
learning across a variety of complex concepts and domains [17].
This suggests sports spaces to be a particularly effective and well
fitting space to design and study learning through joint engagement
through technologies relevant to athletic contexts.

Our project explores how game-based, sports-training technolo-
gies can foster unique social ways of engaging in building athletic
skill while developing understandings about computing technolo-
gies and systems. We examine design aspects for these games aimed
for athletic spaces to see how they can complement athletic play and
training with CS learning – especially through natural moments of
social play. We analyze this and highlight how young athletes are
able to bring interpersonal relationships and athletic ways of social
engagement to develop understandings around complex AI-driven
tools designed primarily for individualized sports practice. Addi-
tionally, we articulate ways how designing such technologies and
for such experiences can support more interest-centered learning
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opportunities, and aspects of facilitation to keep in mind for the
same.

2 PRIORWORK
2.1 Joint media engagement
We approach youth learning through a situated and sociocultural
lens, where learning occurs through collaborative action between
peers with different capabilities and the cultural-historical struc-
tures of the environment [31]. The collaboration in this case is
mediated by the co-viewing and participation of the game within
the physical environment and the live digital recording. Joint media
engagement (JME) emerges as multiple youth view, play, and create
media within the in-game environment [29] of the AI embedded
app. JME provides youth the opportunity to learn about technology
and situations together, because it creates a means for learners to
bridge their experiences through an external resource they both
have access to [27], such that shared understandings emerge from
the interaction.

Some design principles for JME include making the design kid-
driven, supporting multiple forms of engagement, differentiating
roles, scaffolding for co-creation, and fitting existing participation
structures [29]. These principles lead to productive joint engage-
ment as co-viewing leads to processes of mutual engagement, di-
alogic inquiry, co-creation, and boundary crossing [29]. Notably,
mutual engagement speaks to the internal motivation of group
members to contribute to the activity and conversation based on
their individual interests. Similarly, dialogic inquiry is the conver-
sational process of collaborative sense-making taken up by a group
[32]. Key to our process, mutual engagement and dialogic inquiry
promote conversations between participants and their joint inquiry
as to learning about the technology.

Designing for learning through JME, especially through games, is
often conducted in informal learning venues that can enable diverse
and dynamic roles across different participants. A complimentary
design and analytical framework is offered in Hornecker et al’s work
on describing shareability in interfaces – through the description
of access and entry points in interfaces [9]. Their work highlights
which aspects of interfaces and experiences support gradual entry
of participation from newcomers, which can transition to the ability
to access and play. Our work here builds on this work highlighting
how player uncovered novel forms of engaging with limited access
points can enable unexpected learning opportunities.

2.2 Learning in Sports – Social and Embodied
The situated learning of many group social practices often exist
within a community of practice such that they are socially con-
structed by the group and taught to new members [8, 13]. This all
applies to sports learning which has core embodied actions within
the community of practice that determine how new members be-
come participants. That is to say, players learn how to move their
body in the context of their sport across individual and group scales
of interaction.

Sports are often competitive in the goal of many specific activi-
ties, but engender a collaborative endeavor at a macro scale as well
as numerous collaborative learning moments and configurations.

The community of practice in most sports spaces fosters this hy-
brid social configuration – where players are friends, training and
learning with each other, while often competing with each other
and aiming to be the best.

This social collaborative experience is mediated by embodiment.
The embodied learning of human movement is achieved through
practice as seenwithin actions fromwalking to dribbling a ball. Such
practice requires embodied cognition where a body’s interactions
with their environment contribute to sense making [24], while
also building relationships among athletes along axes of ability,
strengths, and weakness.

