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Foreword

Little did we imagine, back in early 2019, when we issued the call for submissions for the conference, how
prescient our words would turn out to be. Back then we wrote that “We certainly are “living in interesting
times”. Times which require all of us working in education to do everything we possibly can to provide
everyone with the best possible education to help them navigate and construct the “brave new world” in
which they will live.”

The brave new world to which we referred was one in which information technology - in all its
manifestations, Al, robotics, 10T etc. - would be a significant driver in changing how we lived, worked and
educated young people. The call for papers sought contributions from our community of practitioner-
researchers as to how Constructionism could contribute more fully to teaching & learning in this time of
change.

The advent of the Covid-19 pandemic has of course changed the landscape in a radical way. As we write
the pandemic is an unfolding tragedy, varying only in degree, across all parts of the world and of course
the face-to-face gathering in Dublin had to be cancelled. Nevertheless the conference participants were
adamant that a proceedings be produced.

This volume includes 44 full papers and each of the keynote speakers also produced a paper elaborating on
the themes they would have covered in their talks. There is a strong element of practitioner-researcher in
the community and this is reflected in abstracts for panels, demonstrations, workshops and posters which
feature in this volume. However these abstracts cannot really do justice to the rich diversity of learning
experiences they describe or substitute for the hands-on experiences that would have occurred.

The call for submissions sought to extend the Constructionist dialogue beyond its traditional base of STEM
(and coding in particular) and, while the number of such submissions in the proceedings is modest it does
include submissions on art, music, drama, social science, civics and geography. But it is the element of
dialogue which suffered most from the conference gathering not taking place. We are sure that if the
conference had gone ahead the keynote presentations, and the conference chairs, would have provoked a
“lively conversation” on how the community sees itself and that at least some of the major research
challenges facing the field would have been debated, thus helping to shape the research direction of
Constructionism going forward.

The Covid-19 pandemic has brought about change at a rate we could not have imagined. In our domain of
teaching & learning schools shut and to the best of their abilities moved on-line. Technology, which has not
to date led to the widescale re-imaging of education which at least some in the Constructionist community
have long argued for, overnight became central to the way in which teaching and learning takes place.
Teachers, many of whom belonged to the “late majority” of technology adopters, have availed of the myriad
of professional development opportunities which have sprung up in response to the move to on-line and are
embracing the use of technology on a scale which would have been unimaginable a few months previously.

This transition to on-line has of course not been smooth. The inequalities of the digital divide have been
shown in stark relief and far too many students, and their families, have been caught on the wrong side of
that divide. It is very difficult to learn, or study for major exams, in a bedroom you share with two siblings,
using only a mobile phone and a costly data package!

Furthermore the adoption of technology for on-line teaching has in many cases followed a substitution
paradigm with the traditional “chalk and talk” paradigm now taking place on a different medium. In many
cases even synchronous classes proved a bridge too far with technology being used to disseminate lessons
and collect homework.

While these observations are drawn largely from the Irish experience and are based on (well informed)
anecdotal evidence we expect that the situation is not untypical of what is happening in many places and
will in due course be backed-up by a more rigorous research evidence base.
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A phrase which is commonly brandied about at present is the “new normal” which refers to how all aspects
of society will operate as we await a vaccine for the virus, attempt to recover from the economic shock and
avail of the opportunity to learn from the experience and re-imagine how things can be done better for
everyone, and for the planet, going forward. Surely education must be central to this re-imaging process
and the challenges for the Constructionist community, as alluded to in the call for conference submissions,
are to outline what role our pedagogy could play in the “new normal” and to endeavour to make sure those
ideas make the difficult transition from a minority of innovative places of learning to the mainstream.

This set of proceedings will sit in the archive of Constructionist conferences, going back to Paris in 2010,
and in the wider Constructionist literature as a check-point reflecting the thinking and activity of the
community just prior to the pandemic. It should, at the very least, make for interesting reading in the years
to come when we look back and reflect on the shape of the educational new normal and the role which
Constructionism plays in it.

