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Abstract—The Coding as Another Language (CAL) curriculum
offers a means for young children to develop digital coding skills,
which is a form of literacy development. The work presented in
this paper extends this idea to the domain of physical computing,
positing that it leverage the same powerful ideas of computational
thinking. Furthermore, this hands-on, often screen-free domain
provides an additional venue that invites young children to
develop operational, cultural, and critical literacies in
developmentally appropriate ways. To illustrate these ideas, this
paper describes three prototypes of early childhood physical
computing technologies and relevant curricular activities based on
CAL. These cases highlight young children’s growing
technological fluency as they transferred and deepened their new
knowledge through engagement with various physical materials.
The materials used to craft tangible artifacts serve as a medium
for developing technical skills, expressing ideas, fostering shared
values, and questioning established processes. To this end, authors
noted how the CAL curriculum can place physical computing in
conversation with other technical, experiential, and deeply
humanistic pursuits.

Index Terms—Computer science education, Curriculum

development, Engineering education, STEM.

I. INTRODUCTION

ncluding computer science (CS) learning experiences in

early childhood education has both economic and

developmental benefits. Economically, the impacts of early
childhood CS education are longer lasting and more cost-
effective than CS interventions implemented later [1], [2], [3].
Developmentally, CS education can be implemented in ways
that both closely parallel and enhance the development of early
literacy and numeracy skills for young children [4], [5]. For CS
education to be integrated into early childhood settings, the
accompanying pedagogy, curricula, and technology must be
developed in ways that foreground the developmental needs of
the young children [4], [6], [7]. Scratchlr [8], a freely available,
block-based programming language that was designed
especially for young, pre-literate children, is one of the most
widely used early childhood computer science technologies
with over 67 million downloads. The Coding as Another
Language (CAL) curriculum [9] was created to accompany the
implementation of ScratchJr in early childhood classrooms and
is based on the premise that programming languages, though
artificial, have the same expressive and communicative
affordances as natural languages. As such, when children
program, they are able to access a form of digital meaning-
making. In this paper, we introduce a CAL-inspired curriculum
that centers developmentally appropriate, hands-on early

childhood CS learning experiences. By linking CS learning to
the broader process of meaning-making, a critical component
of literacy, CS can become a means by which young children
can express themselves, represent their ideas, and demonstrate
creativity.

Furthermore, we believe that exposure to computer
education need not be separate from play-based, hands-on
learning experiences, which are crucial for young children in
early childhood settings. In fact, there are a number of screen-
free learning experiences that promote CS skills; however,
many of these experiences tend to focus primarily on problem-
solving and logic-based reasoning affordances of CS [10], [11],
a focus that risks missing “the opportunity to explore the
richness of a programming language as a symbol system with a
grammar and syntax that can be used to express thoughts and
ideas” [6]. On the other hand, when literacy (and by extension,
communication and expression) is centered on the development
of CS skills, the classroom can become a site where CS content
knowledge can be integrated with creative learning
experiences. By extension, CS concepts can be developed
through hands-on making experiences that occur both on and
off the screen.

The CS learning experiences we share in this paper represent
three instances of physical computing. Briefly, physical
computing includes hands-on learning experiences at the
intersection of CS and the maker movement, providing learners
with opportunities to develop and demonstrate maker literacies.
Our analysis of these experiences was motivated by the
following questions:

1) How can hands-on, physical computing experiences be

considered a “literacy?”’

2) How can the CAL curriculum be extended to include

physical experiences with technology?

We begin the next section with an overview of
computational thinking (CT), the pedagogical approach
underlying the CAL curriculum, and the broader maker
movement as it relates to maker literacies and physical
computing, all of which inform the three case studies [12] that
follow. These case studies include descriptive observations of
children engaging in hands-on practices that invite them to
think like a programmer off the screen. We posit that these off-
screen experiences highlight the affordances of CT skills for
both technical and humanistic pursuits, and that CS education
can promote the holistic development, not just cognitive
development, of young learners.
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II. COMPUTATIONAL THINKING AND THE CODING AS ANOTHER
LANGUAGE METAPHOR

What does it mean to “think like a programmer,” and why
might this disposition be useful when applied to practices with
non-digital technologies? CT refers to a set of higher-order skills
that are critical to CS but applicable across disciplines and
situations [13], [14]. CT habits of mind are developed as learners
apply central computational concepts in meaningful experiences
that shape their relationships and perspectives [15].