The focal app in our study emulates the contextually authentic
social configuration of competition as well as relevant training drills
– where players work on improving their agility and reaction skills,
with increasing complexity and constraints over time. Engaging
this through the app provides a unique opportunity to reflect on
their actions when they can see their actions in real-time through
external media. This new view can support the development of a
disciplined perception, where learners can perform and critique
practices of interest [26]. The exploration of embodied pathways
can also happen as a group where players receive assistance from
peers in ways that impact their future interactions [30]. Thus, the
tool and group practice enable collaborative learning about embod-
ied actions, while negotiating with the affordances and limitations
of the technology at hand.

We hope to explore the transfer of knowledge between these
game-based environments (soccer practice and soccer reaction time
drills) as active processes youth are constructing [28].

2.3 Embodied and Athletic Computing
Embodied learning has been explored in a variety of STEM domains,
most often math and science, to engage with and learn complex
concepts through games. Embodiment often plays a role in different
inquiry processes taking place in such environments [25]. We be-
lieve embodiment can be extended to learning computing concepts,
given the body is an always present resource for understanding
joint action.

We choose to explore computing in sports contexts in pursuit
of creating and studying culturally relevant-sustaining computing
education experiences [4, 23]. Technology and computing is highly
authentic to athletic practice across all levels of training, practice,
and even spectator-ship. This offers a uniquely organic connection
between embodied learning and computing learning opportunities.

Bringing a culturally sustaining pedagogy approach to such
contexts needs to prioritize making space for linguistic and cultural
pluralism – such that the dialects embedded in sports are recognized
and elevated as disciplinary practices – instead of aiming learners
to assimilate into dominant forms of (CS) disciplinary engagement
[21].

This necessitates fostering athletes’ participation with technol-
ogy and computing in ways that empower them. There is building
work on recognizing how their regular participation enabled them
to develop complex understandings around data science and prac-
tices [5], as well as social ramifications around how technologies
intersect with boundaries of privacy [2].
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Our work aims to build on this by recognizing and elevating the
activity-embedded embodied practices of young athletes around
technology as authentic forms of computing practice. We also aim
for this to be a starting point for creating analytical and design
strategies on how to expand the forms of participation recognized
as valuable computing learning.

3 DESIGN OF ACTIVITY
Within an after school space for middle schoolers, we designed a
sports and CS program composed of multiple challenges that intro-
duced youth to a series of sports technologies such as wearables,
sensor-enabled balls, and sports applications. For this analysis, we
examine our week four activity with an AI-embedded sports app
around soccer. The app was created to support sports learning for
professional and young athletes by utilizing computer vision to
guide and check players as they complete timed drills. The drills
help players practice their coordination, speed, and agility. The
app relies on computer vision to estimate the body, floor, and ball
position with a live camera feed. It is designed for one person to do
a drill at a time. It automatically generates markers for the user to
interact with as they continue to play. The users coordinate their
actions on the app screen with the markers to earn points. The app
encourages players to repeat the exercise and assigns points based
on the quality of their performance. A record of the high scores is
kept in the app and called upon as they approach the previous high
score. The live video recording is saved within the app for future
review.

Although the app was not designed for learning computer sci-
ence, we included it in our program for youth to view technologies
that apply CS concepts and are designed for sports learning. Within
the gym of the after school program, we provided one tablet for
each small group and they spread out throughout the space. Youth
took turns doing the same drill, where they could compete with
each other’s high scores. The group members would orient them-
selves around the tablet and watch their play between the screen
and their peer’s movement. The app was framed as a game that
the group was collectively playing and their joint attention was an
artifact of the activity structure. Youth inquiry about the technology
emerged from their interactions with the app, and these interac-
tions were mediated by the group’s forms of social engagement
that moved between competition and collaboration. We reflect on
these interactions as a case of what may emerge when designing
for CS learning with technologies that are not explicitly designed
for such learning.

4 METHODS
Data collection of youth interactions took place over 10 weeks,
and we focus on one day of video recordings conducted during an
activity with an AI embedded sports app called Homecourt [10].
Homecourt is designed to support sports performance improvement
through a variety of training exercises. We highlight the Soccer
Dribbling Reaction Time game inside Homecourt which features a
countdown clock, points, and a high score record. The game lasts
about one minute per round. As part of the game, participants drib-
ble the ball between their feet while maintaining control of the ball.
While they dribble, randomly placed targets appear on the screen.

