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Abstract

This paper argues for a re-examination of the nature
and goals of broad computing education initiatives.
Instead of starting with specific values or goals, we
instead begin by considering various desired end-
points of computing instruction and then work back-
ward to reason about what form learning activities
might take and what are the underlying values and
principles that support learners in reaching these
endpoints. The result of this exercise is a push for re-
thinking the form of contemporary computing educa-
tion with an eye toward more diverse, equitable and
meaningful endpoints. With a focus on the role that
constructionist-focused pedagogies and designs can
play in supporting these endpoints, we examine four
distinct cases and the endpoints they support. This
paper is not intended to encompass all the possible
alternate endpoints for computer science education;
rather, this work seeks to start a conversation around
the nature of and need for alternate endpoints, as a
means to re-evaluate the current tools and curricula
to prepare learners for a future of active and empow-
ered computing-literate citizens.
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Practitioner notes

What is already known about this topic

* There is a growing call for computing education to be a core educational
component.

» Computing education traditionally has a narrow goal of training people for pro-
gramming jobs.

» Computing education fails to connect with students underrepresented in STEM.

What this paper adds

» An argument for why we need more and diverse endpoints to computing education.

» That many possible endpoints for computing education can be more inclusive, just
and equitable than software engineering.

» Constructionism is a particularly useful paradigm for approaching and supporting
alternate endpoints.

Implications for practice and policy

» Helps reframe the goals of computing education, to truly be “for all.”

* Provides a set of cases for how this reframing can be achieved.

 Gives policy new lenses for understanding, evaluating and implementing computing

education.

INTRODUCTION

In recent years, there has been a concerted effort to make computing and coding a
core educational experience in countries throughout the world (eg, CSforAll). A variety
of arguments have been given for these large-scale efforts including a desire to sup-
port young people in being able to “express themselves digitally” (BBC, 2019), seek-
ing to empower youth to be able to impact their communities through programming
(Bhattacharya, 2017) and wanting to provide learners with “the computational thinking
skills they need to be creators in the digital economy” (Smith, 2016). Beyond simply
learning to code, these goals of computing education—creative expression, social jus-
tice and economic opportunity—are frequently cited as primary reasons all youth should
learn the powerful ideas of computing (Blikstein & Moghadam, 2018). In their review of
motivations for bringing computing instruction into classrooms, Vogel and Colleagues
(2017), introduced new goals for computer science instruction that included creating an
informed citizenry and improving general technological literacy to the aforementioned
objectives. The diversity of these goals highlights how computing has become a core
part of society and point to a need for broadening what we consider to be desirable end-
points of computing education, to ensure they connect with all young people regardless
of school, age, or interest.

Despite the growing chorus of voices pushing us to rethink the goals, values and prior-
ities of contemporary computing education (Vakil, 2018), computing education has con-
tinued to center economic paradigms. The result is a landscape where the goal of most
large-scale computing education initiatives is to funnel learners into a narrow pathway
toward computer science degrees and jobs in the technology sector. This homogeneous
model of computing education does a disservice to both the field of computing and to
learners who miss out on opportunities for empowering, meaningful and lasting computa-
tional learning experiences.
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In challenging this narrow view of computing education endpoints, we draw from the con-
structionist model set by Papert (1996), who wrote about reimagining mathematics learn-
ing and proposed Logo as an alternative form of mathematics education. Inspired by this
work, we aim to identify just a few points in the expansive space of computing education
that contrast in form and motivation from its current state. We start with the question “what
might people do with computing?” and use this as a means for envisioning alternative com-
puting endpoints that could and should exist in the landscape of computing education. In
doing so, we argue that computing education should acknowledge and enact, the belief that
computing has meaning and value in a host of potential contexts and daily experiences.
Furthermore, opening up the space of “what counts” in computer science invites educators,
policy makers, designers and learners to articulate their own vision of computing. The emer-
gent nature of these new forms suggests a computing education model that can be more
culturally responsive, critical and personally transformative.