As the Irish poet, W.B. Yeats, put it, writing in a different context, “All is changed, changed utterly.” It
remains to be seen what sort of “terrible beauty is born”.

We would like to thank: the Programme Committee for reviewing all the submissions received, Jane O’Hara
for administrative and planning support, the “three wise men”, and all the authors who took time to revise
their submissions when there was a lot else going on!

Conference Co-chairs

Brendan Tangney, The University of Dublin, Trinity College Dublin
Jake Byrne, The University of Dublin, Trinity College Dublin
Carina Girvan, Cardiff University

Dublin 26™ May 2020
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Constructionism — a “partitioning of concerns”

Andrea A. diSessa, diSessa@berkeley.edu
Graduate School of Education, University of California, Berkeley, CA, U.S.A.

Abstract

This essay provides a personal view of the current state and continuing advancement of
Constructionism. | propose a roughly hewn analytical framework, a “partitioning of concerns,” that
can help us evaluate where we are along multiple dimensions and perhaps what might be most
helpful to pursue next. The framework encompasses four areas: (1) cognitive principles for optimal
learning; (2) affordances of computational representations; (3) activity forms and engagement; (4)
cultural processes of large-scale educational innovation. These areas should be further subdivided
into scientific vs. practice-oriented evaluations.

Keywords: computational literacy; Constructionism; science and practice; cultural
change

Introduction

In 1988 | wrote a chapter called “Knowledge in Pieces.” It had two parts. The first described a
then-new theory of intuitive knowledge. The second part discussed the implications of that theory
for learning/teaching with computers. This chapter is an update based on the same model: It
concerns both science and educational practice. A lot has changed since 1988, so there is a huge
amount to say. But, this contribution must be extremely schematic. An elaborated version of this
note will appear shortly.

The biggest change from my view in 1988 is that my overall image of what is and should be
happening with computers and learning has changed. | now think that the “big picture” is
developing a new, technical literacy—in many ways like literacy with text—on the basis of
computer representations, including programming. Computational literacy is extensively
developed in my book Changing Minds (diSessa, 2000), and a brief update appears in diSessa
(2018).

Computational literacy and Constructionism have very similar features. Here, | treat them as
roughly interchangeable.

“Gaming” in the title refers to our strategic (e.g., scientific), and our heuristic and experience-
directed forays into improved learning in a Constructionist framework. “Science” can stand here
without elaboration. But, “heuristic and experienced-based” work—what I'll call practice—needs a
brief elaboration.

Although developing science has been pervasive in my own approach, | have an abiding respect
for practice. Experienced, sensitive, and creative practitioners can regularly outstrip what current
science tells us to do concerning learning and instruction. Design of complex technological
artifacts, such as airplanes or computer systems for learning, often relies on some basic science.
But, it also relies—necessarily, | think—on intuitive design and judgment. We need to assess both
the state of our science, and also that of our wider cultural resources and know-how concerning
educational design.

I consider four distinct regimes of scientific study concerning Constructionist learning, including an
assessment of where we stand in each. | separately consider where we are with respect to
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excellent practice in each arena. Partly for brevity—but also because | feel | know strengths and
limitations better—I use mostly examples from my own immediate community.

The first two areas are both epistemic reformulations, attempts at very substantial changes in the
subject matter itself—either in choice of topic or in the basic human encoding of that knowledge
and, hence, in paths to learning it.

Area 1: Cognitive Simplicity

From the earliest days of Logo, and even before the term “Constructionism” was coined, changing
teaching and learning via “cognitive simplicity” was highlighted. A protean example was the idea
that a circle might be better conceptualized as what is created by a turtle that goes forward a bit,
turns a bit, and repeats. Papert used the term “body syntonic” to mark that this particular
conceptualization of a circle drew on strong intuitions and experience with moving our own bodies.
More recent and similar avenues of improving learning include the use of agent-based modeling,
and “participatory simulations” where learners, themselves, become part of a simulation and use
their personal experiences to help themselves learn.