Participants must dribble the ball into the targets to score points.
The app’s camera faces the player and allows them to interact with
their full body in the frame of the camera. The AI component of
the app adds a layer of annotations (such as interactive shapes
and point pop-ups) to the live video, which can be referenced by
individuals in real-time as well as later through in-app recordings
(Figure 1).

Searching how young athletes develop computing understand-
ings in this sports context, we looked through Homecourt’s video
recordings of playthroughs for instances of youth talking about
how the game works. We found one round of gameplay which high-
lighted youth being surprised by how multiple balls also reward
points in the game, surfacing a noticing about how the under-
lying algorithms do not reliably look at one specific ball hitting
required targets. In this paper, we couple that round of gameplay
with previous plays which offered key contrasting interactions and
stage-setting for the interpersonal dynamics that develop and play
through in the sensemaking round of gameplay. We present these
segments of play as three vignettes, highlighting the impact of the
activity’s design on forms of participation, the flow between partic-
ipation forms for sense-making, and computational sense-making.

A group of 3 youths played the soccer dribbling activity multi-
ple times and we will see their interactions with the technology
as a group. They are all in fifth or sixth grade. We draw on inter-
action analysis [11] to answer our research question – how can
such youth playing AI-embedded training games in sports contexts
bring their athletic practices and relationships towards playing with
and understanding complex technologies and computing concepts.
We generated a transcript of moment to moment interactions that
encapsulated the relevant talk, gesture, coordination between par-
ticipants, and use of camera view [7]. Our analysis contextualizes
the behavior of youth, so that we can make sense of their con-
certed positionings as they make sense with one another [15]. We
chose interaction analysis to explore the interplay between youth
and technology to provide an initial lens into what we present as
examples of athletic practices in computing use and inquiry.

5 FINDINGS
In the following section, we reference all youth through pseudonyms.
The analysis follows rounds 3 and 4 of the soccer dribbling activity
as key moments to demonstrate the social athletic practices and
relationships of the youth in engaging with the technology. We
supplement this part of the analysis with brief mentions from other
clips of the same activity on the same day. We break our analysis
into three parts to describe how the youth played the game, how
the game was a competitive and collaborative process, and what
we conclude from the interactions about their learning.

5.1 Overview of game-play
Two of the focal youth conceptualize the game in contrasting styles
in terms of attention, persistence, and development. Both were
present at the start of the session, and demonstrated different tra-
jectories over time. Adrian was a motivated participant based on
his consistent viewing and playing of the soccer dribbling game.
He played nine out of the sixteen times, and he watched six of the
other games for which he was not the central player. In comparison,
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Figure 1: Varying levels of embodied presence and participa-
tion by Carlos (left) and Adrian (right) as peripheral players
during others’ play.

Carlos was the central player once, and he watches and interacts as
a peripheral player during another five game rounds where others
are playing as the central/scoring player.

The nature of Carlos and Adrian’s interactions as peripheral
players varies significantly. Adrian’s interactions are mainly verbal
or display only part of his body in camera, such as a pointing
arm (Figure 1). His participation highlights the notion that this
game is meant to be played by one person, but they may receive
external support or advice that does not physically impact their turn.
Carlos’s participation as a non-central player took up more space,
wherein he would enter the camera view with the central player
(see left image in Figure 1). The app can not distinguish who is the
central player nor the ball with which they are playing. By entering
the camera’s view, he becomes a peripheral player that can interact
with the game even if it is not his turn. The multiplayer interactions
that emerge from Carlos’s insertion of himself into his peer’s game
and the verbal advice given by Adrian presents an initial example
of these athletes engaging in a common teamwork practice – where
they often give feedback to each other during different kinds of
practice including emotional (support, discouragement, etc.) and
knowledge-based (corrections or questions on technique, goals, etc.)
remarks.

