Justice-Centered Educational Programming Language Design

AMY J. KO, University of Washington, Seattle, USA

R. BENJAMIN SHAPIRO, University of Washington, Seattle, USA
JAYNE EVERSON, University of Washington, Seattle, USA

F. MEGUMI KIVUVA, University of Washington, Seattle, USA

Educational programming languages (EPL), for all their success in enabling computing education at scale, regularly exclude learners
by embedding assumptions about ability, class, culture, language fluency, and identity. Further, most EPL designs are not governed in
ways that are responsive to the needs of learners and their communities on the margins of computing, raising questions about how
the design processes behind EPL could be organized to ensure they serve everyone equitably. Building upon discourse on diversity,
educational justice, and design justice, we propose seven justice-centered design requirements for EPL, arguing that they should be
accessible, liberatory, transparent, cultural, obtainable, democratic, and enduring. For each, we examine why these requirements are
necessary and offer examples of languages that do and do not meet them. Throughout, we surface constraints that EPL impose on

being justice-centered and grand challenges for research to be able to overcome them.

CCS Concepts: « Social and professional topics — Computing education; « Software and its engineering — Development

frameworks and environments; Compilers.
Additional Key Words and Phrases: programming languages, equity, justice

ACM Reference Format:
Amy J. Ko, R. Benjamin Shapiro, Jayne Everson, and F. Megumi Kivuva. 2026. Justice-Centered Educational Programming Language
Design. J. ACM 37, 4, Article 111 (August 2026), 29 pages. https://doi.org/XXXXXXX.XXXXXXX

1 Introduction

Broadening participation in computing is a profoundly complex endeavor [134], requiring massive, sustainable invest-
ments in teacher learning [78], curricula [119], communities [6], policy [38], and a rich ecosystem of informal learning
[12]. It requires practice-centered research to ensure that change is effective, sustainable, and spreadable [22, 97]. Doing
this equitably is an even grander challenge, given the broad lack of literacy about what equity means among teachers,
school leaders, not-for-profits, policy makers, and computer scientists [135]. This requires reckoning with systems of
power we need to dismantle in order to achieve equity [124] and routine resistance to that change felt daily by students,
teachers, and advocates on the margins of computing.!
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2 Ko et al.

While all of these efforts are essential to broadening participation in computing education, there is one element,
however, that receives comparatively little attention in reform efforts: educational programming languages (EPL). In
computer science, “PL” often refers only to the academic field of programming languages, or the syntax and semantics of
languages. Here we use the phrase as teachers and learners often refer to it, including the programming language design,
but also its implementations in compilers, interpreters, and translators, associated tools (e.g. editors and debuggers),
libraries, documentation, and standards governance that shape the language.? By educational PL, we mean any PL that
either was designed explicitly for learning (e.g., Pyret, Scratch), or is used in pedagogical contexts (e.g., Java in an AP
CS A course). [48, 144].

Of course, EPL do receive some attention in research and advocacy. Some of us design, build, and maintain them
[39, 60, 73, 136, 147], some of us create learning technologies for them (e.g., [93]), many of us study how people learn
them (e.g., [42, 109, 153]. But the majority of educators, students, and informal learning leaders do not participate in the
design or implementation of PL, nor is PL design included in advocacy efforts [23, 115]. Instead, most efforts take EPL
as givens, choosing from what is available to meet teaching or learning goals, and working around their constraints,
rather than considering them something that can be redesigned to be more equitable.

Perhaps that is inevitable: creating PL, especially educational ones, requires immense expertise, time, and resources
[98]. Nor is it necessarily desirable to have subtly different EPL for every classroom, school, district, or country:
standardizing them has benefits, given the educator learning and curriculum development required to teach computing
through them [146]. However, by concentrating the design of PL amongst a small group in academia and industry, there
is a great power imbalance between designers and the vastly larger group of teacher and student stakeholders.

While addressing this power imbalance alone is definitely not sufficient for broadening participation, EPL are
a necessary part of broadening participation: they are foundational media, notation, and learning technologies for
computing education, and shape all of these other efforts in crucial, and often subtle ways. Consider, for example, the
choice in Python to evaluate empty lists to False: this single choice has led to countless learners trying to debug this
subtle type juggling behavior, teachers seeking professional development to improve their debugging pedagogy, and
even curriculum design to address these design choices. Or, consider the early choice by Alice 2.0 and Scratch to only
support drag-and-drop code editing: while this had significant positive impacts on learners who could use a mouse, it
profoundly excluded any learner who could not. If such specific programming language and tool design choices can
structure participation so forcefully, and without the voice of those excluded, the design of EPLs must play a necessary
but insufficient role to equitably broaden participation.

This leads to a fundamental research question of EPL design governance: How can the work of EPL design be equitably
organized to meet the diverse learning needs of all learners? One historical answer to these questions is that we should
design many EPL. Indeed, over past decades, there have been hundreds, each with different design goals [71]. Some
prioritize teaching and instruction [60]. Others prioritize creativity and youth identity [92]. Others still prioritize
particular media to support practice-linked identity [108] and skill development in computing, e.g., by concentrating
on media manipulation [52], data analysis [20], or storytelling [72]. This multiplicity of designs has managed to serve
many different distinct communities of teachers and learners [48, 144]. Recent calls have even argued for intentionally

creating a multiplicity of small languages that meet a diversity of cross-disciplinary instructional needs [53].

ZPrior work has sometimes referred to this broader scope as a programming “system” [80]; we use “language” to situate our arguments in terms more
familiar to communities of learning, at the expense of some precision.
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Justice-Centered Educational Programming Language Design 3

While this heterogeneous approach has decentralized power in some ways, it does not serve everyone. In fact, most
EPL fall into the familiar trap of utilitarian capitalism, designing for the majority (to achieve the “greatest good” [133]),

at the expense of those at the margins, whose needs are perceived to be in tension with the majority’s. For example:

e Few EPL serve learners with disabilities (e.g, who are blind and rely on screen readers, have motor-physical
impairments and rely on speech input, or who have dyslexia or color blindness and may need fine-grained
control over font or color choices [127, 136]).

e Few EPL attend to neurodiversity, offering learners with ADHD? control over the design of interfaces to regulate
their attention, autistic learners agency over how information is communicated, or risk averse learners the ability
to learn without tinkering [17].

e Most EPL ignore language fluency, typically using English keywords, and the few that do have localizations in
other languages may only localize syntax and some documentation, but not deeper cultural assumptions [54].

o EPL often overlook economic inequality: learners who do not have personal computers or access to the Internet

cannot access computing education [158]. Other EPLs require specific, expensive hardware to be usable.

Learners at the intersection of any of these forms of marginalization may find that they face unique compounding
challenges with EPL that make participating in computing education exhausting, infeasible, or impossible, in or out of
school [8, 54]. Their teachers and families may find themselves searching desperately for some solution to include them
in learning, only to find a fragile ecosystem of poorly supported workarounds.

Addressing these problems in EPL design is what we will call justice-centered educational programming language
design (JCEPL). We intend this phrase as a provocation for EPL designers to earnestly engage questions of justice as
they design and maintain EPL, both in the design choices, and governance over those choices. In this paper, we aspire
to deconstruct, define, and examine this provocation in order to provide concrete guidance and insight about what it
means to do JCEPL, technically, sociotechnically, and sociopolitically. We build upon other recent efforts to deconstruct
PL design from a feminist lens [61], questioning whose voices are engaged in shaping PL and what gender stereotypes
are embedded in PL design. We extend this discourse to the many other systems of injustice in which PL are designed,
while focusing on education.

We focus on three questions:

e RQI: How should we conceptualize JCEPL design?
e RQ2: What requirements does justice-centered impose on EPL design?
e RQ3: What constraints do current PL design and implementation practices and contexts impose on being

justice-centered and what grand challenges for research do those constraints imply?

To answer these questions, we begin with a survey of conceptions of justice, educational justice, justice-centered
computing education, and EPL design. We then offer one conception of JCEPL design, deriving EPL-specific design
guidance from the broader project of design justice [25], which itself builds upon an discourse of equity and justice. We
then present an analysis of inspiring and weak cases of JCEPL in popular use, examining the extent to which they meet
these requirements, and the challenges of improving. We end with a discussion of the implications of our conception for
research and practice. Our contribution is not definitive answers to these questions, but catalyzing answers, helping our
community deepen its commitments to educational justice by examining the technologies at the heart of computing

education.

3 Attention-deficit/hyperactivity disorder
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4 Ko et al.

2 Background

Here we set the stage for a set of proposed requirements for JCEPL, defining terms and concepts and reviewing prior

work on justice-centered computing education and JCEPL design.