Below, we outline why multiple endpoints for computing education are not only desirable,
but also critical for supporting learners from all walks of life as they come to understand
how computing can be a platform for reasoning about the world, for social change and for
personal expression and empowerment. To ground this exploration of alternative computing
education in authentic uses of computing, this paper lays out four distinct computer science
endpoints outside of the conventional computer science pipeline. Accompanying each end-
point is an example of a learning experience to support learners along that pathway. In
doing so, we show how the consideration of alternative endpoints and goals for computing
education can reshape the tools used, the ways learners are supported in engaging with
computer science ideas and a more equitable, inclusive version of computing education.
Ultimately, reimagining the computing education landscape will productively change what
it looks like for learners to authentically participate in meaningful computing and better
prepare them to succeed in an increasingly computational world, for whatever definition of
“success” they so choose.

MOTIVATIONS FOR CONSIDERING ALTERNATIVE
COMPUTING ENDPOINTS

Visions for computer science education

Working with New York City school district stakeholders, Vogel et al. (2017) conducted a
study seeking to catalog what they call “visions for computer science education.” In total,
they collected 161 arguments for computer science instruction and grouped them into seven
categories: (a) economic and workforce development, (b) equity and social justice, (c) com-
petencies and literacies, (d) citizenship and civic life, (e) scientific, technological and social
innovation, (f) school improvement and reform and (g) fun, fulfilment and personal agency.
This plurality of motivations is rarely reflected in the nature of the tools, activities and as-
sessments used as part of computing education instruction. In fact, as learners’ age, CS
instruction becomes increasingly narrow with an explicit prioritization for college and ca-
reer readiness. While this may be useful for some, it prepares learners for a narrow band
of future careers and does little to address systemic issues of inequity in computing fields
(Washington, 2020). The focus on coding for younger learners often fails to connect with
their lived lives, visions of the jobs they want and the skills they may need to pursue their pas-
sions, creating a disconnect and withdrawal from computing education, particularly by those
underrepresented in computing and STEM broadly (Valla & Williams, 2012). Importantly, a
more expansive set of motivations appeals to a broader set of learners and can bring histori-
cally ignored voices, values and ideas into computing.
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Alternative endpoints in pursuit of empowerment, civic
engagement and equity

By focusing computing education on the iterative process of building functional and useful
computational artifacts, learners have the opportunity to engage in critical reflection on what
they are making and why and how it relates to them personally and society more broadly
(Ratto & Boler, 2014). The consideration of the social, cultural and ethical dimensions of their
constructions can serve as a pathway toward a deeper understanding of how computing
shapes the world around them and their ability to create with it for their own goals, identity
construction and expression (Lee & Soep, 2016; Vakil, 2018).

There is increasing recognition that the ability to read and write algorithms and compu-
tational systems is not just a skill for gaining employment, but is also crucially a civil rights
issue (Noble, 2018; Vakil, 2018). Recent work has shown how machine learning and auto-
mated algorithmic approaches are deeply impacted by institutional racism (Nobel, 2018;
Robinson et al., 2020), further articulating the need for a diversity of voices helping shape
these digital innovations. In a society defined by computational systems, there is a need
for all youth—particularly youth of color whose access to housing, education, food, safe
recreational spaces, etc. has been systematically restricted in societies, such as the United
States, founded on white supremacy—to understand how computing can be used as a
means of personal empowerment and civic engagement (Benjamin, 2019). Computing edu-
cation then must acknowledge not only the utility of code, but also invite learners to question
who these computational systems serve (Soep & Lee, 2020). Likewise, learners should be
invited to build systems that meet their needs and those of their community. Failing to sup-
port this connection between computing and the actual experiences of learners will result
in computing education that marginalizes all but the dominant coding class (Margolis et al.,
2008).

An alternate endpoints framing of computing education allows us to reimagine the
purposes and forms of computing education toward addressing the structural inequali-
ties and biases that exist within the field and have implications well beyond it. Reflecting
on what computing education can be and framing it as a counter-narrative to what it
currently is, provides the opportunity to directly address historical injustices and in doing
so, draws on the knowledge, experience and perspectives of all learners. Legitimizing
and valuing endpoints beyond conventional computer science careers can lead to
more inclusive and welcoming forms of computing education, where creative, expres-
sive and culturally valued instantiations of computing ideas are valued alongside the
programming.

Culturally sustaining pedagogy

Considering alternative endpoints in computing education also serves as an opportu-
nity to better align computing education efforts with culturally sustaining pedagogies
(CSP) (Paris & Alim, 2014), which advocate the need to promote pluralistic engagement
in learning. Specifically, CSP states that educators and learning environments should
help learners not only see personal relevance in what they are learning, but they should
also help them maintain and engage with their own cultural, linguistic and literate ways
of being. This is particularly important for non-dominant youth who are often asked to
put aside their own ways of being to perform in ways that resonate with dominant white
American culture.