5.2 Collaboration and Competition across
Segments

Extending our view to interactions by all central and peripheral
players, we see that the youth take up different embodied actions
to make sense of how the app works. As mentioned above, the
live camera view of the environment and players opens up youth’s
exploration of movement in relation to the technology. The different
types of actions include making silly faces at the camera, kicking
feet in the camera’s view up close without a ball, moving a ball
within their arms or hands, and changing the pace where they move
the ball between their feet. Through these embodied explorations,
the youth were watching themselves in camera as they did moves
that could not be classified as soccer dribbling. There was not a
clear answer before their exploration about what random or non-
expectedmovements might award points. Each of thesemoves came
from the youth’s engagement with the app and each other, and were
not part of the original activity design. We frame these actions as
moments where youth are individually tinkering to see what the
technology acknowledges and how it reacts to their movement.

Through a detailed examination of the example visualized in
the left image of Figure 1, we can see how youth move between

Turn Discourse
1 Carlos: Let’s see him
2 Carlos moves arm in front of camera
3 Adrian: Carlooosss!
4 Carlos moves arm in front of camera again
5 Carlos: You sound mean
6 Adrian: Heeeyyy!
7 Carlos stops and watches Adrian move the ball be-

tween his feet a few times.
8 Carlos turns around and picks up a stray ball.

Table 1: A Competitive Setup

moments of collaboration and competition as they explore how the
technology works. In this scene, it is Adrian’s second turn with
Benny, Carlos, and the instructor on the sidelines. We have broken
the analysis into three segments presented in succession, initiated
with a transcript and followed by surfacing a description of the
phenomenon of interest in the same episode.

In this segment, Adrian is the central player and Carlos is chal-
lenging him to beat his high score from the last round (turn 1).
Immediately in succession, Carlos also starts disrupting Adrian’s
progress by blocking the screen with his arm (turn 2). Adrian re-
sponds by calling out Carlos’s name (turn 3), as a request for him
to stop interrupting his play. This happens once more and Carlos
decides to stop after Adrian reprimands him a second time (turns
4-6).

While competitive challenges are universally found in sports and
gameplay, the act of overt interference is distinctive given the single
player nature of the Reaction Time game, and the space limitation
created in the game’s presentation on a small tablet screen. Seen
through the lens of soccer play, interfering is an authentic form
of engaging in competition, though its inappropriateness for the
individualized practice nature of the Reaction Time game stands
out as important to Adrian.

In the second segment, as Carlos returns to interrupt with an
extra ball, a technical limitation in the functioning of the reaction
time game sparks a tangent of interest, inquiry, and changes the
nature of competitive interference that Carlos was engaged in.
Hector, an educator facilitator in the space as well as Benny are
additional observers and (off-camera) peripheral participants who
remark on the following gameplay.

Carlos moves out of the screen and re-enters a few seconds later
with a ball in his left hand, which he lines up with the orange
dots that pop up on screen. Over the course of five seconds, Carlos
shakes his ball with his wrist over the dots one at a time. He then
starts shaking his arm left and right between the two orange dots.
The game counts Carlos’s movement as valid and gives the action
points, such that the score nearly doubles from 77 to 143. This
leads to laughing from Carlos and Benny. Adrian and the instructor
comment on the fact that Carlos “helped” him by giving him more
points (turns 9-12). Benny encourages Carlos to repeat his action
(“again, again”, turn 12). Carlos tries to repeat his movement from
before, and does so for 9 seconds total. The dots appear further
apart than before, and it requires Carlos to lean further in front
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Turn Discourse
1 Adrian: Hey now I can do better than you
2 Hector: Ooh technique
3 Game: Great job
4 Carlos moves ball in front of camera
5 Hector: Nooo
6 Carlos shakes arm at the wrist in front of the camera

and interacts with orange dots for 5 seconds.
7 The game recognizes the ball and movement earns

points.
8 Carlos: Oh[ohoho
9 Benny: [Heheheh
10 Adrian: You just helped me
11 Hector: Yeah you actually helped him
12 Benny: Again again
13 Carlos moves ball in front side to side on screen (for