2.1 Diversity, Inclusion, Equity, Justice, and Design

It is not possible to adequately define justice in a short background section. Instead, we provide a basic overview of
key ideas, grounding our argument in particular theories of justice in general, in relation to design, and in relation to
education.

Our work draws upon Rawls’ theory of justice [125], because of his focus how design choices in society directly
impact whether society is just. We begin with the term diversity, which is central to how Rawls conceptualizes inequality.
In this paper, we define diversity as a fact of variation in human bodies, minds, experiences, cultures, and values. It
is a fact that is often ignored, dismissed, and neglected in society in favor of hegemonic, normative views of human
experiences, but a fact nonetheless (e.g., some people are tall, some are short, but built environments often privilege
particular heights). Inclusion is any effort to include people as social or technical systems as they are, by acknowledging
diversity, and by creating pathways into systems for people being excluded. While inclusion welcomes those excluded,
it does not necessarily change systems to account for diversity (e.g., welcoming short people into a space designed for
tall people). Equity is a property of social systems in which everyone has the opportunities, resources, and rights they
need to achieve equal outcomes, even if that means some people receive more resources than others (e.g., stools for
short people). Justice is a property of social systems in which the need for targeted resources to account for diversity is
minimal because the impact of diversity on access and outcomes has been eliminated (e.g., installing automatic height
adjusting shelving).

While theories of justice from philosophers like Rawls’ are important conceptual foundations, they are generally
ahistorical, missing crucial history, context, and nuance about identity and power [133]. Theories of justice centered on
identity — for example, disability justice (e.g., [57]), racial justice (e.g., [166]), gender justice (e.g., [139]) — offer this
crucial social context, deconstructing the status quo and offering visions of more just futures. All generally stem from
observations about intersecting forms of oppression and social hierarchy in the design of social systems and culture
(including PLs, which are cultural artifacts). But they also reinforce that justice is not a set, unchanging, unambiguous
goal. Rather, it is a socially situated, negotiated, and contested one that evolves as society changes, but also changes
individuals, as we begin to better understand it and ourselves with greater clarity [63]. We view EPLs as just one of the
social systems in which the oppressive hierarchies of the past and present are encoded, privileging particular groups
over others, reifying inequities and injustices at play in broader society. We view changes in EPLs as a necessary part of
understanding what computing is in the world and what our relationship to it could be.

We also build upon the broader theories of educational justice. The ideas in this paper are partly inspired by thinkers
and activists like Freire [47], who rejected banking models of learning (depositing facts into students’ minds but not
seeing them as bringing valuable resources with them into the classroom), and advocated for critical consciousness
through liberatory, community-centered discourse. Freire’s ideas suggest an inversion of EPL design, centering learners’
“limiting situations”, rather than the discipline’s authoritative judgment of relevance or meaning. We also build upon bell
hooks’ critiques of teaching [63], which connected more abstract notions of learning as liberation to the more concrete
realities of racial and patriarchal capitalism that play out in classrooms and broader culture. These critiques suggest a

need for EPL design to contend with the broader systems in which they are situated. Our ideas were also shaped by
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Justice-Centered Educational Programming Language Design 5

Ladson-Billings’ seminal work on critical race theory in education [84], which identifies racial social constructions as a
structural force, suggesting PL as a form of racialized “property” We also build upon her work on culturally responsive
pedagogy [83] and Gay’s culturally responsive teaching [49], which conceptualize teaching and learning that centers
care, cultural competency, and student agency. These core values, building upon Collins’ Black Feminist Thought [24],
suggest a vision of EPL design that not only attends to learners’ differences, but puts that difference at the center of
EPL design and use. We also learn from literature in education sociology and policy [4, 100, 162], which examines racial
and gender justice in formal systems of education, but also economic rights, immigrant rights, mass incarceration,
environmental justice, disability rights, and other forms of inequity in society. This literature argues that systems of
education built upon inequitable systems in society inevitably produce unequal outcomes in learning, reproducing
inequalities in society, rather than rectifying them.

Finally, we look to design justice, conceptualized by Costanza-Chock [25], which builds on these many notions of
justice, and directly addresses design, unlike these other conceptions of justice. Its framework explains how the activity
of design supports some groups while burdening others by reifying white supremacy, heteropatriarchy, capitalism,
ableism, settler colonialism, and other kinds of inequalities built into our social structures. It offers principles by which
design can be practiced in community-led ways to overcome these inequities, creating opportunities for meaningful
participation in design decisions. Design justice’s focus on community is in contrast to other approaches to design.
This contrast includes human-centered design, which tends to reserve power over a design for designers, and frame
stakeholders strictly as sources of design insight, and participatory design, which despite the shift in power, still tends to
frame community participants in extractive terms. Design justice also problematizes universal design [65] by questioning
whether universality is possible, let alone desirable: grounding designs in commonalities between communities’ needs
overlooks sometimes inherent tensions between groups (e.g., captions include deaf and hard of hearing attendees, but

may distract audience members with ADHD).

2.2 Justice-centered computing education

Recently, computing education scholars have begun to examine equity and justice directly. There have been calls to
engage computing critically [81, 82, 87, 99, 129], examining intersections between computing education and culture,
identity, and power. For example, Rankin et al. examined three sites of violence in CS (K-12 schools, predominantly
white institutions, and internships), deconstructing how power operated in each to produce racial inequality [124]. Scott
et al. revisited culturally responsive pedagogy through the lens of collaboration, mentorship, and empowerment through
identity [137]. Kirdani-Ryan and Ko [76] examined how departmental norms constrain and shape students’ career goals,
reproducing power structures molded by market forces, and displacing students’ values, identities, and communities.
Jacob et al. examined how English-primacy shaped multilingual students’ perceptions of computing, themselves, and
the support of their families and communities [69]. These each illustrate how structural forces in computing education
such as power, norms, and language can shape student learning. These studies, and recent critiques in the PL research
community [61], raise questions about how EPL design might inadvertently embed the same power structures in their
design, reifying and reinforcing those structures in their use in classrooms.

Some works have focused on visions of more justice-centered computing literacy. For example, Vakil called for
making space in education for sociopolitical aspects of computing systems [155, 156]. Yadav et al. called for computing
education that critically examines computing in the context of community and citizenship [170]. Morales-Navarro
and Kafai offer three concrete strategies for bringing criticality into CS classrooms through inquiry, design, and re-

imagination [104]. Eglash et al. called for explicitly counter-hegemonic framings of education through valuing individual
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6 Ko et al.

and community assets [30]. Ko et al. described efforts to prepare computing educators to examine tensions between
technical, sociotechnical, and sociopolitical framings of CS in the classroom [78]. Shea et al. examined the unjust
dominant narratives and invisible labor in STEAM infrastructure, including how even micro-controllers marketed as
“low cost” can be unaffordable to or unusable in settings with minimal access to computing and shoestring budgets
[143]. Other works disrupt traditional forms of classroom and school authority and focusing students on envisioning
futures [18, 32, 35, 130, 149], centering youth ingenuity, counter-narratives, design partnership, and implicit power
structures. Some examine the challenges of building relationships across culture and language [5, 159]. Others examine
the broader family systems that enable learner-centered creative empowerment with code [131]. Each of these works
find that shifting students’ mindsets from one of powerless to powerful can create conflict, requires time, and depends
on careful framing of the computing technologies brought into the classroom. These works might predict much the
same in justice-centered EPL design, where changing what EPL and and who they are designed for may surface new
tensions in identity and learning.

While these works are innovative on numerous dimensions — pedagogy, assessment, programs, and power — few
challenge the role of EPL in shaping and constraining what learning is possible. Rather, EPL are framed as curated
selections by educators, sometimes as a subject of critique, but not as tools of, and sites for, resistance or change.
Papert’s positioning of Logo in Mindstorms [117] is a possible exception to this. Although he did not use the word justice,
there were clear elements of justice in his arguments, advocating for learner agency, advocating against education that
devalued youth creativity, and arguing for the unique role of programmable media in helping learners to construct
knowledge and identity. Papert distilled these ideas into three principles: 1) the continuity principle, which argues that
learning must be aligned with learners’ personal knowledge, 2) the power principle, which argues that the concepts in
a programmable system must empower learners to create things of personal meaning, and 3) the cultural resonance
principle, which argues that learning with programmable media must make sense in the larger social context in which
a learner is situated. These principles, and Papert’s application of them to EPL, point to a notion of justice-centered
computing education that is responsive to learners and their contexts, and offers them tools that are not in and of
themselves new ways of thinking, but enable learners to construct new ways of thinking and relating to others [171].