Culturally sustaining pedagogies emphasize three main critiques of asset-based ap-
proaches to learning that guide pluralistic approaches and experiences for learners,



British J 1 of
1168 | E;Iu::satio‘:\l;1n1?e:hnology TISSENBAUM ET AL.

particularly those from non-dominant cultures/communities of color (Paris & Alim, 2014).
First, educators and learning environments must help learners use their own (non-
dominant) cultural, linguistic and literate practices, and also help them leverage di-
verse linguistic, cultural and literate norms, promoting their ability to flexibly navigate
and engage within such plurality. Second, CSP educators and environments cannot
assume one static culture, language, or literacy for any group of people, but instead
must recognize that such practices and languages are always shifting and changing.
Learning environments must adapt to and enable learners to incorporate their own
dynamically evolving cultural, linguistic and literacy practices. Finally, CSP research-
ers point to the need for critical inward reflection on problematic aspects of youth and
community cultures, as such practices are incorporated into learning environments
(Ladson-Billings, 2014).

Applying CSP to the consideration of alternate endpoints for computing education is vital
to ensure that computing is not only open and meaningful to learners with diverse experi-
ences and perspectives, but also to build a future where computing can evolve and grow
in response to shifting needs, trends, ideas and goals. It is important to acknowledge this
shift extends beyond tools and curricula to include teachers as central to creating equitable,
inclusive and effective computational learning experiences (Ryoo, 2019).

CONSTRUCTIONISM AS A FRAMEWORK FOR EXPANDING
COMPUTING EDUCATION

We argue that the values and design practices of constructionism—that learning happens
best when people are invited to collaboratively create artifacts that have personal and com-
munal meaning (Holbert, Berlandet al., 2020; Papert & Harel, 1991)—should play a central
role in reimagining what computing education that supports multiple endpoints might look
like.

Throughout his writings on constructionism, Papert touted that children learn how to think
critically through the process of solving problems that arise while programming computers
(1980). Through the creative and investigative processes that are at the core of construction-
ism, learners begin to understand the multi-faceted ways that computing can be a central
force for them to personally express themselves, construct their digital and personal identi-
ties, and empower them to be critically aware and empowered citizens. In placing the needs,
goals and ideas of the learner at the center of the learning experience, constructionism can
serve as a powerful lens for reimagining computing education both in terms of what types of
activities learners engage in and the form and structure of the tools they use.

Constructionism's attention to learner's values and interests makes it well suited to sup-
port them in using computational power to explore a diverse range of experiences, prac-
tices, phenomena, etc. Whether supporting young people in constructing video games
(Kafai, 1991), interactive art (Papert & Solomon, 1971), musical instruments (Gorson
et al., 2017), e-fashion (Buechley & Eisenberg, 2008), or e-textiles (Fields et al., 2018),
constructionists have cared deeply about supporting learners as they express their pas-
sions, explore their interests and work to design solutions to real-world problems. This
foundational quality must be present in any effort to broaden participation in computing
education. When learners are given the space to construct objects—either digital or
physical—that have personal or communal meaning, they have the opportunity to repre-
sent these passions in inspectable artifacts that can be viewed, critiqued, extended, or
repurposed by others. These opportunities arise in a myriad of ways including, but not
limited to, maker faires, posting their own digital portfolios online and community shar-
ing portals (such as the project gallery for sharing projects on the Scratch platform; or
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GitHub, the massive open-source code-sharing website) that allow users to share, remix
and reuse the work of others). This not only has important cognitive benefits—being
able to externalize one's thinking into representational systems that can be debugged,
modified, etc.—but also critical identity implications. Whether sharing digital work using
online portfolios or projects galleries (such as on the Scratch platform or GitHub, the
massive open-source code-sharing website), or physical work at maker faires or com-
munity makerspaces, the computer code and resulting artifact can serve as a represen-
tation of one's work and one's contributions to the broader computing community. From
a constructionist perspective, computing is not just an economically viable way to make
things, but a way of doing things, with others or for others, to change and impact the
world.