Science Examples:

Constructivism is a powerful heuristic orientation. However, | believe that it is too vague to track
learning adequately or to design for it optimally. A major line in my own scientific work has been
to improve our ability to understand learning, and therefore use it more generally and more
precisely in our instructional design. | have pursued a number of models of different kinds of
knowledge and their evolution, which | call collectively “Knowledge in Pieces.”

The first and best-known model concerns the intuitive ideas that constitute a core of our
experiential common sense about “how things work.” These ideas, called p-prims, are abundant
and are actually a great resource for learning, in a classic constructivist fashion. This model of
syntonic knowledge was the basis of my original 1988 paper. | also developed a complementary
model of mature scientific concepts, called coordination classes. A third cluster of models
concerns how people comprehend computer systems. These were the basis for designing and
tracking the learning of the computational medium, Boxer, which has been the foundation for my
Constructionist experiments since the late 1980s.

The science behind p-prims and these other models has progressed substantially since those
early days. Within the last several years, it has become possible to track, almost moment-by-
moment, how learning happens, or not. This is a very high-end goal for the science of learning,
and it is still difficult. However, advances in theory and empirical methodology put us in a very
different position with respect to things like syntonic learning—“cognitive simplicity” in my general
rendering—than we were thirty years ago. Kapon and diSessa (2012) tracks a number of students
as they work through a well-known and generally successful instructional sequence in physics.
We see, based on an analysis of their starting knowledge state, why some students succeeded
quickly and easily, why some took a meandering path, and why some simply “did not get it.” In
diSessa (2017), we did an after-the-fact analysis of how a group of high school students managed
to create, without instruction, a correct scientific model of thermal equilibration—something that is
regarded as a very difficult accomplishment within the subdiscipline of the learning sciences called
“conceptual change.” We learned how the students managed this feat, but we could also see why
it was actually a very specific accomplishment, unlikely to be replicated as a model for how to
teach this topic. The success of these students was tantalizing. However, from the science we
determined that the pathway these students took would not easily be replicated.

A different application of the same science led to a substantially new model of instructional design
that | call “bottom-up curriculum development.” The idea is that we can deeply explore students’
native knowledge, which might support learning, before even deciding what to teach. In the
“Patterns Project,” we studied students’ intuitive knowledge of what we call “patterns of change
and control,” which includes, for example, that even young children know and understand (at some
level) the phenomenon of “threshold” or “tipping point.” Out of this, we developed a curriculum that
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approaches the “fancy” topic of dynamical systems theory in a way that is quite accessible to
disadvantaged populations of eighth-grade students. Indeed, the remarkable achievement in
learning about thermal equilibration mentioned above was part of the “bottom-up” curriculum
project. Only, to make it work in a larger curriculum and for a broader population of students
required instruction with a lot of scaffolding, over a much longer period of time, and careful revision
based on micro-tracking of learning successes and failures.

Practice-based Accomplishments:

The “turtle circle” was a provocative early example of using cognitive simplicity in designing
learning. Hal Abelson and | extended that idea into a major reformulation of a high school
mathematics curriculum (Abelson & diSessa, 1981). However, the construction of that curriculum
and its success were largely the product of intuitive design and never had any detailed scientific
principles or scrutiny. That remains for the future: | hope my in-progress work on “turtle physics”
can do better scientifically than we did with turtle geometry.

Area 2: Re-representation

Changing representation is well known, scientifically and practically, to (often) radically change
the accessibility of tasks and ideas. Hindu-Arabic notation changed arithmetic from something only
specially trained experts could do (Roman times) to an elementary school topic. Likewise, non-
spatial isomorphs of tic-tac-toe make the game categorically unplayable.

When the representational infrastructure of a society changes (i.e., a literacy develops)
monumental changes follow. Computational representations may change the intellectual
landscape of civilizations at a level comparable to textual literacy.

