
Ode to Barelas: Supporting Youth Agency, Cultural Expression, 
and Community Engagement through an Interactive Mural 

Alyshia Bustos 
Dept. of Computer Science 
University of New Mexico 
abustos2436@unm.edu 

Leah Buechley 
Dept. of Computer Science 
University of New Mexico 
buechley@unm.edu 

Fiona Bell 
Dept. of Computer Science 
University of New Mexico 
fbell1@unm.edu 

Nanibah Chacon 
Independent Muralist 
Albuquerque, NM, USA 
nanibahchacon@gmail.com 

Mia Shaw 
Dept. of ALT 
New York University 
mia.shaw@nyu.edu 

Abstract 
Community mural projects provide youth with the opportunity to learn new skills, have a voice, and deepen their connection 
to their communities. This pictorial reflects on a participatory community-based STEAM project in which a group of teenagers 
collaborated with a muralist (Author 2) and two interaction design researchers (Authors 1 and 5) to create an Interactive 
Mural—a traditional mural with embedded electronics. We analyzed students’ experience of agency, expression, and 
connection to community throughout the project. We discuss how large-scale community-centered projects that provide 
opportunities for student agency and expression are rich learning environments that can promote technological fluency. 
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Introduction & Related Work 
Murals are a public and community-driven art form that 
serve as means of cultural and political expression for 
marginalized groups [14, 19, 40]. Community murals are 
produced by the communities they are in and offer "a 
different perspective on cultural identity and can ideally 
transform it from a marginalized, alienating identity to one 
that is a source of pride and solidarity … The size and 
location of community murals function to insert local 
communities into public space, into the center of their own 
communities." [24]. 

There is a longstanding tradition of community mural 
projects that engage youth. These projects enable young 
people to acquire a broad range of skills related to art, math, 
and communication [3, 4, 6, 7, 22, 27, 40]. Youth learn how to 
translate their ideas into meaningful visual representations. 
They learn how to collaborate with others and gain the 
experience of working on large complex projects. They also 
learn about themselves and their community. As a youth 
participant in several of Boston's Dudley Street Murals 
explained: "… murals give the youth the opportunity to 
express loudly on these walls what they feel and hope for 
the community … we're proud of where we live and this 
mural shouts a beautiful story about us"  [40]. 

Our work builds upon these traditions, introducing youth to 
an Interactive Mural as a community-based art and 
technology project. Our aim was to provide minoritized 
youth with an opportunity to learn foundational skills in 
electronics and programming while serving as authentic 
authors of an ambitious and real-world interactive artwork. 

Our project took place over two workshops. The first, held in 
spring 2022, introduced students to programming and 
electronics[9]. The second, held in the summer 2022, 
students designed and constructed the mural. In these 
activities, we employed well known materials (e.g., copper 
tape and copper paint [2, 25, 28]) and techniques from 
paper-based electronics [8, 32-34] to expand on and 
contribute to a body of research in large wall-based 
interfaces [12, 42, 43]. 

Our project took place over two workshops. 
One, held in spring 2022, introduced students 
to programming and electronics. In the 
second, held in the summer 2022, students 
designed and constructed the mural.While previous work has engaged youth in programming 

and electronics through similar materials and techniques, 
our interactive mural is unique in its scale and location—it is 
32' x 10' (10 m x 3 m) and permanently located outside. The 
community context and the artistic ambition of the work 
are also distinct and fundamental to the project. The 
interactive mural is designed to function for many years as 
a functional public art installation. 

In these workshops, we introduce youth to programming 
and electronics through a series of activities that honor and 
employ their pre-existing skills and interests in visual art. 
The activities we designed are intended to provide 
students with opportunities for creative expression through 
painting, building electronics, and programming. Our goal is 
for students to feel a sense of ownership over the entire 
mural—its visual, “technological”, and integrated artistic 
content. 

Employing culturally responsive strategies, we take care to 
situate our workshop activities in a community in which 
students are already comfortable, and provide opportunities 
for students to connect their work to their personal lives and 
cultures [5, 20, 36-38]. We also strive to leverage and build on 
students’ strengths (e.g., a skill in painting or drawing) 
instead of focusing on their deficits (i.e., a lack of 
programming experience). Deficit models of learning are 
especially prevalent in STEM and ultimately contribute to an 
educational landscape that often disserved students of color. 

Our work proposes interactive murals as a new and unique 
site for STEAM learning [9]. This pictorial focuses on the 
opportunities that Interactive Murals can provide for student 
agency, cultural expression, and community engagement. We 
argue that these opportunities are grounded in the 
distinctive affordances of Interactive Murals including their 
enormous scale and the fact that they are physically and 
indelibly embedded in communities. 

2184



The interdisciplinary nature of our team was essential to the project. Author 2 is a Dine 
(Navajo) and Latina professional muralist and painter. Her practice is community-centered 
and she has created several murals with youth in our community. Authors 1 and 5 
contributed expertise in programming and electronics. Author 1, who taught and organized 
the electronic components of the project, is a Hispanic/Latina Ph.D. student and interaction 
design researcher whose work focuses on HCI, ubiquitous computing, and technology 
education. Authors 1 and 2 led and co-designed all learning activities. Author 3 is a comic 
artist, STEM educator, and postdoctoral researcher focusing on the design of STEAM 
learning environments for Black and Brown youth. Author 4 is a postdoctoral researcher in 
HCI and Author 5 is a professor and interaction designer who runs an HCI research lab. 

Another critical partner in this project was the local non-profit arts organization, Working 
Classroom (WC) [9, 13], which is dedicated to engaging minoritized youth in public art. WC 
recruited students and provided classroom and working space for our activities. Our mural 
is painted on the side of their building. 

All of the students who participated in this project have participated in other WC 
community mural projects. Seven students of various races/ethnicities (Hispanic or Latina/o, 
American Indian, and Black or African American), ages 15-19, enrolled in our spring 
workshop, and four (out of these seven) continued on to build the interactive mural in the 
summer workshop. Each student is referred to by a pseudonym in this paper. The four 
students who built the mural are Marley, Elena, Enrique, and Alexa. 