ALTERNATIVE ENDPOINTS FOR COMPUTER SCIENCE

In this section, we introduce four distinct endpoints for computing education and present our
work on creating pathways for learners to pursue them. The goal of this work is to argue for
the importance of “computing for all,” while also providing legitimate and authentic applica-
tions of computer science knowledge outside the existing pathways that prioritize careers in
the technology sector as the end goal. This set of examples is by no means intended to be
exhaustive, but instead is intended to demonstrate and highlight the diversity of endpoints
and start a larger conversation around what computing education can be.

Endpoint: Impacting local communities and immediate needs

The first endpoint we consider is the development of novices' identities as empowered citi-
zens capable of addressing real issues in their own lives, schools and communities with
computing. While traditional computing education is often locked to desktop computers in
computer labs or laptop carts in classrooms, the introduction of mobile technologies (smart-
phones in particular) has allowed computing education to move out of the classroom and
into learners' everyday lives. This ability for the products that students create to be taken out
of the computer lab and into the world has allowed students and educators to move beyond
simply writing code and instead critically asking why and who they are building it for, and to
what end (Holbert, 2016; Lee & Soep, 2016). By situating computing education directly in
students' lives, we open up computing education as a possibility space for impact and em-
powerment. This is critically important, as a long line of research has shown that the failure
to meaningfully connect computing to the personal lives of students contributes to learners
feeling computing is not useful or relevant to them (Couragion Corporation, 2018; Margolis
& Fisher, 2003). This is particularly true for students underrepresented in computing and
engineering careers (Pinkard et al., 2017).

In response, we conducted a study based on the ideas of computational action
(Tissenbaum et al., 2019), which focuses on three key factors: (a) computational identity,
which is a person's recognition of themselves as capable of identifying and creatively imple-
menting computational solutions to issues in their lives, schools and communities; (b) digi-
tal empowerment, which focuses on people's ability to put their computational identity into
action in authentic and personally meaningful ways; and (c) computational design thinking,
in which learners' can successfully articulate the processes by which they will design and
develop their solutions.

In order to support students' engagement in computational action, we need tools that re-
duce the barriers for them to quickly build, implement and refine their designs. One example



British Journal of
1170 | Educational Technology TISSENBAUM ET AL.

of a platform particularly well-suited for this is MIT's App Inventor, a block-based program-
ming language that enables users to build fully functioning, native Android mobile applica-
tions. However, it is not enough to provide novice learners with a coding platform and simply
let them loose. Supporting computational action also requires the development of scaffolds
in the form of support materials (such as design documents) and scripted activities that lead
students through the design process. Developing these additional supports is a key to en-
suring that students progress from ideation to implementation.

To explore how a computational action-focused curriculum can support students in de-
veloping meaningful solutions to personally relevant issues, Tissenbaum et al. (2019) imple-
mented a computational action curriculum in an ethnically diverse urban high school in the
United States. Together with the teacher, the project team identified an issue that was of
interest to students at the school and the broader local community: the pollution of the local
river (@ major feature that runs through the city). Working in collaborative teams, students
developed their own solutions to increase community awareness and strategies for cleaning
up the river. To provide students with an opportunity to present their work in authentic con-
texts (ie, to support their digital empowerment), students were invited to present their final
projects at the school-wide job fair, which included visits from local city council members
and the mayor.

At the end of the curriculum, many of the students expressed that at the outset they never
thought they would be able to build an app themselves, let alone build one that they felt had
the potential to make real change. Many expressed excitement toward developing solutions
to new problems using the computational tools and knowledge developed during this project.

As this example shows, a computational action approach to computing education has the
potential to support students to become, not only programmers but computationally literate,
empowered problem-solving citizens.

Endpoint: Data literate athletes and healthy citizens

The next endpoint we consider is CS for data literacy. While data literacy is often included as
part of K-12 computer science standards and curricula (eg, K12cs.org, 2016), the focus on
data literacy in CS often emphasizes programming aspects related to data—eg, data struc-
tures, simulations/models and data sources. Definitions of data literacy could be broadened
to consider aspects from the fields of Information and Data Science (Clegg et al., 2020).
From Information Science, data literacy involves knowledge about how to access, interpret,
critically assess, manage, handle, communicate, preserve and ethically use data to gain a
new understanding of the world (Maybee & Zilinski, 2015; Prado & Marzal, 2013). In Data
Science, data literacy also includes practically applying insights from data to real-world de-
cisions (eg, Provost & Fawcett, 2013). Taking this broadened definition of data literacy as
an endpoint to CS provides extensive, felicitous personal connections to health, sports and
athletics—Ilife-relevant domains for many learners who are deeply engaged in sports and
health contexts (Clegg et al., 2017).