9 seconds)
14 Benny: Estamos mehi-meditando (?)
15 Carlos reaches further across the screen to reach for

the orange dot
16 Adrian: Heeyy
17 Hector: Nooo

Table 2: Competition transforming into investigative collab-
oration on discovering gaps in understanding of technology

of the screen. This time Adrian is reaching the dots before Carlos
when they appear on the opposite side of the screen. Carlos tries a
few more times with a slower pace, until Adrian and the instructor
call for him to stop.

We see a shift in Carlos’s orientation with respect to interruption
and competition when his movement with the ball led to Adrian
scoring more points. Carlos and Benny had an uproar in excitement
with laughter reflecting their surprise from the outcome. Carlos
became a supporter of Adrian’s play, and was engrossed in the
discovery enough that his interest in winning a contest of higher
score was quickly forgotten. This action is perceived positively by
Benny when he calls Carlos to repeat his action (turn 12). Also, it is
interpreted as helpful by Adrian and Hector (“You just helped me”,
turns 10-11).

This reorientation is facilitated through a mix of the youth’s
joint attention, unexpected events in the game, and a consequen-
tial interest in understanding how the game and the technology
works. Instead of the earlier resistance against Carlos’s interrup-
tions, Benny invites Carlos to enter Adrian’s turn, and Adrian and
Hector do not immediately shut down this idea. Carlos is able to
retry his movement for a longer period of time than his initial at-
tempt. Benny even enters the screen with his arm reaching into the
screen alongside Carlos’s half body (see Figure 1). Despite the way
this move helped Adrian score more, he did soon express annoy-
ance at the interference nature of Carlos’s participation (“heeyy”,
turns 16-17).

This highlights an exemplary instance of a social way of playing
sports and games among friends – in the presence of incompletely

Turn Discourse
1 Game: Push it a little
2 Carlos: Push it faster
3 Carlos fixes his hair in camera
4 Benny: Dang he told you he was going to beat it
5 Hector: He did?
6 Benny: No so close
7 Hector: Oh you got 15 seconds
8 Carlos: Nah!
9 Carlos: Nah get out
10 Carlos starts to hit the ball in Adrian’s feet (to protect

score)
11 Hector: Stop
12 Benny: Oh he beat it
13 Benny: No way!
14 Benny: Four hundred!
15 Carlos: Four hundred?
16 Benny: And you can get better than that!

Table 3: A return to competition

understood technologies – creates moments for collective com-
puting inquiry and discoveries. Specifically, the singular screen
and limited camera range of the tablet fosters a narrow form of
joint engagement – where even as a peripheral participant, Car-
los is able to take over control and significantly impact Adrian’s
game experience. Carlos’s interruptions keep diversifying up to
the point of introducing a second ball on screen surfacing a line
of questioning about the technology: what happens when there
are multiple balls in front of the app? This helps the youth expand
their understanding of how the technology works and seeing how
it responds to any balls without having the ability to track a specific
ball. Another question is what movements the device registers?
Carlos demonstrates multiple movements from his slow shaking
of the ball with his wrist to the shaking of the ball with his whole
arm, and finally the slow stretching over more of the screen. Each
of these moves represent a form of computational tinkering [3],
illuminating how the kinds of movements recognized and scored
by the game. By tinkering with the use of his ball and body on
the screen, Carlos expands the group’s shared understanding of
how the game works. The conclusions appear in the subsequent
statements made by youth in later iterations of play, where they
mention “there can only be one ball” during the game. This inquiry
approach centered on embodied investigations to draw conclusions.