Research Team and Collaborators 

All sketches were drawn by student participants 

In order to create a learning environment where 
students could feel a sense of belonging and 
connection to their community, we took care to 
situate learning activities at WC, an existing 
environment that our students were already part 
of. We strove to do this physically (by painting a 
mural in this community), thematically (by 
choosing a relevant mural theme to the 
community), and through the people (students, 
collaborators, and other partners) we engage in 
our collaboration. As long-standing community 
members of WC, the students described their 
sense of community and connection to WC in 
interviews. They cited it as one of the primary 
motivators for participating in the project.
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The Barelas Neighborhood 
This work took place in a low income, culturally significant and historic 
neighborhood called Barelas, within a diverse, majority-minority city. Our city is 
located in the western United States, where approximately 50% of the 
population is Hispanic, 5% is American Indian/Native American, and 10% is 
mixed race [41]. Barelas is a residential neighborhood, one of the oldest in the 
city, that is located close to downtown. The walls of many local establishments 
are adorned with large murals. Our project contributes to and draws from the 
area's rich history of American Indian and Hispanic mural painting [18, 35, 39]. 

Community-based murals and youth mural projects are practices that are 
well-established in this community [10, 17]. Working Classroom, which was 
founded in 1988, is located in Barelas and has led many youth mural projects 
here. These include several projects to decorate the exterior of their building, 
which showcases four murals painted by local artists and youth. 

Our mural celebrates plants and animals from Barelas. This theme was chosen 
by Author 2 to support our artistic and pedagogical goals. It provides a 
structure that strengthens the mural’s connection to the local community 
while supporting a natural way for all students to contribute individual 
elements to an artistically cohesive whole. The mural highlights one aspect of 
the vibrant and beautiful neighborhood of Barelas. The full title of the 
interactive mural is:  Flora and Fauna: A Luminescent Ode to Barelas. 

Snapshots of the Barelas neighborhood where our mural is located 

WC Building 
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We aim to help minoritized youth develop fluency in STEAM through the process of 
building an interactive mural. The focus of this pictorial is on two components of this larger 
goal. Student Agency: Can interactive murals provide opportunities for students to feel a 
sense of ownership over the visual, interactive, and technical components of the mural? 
Cultural Expression and Community Engagement: Can interactive murals enable 
students to connect to their communities and cultural backgrounds? 

Our project took place during the spring and summer of 2022. The first workshop, taught in 
spring 2022, was designed to introduce students to electronics and programming in an arts 
context and provide students with skills they would need to build an interactive mural. The 
spring workshop was followed by an intensive summer workshop in which the interactive 
mural was designed and constructed. Students employed the skills and techniques they 
learned in the spring workshop during the summer workshop. A more detailed description 
of the workshops, along with a discussion of further research results can be found in [9]. 

Authors 1 and 2 taught a six-week workshop in which seven students created individual 
interactive paintings using the same materials we would use to build the interactive mural. 
The workshop met two days per week for three hours. Author 1 began the workshop by 
introducing students to electronic circuits via a paper circuit project and then led a series of 
programming activities, employing the AdaFruit Circuit Playground [1] and the MakeCode 
visual programming environment [26]. She focused on teaching students how to use LED 
lights and capacitive touch sensors, which would be employed in the summer mural. Author 
2 led a series of activities focused on the mural-making process. Students then worked to 
create their interactive paintings. A showcase of the students’ work was held at the 
university that the research team is affiliated with. Students, friends, family, and WC 
community members attended. 

Project Overview 

Research Goals 

Spring Introductory Workshop 

Summer Interactive Mural Workshop 
Our interactive mural was designed and installed over a six-week workshop held during the 
summer of 2022, approximately one month after the spring workshop concluded. The 
interactive mural is located on the east-facing wall of WC's building. Authors 1 and 2 
worked with four of the seven students (from the spring workshop) over the six weeks for 
five hours per day, four days per week. 

In the months preceding the workshop, Authors 1 and 2 developed a workshop plan and a 
set of visual and technological constraints to help insure the feasibility of the project. We 
decided to limit interaction to touch, light, and sound—electronic elements students were 
familiar with from the spring workshop–and we decided on a mural theme of local flora, 
which the students later extended to include fauna. 

Students began the summer workshop by exploring the Barelas neighborhood and taking 
photos of local plants. They then created sketches based on their favorite photos. Students 
combined these sketches into a cohesive design for the entire mural. Once the visual design 
was complete the students designed the interactions that the mural would support, based 
on the technological constraints that were given. Next, students designed an electrical 
layout that incorporated all the required electronic components; each student led the 
electrical layout of a section of the mural. After finalizing all aspects of the design, the 
students began construction of the interactive mural. First, the visual design was mapped 
onto and drawn on the wall. Students laid out copper tape and electrical components on 
top of this design and soldered everything together. Then, paint was applied over the 
electronics. Programming and troubleshooting occurred throughout this process. 

The completed mural was introduced to the community as part of an art walk event in our 
city. This event was attended by students and their families and friends, as well as local 
community members, art enthusiasts, and members of the university community–including 
art and computer science professors. 

Authors 1 and 2 taught a six-week workshop in the spring of 
2022 in which students created interactive paintings. The 
spring workshop focused on familiarizing the students with 
materials, tools, technology, and electronics, programming, 
and mural design skills for developing an interactive mural. 

Author 1 began the workshop by introducing students to 
electronic circuits via a paper circuit project and then led a 
series of programming activities, employing the AdaFruit 
Circuit Playground [1] and the MakeCode visual programming 
environment [23]. She focused on teaching students how to 
use LED lights and capacitive touch sensors, which would be 
employed in the summer mural project.

Author 2 then led a series of activities focused on the 
mural-making process. Students then worked to create 
interactive paintings. A showcase of the student's work was 
held at the university that the research team is affiliated with. 
Students, friends, family, and WC community members 
attended. 

Workshop Materials 

Copper Tape Nova Mural Paint 

Alexa working on her 
interactive painting during 
the spring workshop 

Photos taken by students in 
the Barelas neighborhood 

Microcontrollers 
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To structure and document the students' 
participation in the project, we employed 
Participatory Design methodologies [16, 21]. Our 
priority was to give participants a genuine voice 
in the mural design and construction process. 