We have applied this endpoint in two contexts. First, Clegg et al., (2020) are conducting
a study with Division 1 collegiate athletes and athletics staff to understand the data liter-
acy practices athletes (as well as coaches and other athletics staff) are already engaging
in. Mounds of data are collected about the performance and training of athletes. Athletes,
therefore, have to learn how to narrow their focus to the most actionable data, often requir-
ing the assistance of coaches and staff to determine the most relevant stats and analyses
to consider at any given time (Clegg et al., 2020). They must then evaluate their data (and
their opponents’) to adjust their training and regimen for peak performance. This activity of
organizing, analyzing, visualizing and interpreting data relies on computational knowledge,
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practices and tools. These findings suggest the potential for leveraging sports contexts to
support data literacy learning experiences as an alternative endpoint for CS.

A computing endpoint focused on data literacy can also extend beyond sports-specific
experiences and focus on health more generally, particularly emphasizing quantified-self
experiences for learners (Lee et al., 2016). We have specifically explored such health ex-
periences through the development of live-physiological sensing and visualization (LPSV)
tools for elementary-aged learners in the BodyVis project (Clegg et al., 2017). Children wear
sensors that capture their heart-rate and breathing rate in real-time and draw evidence-
based conclusions about their body through analysis of visualizations of their live body data
as displayed on an e-textile shirt (Norooz et al., 2015, Figure 1a,c) and a large-screen dis-
play (Kang et al., 2016, Figure 1b,d) (Clegg et al., 2017). These tools provide opportunities
for learners to analyze and reason with data (eg, determining how everyday activities like
eating, dancing, or doing homework affect their heart rate). More recent work has extended
this approach to enable children to design, program and build their own wearable models of
their circulatory systems using programmable sensors and e-textiles (Figure 1a,c).

Similar to other endpoints, this approach requires scaffolding in the form of curricula,
tools and facilitation. For example, we have found that early elementary-age learners need
specific constraints for designing investigations with LPSV tools (eg, experiments must be
done within one minute, inside the classroom and with BodyVis or SharedPhys) as well as
vocabulary words to help them understand relevant terms (eg, increase, decrease) (Byrne
et al., 2018). With support in place, elementary-aged learners have been able to design
their own personally relevant investigations with data, draw meaningful conclusions, as well
as design, program and build their own simulations based on what they learn with sensor-
based tools. Taken together, these health and sports studies show the significant potential
for leveraging data literacy as an alternate CS endpoint that offers rich epistemological and
personal connections for learners.

Endpoint: Means of personal and social creative expression

Many computing initiatives and tools have had as their goal supporting young people to
express themselves digitally. Logo, the first programming language for children, was often
used to create “computer graphics” similar to those seen at the arcade and on the video
game systems of that time (Harel & Papert, 1990). With Scratch, children can create inter-
active stories, games and animations (Resnick et al., 2009). Similarly, the so-called maker
movement invites people of all ages to build personally interesting tangible artifacts that
combine computing with fabrication and craft work (Halverson & Sheridan, 2014). All of
these efforts see the computer and code as a digital canvas, a medium that enables a host
of alternative forms of creative expression.

4. intestines

FIGURE 1 BodyVis (a) shows learners’ live heart and breathing rates on an e-textile shirt and SharedPhys
(b) visualizes live heart rate data of up to 6 wearers on a moving line graph shown on a large display. Learners
engage in collaborative classroom experiences with BodyVis (c) and SharedPhys(d). (Clegg et al., 2017) [Colour
figure can be viewed at wileyonlinelibrary.com]
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Though many computing education efforts—especially those for younger learners—
invite learners to make aesthetically interesting artifacts, these activities are often used as a
means to the end of learning specific computing content knowledge or practices. However,
creative construction offers more than just a compelling way to encounter the practices of
the software engineer (Peppler, 2010). Though the design and creation of compelling ar-
tifacts that speak to the experiences, values, or perspectives of society have traditionally
been considered the domain of the artist, here we examine how creative expression itself
can be a powerful and worthwhile endpoint of computing education.