However, early CT experiences must take into account the
developmental needs of young children, offering opportunities
for learning through play, exploration, and expression [11], [16].
Bers [4] offers seven powerful ideas of CT that are rooted in
young children’s intuitive knowledge: algorithms (logically,
ordered elements with a combined function), control structures
(advanced strategies to communicate a set of ideas and events),
debugging (systematic analysis, testing, and evaluation), design
process (creative, iterative, cyclic process that involves
imagining, planning, making, revising, and sharing),
hardware/software systems (connections between concrete and
abstract elements of a coherent system), modularity
(decomposition of a complex task into smaller, reusable tasks),
and representation (use of symbols to communicate). As CT
skills are refined, young children gradually develop
“technological fluency” [4], [17], [18], an integrated ability to
effortlessly and smoothly leverage a range of technologies for
expressive aims. The more forms of technology, both digital and
physical, that students engage with, the more opportunities
students have to practice this fluency. In this definition, the
expressive aims are a fundamental aspect of developing
technological fluency. The “coding as another language”
metaphor, as implemented through the CAL curriculum,
maximizes opportunities to develop this fluency, which can be
further bolstered with hands-on experiences. By framing coding
as another language, we bring special attention to its expressive,
communicative, and semiotic potential.

III. MAKER MOVEMENT, MAKER LITERACIES, AND PHYSICAL
COMPUTING

Marking a shift from passive consumption to active creation,
the broader maker movement ideally represents a community
committed to one of the powerful ideas of CT: the design process.
The maker movement emphasizes hands-on collaboration,
diverse experiences and skillsets, and the production and sharing
of artifacts [19], [20]. It values both tinkering and
experimentation and can be used as a means to gradually master
science, technology, engineering, and mathematics (STEM)
content knowledge [21], [22]. This affordance of the maker
movement aligns well with a constructionist perspective, in
which physical artifacts link abstract concepts with personally
meaningful experiences [23], [24]. In this way, making has the
potential to have technical, social, cultural, and critical
dimensions, all of which could serve to develop cognitive
understandings in STEM and/or humanistic domains that are
relevant to the underlying project.

Further, a constructionist approach posits that the artifacts we

create communicate meaning and represent our understandings.
For instance, when we ask students to create a physical model of
the solar system, a code that makes their digital character dance,
a self-portrait, or an essay about a meaningful experience, these
resulting objects can serve as representations of their thinking as
conceptual models. Over time, as they develop deeper and more
refined understandings, the artifacts they create may reflect more
elaborate conceptual models. Our conceptualization of “maker
literacies” expands on these semiotic meaning-making
affordances of making activities [25], [26], [27], [28], [29]. This
conceptualization utilizes the same three integrated elements as
conventional literacy: operational (technical), cultural (social),
and critical (analytical) dimensions [30]. The critical dimensions
of literacy are much aligned with Freire’s ideas that “virtues are
qualities which you re-create through action and through
practice” and that “reading words, and writing them, must come
from the dynamic movement of reading the world” [31]. These
three dimensions all shape and are shaped by the making process.

The three cases described in the next section of this paper all
utilize physical computing, In addition to combining CS and
maker activities, physical computing also serves as an integrated
learning experience with pathways to develop and leverage
knowledge and skills from multiple disciplines [32]. In the cases
that follow, physical computing invites learners to engage with
powerful ideas from CS, and thereby CT, in the process of
creating a tangible and purposeful artifact [24]. In addition to the
design process, the concept of hardware/software integration is
especially salient in physical computing tasks. However, it is
essential to note that physical computing activities and
technologies do not always rely on digital computing. Table I
illustrates the ways in which the powerful ideas of CT extend
beyond digital programming to the maker practices of physical
computing and storytelling, practices that are relevant to the cases
that follow.

TABLE I
POWERFUL IDEAS OF CT APPLIED TO VARIOUS MAKER
PRACTICES
Powerful Idea Digital Physical Storytelling
of CT Programming Computing
Algorithms Ordering Ordering and Ordering the
programming wiring circuitry elements of a
blocks to create components to plot to create a
an executable create a narrative
digital program | working circuit
Control Using loops and | Using actuators Using literary
Structures if-statements to and/or sensors devices to
control to control control plot
components of components of events
a program a system
Debugging Problem- Problem- Proofreading

solving issues
in a digital
output to
improve the
program

solving issues
in functioning
based on wiring
to improve the
build

and rehearsing
to improve a

story

Design Process

Translating an
initial idea into
a digital
prototype and
continuously
improving upon
this prototype

Translating an
initial idea into
a physical
prototype and
continuously
improving upon
this prototype