We carefully documented each aspect of the 
spring and summer workshops, primarily 
focusing on student work. We took photos and 
videos of student work each day and wrote field 
notes. We saved programs written by the 
students. This documentation, along with lesson 
plans we developed for each day, enabled us to 
explore and better understand the relationships 
between: the design and construction process, 
the completed mural as an artwork, and student 
experiences of the project. 

At the conclusion of each workshop, Author 1 
conducted one-hour semi-structured interviews 
with each student participant. We focused on 
students' experience of the process, exploring 
each student's understanding of their own 
learning, their sense of investment in and 
ownership over the artwork, and their 
engagement with the experience. 

Throughout this paper, we encourage readers to 
approach the included documentation of 
student work as an important type of data. In 
particular, students' artistic skill and 
commitment to artistic excellence are best 
communicated in photos of their sketches and 
the completed mural. 

To investigate student agency, we examined how the students 
described leading the design of the mural. We specifically 
wanted to know how the students described their input in the 
visual and interaction design process. We defined two primary 
codes that captured the students’ views on their agency. 

To examine cultural expression and community engagement, 
we looked at how the student's previous artistic competencies 
and interests support their confidence in learning new technical 
content. We also explored how students describe the 
importance of community and their culture. We defined the 
following four codes to better understand students’ expression 
of their culture and connections to their community 
throughout the project. 

Methodology Thematic Coding of Interview Data 
We used a grounded theory approach to analyze the data [11], 
examining students’ experience of working closely with 
researchers on a large-scale art and technology project. Authors 
1 and 3 first conducted open coding of two students' interview 
transcripts from the summer workshop to generate a set of 
approximately 200 preliminary conceptual codes [15, 29, 30]. 
We then extracted seven of the most prominent codes and 
refined them. Sub-codes were then defined for these seven 
prominent codes. We refined these sub-codes and coded the 
remaining interview data. Based on this analysis, seven primary 
codes and seventeen sub-codes were defined. 

After analyzing the additional data, the final round of analysis 
focused on developing thematic categories concerning 
students' learning in the context of creating an interactive 
mural. See Appendix A for the final codes and sub-codes that 
resulted from this open-coding process. The following are the 
primary themes that we developed through this process. 

— Student agency: providing opportunities for personal 
expression and project leadership lead to students feeling 
an investment in and ownership over the mural and what 
they learned. 

— Providing opportunities for cultural expression and 
community engagement were key to establishing youth’s 
sense of belonging and connecting what they learned to 
their life experiences. 

— Engaging students in an integrated technology and 
art–STEAM–activity supported technical learning and 
positive shifts in students' perspectives on technology [9]. 

— Fostering collaboration, by creating a rich social 
ecosystem and leveraging the murals’ large-scale, helped 
students navigate complex problems together respectfully 
and generously [9]. 

This pictorial focuses on the first two themes – student agency 
and cultural expression and community engagement. We 
want to highlight the fact that these two themes are 
intertwined. An environment that supports student agency 
enables students to express their culture and explore 
connections to their community. Together these themes 
facilitated deep engagement and helped students develop 
complex technological and artistic knowledge. 

Student Agency 

Cultural Expression and 
     Community Engagement 

SA1: Visual Design Process — how the students described 
their input in the visual design 

SA2: Interaction Design Process — how the students 
described their input in the interaction design of the 
mural and their input on how the electrical components 
will be incorporated 

CE1: Youth's Art Expertise — how youth bring their art 
expertise and confidence in artistry into the project 

CE2: Youth's Art History — how youth described their 
family ties to art and how youth described their own 
history with art. 

CE3: Youth's Cultural Expression — how youth express their 
cultural backgrounds to connect to their community 

CE4: Youth's Ties to The Community — how youths' 
perceptions of belonging in the art community 
encouraged their engagement 
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The painting itself is...a centipede that was spiraling around 
the painting, (based off of a Gyre) I wanted (to) 
represent...those bad thoughts we all have sometimes...like 
anxiety or feelings of like... depression...I would say the 
overall theme would probably be (to) bring awareness to 
Native youth suicide because I myself have had some 
trouble with that and I feel like it's a big topic today that a 
lot of people kind of try to avoid or like gloss over or 
romanticize sometimes. I decided to go with a centipede 
(due to its spiral nature) ... with the theme of the colors 
(being) blue in the back to represent...a vast ocean. The 
circles in the middle are the moons. (In) my culture, we 
believe...everything is connected...I believe the moon is 
connected to the sea and (we are) interconnected ... I 
wanted to show how, although it may seem like you're 
alone in this vast ocean, the moon still draws the waves 
back and forth, you know? So you'll find your way 
somehow back. —Jen

Student Agency 

The theme of the spring interactive paintings, personalized mandalas, 
allowed the students to express their identities, beliefs, and 
significant aspects of their lives. Through interviews with the 
students, we discovered students' deep connections to their mandala 
paintings. Jen describes her choice of visual elements and placement 
of certain electrical components in her painting.

A foundational aim of our project was to enable students to be primary authors of 
both the artistic and technological components of the work. We wanted students to 
feel a sense of investment in and ownership over all aspects of the mural. For Author 
2, this approach is related to values embedded in her mural practice. When 
collaborating with youth, she engages them as co-creators and not merely sources of 
labor—giving them a genuine voice in the work. For Authors 1 and 5, the emphasis on 
student agency is grounded in constructionist educational theory—a belief that 
students are uniquely positioned to learn when engaged in personally meaningful and 
constructive activities [23, 31]. 

Perhaps the clearest theme to emerge from student interviews during the summer 
workshop was their sense of ownership over the mural design in both the visual and 
technological components. The students truly saw themselves as art and technology 
designers throughout the project. 