In the final segment of round 4, the game audio says, “push it
a little faster”, which Carlos imitates. He stops his reaching and
places the extra ball he was using in his tinkering away. Adrian
picks up the pace of his dribbling. Carlos stays to the side of the
camera and starts fixing his hair as he checks himself on the tablet,
not engaging in interrupting any more. Benny comments, “he told
you he was gonna beat it”. Here, we see Benny take on a supportive
role cheering on both Adrian’s following success as well as Carlos
who seems to lose interest after being discouraged from his role as
an interruptive competitor. This segment highlights the underlying
emotional connection between the youth as they are invested in
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the game even if they are not all actively participating. Benny’s
statement offers some of the excitement from the moment before to
this moment, where he is supporting his peers by cheering them on
when they are going to beat the previous high score. Hector asks
for clarification, and Benny repairs his statement. Hector adds that
Adrian has 15 seconds where he can try to beat the score. Carlos
registers that Adrian is close to beating his high score and tries to
push the ball away from Adrian’s feet. In this way, Carlos returns
to his competitive mindset and does not want to lose his position
with the high score. Adrian catches the ball between his legs and
gets the new high score a second later to which Benny erupts
cheering “Ah he beat it! No way! 400!”. Similar to a cheerleader,
Benny’s excitement supports the group. Carlos responds with a
softer, almost questioning version of “400”. To which Benny replies,
“and you can get better than that”, to Carlos as to encourage him
for this next turn that he can do it. Benny presents a contrasting
role of an emotionally positive supporter – an integral lubricant in
the continued sustenance of this group playing with each other.

Figure 2: Varying forms of competition between youth in
table 1 (left) and table 3 (right).

6 DISCUSSION
6.1 Limited Screens – Central Play and

Peripheral Roles
Centering the play around a joint and central screen created a
spectrum of roles for the other players. Role taking is an emerging
process of JME as a result of the mutual engagement during game-
play [29]. Carlos was engaged in the gameplay as a competitor and
a peripheral player eventually helping Adrian’s score. His coverage
of the screen offers an overt portrayal of how he was often at the
edges and occasionally taking over Adrian’s visibility completely
(Figures 1 and 2). Benny never appears on the screens, but offers a
consistent support role (Table 3, turns 4 and 12). Hector, the facili-
tator, offers a complimentary role of offering moments of guidance
while we see the youth develop these roles and dynamics among
each other.

This constrained space for interaction provides specific entry and
access points [9], originally intended largely for speciation of others’
gameplay to learn how to play, and then being able to jump in and
play. But through the vignettes we present, we show how a sports
gameplay context among youth can reinterpret and expand the
different ways to interact with these limitations. This sets the stage
to consider how different gameplay mechanics, different screen
configurations, camera ranges, and other features would foster
different or similar role differentiations among youth, and what
they could learn through the same. Moverover, the access points

provided by role taking allow group members to participate in a
variety of forms and tailor their participation within the community,
which directly shapes the group member’s process of becoming
within the community of practice [19].

While outside the scope of this study to describe in depth, the
range of roles that Adrian, Carlos, and Benny enact has notable sim-
ilarities and differences with those who play central and peripheral
roles in their broader sport practice at this venue. More pertinently,
this spread of roles, and the collective understanding developed
through their play also sets the stage for a Homecourt-specific
“community of practice”, described summarily at the ending of the
findings section – where Adrian becomes an authority and guides
newer players with guidelines on how the system works, and “how
to play”.