Translating an
initial idea into
a draft and
continuously
improving upon
this draft
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Hardware/ Understanding Understanding Understanding
Software the connections | the connections | the connections
Systems between the between the between the

program functions of a abstract
instructions build (i.e., meaning that a
(i.e., software) software) and story conveys
and the physical the physical (i.e., software)
mechanisms elements that and the
that execute enable this concrete
these functioning elements that
instructions (i.e., hardware) convey this
(i.e., hardware) meaning (i.e.,
software)
Modularity Breaking down | Breaking down | Breaking down
a program into a build into a a story into a
a set of reusable set of reusable set of reusable
functions and components narrative
variables (e.g., working components
lights, motors) (e.g.,
characters,
settings, styles)
Representation | Representing a Representing a Representing a
program using build using a narrative using
icons or words wiring diagram a script or
graphic

IV. CASE STUDIES

The three case studies that follow took place during a
weeklong summer camp for kindergartners and first graders at
the DevTech workshop space in July 2025. Participants included
two kindergarteners and two to three first graders (attendance
varied over the week). The daily activity structure was based on
the CAL curriculum, and as such, the throughlines across each
day included hands-on making activities, with each day focused
on a new set of physical computing technologies, and storytelling
time.

This camp was part of a larger research project (National
Science Foundation Award #2342369 and #2342370) related to
designing new technologies and activities that promote CT skills
in ways that combine the hands-on making activities that are
common in early education settings with physical computing
tasks. To this end, this work reflects a design-based research
approach to the iterative refinement of these technologies and
curricular activities [33], [34], [35]. Researchers played multiple
roles as facilitators, data collectors, and technical assistants. They
supported campers through each activity, recording field notes,
photographs, project artifacts, and video data. The collected data
were used for technological and curricular improvements and to
identify the extent to which hands-on making activities and
technologies supported the development of CT skills. The three
case studies illustrated here include the days when campers
engaged with conductive clay, e-textile pins, and a customizable
soundboard.

A. Case Study #1: Conductive Clay

On the first day of a week-long summer camp, five
Kindergartners and first graders were introduced to the idea of
making and the design process through the picture book “The
Most Magnificent Thing” by Ashley Spires. During their opening
circle, they discussed the attitudes and dispositions they would
need to embody to be magnificent makers, such as patience,
perseverance, open-mindedness, and curiosity. Next, they started
to explore core circuitry concepts that would be foundational for

each of the day’s activities.

This exploration included a short, age-appropriate video
about the basic components of a circuit (modularity) and the way
these components needed to be ordered in order to power a light
(algorithms). Then, they played a game that invited them to act
out electron flow in ways that required them to articulate
concepts like polarity and open/closed circuits through their
embodied actions. They discovered how the circuitry layout
(software) established how the various components of the circuit
(hardware) functioned.

Next, campers applied their new knowledge in a hands-on
activity with new materials: conductive clay, a battery pack, and
a light emitting diode (LED). For several minutes, campers freely
experimented with these materials, trying to create a working
circuit that powered their LED. Quickly, campers were able to
create a circuit that closely resembled what they saw in the video
and did in the game, but curiously, they noticed that their lights
were not turning on. As they troubleshot (debugging) their
circuits, facilitators asked guiding questions to support their
recognition of which parts of the battery and legs of the LED
represented the positive and negative ends. They were all then
able to correct their circuit so that it powered the LED properly.
After experiencing this success, they then explored further when
prompted to find a way to dim and brighten their LEDs. This
exploration led them to discover adjustments they could make to
their circuit (e.g., packing the clay tighter/looser around the metal
ends of the wires, pushing the metal ends of the wires deeper or
shallower into the clay) that changed the functioning of their
circuit (control structures).

The next activity invited them to build on these basic
understandings by utilizing the design process. In this task, they
had the same materials with the additions of clay tools (e.g.,
extruders, cookie cutters, rolling pins) and new circuitry
components (e.g., small motors that rotated a propeller and
multiple LEDs). They were prompted to create anything they
wanted as long as their creation integrated a working circuit (i.e.,
powered at least one LED or propeller). The campers' creations
highlighted their creativity and developing understanding of
circuits (Fig. 1). They created spaghetti with light-up meatballs,
propeller planes, jetpack daredevils, and sparkling desserts.
During sharing time, many of the campers told imagined stories
that went along with their creations. In addition to being a means
of expression and relating to the activity, these narratives also
naturally reflected their own making processes (e.g., the
additions they made as the story developed, the challenges they
encountered, and the strategies they employed in response). In
addition to engaging with each of the powerful ideas of CT,
campers also developed and demonstrated maker literacies
throughout this activity; they developed technical skills related to
laying out a working circuit and translating their imagined ideas
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Fig. 1. Camper's conductive clay artifact

through the medium of clay, social skills related to listening to
their peers and sharing materials, and critical skills related to
disclosing the design decisions that shaped their final creations.