Almost every mural I've done, they already have a design and they put it on the 
wall and we just go there to paint…This was the first I've done, where we started 
from scratch and actually came up with a mural and how to put it up on the 
wall and how to really design —Elena 

Students designed the mural through a collaborative process. 
They combined their sketches on a light box, layered additional 
drawings, and negotiated the visual design of the mural 
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The mural's theme was designed to allow each student to contribute components (individual flora) that were combined into a 
cohesive design. This process began with students taking photos and sketching flora they found around the Barelas 
neighborhood. The students then made photocopies of their sketches at different scales and worked together to layer them 
into a single visual design on a light box. While working, students added new sketches of local fauna, including bugs and a lizard. 
After finalizing the visual design, copies were printed out for each student to create a color study (i.e., a full color sketch of the 
entire design). They then collaborated with Authors 1 and 2 to decide what colors would be incorporated into the final color 
palette. When we interviewed the students, they pridefully highlighted their individual contributions to the design. 

I (contributed) … that red Yucca 
and that purple flower and that 
pink flower, and I noticed bees on 
that pink flower. —Alexa I (suggested) an idea (of) how the bottom (of the 

mural) should be and what color should (match) 
our color scheme.  —Elena 

I was kinda going for … realistic, like 
I saw a lot of pink flowers.  —Marley 

I got two flowers into the mural and also some of the 
colors … I (thought) we were gonna do a blue 
butterfly, but we decided on an orange and yellow one. 
(That) was on my color study.  —Enrique 

Student sketches 
of local flora 
found in Barelas 

Each student created their own color study, which they 
all drew from for the final color pallet of the mural. 
This is one of the students color studies 
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Once the visual design was complete, the students collaborated on the mural's 
interaction design. Through a group brainstorming activity, the students discussed the 
interactions they envisioned. They articulated their sense of ownership and agency about 
their contributions to this aspect of the project in interviews. Elena described why she 
wanted to animate dandelions that started in her section and spanned the entire mural. 

I wanted … the dandelions to light up, and I wanted it to be programmed 
where they turn yellow, but I didn't want them all to light up like a studio 
as (the touch sensor in her section) was touched. I wanted it to be like one 
after another … then the offspring (dandelion seeds) would turn on, and then 
the next one, and then the next one. I didn't want everything to be (all at) 
once. I wanted it to be … in steps … because … it catches more people's 
attention.  –Elena 

She provided reasoning as to why she wanted this type of interaction for the dandelions. 

(As) you're actually looking around of...where it's going as if it would pop 
up...you don't really know where to look. I mean, if something right here (or) 
something right here popped up at the same time (Elena points to different 
locations of the dandelions]. I mean, like, which one do you look at first? I 
really wanted it to be laid out in (a sequential) way. I thought it was pretty 
cool. –Elena 

Once the interactions were identified, each student worked on a section of the mural to 
create a circuit layout diagram that detailed where electronic components would be 
placed and how they would be connected. The students were then in charge of building 
out the circuitry, programming the microcontrollers, and embedding all of the 
components within the  mural with guidance from Author 1. 

Students designed the interactions and the electrical 
circuitry for the mural. They tested, soldered, and 
installed all the hardware embedded into the mural 

The final circuit diagram for the mural 
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I've kind of been drawing my whole life. My mom's always loved art and drawn 
all the time … My stepdad, he used to be a graffiti artist, and I really love 
graffiti art. I think it's really interesting. —Enrique 

Well, growing up, I saw my dad and uncle make a lot of art and stuff. They 
did a bunch of different things … I really like making digital art. —Marley 

I have a really close cousin...and she is such an amazing artist. Every 
time I go over, she's always doing art … .and it's just so fun to hang 
out with her … And then her dad, her dad is an artist too. He is a 
painter...and he makes these huge sculptures … I've just grown up with 
art around me, so I took it on. —Elena 

I think I just always gravitated toward (art) because my 
family is very artistic. So I was around that area of art, 
of just drawing and stuff. I don't know, it's just something 
that really makes me happy. —Alexa 

Cultural Expression and Community Engagement 

It's the community really. I made a lot of 
friends (at WC) that I’m really close to. —Alexa 

I really like the people (at WC) …. everyone 
is really supportive and super friendly.—Elena 

The painting and electrical installation was an interactive process. 
Students worked with Author 1 to determine what could be 
painted and what should be installed first throughout the mural 

Each of our students had a long-standing personal history of art making. Our interviews 
revealed that for most of our participants' this was deeply connected to their community, 
particularly their families. 

One of our goals for the project was to foster meaningful community connections. We 
strove to do this physically (by painting the mural in Barelas), thematically (by choosing 
to focus on local flora and fauna), and through the people (students, collaborators, and 
other partners) we engaged in the project. 

We chose to partner with WC and hold our workshops there to situate our workshops in 
a learning environment in which students felt comfortable. All of our students were 
long-standing community members of WC and described their sense of community and 
connection to WC in interviews. 
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I took a picture of little dandelions, like the flower ones, not the dandelions 
you blow. I took a picture of the little yellow dandelions...because whenever 
you guys had said pick or take pictures (of plants) that you mostly grew up 
with...whenever I saw those little yellow dandelions, it really just...reminded me 
of like whenever I was five or something...cause we'd always go to the park 
and we'd always try to make crowns out of them...those flowers are what I 
grew up with. —Elena 

We observed students using the mural theme as an opportunity to connect their to their personal, social, and 
cultural identities. We found it noteworthy that students, in interviews, described how they brought layered and 
complex aspects of themselves—their interests, their cultures, and their histories—to the project. 

With the...Navajo tea flower...I knew that I wanted to 
represent more of my culture 'cause we pick those 
and dry them out to drink tea, and they are around 
my house. So, I wanted to connect back to my 
culture and where I live. —Alexa 

I noticed the bees on that pink flower … I 
really like bees. I almost chose to major in 
environmental science and bees are really 
important. They pollinate and they (are) 
really connected to nature too. And I just 
think they are cute and I really like 
bumblebees. - Alexa 
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We designed our learning activities to support student agency, 
expression, and community engagement. This section highlights the 
pedagogical decisions that we feel did the most in supporting these goals. 