Wilensky’s* theory of “restructurations” offers a similar learner-centered lens as Papert, but about the representation
of disciplinary ideas [165]. The theory centers on five properties of how learning is structured: 1) the expressive power of
a representation, 2) the cognitive affordances of the representations for learning, 3) the affective influence of engagement
and interest of a representation, 4) the behavior of representations in social contexts, 5) and how representations support
the diversity of human identity, values, culture, and thinking. While none of these explicitly address justice or injustice,
they are a complementary “thinking tool® for analyzing the learning affordances of idea representations, and how they

are affected by human difference.

2.3 Inclusive programming language design

Many programming languages, including many EPL, have elements that attend to inclusion, such as accessibility and
cultural diversity. Such focus, however, is often the exception, and not the rule, and often elevates human-centered
methods within existing frameworks of power, rather than attempting to disrupt those frameworks.

For example, the broader PL research community has been primarily concerned with correctness, performance,
security, and other technical qualities [138], but not justice. In research, there are some efforts to use human-centered

4We note the irony of two successive paragraphs highlighting the ideas of abusive men in a paper about justice. We include these ideas for completeness,
but not as endorsement of their behavior.

Manuscript submitted to ACM



Justice-Centered Educational Programming Language Design 7

design methods to align PL with productivity needs [107]. This includes design methods such as PLIERS, [21], which offers
a structured technique for need-finding, risk analysis, and refinement, and the more analytic framework of Cognitive
Dimensions of Notations, which provides conceptual tools for reasoning about notation design [51]. These approaches
are notable in that, unlike most PL research, they involve explicit reasoning about, and sometimes engagement with,
stakeholders in PL design. Practitioner communities that govern PL through community processes are probably the
closest to examining questions of social power, though scholarly work to examine power in these communities is
nascent [67].

Some PL design has embraced concerns of equitable teaching. The efforts of the How to Design Programs (HtDP) team,
including the Bootstrap project, offer several examples [39]. Racket’s collection of language levels offers a sequenced
design of PLs, aligned with a learning trajectory crafted to manage cognitive load. Bootstrap’s subject-specific courses,
such as Bootstrap Physics, are designed in close collaboration with physics teachers. Guzdial’s teaspoon languages [53]
similarly center teacher voices in shaping EPL design.

Some PL design focuses on blind and vision impaired (BVI) creators [91, 141]. For example, Quorum has focused
on being more screen-readable [147], and innovations such as tangible media for computation [122], programmable
audio games [70], tweaks to PL that enable mixed-ability families to code together [128] offer visions of more accessible
programming. Other works explore how to make existing PL and tools more screen readable [9, 31, 102, 106, 106,
123, 136]. Some work finds that programmable media needs to build upon youth interests and needs [150, 151, 157],
comprehensively support screen reading [56], and that achieving these benefits requires new languages and editors,
rather than retrofitted existing ones. Despite progress on BVI learners’ needs, prior work has given little focus to
neurodiversity, reading disabilities, color perception, motor abilities, cognitive impairments, and attention. Moreover,
these innovations are often about making existing PL more accessible, rather than designing more intrinsically accessible
PL. One exception to this is recent work by Hadwein et al., which reframes computing education around embodied
cognition and disability studies, and elevates the importance of sense, sensemaking, and materiality in the design of
accessible programming tools and pedagogy [55].

There is also a growing literature on multilingual learners in computing education. Recent EPL, for example, have
been designed to be explicitly multilingual [60, 77]. Most work on linguistic justice, however, has focused on instruction,
and not tools. For example, there is evidence that English primacy harms learning [3, 54], and that learning in students’
first languages promotes learning, engagement, and belonging [2, 27, 50, 75, 95, 112, 145, 160], but that English primacy
in programming and learning materials limits their impact [86]. While these benefits are clear, many learners legitimately
see learning English as a goal [154] and many approaches to including learners’ first languages inequitably impose
translation labor onto youth [120], most of which cannot be automated without compromises to content quality [121].
None of this literature engages the intersection between language and accessibility or teacher facilitation needs.

Finally, Hermans and Schlesinger’s essay on feminism in PL design is of particular note [60]. They make the case
for engaging feminist ideas to reimagine PL design methods, posing questions about linguistic inclusion, the ways PL
embed stereotypes about gender and masculinity, the bias in what research questions are asked about PL design, and
the overarching epistemic bias of PL design toward mathematical ways of knowing. They also discuss the many ways
that domination features prominently in PL design communities, as structural, disciplinary, and hegemonic norms.
These critiques reflect the ways that attending to diversity of human experiences in PL design continues to be an act of
resistance to a particular masculinized vision of what PL are and who they are for.

Aside from this handful of works, nearly all EPL have focused on innovations in new media, graphical editors, and

runtime capabilities [71], and not on ensuring that our ecosystem of EPLs offers options that work for every learner. The
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8 Ko et al.

1. Design to heal and empower communities — Design EPL as a tool of liberation in computing

2. Center direct stakeholders voices — Center learner, teacher, and family voices in EPL design

3. Prioritize community impact over design intent — Prioritize learners’ identities, needs, and goals over PL
innovation

4. View partnership as ongoing accountable collaboration — Sustain ongoing partnerships between PL designers,

learners and their communities

Frame designers as facilitators, not leaders — Frame PL designers as in service of learners and their communities

Value stakeholders’ lived experiences — Value learner and community knowledge as assets for PL design

Share design knowledge with communities — Empower learners and teachers to contribute to PL design

Work toward community-led, sustainable outcomes — Work toward community-led EPL maintenance and

funding

9.  Solutions should reconnect communities rather than exploit — EPL design should grow communities rather than
extract from them

10. Designers should understand a community’s existing solutions before building new ones — PL designers should
understand community needs before building

® NG

Table 1. Paraphrased design justice principles and corresponding JCEPL principles.

focus of these works on equity and inclusion alone, then might be viewed as upholding broader systems of domination,
in that they are not being designed to advance educational justice, but rather help more people participate in unjust
systems of learning. In this way, many EPLs might be viewed as a “master’s tool” [89]: one designed to encourage and
require conformity, rather than dismantle the matrix of oppression that shaped its design. A call for JCEPL, within this

frame, is also a call to reimagine EPL design in more liberatory terms.

3 ALTCODE: Justice-Centered Educational Programming Language Design

Prior work on justice [125], educational justice [47, 49, 63, 83, 84], and PL design [61] teaches us many things: 1) power
is unequally distributed and that the systems we create — including EPL - reflect those hierarchies of power; 2) efforts
to redistribute power to youth are needed and possible, but broader social systems outside classrooms - including EPL -
are barriers to that change; and 3) design methods for engaging stakeholders in the design of PL are only just emerging.
Just as re-imagining CS teaching and pedagogy in justice-centered ways has revealed a wide gap between current
practice and the more joyful dreams that students have for CS learning [37], there is a big gap between current EPL and
justice-centered EPL designs.

How, then, can we organize EPL design to overcome these issues? Just as how reforming CS teaching [124, 137]
requires a reconsideration of whose voices shape the classroom, we argue that the gap between current EPL design
practice and educational justice is access to power. At the heart of this is a fundamental tension: few people have the
knowledge to design and build EPL that work for all youth. And yet, for EPL to serve all youth, a diversity of youth
and teacher voices must hold power through meaningful influence over the design, implementation, evolution, and
selection of EPL. That might mean directly participating in shaping EPL, or it might mean students, teachers, and their
communities, organizing and shaping design goals and constraints that reflect their needs, and then having those needs
be realized in collaboration with EPL experts. And that means addressing how to share power, as youth often feel as
though they do not have or deserve power [35], and teachers often feel they do not have the PCK to teach CS, let alone
design EPL [169]. Similar questions arise in calls for teaching to be culturally relevant [83] and sustaining [118]: we
know we need to restructure access to power, but how?
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Justice-Centered Educational Programming Language Design 9

Costanza-Chock’s Design Fustice [25] offers one lens for how to redistribute power, bringing together communities
of stakeholders to shape design. This mirrors justice-centered computing education work, which shifts power towards
students and teachers, and away from curricula and standards [137]. One manifestation of design justice is the Design
Justice Network’s cultivation of ten principles for design practice that center power in communities. Table 1 paraphrases
them and shares possible analogs for JCEPL design. These principles help answer RQ1: we can conceptualize JCEPL
design as community-led, de-centering EPL designers’ expertise, intentions, and timelines in favor of learners’ and
their communities’, reframing PL designers as partners in service of community needs, values, and goals. This is far
from how most EPL designers organize governance: most centralize decision-making in ways that are responsive to
community feedback, but are not necessarily accountable to it.

While this answer to RQ1 offers value as a “north star”, it raises several questions about how to apply them to EPL
design, including how to apply these principles; which communities should be served and how big they can be; how
EPL teams might collaborate with communities; what knowledge communities might need to shape EPL; and what a
“community” even is, given the often global scope that many EPL attempt to serve. These questions are of immediate
relevance to maintainers of EPL, even if they are not immediately answerable. And they have direct implications for
what role EPL might play in enabling educational justice in CS more broadly, by centering student and teacher voices
in shaping EPL designs.