In the Remixing Wakanda project, code and fabrication became the materials with which
to imagine and create futuristic artifacts and societies that challenge and critique the current
state of the world (Holbert, Dandoet al., 2020). Rather than design artifacts or technologies
that exist within the space of the probable, in the Remixing Wakanda project, five Black
teenage girls working with professional comic book artists, learning scientists, designers
and local activists, used the design genre of Afrofuturism (Anderson & Jones, 2015) to bring
into being futuristic technologies that represented their values and perspectives.

In these constructions, participants used computational tools, sensors and circuitry to
creatively merge aesthetic considerations with functionality to highlight humanity's problem-
atic relationship with the environment and to acknowledge and respond to their experiences
with racism and inequality (Figure 2). One participant used illustration software and a laser
cutter to build a massive city where different communities and societies live together in har-
mony with nature. Another, reflecting on her personal frustration about litter and trash in the
city, designed an aesthetically appealing trash receptacle that directly converts trash to the
energy that can be used to power street lights (a safety concern for those that work late).

While some of these artifacts were hopeful visions of the future—they also reflected
the learners’ pasts and critiqued the inequities of the present (Holbert, Dando et al., 2020).
For example, one participant designed a fashionable cloak that hid the wearer from prying
eyes—eyes that she said, “make you feel like you're alien [...] like [you're] some art exhibit
or something.” Using textiles and patterns from her native Senegal, the cloak elevated a
distinctly African aesthetic. It also included a battery of sensors that monitored the health
and wellbeing of the wearer. Together the cloak represented not just the history and expe-
rience of this young woman, but also her need to protect herself from the racist gaze she
experienced as a young Black woman in a large American city, as well as the physical harm

FIGURE 2 Learners constructing artifacts as part of the Remixing Wakanda project [Colour figure can be
viewed at wileyonlinelibrary.com]
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perpetuated through actual physical violence, as well as systemic inequality against those
that look like her.

In each case of the Remixing Wakanda project, computing is a tool for critically reflect-
ing on the current state of the world and for creating representations of a possible future
that might initiate change today. While participants did encounter coding and potentially
came away with new knowledge about computing concepts or practices, these experiences
are themselves a means of creative expression, of creating artifacts and representations
that center their anxieties and fears as well as their hopes and dreams. In the Remixing
Wakanda project, computing is a tool for engaging in critical reflection on inequitable societ-
ies, unsustainable energy practices and systems of oppression. Here, computing is a means
of agitating for change—itself a powerful and important endpoint.

Endpoint: Blue collar computing

Our final example of an alternative endpoint for computing education is motivated by economic
concerns like many efforts to broaden CS education, but is different in the type of jobs for which
it is seeking to prepare learners. Whereas current computing education is focused on prepar-
ing learners to meet the growing demand in the technology sector (eg, software development),
there is an opportunity and need for computing education to prepare learners for positions of
all kinds that depend on expressing ideas and instructions in computationally meaningful ways
(Thompson, 2017). Considering such endpoints in our thinking about the purpose and goals of
computing education reflects a number of important realities. First, not all learners will become
software engineers so we should not treat software development as the only profession where
such skills are useful. Second, the economy needs a broad range of workers, thus computing
education should reflect the plurality of professional needs. Finally, the nature of work is chang-
ing, technology is creating new types of jobs and introducing new demands on workers (Wilson
et al., 2017). Having a foundational understanding of computing can help prepare learners to
work with and alongside computing in newly created or reimagined sectors.

For example, the nature of so-called “blue collar work” or manual labor jobs is shifting dra-
matically in response to increasing automation and robotics in manufacturing (Autor, 2015).
For example, when robots are introduced into manufacturing, they usually only perform a
subset of the required actions, resulting in robots and humans working side-by-side com-
plementarily (Colgate et al., 1996). While robots excel at repetitive tasks that require a high
degree of precision, humans are better at tasks that involve decision-making, adaptation
and creativity (Blank et al., 2006). As such, humans working alongside such robots may be
tasked with modifying existing robot routines or defining new sets of instructions to adjust
to new requirements or constraints. Such a position requires the same set of foundational
computing knowledge and skills as other high-tech jobs, but as the use of these skills is
different, the tools that would accompany such an endpoint look different. Toward this end,
we conducted research looking to redesign industrial programming interfaces so as to make
them more accessible and intuitive for those new to computing.