We structured our workshops so that students would serve as the authors 
of all aspects of the work. They designed the visual layout, the 
interactions, and the electronic layout. They did all of the electronics 
building, painting, and programming. Providing these opportunities for 
student authorship necessitated the careful design of structures and 
constraints. 

The importance of choosing an appropriate theme for the mural cannot be 
overstated. The theme of local flora and fauna allowed for student agency 
and artistic cohesion. Each student was able to photograph, sketch and 
then contribute their own design elements to the larger whole. Critical 
guidance, provided by Author 2, enabled the students to combine the 
elements into a unified mural design. Moreover, the series of theme 
related activities, including the walk around the neighborhood, 
encouraged community engagement. Students began the session by 
noticing and documenting the natural beauty of their neighborhood and 
community. 

Giving each student a section of the mural to design interactions and 
electronics for further supported agency and independence. For this part 
of the activity, we constrained the type of interactions to input via touch 
and output via light and sound. We also constrained the number and type 
of electronic components students could employ to a single Circuit 
Playground, strands of LEDs and four touch sensors. Limiting students to a 
small set of electronic components that they had learned to use in the 
spring workshop enabled them to design and experiment with confidence. 

We believe that situating electronics design in a visual context helped 
connect and integrate the visual and technological elements of the 
project. For example, having students create circuit diagrams directly on 
top of the mural design–rather than in a more abstract format like a 
schematic diagram–reinforced the connections between visual design, 
interaction design, and circuit design. The iterative workflow, which 
moved back and forth between visual, electronic, and programming 
activities also helped students connect and feel ownership over the 
different strands. 

Finally, we believe that the openness, creativity, and enthusiasm students 
exhibited are largely a result of the fact that we spent a considerable 
amount of time building genuine relationships with students, their 
families, and the Working Classroom community. 

This project demonstrated that students can serve as primary authors of large-scale, 
technically complex, and novel interactive artworks. Through a collaborative project they 
were able to feel a sense of agency and ownership over the work they created. They were 
able to make meaningful connections to their culture and community, while creating a 
community-based mural honoring Barelas, a neighborhood they are apart of. Students 
expressed pride and deep engagement in the project, and they began to develop new 
fluencies in electronics and programming. 

We see this project as an initial foray into new and exciting territory. Interactive murals, 
when approached as serious works of community-based public art, have unusual and 
unexplored affordances. Situating computing and electronics in the context of community 
murals provide new opportunities to engage minoritized youth and minoritized 
communities in technology in a deep and meaningful way. We believe that interactive 
mural activities could encourage new kinds of technological appropriation and expression 
in addition to providing new pathways to technological knowledge and skill acquisition. 
Interactive murals also provide opportunities to explore collaboration and to develop new 
models for collaborative technology design. 

Finally, interactive murals are compelling and novel artifacts in and of themselves. They 
could introduce new opportunities for artistic expression, interaction design, and citizen 
science. Mural's large scale and public nature insure that developments are highly visible. 
Young people could be involved in researching and exploring not only the construction of 
murals but their ongoing impact on communities. We are excited to explore some of these 
opportunities and directions in our future work. 

Conclusion 

(In) my culture, we believe … everything is connected. —Jen 
(A student from spring workshop)   Discussion 

We believe that the process of building an interactive mural provided students with a new 
context for developing STEAM fluency by introducing electronics and programming in a 
personally meaningful and community-oriented setting. Their learning took place in a 
familiar setting (WC), which created a non-intimidating environment. Students expressed 
pride in both the work that they did and in what they learned. 

I think it was a really great experience … I really like experimenting and learning what 
computer science has to offer and I think it's … overall a really great thing I experienced. 
-Alexa 

I've learned new things. I've learned things that I never really thought I would be able to do 
or really have an interest in … I wanna do another one … It's just really cool, and I feel 
like I learned a lot from it. -Elena

At the conclusion of the workshop, all students said they were interested in taking art and 
technology related classes in the future and that they were interested in participating in 
another interactive mural project. Some students also reported a new interest in 
participating in computing, electronics and technology-related activities. We believe it is 
significant that some students expressed a newfound interest in these domains, having no 
prior knowledge and/or interest before the workshops. 

I think I might (take a class in computer science), I was actually thinking of taking one next year, for 
school 'cause they actually have some classes for that. -Enrique

I would definitely want to add LEDs to my artwork ...' cause I think it just makes it look more 
pretty and to have that … challenge … I know people (who do) cosplay. They have these LEDs and 
stuff. Now I want to do something along those lines. -Alexa

(Before the workshop) I wasn't really the person that'd be coding anything or wiring … nothing like 
that. But ever since we did this workshop, being able to say I did that or I learned this … I feel like 
now I'm starting to look at things different. I was putting up these fairy lights in my room and … I 
wonder how you program these … I wanna learn now. So just having a greater interest in things … 
I think is cool now. -Elena

1 https://www.bbbs.org/
2 https://www.nhccnm.org/

The large scale of the mural facilitated allowed for many 
opportunities for the students to connect to one another 
and with the community around them. They were able 
to physically go out into the neighborhood and interact 
with their surroundings. They worked closely together to 
bring their personal connections to nature and their 
culture into a cohesive visual and interactive design. 

Before the workshop, we intentionally designed the 
learning activities around the students designing the 
interactive mural with minor constraints. There is further 
work to be done in which we will refine the learning 
activities that support student’s skills in programming 
and building with electronics. A prior paper discusses in 
depth on how this project specifically contributed to and 
relates to other STEAM educational work with 
marginalized youth [9]. 

We believe and have found that the students have 
continued to further their technological fluency and their 
connection to community and culture. Notably, Alexa 
now works in our research lab as an undergraduate 
research student on the Interactive Mural project led by 
graduate student Author 1. Alexa majors in Art 
Education at our university, and she has started 
incorporating technology within her own art. Elena and 
her parents asked Author 1 to participate in the Big 
Brothers Big Sisters of America 1 organization as a 
mentor for Elena. Enrique has been introduced to other 
local art professionals and is working on an Interactive 
Mural piece for the National Hispanic Culture Center 2

with Author 1. 