While we cannot answer these questions here, but we can offer a prescriptive bridge between this north star and
these concrete design questions. To this end, we answer RQ2 by synthesizing seven justice-centered “requirements”
for EPL, grounded in design justice principles, prior work, and our own lived experiences as EPL designers and users.
The requirements together constitute, and spell out, a framework we call ALTCODE, suggesting a minimum bar for
achieving educational justice. For each, we define the property that must be met and give grounded rationale for it, and
then offer examples of EPL that do and do not meet each requirement. To answer RQ3, we surface grand challenges for
achieving each.

In presenting these seven requirements, we do not claim they are the only manifestation that qualifies as “justice-
centered,” or that it is even the best. Our focus was on language, race, ethnicity, culture, gender, ability, neurodiversity,
class, and their interactions, but there are other facets to justice we do not consider here that may be relevant. We
also do not claim that a single EPL could meet all of them or that doing so would be desirable. Third, our proposal is
not a fixed target — conceptions of justice evolve, and are socially negotiated, and so this represents a moment in our
discourse, not an endpoint. Our central claim is that these requirements are worthy of investigation in our discourse, as
a research challenge, a design priority, and an evaluative framework. Finally, throughout, we conceptualize community
abstractly. For some EPL, community might be global, raising the immense challenges of achieving global representation
in youth and teacher voices. For other EPL, community might be hyper-local, focused on custom adaptations of EPL
that serve a particular teacher, school, district, or region. Even these varying conceptions of “community”, and the call
to be explicit about what communities EPL are trying to serve, raise questions about the different design strategies
required for these different scales.

We offer one final note about our process before we present the requirements. We begin with some notes about

positionality, as our identities and experiences are fundamental to our synthesis of prior work into a design framework:

5We use the word “requirement” intentionally, borrowing terminology from software engineering to structure a design space for JCEPL to guide design and
implementation as an alternative to “principles” or “guidelines”, like those in Table 1, which can be viewed more as suggestions, rather than non-negotiable
properties.
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o The first author is a trans and queer, non-disabled, mixed-race person of color who brings rich lived experience
with broader systems of oppression. She is also, however, an educational programming language designer:
she made modest contributions to the Alice 2.0 programming environment [72] as a graduate student, major
contributions to the educational programming game Gidget [85], and led the community-engaged design and
implementation of Wordplay [77], in partnership with teachers and youth. Jointly, this lifetime of experiences
have informed her knowledge of the limitations and opportunities of EPL design. They have also shaped her
beliefs on the necessity, but also near impossibility, of advancing educational justice solely through the narrow
lens of CS and EPL design.

The second author is a professor of computer science and learning sciences whose disabilities limit his mobility

and sometimes necessitate use of different input devices. He has over twenty years of experience creating or
contributing to programming and machine learning tools intended for educational use, including ALPACA
ML [172], BlockyTalky [73], Co-ML [150], and NetLogo [1]. He conducts his research through community
partnerships, and seeks ways to dissolve disciplinary boundaries while expanding people’s agency to use

computation for inquiry and creative expression.

The third author is a graduate student with significant secondary teaching experience. Her experiences as a
woman in computing inform her understanding of justice. Although less experienced with EPL design, she is
very familiar with EPL use and pedagogy. She works to understand and disassemble underlying assumptions and

norms in computing [36].

The fourth author is a graduate student in computing education with years of experience teaching with EPLs,
particularly with immigrants and refugees who often struggle culturally and linguistically when using EPLs.
They have seen how EPL design can mediate what learning is possible and came to this work with curiosity

about how to create inclusive EPLs.

Building upon these experiences, we used a collaborative approach to developing the proposed design framework.
The paper began with the first author generating many possible requirements from prior work, and the other three
authors critiquing and offering counter-proposals. We iterated on this until we converged as a group and felt the set
captured by prior work, the four author’s lived experiences with CS teaching and EPL design, and all felt the final
set had coherence and completeness. We captured the final rationale for the requirements by citing the literature and
principles surveyed in the prior section, building a bridge between ideas from prior work to the new ideas we are
proposing. Our goal was to ensure that the set covered all requirements in Table 1, which are themselves a synthesis of

prior perspectives on design and justice.

3.1 Requirement Accessible

Learners and teachers using an EPL must be able to use its full functionality with whatever input they can

provide and whatever output they can perceive and comprehend.

Prioritizing impact over intent is a central design justice principle Table 1.3; that means centering the impact of EPL
design choices, rather than the intentions of EPL designers. One aspect of EPLs where this has been acutely overlooked
is accessibility: most software and most of the web is not accessible to everyone. Baseline standards like WCAG 2.2
remain aspirational, even when they are used to enforce law [19], and do not even require equitably pleasant experiences
[74]. EPL are part of this broader inaccessible world, but also help reproduce it.
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This requirement, therefore, argues that all capabilities of an EPL, including the use of it and its program outputs,
must be usable by all stakeholders, independent of what physical, perceptual, and learning abilities they have. This is
not only central for students to be able to use EPL, but for teachers as well, and for teachers to navigate the diversity of
access needs that can often constrain pedagogy and EPL choice.

It is important to note one nuance in the requirement. It is not saying that every EPL must be universally accessible
without modification, or that such universality is even possible. After all, not every classroom has access needs that
span the full diversity of human abilities. It is saying, however, that if there is a learner who wants to use, or is required
to use an EPL, it should be possible to make the EPL accessible to them. Consider, for example, an EPL designed for
rich computational imaging transformation. It could be made accessible to blind students, but it is not immediately
clear how, or even whether that would be a compelling platform for blind youth to use. But if there was hypothetically
a blind learner who wanted to use it, or was required to use it by a teacher in a classroom, it is the obligation of the
designers to investigate and support that need, ideally in partnership with blind learners. This orientation toward
accessibility is subtly different from a blanket universal accessibility requirement, in the same way that universal design
for learning [65] is not about pedagogies that work for every ability without modification, but rather about prioritizing
those modifications in partnership with learners.

One area of accessibility that is particularly important is in code editors and the constraints that PL designs impose
on them. In the past decade, block-based editors have come to dominate EPL, and for pedagogically good reasons: by
preventing syntax errors, they allow most learners to focus on semantics and expression [164]. But not everyone is
sighted, can use a mouse, or use a keyboard; some rely on speech input, sip-and-puff input, or eye gaze. Efforts to create
alternatives to text editors, including blocks, may inadvertently produce a segregated world where some learners live in
different tools with only a subset of functionality found in more widely used editors. For instance, block-only editors
can prohibit use (and thus learning) by people with low vision or dexterity. A design meant to include actually excludes
when it is the only interface available.

Code editors, and editors for other aspects of programs (e.g., assets used in programs such as images, sounds, and
other media), must be manipulable via any input modality and device. Anything less excludes students and teachers
who might only read code via screen or braille reader, or who control a computer through low bandwidth eye or mouth
input. This might also include tangible forms of programming, where programs take material form, rather than abstract
form [55]. This requires creating editors and even physical computing media that support a diversity of input and
output modalities, all with feature parity, and all without creating undue complexity from flexibility.

This requirement also applies to aspects of EPL use that are not typically supported by accessible technologies at all,
such as what happens when stepping through a program’s execution. This means avoiding program visualizations that
require visual inference, and instead depicting (through whatever modality best serves a learner) multimodal symbolic
forms to explain that a variable has a new value, that a conditional expression evaluated to false, or that a function is

returning a value.

3.1.1 Analysis. The current ecosystem of EPL varies widely in this requirement. One EPL that does not meet it is
Scratch [92]. Its exclusive reliance on mouse and touch-based drag and drop, while benefiting teachers and learners
who can use a mouse or touch screen, excludes those who cannot, and forces teachers to settle for segregation or use
other platforms. Its success at serving dominant groups has impacted many other platforms such as Snap! [58], and led
to block interface building toolkits such as Blockly [46], that propagate an ableist interaction paradigm to countless
other EPL. One sign of this inaccessibility are community advocacy efforts to either create accessible versions of code
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editors outside of dominant platforms [9, 31, 102, 105], or to build coalitions to demand the Scratch team redesign the
editor to be accessible to other inputs.

One EPL that has taken on the long-term project of building an accessible EPL from the ground up is Quorum
[147]. Its focus has been screen readability; achieving this has required not only designing tools around a diversity of
inconsistent operating systems accessibility frameworks to meet WCAG standards but also designing the syntax of the
language itself around limitations of screen readers. For example, PL syntax often uses punctuation extensively, which
most screen readers will not speak; instead, Quorum’s grammar better positions syntax to facilitate screen reading.
This early focus on blind learners has led to significant adoption in schools for the blind [148].