Science:

| cite only one example. Bruce Sherin, in his dissertation and following work (Sherin, 2001),
researched the intellectual competence developed via particular representations. In it
representational and conceptual competence develop together via what | call “dual citizenship”
knowledge elements; they are conceptual like p-prims, but also correspond to representational
patterns. Sherin studied how students learn physics with algebra or, in contrast, with programming.
Somewhat unsurprisingly (but now documented and explained in detail) algebra focuses on things
like balance (=, e.g., conservation of energy), but programming is better for learning about change
over time (e.g., Newton’s laws).

Practice:

In an early project of ours teaching sixth-grade children about motion using programming, we were
up against the collective judgment of the field that “vectors” is a difficult topic, even at high school,
and is “developmentally inappropriate” for elementary school students. As a matter of fact, it turned
out that vectors were completely easy to teach in the form of computational objects (boxes with
arrows that can be re-aimed, lengthened, or shortened) that controlled on-screen motion. Part of
how this worked relied on student interest in using them as part of “video game” construction.
Hence, students had massive, personally meaningful experience with vectors. But we did no
micro-tracking of learning, nor even statistical proof of student learning.

Area 3: Activity Forms and Engagement

The “building things” component of Constructionism emphasizes the fact that innovative forms of
engagement, many of them computer mediated, can be pivotal in transforming learning. So, we
should ask, what is the state-of-the-art in science and practice concerning altering activity
structures and long-term engagement? | can be very brief here, for two very different reasons.
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Science:

My feeling is that the science of engagement is in a very poor state, particularly concerning
designing for excellent engagement. In the longer version of this paper, | will discuss why | believe
this is so and what | consider “green shoots” for more productive science in this arena.

Practice:

| can be equally brief with practice. | think the community of Constructionists is so full of good
examples of excellent student engagement that it scarcely needs examples, here.

Area 4: The Social Evolution of Computational Literacy

How do successful movements toward societal change (such as toward a computational literacy,
or broad adoption of Constructionist learning) get organized? Can we act effectively to instigate
and guide movements, or are all such unpredictable and driven by the full complexity of societies
and of the times in which movements succeed or fail?

In short, | believe current science here is minimal or non-existent. In the longer version of this note,
| will present a case study of Papert’'s own excellent practice, raising also some issues that beg
scientific inquiry.
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Introduction: Constructionism avant la lettre

[T]he educational question — how to come and remain in dialogue with the
world —is also the question of art... the educational moment appears inside
the artistic endeavour, in such a way that art itself can and is allowed to
teach. (Biesta, 2017a)

In an often-cited scene, Seymour Papert describes his passing encounter with an art class in a
1960s Massachusetts high school as the matrix out of which his vision to transform the dynamics
of the math classroom emerged. Watching students over time work on soap sculptures, Papert
“mused about ways in which this was not like a math class. In the math class students are generally
given little problems which they solve or don't solve pretty well on the fly.” In contrast the students
in the art class carved whatever “came from wherever fancy is bred and the project was not done
and dropped but continued for many weeks. It allowed time to think, to dream, to gaze, to get a
new idea and try it and drop it or persist, time to talk, to see other people's work and their reaction
to yours.” Papert identified this as a kind of early eureka moment: “I want junior high school math
class to be like that. | didn't know exactly what ‘that’” meant but | knew | wanted it. | didn't even
know what to call the idea. For a long time it existed in my head as ‘soap-sculpture math.” (Papert
and Harel, 1991)

Decades later and ‘soap sculpture math’ has emerged as constructionism, a widely successful
framework for math and science education, but also for conceiving education more broadly in a
learner-centric way. Like all successful frameworks, there has been considerable debate as to
what constitutes the real essence of constructionism, especially in its building upon, but also
diverging from, the psychological account of human development in Piaget’s constructivism. In the
first section of this paper, ‘A constructionist way of talking,’ | attempt to bypass the controversies
over what the essence of constructionism is, in favour of a strategy of describing constructionism
as a way of talking about, and a way of prioritising certain activities and aspects, of the educational
situation.