2194

https://www.bbbs.org/
https://www.nhccnm.org/


[1] Lady Ada, Dan Halbert, Anne Barela, Kattni Rembor, and 
John Park. 2017. Circuit Playground Express. 
https://learn.adafruit.com/adafruit-circuit-
playground-express/overview 

[2] Amazon. 2021. Copper Tape. 
https://www.amazon.com/Conductive-Shielding-Repellent 
-Electrical-Grounding/dp/B078NP5QTZ/ Amazon.com: 
Selizo 6 Pack Copper Foil Tape with Conductive Adhesive 
for EMI Shielding, Slug Repellent, Paper Circuits, Electrical 
Repairs, Grounding: Office Products. 

[3] Judith Baca. 1976. The Great Wall – History and 
Description | Judy Baca. http://www.judybaca.com 
/artist/the-great-wall-history-and-description/ 

[4] Holly Barnet-Sánchez and Tim Drescher. 2016. Give Me 
Life : Iconography and Identity in East LA Murals . 
University of New Mexico Press, Albuquerque. 

[5] Mere Berryman, Suzanne Soohoo, and Ann Nevin. 2013 
.Culturally Responsive Methodologies: Mere Berryman, 
Mere Berryman, Suzanne Soohoo,  Ann Nevin: 
9781780528144: Amazon.com: Books . Emerald Publishing, 
Floor 5, Northspring 21-23 Wellington Street Leeds, England 
LS1 4DL United  Kingdom. https://www.amazon.com/ 
Culturally-Responsive-Methodologies-Mere-Berryman/dp/1 
780528140 

[6] Rahul Bhargava, Ricardo Kadouaki, Emily Bhargava, 
Guilherme Castro, and Catherine D’Ignazio. 2016. Data 
Murals: Using the Arts to Build Data  Literacy. The Journal 
of Community Informatics  12, 3 (Oct. 2016), 197–216. 
https://doi.org/10.15353/joci.v12i3.3285 

Acknowledgments 
This work is supported by the National Science Foundation under the Grant No. 2006524. Manuel Hernandez, Madelena Salazar, Pat Arreguin, and 
Michelle Perez Fuentes—Working Classroom staff and board members—provided critical support for this project. We are also grateful to Alexis 
Kaminsky who helped structure our data collection and analysis. We also acknowledge Star for being the best lab dog and mural protector! 

References [7] Melissa G. Bublitz, Tracy Rank-Christman, Luca Cian, 
Xavier Cortada, Adriana Madzharov, Vanessa M. Patrick, 
Laura A. Peracchio, Maura L. Scott,  Aparna Sundar, Ngoc 
(Rita) To, and Claudia Townsend. 2019. Collaborative Art: A 
Transformational Force within Communities. Journal of the
 Association for Consumer Research 4, 4 (Oct. 2019), 313–331. 
https://doi.org/10.1086/705023 Publisher: The University of 
Chicago Press. 

[8] Leah Buechley, David Mellis, Hannah Perner-Wilson, 
Emily Lovell, and Bonifaz Kaufmann. 2010. Living wall: 
programmable wallpaper for interactive spaces. In 
Proceedings of the international conference on Multimedia 
(MM ’10) . ACM, New York, NY, USA, 1401–1402. 
https://doi.org/10.1145/1873951.1874226 ACM ID: 1874226. 

[9] Alyshia Bustos, Nanibah Chacon, Mia S. Shaw, Fiona Bell, 
and Leah Buechley. 2023. Interactive Murals: New 
Opportunities for Collaborative STEAM Learning. In 
Proceedings of the CHI Conference on Human Factors in 
Computing Systems . 19. 
https://doi.org/10.1145/3613904.3641987 

[10] Nanibah Chacon. 2022. Interview with Nanibah Chacon. 

[11] Kathy Charmaz. 2014. Constructing Grounded Theory. 
https://us.sagepub.com/en-us/nam/constructing-grounded 
-theory/book235960 

[12] Tingyu Cheng, Bu Li, Yang Zhang, Yunzhi Li, Charles 
Ramey, Eui Min Jung, Yepu Cui, Sai Ganesh Swaminathan, 
Youngwook Do, Manos Tentzeris, Gregory D. Abowd, and 
HyunJoo Oh. 2021. Duco: Autonomous Large-Scale 
Direct-Circuit-Writing (DCW) on Vertical Everyday Surfaces 
Using  A Scalable Hanging Plotter. Proceedings of the ACM 
on Interactive, Mobile, Wearable and Ubiquitous 
Technologies 5, 3 (Sept. 2021), 92:1–92:25. 
https://doi.org/10.1145/3478118 

[13] Working Classroom. [n. d.]. Working Classroom. 
https://workingclassroom.org/ 

[14] David Conrad. 1995. Community Murals as Democratic 
Art and Education. Journal of Aesthetic Education 
29, 1 (1995), 98–102. https://doi.org/10.2307/3333522 
Publisher: University of Illinois Press. 

[15] John W. Creswell. 2012. Qualitative Inquiry and 
Research Design: Choosing Among Five Approaches 
(third edition ed.). SAGE Publications, Inc, Los  Angeles. 

16] Vincenzo D’Andrea and Maurizio Teli. 2010. Teaching 
participatory design: a participatory approach. In 
Proceedings of the 11th Biennial Participatory  Design 
Conference . ACM, Sydney Australia, 223–226. 
https://doi.org/10.1145/1900441.1900486 

[17] Gwyneth Doland. 2021. Maisel’s Historic Murals. 
New Mexico Magazine (Feb. 2021). 
https://www.newmexicomagazine.org/blog/post/maisels 
indian-trading-post-downtown-albuquerque-historic-mur 
als/ Section: History. 

[18] John C. Ewers and James Mooney. 1978. Murals in the 
round : painted tipis of the Kiowa and Kiowa-Apache 
Indians : an exhibition of tipi models made for James 
Mooney of the Smithsonian Institution during his field 
studies of Indian history and art in southwestern 
Oklahoma, 1891-1904 . Washington :  Published for the 
Renwick Gallery of the National Collection of Fine Arts by 
the Smithsonian Institution Press : For sale by the Supt. of 
Docs., U.S.  Govt. Print. Off., 1978. 