Of course, accessibility is not independent of other justice concerns. Quorum’s focus on mirroring English, for
example, privileges English. Quorum has also not yet engaged the wide spectrum of ability diversity. Still, the contrast
between Scratch and Quorum’s accessibility support is stark, and is especially striking given Scratch’s two-decade
history, including multiple complete rewrites (each of which could have prioritized accessibility, but did not) and

substantial enduring funding. This is compared to Quorum’s shorter history and smaller financial resources.

3.1.2 Challenges. Prior work has only begun to explore what communities of youth with disabilities even want or
need to make with programmable media. Meeting this requirement is not merely about making existing EPL accessible,
but potentially inventing new EPL for new media. For example, what would a gaze, sound and movement-based IDE for
making purely gaze, sound, and movement-based apps be like? Early explorations with accessible programming of
games for the blind [70] show that partnering with communities to co-design such experiences can reveal powerful new
media that not only serves communities with disabilities, but also empowers everyone. Future work must examine ways
that PL syntax, tools, and output can be represented in symbolic forms that can be transduced into learning-serving
modalities by all access technologies.

Accessible EPL tools, of course, are still essential for any of this. One grand challenge is how to seamlessly integrate
code editing interactions via speech and audio feedback. Techniques have been explored [11], but not with youth
with sight or motor impairments. More recent advances in speech recognition and LLM-based program synthesis may
enable new paradigms of interaction that might blend more seamlessly with text- and block-based editing paradigms.
Other forms of input have received even less attention. For example, many people with motor impairments rely on
low-bandwidth switches and eye gaze for input; many people with speech impairments rely on digital augmentative
and alternative communication (AAC) devices; many people without sight use braille readers to read text. There is little
research on how to make code readable or writable for any of these input and output devices, let alone pleasant and

efficient.

3.2 Requirement Liberatory

EPL must empower learners with new conceptions of the natural, social, and artificial worlds, enabling them

to imagine futures of computing that dismantle racial, patriarchal capitalism, and colonialism.

Design justice principles call for the healing and empowerment of communities (Table 1.1) and designs that reconnect
communities rather than exploit them (Table 1.9). Most EPL, do not reshape learners’ conceptions of themselves or
the world toward justice. Some EPL are platforms for creativity in which such learning might occur. Some are simply
new media, marketed to educators as a potential tool for learning, but that primarily entertain and engage. Others
still are instructive, but do not necessarily change a learner’s conception of themselves or what futures might be
possible in the world. Moreover, many aspects of PL remain so deeply linked to the original rationale for computers -
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efficiency, productivity, profit, and domination - that most of these elements are “built-in” and viewed as “foundational”
in computing. So many of the ideas inherent to computing culture are deeply linked to systems of capitalism that exploit
women and racial minorities for profit [101] that computing cannot be understood as a social phenomenon without
understanding its role in upholding these exploitative systems.

We conceptualize liberatory as EPL that explicitly offer youth the opportunity to deeply question the purpose
of computing and computing skills as they learn them. Such questioning might enable learners to navigate power
structures as they are, but also harness those skills to create a more just future of computing and society. This conception
argues for a particular kind of learning that evokes hook’s arguments [63] about teaching, which focus learning on
how students change, particularly in their conceptions of themselves in relation to the world. It also relies on Papert’s
arguments [117] about powerful ideas that center learner agency in constructing knowledge. Liberation suggests that
EPL should be media in which concepts of data, computation, and algorithms are learned, but also critically examined,
deployed — and resisted — for broader projects of justice. This calls back to design justice ideas of sharing knowledge
with communities, enabling youth to be critical designers themselves [25], to create their own futures. We contrast this
requirement with the similar ways that teachers might use liberatory pedagogy, or that curriculum content might be
liberatory in nature: EPL themselves, as media, have a role in enabling liberatory thinking about CS, to supplement
these other liberatory pedagogical moves.

Some EPL designers might view this requirement as a politicization of inherently apolitical artifacts, especially in
light of legislative bans on educators stating that racial, gender, ability, and class oppression exists in the United States.
This position is, of course, a dismissal of rigorous examinations of the politics of technology (e.g., [13, 15, 34, 167]).
These works make plain that behind every technical idea, PL included, are unexamined assumptions and priorities
[113] that privilege social groups with more power over those with less. We leave it to skeptics to demonstrate that

design choices that create inequality, intentional or not, are apolitical.

3.2.1 Analysis. 1t is easy to point to EPL that do not meet this requirement. Consider, for example, CodeCombat®, a
for-profit platform that describes its goal as giving learners “the feeling of wizardly power at their fingertips by using
typed code” Rather than emphasizing how youth change, it emphasizes how much youth produce (e.g., “1 billion lines of
code”). It emphasizes not how it empowers teachers to change how youth see themselves in the world, but how it can
offer a “turnkey” solution for educators that centers students’ desires to create games and have fun, freeing them from
having to teach, or understand computing themselves. The focus on engagement, while not inherently problematic,
masks its lack of focus on students’ identities and their deep understanding of the tradeoffs of computing as a medium
for expression. And, of course, it is frames learning around ideas of war and domination.

We do not know of an EPL that is liberatory in the way we have conceptualized it here. PL in general, and some EPL
might be applied towards liberatory ends — using Python, for example, to do data science that surfaces racist decisions
in a public data set — but that does not necessarily make Python itself justice-centered. We can imagine, however,
what EPL might do. One glimpse, for example, is the narrative framing of Gidget’, a debugging puzzle game, is that
computers are inherently incapable of understanding intent or solving problems and that only people can, so they
must be in charge of how computing is used [85]. This framing device is deployed to place boundaries around what the
central characters’ capabilities are and position the learner, as a human being, as the only one capable of identifying

what is wrong with a problem and what to do about it.

Shttps://codecombat.com
"https://helpgidget.org
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Gidget’s narrative, while far from liberatory, suggests that future JCEPL might frame PL in liberatory rhetoric.
Imagine, for example, a “self-critical” EPL that uses program analysis to provide critical judgments of a program’s
limitations on the data it is processing or the phenomena it is automating. Such rhetoric is visible in the documentation of
Wordplay [77], for example, where each language construct is personified and given voice, as a character in a community.
Each character, in articulating their functionality and purpose, surfaces existential questions about computing, such as
whether representing truth as binary is sufficient to model the world, or how conditional logic could possibly handle all

of the exceptions in complex decisions.

3.2.2 Challenges. Some liberatory challenges are technical and reach deep into computing foundations. For example,
most EPL build upon Boolean logic and its limitations in representing truth and decision-making. How might EPL be built
on different frameworks of reason (e.g., delegating high-stakes conditional branches in code back to communities, for
critical, collective examination)? Engaging youth in epistemic playfulness, especially through the medium of computing,
and in the ways it is applied in the world to structure rights and access to resources, is a broadly unexamined space.

Another challenge is inventing ways of weaving critical pedagogy into EPL designs, while still promoting mastery.
We know computing can be taught in ways that foster self-efficacy and growth mindsets [88], but are there ways to
design EPL to help youth critically examine the world through a computational lens, while reinforcing this growth, or
might challenging the purpose of computing subvert youth motivation to learn? What new pedagogies might position
learners as “philosophers of technology” [156], rather than vessels for production, while still valuing engineering skills?
What new kinds of integrations between EPL, assessment, and pedagogy might be necessary to realize this vision?
Our community has only recently begun to examine how to weave counter-hegemonic narratives into computing
education (e.g., [30, 35]), and doing so, even for skilled facilitators is hard, as youth are so often told that they do not
have or deserve power. How might EPL contribute to such pedagogies, and do so in ways that enable youth, families,
and teachers to fluidly engage with the narratives it presents?

Other challenges of liberation are political. In a time where misrepresentations of “critical race theory” or “woke”
have turned into legislative bans on free speech, how might EPL reframe liberatory discourse about computing, or

resist these bans through youth-empowered governance?

3.3 Requirement Transparent

To foster youth agency over program behavior, program meaning must be learnable and program behavior

must be observable, at multiple levels of granularity.

Design justice principles call for sharing design knowledge with communities (Table 1.7) and viewing design as
a partnership with ongoing accountability (Table 1.4). These principles are only possible in an EPL if learners and
teachers are able to understand how EPLs work, and that requires transparency.