B. Case Study #2: E-Textile Pins

On the second day of camp, four kindergarteners and first
graders started the day with a read aloud of Oscar and the Bird:
A Book about Electricity by Geoff Warring as a launch point for
reviewing and building on the concepts covered in the previous
day. They then watched two short videos highlighting e-textile
materials and projects. These videos introduced them to the
practice of sewing in connection with wiring and electronics.
They also inspired them with different ways to apply e-textile
practices; for instance, one video showcased a dynamic e-textile
city. They noticed the parallels between stitches and wires; how
they both convey something about the connections between
components in a system [36].

For the day’s maker activity, they were tasked with designing
their own e-textile pins. Each camper was given the same 3”
circle piece of felt and started to imagine how they might embed
an LED into a soft circuit (hardware). They also needed to
provide the facilitators with a wiring diagram (software) to follow
so that they could sew the conductive thread using a sewing
machine. In addition to the wiring component of the design,
campers also needed to design the aesthetic aspect of the pin. To
guide the process, they completed a series of pages in a design
journal.

These journals invited students to draw what they wanted to
represent visually on their pins. Campers’ ideas included their
favorite ice cream flavors with their preferred toppings, the
world, a beach at sunset, and children playing on a playground.
Then, campers chose the spot on their designs where they wanted
to add an LED using a round sticker with the corresponding LED
color.

When it came to translating their ideas into reality, campers
received a set of pre-cut shapes, as well as large felt squares in
various colors, that they could glue onto the base of their pin.
Campers then considered how they would break down their
designs into separate shapes and layers (modularity) that could
be cut out and arranged in a way that represented their design
(algorithms). In the case of the globe, a blue piece of felt was cut
to the size of the base, and then various green shapes were added
to represent the land. For the sunset, layers were arranged to

4
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Fig. 2. Camper's e-textile pin design and creation

highlight the sand in the foreground, the ocean in the middle
ground, and the sky in the background. As they made this
arrangement, facilitators used the sewing machines to integrate
the LED and battery components according to the campers’
designs.

As they finished the process, campers tested their circuits and
glued their felt representations of their drawings onto the base of
the pin, orienting it properly so that the LED showed through the
layers according to their plan (debugging). Their final working
pins (Fig. 2) reflected not only their deepening sense of
integrating circuits into their creations, but also their developing
maker literacies. Campers were introduced to the technical skills
of sewing and new materials, which enabled them to create soft
circuits using textiles and conductive thread. They were also
collaborating with the facilitators in a new way, building their
skills. This collaboration inverted the typical power facilitator-
camper dynamic as the campers had the ultimate authority and
expertise over how their circuit should be rendered into a sewn
element. This power inversion enabled them to develop critical
literacies. Critical literacies were also developed as campers
encoded meaningful information into the patterns they created
with the felt.

C. Case Study #3: Customizable Sound Board

On the third day of camp, the same four campers explored CS,
engineering, and data science concepts that were again linked to
an age-appropriate children’s book and to a physical computing
activity. Campers were introduced to a real sound book, “World
of Eric Carle, Around the Farm 30-Button Animal Sound Book”
by PI Kids, which was intended to make the process of reading a
multisensory experience. Embedded into this book was a set of
buttons, each marked with an icon and a label of an animal. When
these buttons were pressed, the corresponding animal sound was
played aloud through the built-in speaker. In the text of the
accompanying picture book were the same button icons, so that
as different pages and words were read, the child or the adult
reading could press the button and hear relevant sounds.

After reading and playing with this book, the campers were
then given time to explore the “record” and “play sound” blocks
on the ScratchJr app. They asked questions about how the sounds
they made in the real world got stored, which brought up
connections about hardware/software systems. Most of the day
was devoted to a hands-on activity where campers created their
own soundboards and brought a different book to life,
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specifically "Click Clack Moo Cows That Type” by Doreen
Cronin. They achieved this by following the design process and
then customizing pre-made soundboards that were specifically
designed to make the underlying CT concepts more accessible
[37], [38] (Fig. 3).