CoBloX (Weintrop et al., 2018) is a block-based programming environment designed to
allow users with little or no prior programming experience to control a one-armed industrial
robot (Figure 3). Beyond the basic block-based interface, CoBloX also includes additional
features to support programming industrial robots, including domain-specific program-
ming commands, a virtual execution environment and predefined templates for common
robot routines (Weintrop et al., 2017). In a comparison study of CoBloX alongside industry-
standard programming interfaces, CoBloX was found to be easier to use and easier to learn,
while helping adult novices complete robotics programming tasks faster without any loss in
accuracy (Weintrop et al., 2018).
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(b)

FIGURE 3 Virtual (a) and physical (b) implementations of the CoBloX programming Environment [Colour
figure can be viewed at wileyonlinelibrary.com]

The goal of presenting CoBloX as part of the case for alternative endpoints in computing
education is to showcase what it looks like for computer science knowledge to be used in
a professional setting historically not considered within the purview of computer science. In
documenting the ways that computer science knowledge can be professionally employed
beyond the technology industry, we show the importance of a broader vision of what com-
puter science is and who it is for. With CoBloX, we see an authentic and legitimate profes-
sional endpoint in which computer science knowledge is valued but not typically included in
the narrative around why computer science is important and one that may be important for
learners who do not wish to pursue a career as a professional software developer.

DISCUSSION

The increasingly digital nature of our world requires that all learners understand the founda-
tional ideas of computing and feel empowered to meaningfully participate in computational
spaces. The last decade has seen the computer science community lead the designing of
tools, creating curricula and crafting policy that shape this instruction. While it is important
for computer scientists to have a seat at the table, it is equally important that the ideas, val-
ues and goals of those beyond the field are also present to reflect the growing role of com-
puting in the world and not perpetuate existing disparities and injustices in the field. This is
particularly true for women and students of color, who have been marginalized in computing
education and have had to learn computing along racialized, gendered and class-influenced
learning pathways (Margolis et al., 2008).

By envisioning and valuing alternative, yet equally valid and important, endpoints, this
work seeks to start a conversation around the nature of and need for alternate forms of
computing education. We see the ideas and principles of constructionism as having much
to contribute toward realizing new forms of computing education that more fully reflect the
plurality and diversity of possible computing endpoints.

Prioritizing economic outcomes in the motivation for computing instruction does not ac-
curately reflect the ubiquitous role that computing plays in society. It ignores equally valid
motivations for computing grounded in issues of equity, empowerment, expression and jus-
tice. By overly focusing on existing code-centric endpoints of computing education, we risk
cementing current computer science education as a "sealed truth" rather than a space that
needs to evolve and be contested as a culturally mediated set of knowledge and practices
that are deeply enmeshed with the human experience (Paris & Alim, 2014). In order for CS
education to truly be for all in ways that are representative, equitable and just, we need to
embrace the broadest definition of computing endpoints as possible.
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In order to achieve this vision, we also need to reconsider the environments in which
learners construct both their understandings about computing and the products of their ef-
forts. To this end, a constructionist design paradigm can also inform how to think about the
structure and form of computational tools and environments that can support learners as
they express themselves, explore computing in personally relevant ways and use computing
to make meaningful change in the world.

The examples given in this paper are not meant to be exhaustive in terms of the range of
new possible endpoints, rather they offer a vision of how we can reconceptualize both the goals
for computing and environments that can support learners in realizing them. Other construc-
tionist approaches could be similarly seen to advocate for alternate endpoints, such as work
on physical computing as a pathway toward computational expression (Martin et al., 2000),
the blending of traditional crafting practices with computing (Buechley & Eisenberg, 2008) and
using computing and programming as a way to hold a critical lens up to inequities, power and
injustice in society (Soep & Lee, 2020). Constructionist designs have also helped bring mul-
timedia constructions, animation and story-telling into computing education spaces (Resnick
et al., 2009). Collectively, the constructionist design approach has played a central role in re-
imagining the tools that learners use to explore the powerful ideas of computing, imagine new
futures and define what computing and computing education mean for them. By embracing a
vision of broader computing endpoints, we can excite learners their potential to be active and
empowered designers and creators of our digitally mediated futures.
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