This is not the status quo. In most PL, programs do a large number of things very quickly and typically without
explaining themselves. This is both the great power of computer programs, but also a great source of confusion, and a
significant source of low self-efficacy and sense of agency in CS learning [10, 43]. In fact, most EPLs are quite opaque
about their behavior, hiding explanations in implementations, and offering limited visibility of program execution.
Not only does the lack of transparency complicate student learning, but it complicates teaching [59, 96], introducing
comprehension friction, adding uncertainty in teachers’ debugging pedagogies, and even deterring teaching CS itself.

There are many things that can help learners understand program behavior, including teachers and community. For
example, pedagogical scaffolding of state changes can help [26, 79, 109, 168]. JCEPL, however, might have particular
Manuscript submitted to ACM



Justice-Centered Educational Programming Language Design 15

supports built-in. For example, transparency about behavior might include clear documentation about every language
feature, and links to that documentation from code. It might include visibility of runtime state during program execution,
and more generally, the ability to observe program execution to track control and data flow. For example, prior work
suggestions that that precise, causal, reversible explanations of how programs execute are central to learning a PL’s
evaluation rules [28]. Therefore, transparency might even include being able to reverse time to inspect a conditional
branch’s decision, or demonstrate some input, replay it, and even change an input and replay from that changed
point. EPL might allow learners to request explanations of why a program did or did not do something (a la, [79]).
Learners should be able to slow down time, to better manage their attention, make their tools align better with their
motor-physical abilities, or get time to reason about causality. These capabilities, while seemingly distant from justice,

are particularly central to comprehension, self-efficacy, and agency over computing.

3.3.1 Analysis. Transparency of behavior in EPLs is still poor. Consider Snap!, for example. It provides the barest of
controls, including a limited “pause all” statement that pauses execution like a breakpoint, a “say” block that acts like a
print statement during program execution, and a slider for controlling the speed of execution. This meets some of the
goals of this requirement, but the tools are quite low-level, do not make clear the correspondence between code, state,
and output, and do not offer reversibility. And, of course, since Snap! only works for sighted learners who can use a
mouse, making program execution invisible to learners without sight.

While no EPL comprehensively meet this requirement, some do better. Racket and the Dr. Racket [44] tool, for example,
offers basic stepping functionality, which allows learners to step forwards and backwards through an expression’s
evaluation, using a “rewriting” metaphor, which shows the result of each function application. It also can generate
images depicting graphs of function calls over time. Programs can be stopped and restarted at any time. The result of
executing a program is deterministic and so each replay is a chance to build comprehension. This approach orients
learners towards building knowledge over how programs work, fostering agency. Other platforms, such as Wordplay,
[77], offer random-access, instant time travel debugging to any point in a program’s history of execution. Such features
offer learners and teachers opportunities to inspect program behavior at a low level, though many open questions

remain about the efficacy of such supports in fostering student and teacher agency over code.

3.3.2 Challenges. Instant, random access to any part of a program’s execution should be a grand challenge of EPL
design and implementation. Prior work has examined some of these [77, 79], exploring interfaces for interrogating
program output and simulating reversibility for simple procedural languages. But how might EPL be architected to
allow for fine-grained control over, and insight into, temporality, especially for multi-threaded programs, real-time
applications where there may be a large volume of runtime state, or in distributed settings, where understanding
causality depends on also understanding network topologies and is intrinsically non-deterministic (e.g. [73])? How
might EPL semantics and programming interfaces need to change to make such inspection possible? Justice means
wrestling with the possible tensions between how quickly something is computed and how we are able to understand
how it is computed, whether for learning, program comprehension, or debugging. In education, in particular, we might
trade performance for comprehensibility, particularly in an era where LLM-generated code has put an even greater
distance between people and code [103].

Other challenges are pedagogical. If the point of transparency is agency, how can comprehension features help youth
examine the limitations of computing? How might transparency features be used for advocacy, such as algorithmic
audits of surveillance software in schools and in public? All of these possibilities rely on EPL that are explicitly designed
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to be probed, disassembled, and critiqued from the outside in and inside out, and that requires seeing not only code, but

execution.

3.4 Requirement Cultural

EPL must be culturally relevant, responsive, and sustaining in how they are designed, explained, and framed,

enabling identity-inclusive pedagogy.

Design justice principles call for design processes to center direct stakeholder voices (Table 1) and value stakeholders’
lived experiences (Table 1). This means, among other things, responding to and sustaining culture. As Scott et al.
delineate [137], it means embracing the notion that all youth can innovate with computing, that learning should be
transformative to youth and their communities, that learning fosters sociocultural understanding and insight about
youths’ intersectional selves, and that success should be framed around who creates and to what end. It means co-
constructing anti-racist learning experiences [35] and assessments [64] by sharing power with youth. These tenets
reposition computing education as about learners, their values, communities, and identities, rather than about a
prescribed curriculum, a particular technology platform, or a set of industrial priorities. Whereas the liberatory
requirement looks to the broader ways that computing is situated in society and how to change them, cultural looks to
the specific cultural worlds in which youth live and EPL’s relationship to them.

For EPL, this means examining the “unmarked” cultural ideas embedded in their designs [45]. Some of these ideas are
conceptual. The notion of a “queue” data structure, for example, common in British English, and embedded in British
culture, is not a universal one. Boole’s binary truth values, by his own admission, reduce complex social ideas such as
gender into fixed categories and can erase culture and identity [16]. These cultural ideas may serve some learners more
than others, either by being more or less legible, or by signaling inclusion and exclusion.

But being culturally sustaining also means resisting linguistic hegemony [33]. Humanity has thousands of languages
and is broadly multilingual, and yet nearly all EPL are English-centric, or monolingual. And language is more than
linguistics; it is also languaging, the activity of speaking, hearing, listening, writing, reading, and communicating, which
may or may not involve written scripts [90]. Justice here means supporting all of the world’s languages and languaging,
and allowing every person to communicate about code in the languages and languaging they use in their everyday life
with families, peers, and communities. This affords the many benefits of translanguaging in language aware asset-based
pedagogies [159], but also opens new possibilities for educating youth about how to create multilingual programs. It
may also mean embracing threatened languages, and even creating new languages for colonized ideas in mathematics
and computing, perhaps even connecting EPL to projects of cultural revitalization and healing [68]. Numerous recent
works have begun to explore these possibilities, finding, for example, that students are far more comfortable learning

CS in their first languages [152], and that they engage more advanced PL concepts faster [27].

3.4.1 Analysis. Most EPL are far from meeting this requirement. Consider Python, frequently used in introductory
programming courses. Its syntax is English-only; Python 2 had weak Unicode support, privileging Latin characters in
ASCII, and took years to embrace Unicode support. Its website is only in English; its annual gathering, PyCon, is only
in the U.S. Although it has community-contributed localized documentation, there are only a handful of languages
supported. And deeply embedded throughout the language and its libraries are culturally-bound metaphors (e.g.,
“pickle”, “nanny”, “abc”). And many of the community’s “Zen of Python” mantras are questionable in relation to diversity
(e.g., “There should be one— and preferably only one —obvious way to do it.”, “Special cases aren’t special enough to break
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the rules.”). None of this is to say that Python is bad: the Python Standards Foundation’s governance is impressively
global. But it is a PL deeply rooted in Western culture.

In contrast, some platforms like Blockly have put extensive effort into localization, and many other-block based
platforms support rich visual and auditory media that enable youth to express their cultural identities (albeit in ways
that are often inaccessible). One particularly extreme example of this linguistic responsiveness is Hedy, a multilingual
EPL that has grammars for 47 of the world’s languages [60]. It is unique in its explicit focus on embracing variation in
language and culture through adaptable PL grammars, and extending that localization to the instruction and examples
it provides as scaffolding. Recent work on Wordplay [77] advances multilingual programming further, supporting
multilingual strings, documentation, and identifier names, machine translation of programs into other natural languages,
and localized program output. These two projects point to possible EPL futures where language diversity is at the

center of computing education, and another resource for learning and teaching.

3.4.2 Challenges. Future work should examine EPL that radically sustain culture. For example, radical might mean
examining EPL that privilege no particular natural language, but embrace all natural languages, being designed for
our multilingual, global world. They might enable programs to be viewed in any natural language, or even multiple
natural languages, to allow for multilingual classrooms to fluidly collaborate across languages. How might PL syntax,
code editors, and documentation be designed to allow for such fluid engagement with the world’s languages? The
same technical capabilities that would be required to support accessibility (see Section 3.1), may go a long way toward
making this possible as well (though work on Wordplay [77] has found that they are often in tension, by introducing
complexity).

Another challenge is how to communicate meaning about the purpose and semantics of computation, given the
inherent reliance of PL on culturally-situated metaphors. How might, for example, a data structure like a queue, be
described with a multiplicity of metaphors from across cultures, or even enable communities to devise their own
metaphors to explain computational ideas? When such cultural touchstones are unknown or missing (not all cultures
include the same ideas), what alternative representations will work?