[19] Precita Eyes. 1977. Precita Eyes - Mission Statement. 
https://www.precitaeyes.org/about.html 

[20] Geneva Gay and James A. Banks. 2010. Culturally 
Responsive Teaching: Theory, Research, and Practice 
(2nd edition ed.). Teachers College Press, New  York. 

2195

http://www.judybaca.com/artist/the-great-wall-history-and-description/
http://www.judybaca.com/artist/the-great-wall-history-and-description/
https://www.amazon.com/
https://doi.org/10.1145/1873951.1874226%20ACM%20ID:%201874226.
https://www.precitaeyes.org/about.html
https://www.newmexicomagazine.org/blog/post/maisels
https://doi.org/10.1145/1900441.1900486
https://doi.org/10.2307/3333522
https://workingclassroom.org
https://doi.org/10.1145/3478118
https://us.sagepub.com/en-us/nam/constructing-grounded
https://doi.org/10.1145/3613904.3641987
https://doi.org/10.1086/705023
https://doi.org/10.15353/joci.v12i3.3285
https://Amazon.com
https://Amazon.com
https://www.amazon.com/Conductive-Shielding-Repellent
https://learn.adafruit.com/adafruit-circuit


[38] Kristin A. Searle and Yasmin B. Kafai. 2015. Culturally 
Responsive Making with American Indian Girls: Bridging the 
Identity Gap in Crafting  and Computing with Electronic 
Textiles. In Proceedings of the Third Conference on 
GenderIT (GenderIT ’15) . ACM, New York, NY, USA, 9–16. 
https://doi.org/10.1145/2807565.2807707  event-place: 
Philadelphia, PA, USA. 

[39] Paul R. Secord. 2018. The Maisel’s murals 1939 : Native 
American art of the American Southwest . Santa Fe : 
Sunstone Press, 2018. 

[40] Tim Sieber, Graça Índias Cordeiro, and Lígia Ferro. 2012. 
The Neighborhood Strikes Back: Community Murals by 
Youth  in Boston’s Communities of Color.  City &  Society 
24, 3  (2012),  263–280.  https://doi.org/10.1111/ciso.12000 
_eprint: 
https://anthrosource.onlinelibrary.wiley.com/doi/pdf/10.1111 
/ciso.12000. 

[41] US. 2024. U.S. Census Bureau QuickFacts. 
https://www.census.gov/quickfacts/albuquerquecitynewm 
exico 

[42] Michael Wessely, Ticha Sethapakdi, Carlos Castillo, 
Jackson C. Snowden, Ollie Hanton, Isabel P. S. Qamar,  Mike 
Fraser, Anne Roudaut, and  Stefanie Mueller. 2020. 
Sprayable User Interfaces: Prototyping Large-Scale 
Interactive Surfaces with Sensors and Displays. In 
Proceedings of  the 2020 CHI Conference on Human 
Factors in Computing Systems . Association for Computing 
Machinery, New York, NY, USA, 1–12. 
https://dl.acm.org/doi/10.1145/3313831.3376249 

[43] Yang Zhang, Chouchang (Jack) Yang, Scott E. Hudson, 
Chris Harrison, and Alanson Sample. 2018. Wall++: 
Room-Scale Interactive and Context-  Aware Sensing. In 
Proceedings of the 2018 CHI Conference on Human Factors 
in Computing Systems (CHI ’18) . Association for Computing 
Machinery,  New York, NY, USA, 1–15. 
https://doi.org/10.1145/3173574.3173847 

[21] Maike Hecht and Susanne Maass. 2008. Teaching 
participatory design | Proceedings of the Tenth Anniversary 
Conference on Participatory Design 2008. 
https://dl.acm.org/doi/10.5555/1795234.1795262 

[22] Andrew Hill and Andrew White. 2012. Painting Peace? 
Murals and the Northern Ireland Peace Process. Irish 
Political Studies 27, 1 (Feb. 2012), 71–88. 
https://doi.org/10.1080/07907184.2012.636184 Publisher: 
Routledge _eprint: 
https://doi.org/10.1080/07907184.2012.636184. 

[23] Nathan Holbert, Matthew Berland, and Yasmin B. Kafai 
(Eds.). 2020. Designing Constructionist Futures: The Art, 
Theory, and Practice of Learning  Designs . The MIT Press, 
Cambridge, Massachusetts. 

[24] Margaret R. LaWare. 1998. Encountering visions of 
Aztlan: arguments for ethnic pride, community activism 
and cultural revitalization in Chicano murals. 
Argumentation and Advocacy 34, 3 (Jan. 1998), 140–154. 
https://go.gale.com/ps/i.do?p=AONE&sw=w&issn=10511 
431&v=2.1&it=r&id=GALE%7CA20876046&sid=googleSchol 
ar&linkaccess=abs Publisher: Taylor &amp; Francis Ltd.. 

[25] LessEMF. 2021. CuPro-Cote Conductive Paint. 
https://www.lessemf.com/292.html 

[26] MakeCode. 2023. MakeCode for AdaFruit Playground. 
https://makecode.adafruit.com/ 

[27] Mary Jane Zander. 2004. Instructional Resources: 
Murals as Documents of Social History. Art Education 57, 5 
(2004), 25. http://libproxy.unm.edu/login?url=https: 
//search.ebscohost.com/login.aspx?direct=true&db=edsjsr 
&AN=edsjsr.3194101&site=eds-live&scope=site 

[28] David A. Mellis, Sam Jacoby, Leah Buechley, Hannah 
Perner-Wilson, and Jie Qi. 2013. Microcontrollers As 
Material: Crafting Circuits with Paper,  Conductive Ink, 
Electronic Components, and an "Untoolkit". In Proceedings 
of the 7th International Conference on Tangible, Embedded 
and Embodied  Interaction (TEI ’13). ACM, New York, NY, 
USA, 83–90. https://doi.org/10.1145/2460625.2460638 

[29] Matthew Miles, A. Michael Huberman, and Johnny 
Saldana. 2015. Qualitative Data Analysis: A Methods 
Sourcebook | Online Resources. Https: 
//study.sagepub.com/miles3e 

[30] Matthew B. Miles and A. Michael Huberman. 1994. 
Qualitative data analysis: An expanded sourcebook, 2nd ed 
. Sage Publications, Inc, Thousand  Oaks, CA, US. Pages: xiv, 
338. 