First, the facilitator read the book aloud and asked the children
to notice all the sounds and onomatopoeia that were part of the
story. Then, they imagined new sounds that were not in the book
that would add to the story. The campers imagined other farm
animals, nature sounds, and dialogue. Because the pre-made
sound boards only had the hardware and software to capture three
sounds (there were only three buttons, and the code was written
to accommodate three sound files), campers had to work within
these constraints. They were then tasked with representing each
sound via a drawing or phrase that they could fix onto each button
using Velcro. When they were ready with their three sounds, they
recorded them onto a computer. Then, a facilitator helped them
transfer the sounds onto a microSD card that was mounted on
their boards. The next phase involved systematically checking
their boards to ensure they worked properly, a task that required
debugging and the assistance of peers or facilitators. Finally, the
story was read aloud again, this time with campers activating
their sounds that were relevant to each part of the story (control
structures). Occasionally, campers chose sounds that were
repeated multiple times (modularity) throughout the story, or
they played their sounds in a sequence to create a coherent
meaning of a set of sounds (algorithms).

In this single activity, campers were able to engage with all
seven powerful ideas of CT. In the process, they created artifacts
that conveyed meaning about a shared story. They learned
technical skills, including some that are not typically covered in
kindergarten or first grade, such as data storage and retrieval.
They also practiced social skills as they asked for help and took
turns recording their sounds and playing them aloud. Finally,
they experienced the critical dimensions of maker literacies as
they re-engaged with the core text, “Click Clack Moo,” inserting
their own voice, both literally and figuratively, into the narrative.
Although there was not enough time for campers to engage
deeply with the physical computing elements of the activity (they
were given a pre-assembled sound board that only needed their
sounds downloaded onto the microSD card to function), the
design of the board included a clear lid so that they could see the
internal wiring and the hardware components. Further, they were
able to test how it “worked” with a blank microSD card,
highlighting the role of software in creating a system that
functioned as they expected. We posit that the physical nature of
their device enabled an authentic multisensory experience of
collectively reading an analog text. Although they engaged with
physical computing in a superficial manner, its presence was
essential to their development of maker literacies.

V. DISCUSSION

As we embarked on this project, we centered our exploration
around two key questions: 1) How can hands-on, physical

Fig. 3. Camper's Soundboard

computing experiences be considered a “literacy?” and 2) How
can the CAL curriculum be extended to include physical
experiences with technology? To answer the first question, we
grounded our analysis in the three dimensions of traditional
literacy: operational, cultural, and critical literacies. In our three
cases, we observed a growing sense of technological fluency as
campers were able to transfer their knowledge about circuits
across the various materials. We also noticed that campers'
artifacts not only reflected this growing understanding, but also
reflected ideas, objects, and themes that were personally relevant
to them and reflected the emerging culture of our very own maker
community. As they continued to work together in a shared
space, they acted in ways that aligned with the norms and values
they had described on the first day. Lastly, we witnessed that the
opportunity to create something invited campers to critically
reflect on their perspectives and those of other makers, their
peers. We suggest that future researchers pay attention to the
emergent dialogue that occurs during these activities to see how
they may map onto these three dimensions. We plan to make use
of these interactions in our future efforts as well.

To answer the second question, we considered how the seven
powerful ideas of CT emerge in hands-on making activities. We
also explored how hands-on making could be connected with
other meaning-making endeavors, such as reading, writing, and
storytelling. The different representation systems that campers
encountered (i.e., wiring diagrams, button icons) and created
themselves underscored the ways in which the process of making
something tangible invited them to convey and communicate
their creative ideas as well as practical information to others.
When children are invited to create, the objects they make are
imbued with multiple layers of meaning, each relating to the
relevant disciplinary content, the making process itself, and their
personal values and interests. As such, making, much like coding,
can be considered another language, a language that becomes
clearer when analyzed through the powerful ideas of CT.

It is essential to note that our work is currently in an early pilot
stage, and as such, our sample size is relatively small.
Nonetheless, our findings show promise for fostering
computational thinking skills in ways that do not require access
to a device and build on the existing experiences, interests, and
intuitions of young children. Our work extends the growing
research on maker literacies and highlights the potential of CAL
as a curricular method for developing these literacies. Our usage
of books and stories in our camp lessons did not detract from
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campers’ experiences. Instead, we saw how they immediately
crafted narratives that added new dimensions and meanings to
their physical creations. The materials used to create these
tangible artifacts served as a medium for developing technical
skills, expressing ideas, fostering shared values, and questioning
established processes. To this end, we see how “thinking like a
programmer” puts physical computing in conversation with other
technical, experiential, and deeply humanistic pursuits.
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