Finally, could youth create their own PL, with their own ideas about computation, their own explanations for those
ideas, and in ways fully situated in their cultures, communities, and values? Rather than perseverating over what
notional machines to use to best explain computing to students [41], our machines could operate based on students’
notions of how they should work [116]. Such futures would require a reexamination of the entire toolchain of PL design

and implementation to support novice youth PL designers to collectively envision programmable media of their own.

3.5 Requirement Obtainable

Learners must be able to access an EPL and its tools and resources independent of their financial means.

Design justice emphasizes understanding a community’s existing solutions before building new ones (Table 1.10).
Part of achieving that is understanding what resources a community has access to, how they are using them, and what a
new design might mean in light of current and future resources. This is a particularly central consideration in teaching
in schools, where funding for learning technologies and their indirect technology requirements, may be insufficient or
fickle [126], further exacerbating inequities.

One major aspect of this in computing education is understanding the hardware and infrastructure requirements of
an EPL. This consideration, along with the broader arguments around educational justice presented earlier, suggest a
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requirement that PL must be free, not imposing any monetary cost on learners or teachers to access, including access to
the Internet or a device on which to use an EPL.

Obviously, this is exceptionally difficult to achieve, and not necessarily reasonable to achieve for all EPL. But in terms
of justice, the rationale is clear: educational justice, broadly construed, requires educational equity [162], and not all
students have the money to own their own devices, or even access devices for extended periods of time. Even low-cost
hardware (e.g. the $15 micro:bit), can be too expensive for some settings without subsidy [143]. In many low-income
homes, a family might time-share a smartphone, meaning that access to the app would be limited, as might storage on
the device to download the app and create content. In many low-resource schools, students might share one computer
across an entire classroom or school, severely limiting time on devices. Some learners and families might not have a
smartphone at all, and instead rely on computers at school and public libraries; in these cases, the application would
not be obtainable at all to youth or their families. These situations are not rare: 1 in 7 globally do not have reliable
access to electricity; most country’s smartphone penetration rates range from 30% to 70%, with Japan and the U.S. at
around 80%. This is a broader reality of global digital divides [158] with which EPL must contend.

This requirement sets an operating context standard for which EPL must be designed. For example, EPL should work
on slower, public devices that may be shared resources, and where Internet connections may be unreliable or slow,
acknowledging the ongoing global digital divide. This requirement might be achieved by bridging digital divides, or by
designing platforms that have minimal performance requirements and maximal compatibility. It might be achieved by

designing for public institutions that focus on information access, such as public libraries and schools.

3.5.1 Analysis. Any EPL that assumes possession or ownership of a device cannot meet this requirement. Consider, for
example, the recently released OctoStudio®. It is free, and does not require the internet after it is downloaded, increasing
obtainability. But using the app requires possession of an Android 8 compatible device or an iOS 15 compatible device,
the ability to install applications on it, and time to use the device. OctoStudio is, unavoidably, an EPL for economically
privileged youth.

In the absence of universal rights to computing and the internet, the current floor to be designed for is one that
imposes no device ownership requirements, no device installation requirements, no sustained access to the Internet,
and the ability to save work on local, non-cloud devices, or at least privately on shared devices. While there are many
examples of IDEs that are free to use online and offline, device access and cost is a central challenge. One example
that partially overcomes this is the Texas Instruments line of graphing calculators: they are low-cost, portable, battery-
powered, require no Internet access, allow for the creation of a diversity of programs in TI-BASIC, including inputs
from sensors, output to speakers, LEDs, and more. And crucially, they are partially or fully subsidized by schools. Of
course, there are numerous caveats to the platform in relation to other JECPL requirements. For example, paradoxically,
TT’s calculators sell at massive profit margins, and so exploit the same educational systems they assist. This is due to a
combination of near-monopoly (schools and testing companies sometimes prohibit using other devices), infrequent

technical improvement, and massive economies of scale [29].

3.5.2 Challenges. Future work might pursue open hardware platforms and communities to work together to create
tools that have the beneficial affordances of TI’s calculators, but with less rent-seeking and more responsiveness to
teachers’ and learners’ desires. Some of the challenges that surface in realizing this vision include: 1) how to finance and

sustain such an ecosystem of hardware and software, 2) how to design its governance structures to center communities,

8https://octostudio.com/
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3) how to reconcile the diverse needs of communities with the world’s limited capacity for a multiplicity of such

platforms and the complexity of bringing multiple platforms into learning spaces.

3.6 Requirement Democratic

EPLs must be governed by and accountable to learners and their communities of support, especially those

marginalized in computing and society more broadly.

Design justice calls for designers to play the role of facilitators, not as leaders, instead distributing power to
communities (Table 1.5). In computing education, this suggests a requirement that learners and their supporting
communities should be in control of EPL governance, not EPL designers. This might mirror the calls in culturally
relevant, responsive, and sustaining pedagogy frameworks [49, 83, 118], anti-racist assessment frameworks [64], and
liberatory pedagogy frameworks [47, 63], to put learners in charge of shaping curricula, assessments, and classroom
norms.

In this requirement, one form of accountability is openness. We define “open” as source code being available, there
being a community process by which anyone can submit change requests to the design or its governance processes,
and there existing a process by which students and teachers can gain power, particularly if they are not being served by
an EPL’s design. This implies some degree of power sharing, but does not imply majority rule, as that would inherently
be counter to equity. Doing this in alignment with design justice principles means openness that is collaborative,
facilitating, asset-based, outcome-focused, and non-exploitative [25].

There are many strategies for power sharing. One is governance, finding processes and policies for compromise on
design choices. Other strategies may be designed into the platforms themselves to transfer power to individuals and
groups. For example, EPLs might be designed to be extensible, enabling learners, teachers, and communities that support
them, to change, customize, extend, or personalize a platform, without requiring agreement or support from others.

Whatever the strategy, it means that EPL designers will have to give up power. This raises challenging questions
about whom should be given that power: having youth and teachers at wealthy private schools with comprehensive
access to computing education in schools lead the design of EPL would lead to very different designs than engaging
youth at low-resource public schools with no access to computing education. This requirement prioritizes the latter,
centering voices on the margins of computing in order to ensure that the programmable media we create for learning
serves everyone, no matter how powerless they are. Openness alone is therefore inadequate; it must be an openness
that courageously partners with communities who may have the fewest resources with which to partner, and finding

ways to sustain those partnerships.

3.6.1 Analysis. Many EPL are open, but not democratic. One worth highlighting here is Code.org and it’s Code Studio
platform. The platform is open source, and offers contributor guidelines. Teachers also provide feedback to Code.org,
during professional development and as part of teaching. Code.org also organizes advisory boards to help inform
its curriculum revisions and has a long history of offering free professional development and engaging educators in
offering that professional development to each other. These efforts all move towards the democratic vision delineated
above. But the key element of the requirement — that EPL be community-led and centered on the margins — is more
questionable. Design authority resides in Code.org’s designers and engineers, and not youth or teachers excluded from

computing education.
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A contrasting case is Processing’, and the Processing Foundation that governs its work. It is also open source, but
has numerous community contributions and many active pull requests. The foundation runs public events that solicit
advocacy; it funds fellowships for teachers to explore and shape the platform; it partners with advocacy organizations at
the margins of computing; it mentors and supports new contributors to the platform; and it directly engages communities
and community leaders to shape priorities. While these activities may appear similar to Code.org’s, they are different in

how power is distributed, and thus more aligned with the democratic principles.

3.6.2 Challenges. This requirement raises many questions about how to sustain democratic governance. Fostering
communities takes time and resources, and so future work might examine how to structure partnerships and funding,
how to leverage emerging insights about student, teacher, and family advisory councils [7], and how to organize product
management strategies that are community-led, rather than designer-led. Partnership work often involves conflict —
individuals within communities, and distinct communities, often disagree about what an EPL is for and where it should
go — and so there are many questions about how to manage and resolve that conflict, while accounting for the many
technical constraints that software and EPL implementations impose.

Another challenge is technical. PL implementations tend to be deeply entangled across many layers of language
design, compilers, toolchains, IDEs, and documentation. Even a small challenge at the bottom of this stack can have
profound consequences for everything built atop it, including all of the programs ever written in the language. There
remain open questions about how to enable EPL to be redesigned in response to change, and how to manage all of the

work that those redesigns might impose on communities who have invested in prior designs.

3.7 Requirement Enduring

EPL must be sustainable for as long as a community needs them to be, respecting a community’s capacity for

change and planet’s capacity for computation.

Design justice calls for sustainable outcomes (Table 1.8). In computing education, means recognizing that EPL are
critical infrastructure for learning and that they must be sustainable in order to sustain learning, teaching, and teacher
education that depends on them.