[31] Seymour Papert. 1980. Mindstorms: children, 
computers, and powerful ideas . Basic Books, New York, 
NY. https://www.amazon.com/Mindstorms- 
Children-Computers-Powerful-Ideas/dp/1541675126 

[32] Jie Qi and Leah Buechley. 2010. Electronic popables: 
exploring paper-based computing through an interactive 
pop-up book. In Proceedings of  the fourth international 
conference on Tangible, embedded, and embodied 
interaction . ACM, Cambridge, Massachusetts, USA, 121–128. 
Https:  //doi.org/10.1145/1709886.1709909 

[33] Jie Qi and Leah Buechley. 2014. Sketching in Circuits: 
Designing and Building Electronics on Paper. In Proceedings 
of the SIGCHI Conference on  Human Factors in Computing 
Systems (CHI ’14) . ACM, New York, NY, USA, 1713–1722. 
https://doi.org/10.1145/2556288.2557391 

[34] Jie Qi, Andrew "bunnie" Huang, and Joseph Paradiso. 
2015. Crafting Technology with Circuit Stickers. In 
Proceedings of the 14th International  Conference on 
Interaction Design and Children (IDC ’15) . ACM, New York, 
NY, USA, 438–441. https://doi.org/10.1145/2771839.2771873 

[35] Desmond Rochfort. 1998. Mexican muralists : Orozco, 
Rivera, Siqueiros . San Francisco : Chronicle Books, 1998. 

[36] Kimberly Scott, Gregory Aist, and Xiaolong Zhang. 
2014. Designing a Culturally Responsive Computing 
Curriculum for Girls. International Journal of Gender, 
Science and Technology 6, 2 (July 2014), 264–276. 
http://genderandset.open.ac.uk/index.php/genderandset/a 
rticle/view/361 

[37] Kimberly A. Scott, Kimberly M. Sheridan, and Kevin 
Clark. 2015. Culturally responsive computing: a theory 
revisited. Learning, Media and  Technology 40, 4 (Oct. 
2015), 412–436. https://doi.org/10.1080/17439884.2014.9 
24966 

2196

https://dl.acm.org/doi/10.1145/3313831.3376249
http://libproxy.unm.edu/login?url=https
https://doi.org/10.1080/
https://doi.org/10.1145/3173574.3173847
https://www.census.gov/quickfacts/albuquerquecitynewm
https://anthrosource.onlinelibrary.wiley.com/doi/pdf/10.1111
https://doi.org/10.1111/ciso.12000
https://doi.org/10.1145/2807565.2807707
http://genderandset.open.ac.uk/index.php/genderandset/a
https://doi.org/10.1145/2771839.2771873
https://doi.org/10.1145/2556288.2557391
https://doi.org/10.1145/1709886.1709909
https://www.amazon.com/Mindstorms
https://study.sagepub.com/miles3e
https://doi.org/10.1145/2460625.2460638
https://makecode.adafruit.com
https://www.lessemf.com/292.html
https://go.gale.com/ps/i.do?p=AONE&sw=w&issn=10511
https://doi.org/10.1080/07907184.2012.636184
https://doi.org/10.1080/07907184.2012.636184
https://dl.acm.org/doi/10.5555/1795234.1795262


Appendix A Themes And Focused Codes 
Themes Primary Codes Sub-Codes 

Student Agency 
Youth agency: How youth describe having 
agency to be in charge of the design (i.e., visual, 
interaction, etc.) 

Visual design process: How the students describe their input in the visual design process. 

Interaction design process: How the students describe their input in the interaction design of the mural 
and their input in how the electrical components will be incorporated. 

STEAM Learning 

Technical skills learned: How youth describe 
the skills they learned during the construction 
of the interactive mural. 

Technical skills learned: How youth describe what they did technically when constructing the mural. 

Troubleshooting challenges: How youth describe the challenges they faced, and how they overcame 
them. 

Shifting perspectives of CS: How youth 
perceptions of CS (e.g., development of 
technology, conducting research in CS) 
changed after participating in the workshop. 

Shifts about how difficult CS is: Youth’s shift in perspectives of how they view the difficulty of CS. 

Shifts about who can do CS: Youth’s shift in perspectives on if people that they relate to can do CS. 

Shifts about what they can do with CS: Youth’s shift in perspectives on what they can do now with CS 
that they couldn’t before. 

Shifts about what you can do with CS: Youth’s shift in perspectives on the possibilities that people can 
work with CS. 

Cultural 
Expression and 

Community 
Engagement 

Youth’s art histories and competencies: How 
youth’s previous artistic competencies and 
interests support their confidence in engaging 
and succeeding in learning the technical 
content. 

Youth’s art expertise: How youth bring their art expertise and confidence of artistry into the project. 

Youth’s art history: How youth describe their family ties to art and describe their own history with art. 

Youth’s cultural backgrounds and 
connections to the community: How youth 
describe the importance of community and 
their culture. 

Youth’s cultural expression: How youth’s express their cultural backgrounds to connect to their 
community. 

Youth’s ties to the community: How youth’s perceptions of belonging in the art community encourage 
their engagement. 

Fostering and 
Understanding 
Collaboration 

Layers of collaboration: How youth worked 
together and with others to accomplish design 
goals. 

Collaboration of youth with each other: How youth worked together to accomplish design goals. 

Collaboration of youth with research team: How youth worked together with the research team 
members to accomplish design goals. 

Collaboration of youth with partner organization: How youth describe their experience working with 
partner organization. 

Interactive mural driven collaboration: How 
the mural scale and design of the interactive 
mural shapes the nature of collaboration. 

Scale of murals: How painting murals provides natural collaboration. 

Troubleshooting electrical components: How students had to work together to troubleshoot electrical 
components due to the large areas the components covered. 
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