6.2 Competition and Collaboration –
Interference and Discovery

The game-based design of the app emphasizes points through each
dribble of the soccer ball between the players feet and gives more
points when this is done quickly. The app recordings provides an
external resource of score sharing as a site of joint media engage-
ment (JME) [29], which the group members co-view and access to
make sense of their participation in the activity. While they are
competing with each other to see who can get the most points, they
are also learning together. Throughout the games, the youth use
language such as “I can do better”, “Imma beat it”, and “You can’t
beat my score”, which reflects the competitive nature of playing this
game. Adrian was especially fixated on points since he mentions
points in four different instances. The longest discussion being in
game 7, where Adrian talks to Benny as he is playing. Adrian states,
“You can’t beat my high score. . . 515. No. It used to be 168, and
then they beat it, and then I got 450”. By calling attention to scores,
Adrian demonstrates that his focus during the activity is the desire
to maintain or beat the high score.

One tension that arises from this joint play is the interfering
nature that Carlos exhibits in joining Adrian’s play. It is noticeable
how this stressed Adrian (Table 1, lines 3-6 ‘Adrian: “Carloooos”;
Carlos: “You sound mean”; Adrian: “Heeeyyy”). Carlos was partic-
ipating in a way that was not intended by the original design of
Reaction Time, and affecting Adrian in a way that could easily have
made him give up or leave. This curtailing of participatory oppor-
tunities carries significant potential in gatekeeping who is able to
avail different experiences in such spaces, and feels comfortable
experimenting, playing, and feeling a sense of belonging.

The tension of controlling turn taking and who plays and takes
up more space is a recurrent challenge in shared participation and
play spaces which do not impose specific roles for each participant
[1]. At the same time, interfering is an authentic move or action
across a variety of competitive sports – in basketball, it is often
used to describe blocking a successful shot right at the hoop; and in
soccer it refers to one of a variety of infractions for which the player
at fault is often substituted and play restarts. This surfaces the need
to make space for forms of social engagement that are organic to a
context. To facilitate learning through technological supplements
like HomeCourt’s reaction time in culturally sustaining ways, we
need to be conscious of not curtailing such contextually authentic
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participatory pluralism [21]. We need to cautiously balance the call
to enable youth and learners to engage with new tools in ways that
are authentic to their practices and proclivities, and the need to
consider the equity effects of whose participation is limited due to
prior and recurring practices.

Lastly, we can also notice how Carlos’s competitiveness, and
his choice to enact it through embodied interference, was unique
in surfacing technical features and limitations of the game. When
Adrian became the “expert” for future plays, he focused on facili-
tating gameplay that reduced interruptions and worked with the
limitations of the system, but functionally circumscribed the inquiry
opportunities to uncover the system’s working from other players.
This highlights the tension of designing and facilitating play tools
and spaces which support youth and learners in self-organized play
dynamics – following the rules imposed by a technological system
can often enable smoother individual experiences, but interruption
and “deviation” from imposed rules offer a critical and productive
pathway to uncover insights around the workings and limitations
of such systems.

6.3 Athletic Computing
Carlos’s interference enabled the whole group (i.e. the focal triad
of Carlos, Adrian, and Benny) to learn more about how the game’s
computer vision is not able to differentiate between different balls,
and does not even reliably track feet. This opened the space for
them to reflect on how technological algorithms differ from the
visual sense-making we intuitively engage in. This sense-making
occurred in conversation as well as embodied in their gameplay, as
the group collectively acknowledged the positive value of Carlos’s
interferences.

The development of this understanding is embedded in the ac-
tions of introducing a new ball, and exclaiming that this helped
increase the score for Adrian to win. This highlights an activity-
linked athletic form of computing – where their understanding is
embedded in and surfaced through how they move and engage
with the system, to attain their goals. The vignettes presented here,
specifically, are powerful examples of how this is not a passive
understanding of how a system works and following pre-designed
rules, but a sequence of interactions that lead to uncovering limita-
tions of these advanced technologies and playing at these margins.
Testing systems to understand how they work is an extremely com-
mon practice in all kinds of games [20], an authentic way to learn
computer science formally [6], and a contemporary relevant way
to learn AI/ML concepts, especially around AI ethics [16]. This is a
critical example of the kind of participatory and linguistic plural-
ism culturally sustaining implementations for computing education
need to highlight and elevate – where disciplinary practices can
take significantly different forms when situated in a different con-
text, but still reflect relevant rich learning [21].