Many things are required to sustain EPL, including funding to pay for maintenance, but also a community’s capacity
to maintain an EPL implementation. Software maintenance and funding closely interact: building and maintaining EPLs
takes time and skill, and in capitalist systems, both cost money. JCEPL should attend carefully to where such money
comes from, what constraints are applied to it, and how it is used to equitably subsidize maintenance labor. All of these
factors are also impacted by how EPLs are implemented: software architectures vary in maintainability, and JCEPLs
may require architectures and evolution practices that are more resilient to contributions from community members
with widely varying skill. Research on online communities can inform challenges to community-led maintenance of
computing infrastructure [40], including the unique burdens placed on experts that create single points of burnout and
abandonment.

Enduring does not necessarily mean that an EPL lasts forever. EPL projects being canceled, or becoming incompatible
or unsupported, can be a threat to investments in curriculum, teacher knowledge, and youth identity, and so sometimes
they should last longer than they do. However, EPL lasting indefinitely is not necessarily in service of justice either:
older EPL, which actively complicate learning or subvert justice, can do great harm when they endure. Newer EPL,

which rely on unsustainable energy consumption (e.g., to fuel generative Al [14, 161]), or on material resource mining,

processingfoundation.org
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should not necessarily endure, especially when they physically harm the communities they serve [94, 142]. The value
of endurance, in justice-centered framings, is something that a community should judge itself, sustaining a project for
as long as it serves community values and goals, but perhaps for no longer. Youth and their teachers may also need to
learn about sustainable computing, in local and global terms, in order to make these judgements. And teachers may
need to interrogate the power they hold over students and incentives they have to keep using an EPL, even when it is

doing harm.

3.7.1 Analysis. Whereas other requirements have relatively clear examples of success and failure, scholarship on
sustainability of this kind is nascent enough that it is hard to critique systems. Instead, we offer contrasting cases that
make challenges salient.

Consider Apple’s Swift Playgrounds, a puzzle-based learning environment for learning Swift. Released in 2016 for
iPad, it has a large base of curriculum and pedagogical support from Apple, one of the most valuable companies in
the world. There is, however, no statement on how long Apple will support the platform, and no visibility into how
product evolution decisions are made. Teachers must decide whether to invest in the platform that could disappear
unexpectedly. And they have no voice in whether it does or does not; that is up to Apple’s executives, their board, and
their stakeholders.

Scratch, in contrast, is notable for its large base of funding, now centralized in the Scratch Foundation, and a history
of more than 20 years of support, including multiple re-implementations. Despite this endurance, however, its limited
openness means that community’s capacity to maintain the platform may be limited if the foundation were to stop
supporting the project. And endurance alone has not guaranteed equity: each time Scratch was re-implemented was an
opportunity to act upon crucial feedback (e.g., about accessibility) that the team chose to deprioritize.

Finally, consider a research-based platform like LaPlaya [62], an EPL for primary computing education that sought
significantly lowered “floors” and age-appropriate content. While there is a strong base of evidence around the platform
from 2015, it was only available for less than a decade, likely due to lack of funding and human resources for maintenance.
This is not a critique of its creators, but rather a sign of the deep complexities of sustainability in a world that broadly

devalues educational justice.

3.7.2 Challenges. These cases demonstrate the core tensions around funding, community resources such as skills, time,
and money, and indirect impacts of EPL on the environment and public health that can indirectly harm learners. On one
side, EPL endurance requires funding and labor, and so research must examine justice-centered models for sustaining
these resources both technically, socially, and politically, to promote resilience. On the other side, EPL endurance when
learners or teachers no longer want them can become a barrier to change: future work should examine when and how
to purposefully retire EPL that are doing more harm than good. This will be particularly important as EPL increasingly
contribute to global energy consumption by embracing generative Al And these sustainability risks, in turn, contribute

to unpredictable impacts on when, how, whether and who computes.

4 Discussion

Our core argument is simple: EPL play an instrumental role in structuring what kinds of computing education are
possible, who education serves, what kinds of digital worlds are possible, and whether those worlds are just. Being
justice-centered means redistributing the power to design EPL to learners’ and their communities, to more intentionally
center and support their needs, values, cultures, and abilities (RQ1). The ALTCODE requirements (RQ?2), as interpretations
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of design justice principles for EPLs, are a proposal for conceptualizing the role of EPL in educational justice, and they
raise many technical, social, and political grand challenges for future work (RQ3).

The implications of ALTCODE requirements, however, are complex. For example, we might argue that not meeting
these requirements at the EPL ecosystem level is hegemonic. After all, anything less privileges dominant groups, whether
a PL expert, a particular group of learners, or particular learning contexts. Such differences in privilege exist outside
education, but being justice-centered in EPL design, at least in Rawlsian terms, means accounting for difference in how
we distribute power. If we do not, we risk designing EPL that actively uphold and perpetuate injustices. And many EPL
— all, perhaps — are complicit in these risks, even if unintentional. '°

Another complexity is the implied universality and non-negotiability in the requirements. For example, it is tempting
to imagine a single EPL that might be designed to meet all requirements, in the same way that a superficial interpretation
of Universal Design for Learning [66, 132] might seek a single pedagogy that works for all students. The ALTCODE
requirements do not require or imply that such an EPL should exist or is even possible to exist. Moreover, they do
not imply that having only one EPL that meets these requirements would be desirable. After all, being culturally
relevant and sustaining [83, 118] likely demands the opposite: that there exist many EPL that strive to meet all seven
requirements as robustly as possible, to respond to different interests, needs, and contexts. A better conception of the
requirements is as EPL design properties that ideally might all be met, but may also be in tension with each other.
Future work should examine where these tensions lie, whether they can be overcome, and deepening our understanding
of how feasible they are to meet in combination.

Our community has begun to make progress on this work. Many platforms have invested in localization, which
has changed the capacity of teachers to engage learners not fluent in English. Many EPL are open source, though they
vary in how power is organized and governed. Many EPL have explored accessibility for some kinds of disability. Most
EPL have an intention of being enduring in some way, even if we have yet to question how or whether they endure.
Recent works like Hadwin et al’s deconstruction of tensions between abstract programmable media, tangible forms of
computing, and our elevation of abstract, symbolic forms of computation, point to the kinds of analysis between the
EPL we have and the EPL we might need to engage everyone. The computing education community is not necessarily
“failing” to be justice-centered — every project of justice is a slow march [110] — but we are not done and there is much
work to do.

Part of progress is examining whether existing EPL can be adapted to meet ALTCODE requirements. These are partly
technical questions — transparency, for example, has significant implications for EPL runtimes that are no simple matter
of engineering. These are partly interaction design questions — can code editors seamlessly support keyboards, mice,
speech, gaze, and other forms of input, while being legible via sight, sound, and touch? Many of these are questions of
governance — can control over PL design be distributed when projects have so long centralized power among a few
leaders? And many of these are questions about the broader sustainability of the planet, and of the platforms we create
— should we embrace LLM-based generative Al in EPL, with its massive demands for energy consumption? All of these
questions are in direct tension with power, resources, culture, and values. It is not obvious whether changing existing
EPL or creating new ones is easier; both likely pose their own challenges, as we have learned from the broader history
of activism, which regularly must choose between changing existing systems [114] or creating new ones [111].

All of this will require research. Scholarly venues have historically been hesitant to publish analytical critiques of
EPL, favoring post-positivist evaluations of learning outcomes. For example, this paper itself was originally rejected

1The word “hegemonic” poses challenges, as many EPL designers may not want to accept complicity. The identity work necessary for accepting it may
be an important resource for progress [163].
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from ACM’s International Computing Education Research conference for not being “reproducible” and being a “position
paper;” reinforcing the epistemic barriers to advancing novel arguments about justice in computing education. We hope
that ALTCODE can provide one basis for rigorous analyses of EPL features and tools, as an alternative to empirical
studies. We also need venues where EPL analyses and designs are welcomed and fairly evaluated within their epistemic
goals. Some venues have signaled such interest [140].

We end by recognizing that our arguments are cold comfort. Every day, learners encounter EPL they cannot use,
teachers choose between lesser evils, and computing education, for all of its profound possibilities, gets reduced to skill
development in service of corporate profit. A primary school teacher we talked to recently, for example, expressed her
frustration that while most of her students diligently used Scratch, Jr. on laptops, one of her students, with a sensory
aversion to touching screens, could not engage. “Is there an alternative, like speech, or another platform that doesn’t
require a mouse or keyboard?”; we shared that there was not. If there is anything we hope our argument offers to learners
and teachers today, it is the idea that you deserve better, that better is possible, and that we will build better, together.

We hope this argument is a catalyst for deeper discourse on how.
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