7 CONCLUSION
7.1 What is being learned in these interactions?
Across their interactions with each other and the technology, the
youth learn how to play the game through inquiry based processes
that utilize their existing knowledge of embodied practices. They
construct and learn new methods for participating in this space as

a collaborative and competitive environment. Overall, social sense-
making through joint attention to screen and physical room play
are supporting youth understanding of the technology. Their social
engagement seems like it can take multiple forms which range
from collaborative to competitive. Their learning is situated in the
developing practices of how to play the game and subsequently
shared with new members through Adrian’s assertions about how
he understands the technology and how he positions himself as
supporting from the sidelines [8, 13]. We saw this in Adrian’s and
Carlos’s methods for collaborating. Carlos was quick to enter the
game space as his peers were playing, and Adrian was quicker to
offer verbal claims and advice about how the technology works.
The youth, especially Adrian, also got embodied practice learning
how to dribble a soccer ball. Adrian lost the ball six times during his
first playing with the app and only lost it once in his final iteration.
The ball leaving his feet less often indicates a possibility that Adrian
constructed new ways to dribble the ball in the game environment
through his repeated practice [8].

7.2 Design Considerations
The original design of the app is for individual players to train
their sports skills independently. However, the screen and group
structure of our learning environment led to specific instances of
joint media engagement, where the youth on the sidelines took
up various peripheral roles, and manifested unique learning op-
portunities. The frameworks of JME and entry and access points
highlight numerous potential directions to explore with this work
– such as using multiple cameras, designing for multiple players
simultaneously, and using multiple or larger screens. The central
highlight we notice from these vignettes is in the value of not over
designing for individualized experiences – youth were able to en-
gage in unique social configurations significantly because of the
limitations of input and output in this system.

Additionally, a key aspect of the inquiry was enabled through the
presence of extra soccer balls for Carlos to interfere with Adrian’s
gameplay, which incidentally led to their discoveries around the
technology. This highlights the value of having an abundance of
contextually relevant tools, and fairly limited access to technology.
This enables more entry points into participating with the tech-
nology in culturally grounded forms, and increases the chances of
those participations being social.

We also notice a key value in minimizing how much facilitation
is engaged in such play. While greater facilitation can enable more
standardized learning outcomes, it circumscribes surfacing novel
forms of participation that lie at the intersection of these disciplines
and concepts. At the same time, this engages with the tension of
the forms of facilitation required to pay attention to how prior
practices of a context limit the participation of groups of or specific
learners, and find productive strategies in enabling their sustained
participation and learning as well.

7.3 Implications
We considered how the youth collaboratively made sense of an
AI-embedded sports application and how that changes interactions
with the app over time. Their collaborations were embodied as they
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initially interacted with the technology in a process of jointly view-
ing the in-game media [27, 29]. By tinkering with different types of
movements, they developed a sense of what the technology regis-
tered and ignored. They shared knowledge amongst themselves and
with peers as they entered the space. As a group, they established
norms about how to collaborate and participate in the game [13].
This is most seen through Carlos’s involvement in Adrian’s turn.

From this project, the mix of verbal and embodied experimen-
tation with the technology is increasingly relevant for designing
learning environments for learning CS in context. We showed how
youth co-develop embodied pathways for their learning through
their bodies and voices that established valid collaboration pro-
cesses and relations [30]. Moreover, this project’s learning envi-
ronment builds on inquiry based learning literature. We provide
another case of what inquiry can look like in this context outside
of a classroom setting, and highlighting how it shows up in mo-
ment to moment interactions between youth. We frame the inquiry
process as a concerted collaboration amongst youth wherein they
make sense of technology together, and embodiment is one of the
primary forms of their engagement [15].
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