In the second section of the paper, ‘The many projects of higher arts education,” | provide a
somewhat compressed and generalized account of a wide spectrum of institutional forms and
practices in university level of arts education, in order to support the claim that constructionism is
both implicitly and explicitly operational within contemporary higher arts education through the
centrality of the project method and through the foregrounding of student agency. Given Papert’s
myth of origin for constructionism, this should be of little surprise. Indeed, Thompson observes
with respect to ‘constructivism’ in the USA, that it “is more frequently practiced in art education
than it is explicitly invoked as an approach to curriculum or pedagogy.” (Thompson, 2015, 118)
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Referring to Piaget’s and Vygotsky’s work (rather than the specific inflection of constructivism at
work in Papert’s ‘constructionism’) she further notes that references “to constructivist theory are
rare in the literature of art education, while implementation of constructivist principles and practices
is common.”

The parallelism that Thompson identifies will be developed in this paper with specific reference to
the centrality of project method in higher arts education. The generality of this account of higher
arts education, as with all claims for what is typical of a given site in the lifeworld, will require a
certain caution. Counter-examples may be easily adduced for each general claim utilized in the
description of the typical. However, this general account, treated with due caution, can be
nonetheless serviceable for the purposes of teasing out the ways in which a political critique of
constructionism may be seen in analogy with respect to current internal contestations of higher
arts education and questions of the political.

The third section of this paper, ‘Individual: On subjects in contention,” will be concerned to tease
out the political stakes invoked in the contestation with respect to the pedagogical strategies and
discourse of higher arts education. It is proposed, by analogy, that constructionism must take
account of similar challenges. It may help to indicate, at the outset, that a key term in the
contestation within higher arts education, is the way in which individuation—the construction of the
learner as a reflexive self-constituting agent—is being problematized against a wider backdrop of
critiques of neoliberal reductions of the social to the simple aggregate of ‘individuals’ construed as
atomized self-actualizing agents. A key resource in developing drawn upon this regard is the work
of Gert Biesta, a prominent critic of the ‘learnification’ of education.

This leads to an account, in the closing section ‘Constructing education in fundamentally conflicted
worlds,” of the way education implicitly or explicitly invokes social ontology (a term elaborated
within the text). The paper then concludes with a proposition for maintaining constructionism as a
flexible approach while accepting that some the challenges of the political critique of education
require a rethinking of how the terms of social ontology are operative within any educational
setting, something that perhaps exceeds the discursive resources of constructionism, but which
cannot be simply delegated to philosophers.

A constructionist way of talking

It is easy enough to formulate simple catchy versions of the idea of
constructionism; for example, thinking of it as "learning-by-making." ...
[We propose] a sense of constructionism much richer and more
multifaceted, and very much deeper in its implications, than could be
conveyed by any such formula. (Papert and Harel, 1991)

In place of a once-and-for-all definition of constructionism, | have chosen to identify a set of
recurrent themes that resonate across constructionist accounts of learning and that constitute
what may be described as a widespread, and at times diffuse, constructionist ethos. Given the
success of constructionist ways of speaking, it should come as no surprise that on occasion these
ways of speaking may be internally contradictory. It has been noted often that constructionism
may be an avowed approach in the rhetoric of a given teacher or institution, but something that
diverges radically from their actual classroom practices. This is not just a challenge within
constructionist ways of speaking, it is often the case that an educational discourse operates as a
rhetoric that does not describe or inform, but rather obscures, habitual practices of teachers,
learners and their institutional settings. However, rather than be drawn into an account of the
authentic core or essence of true constructionism, it will be sufficient here to simply recognize
certain recurrent tropes and themes within the discourse of constructionism. Furthermore,
describing constructionism as a way of talking allows that we can recognize that constructionism
operates in different contexts as a philosophy of learning; as an epistemology; as a practical
framework for elaborating teaching strategies; as a rhetoric of policy and planning; as a descriptive
and /or normative account of learning; as a critique of institutional forms and practices; and as an
emancipatory project that seeks to promote social betterment through school reform.
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Theme, trope and tone

A simple—though hopefully not overly reductive—account of constructionism as a discourse may
be provided through identifying a few key themes and central tropes that pertain not just to ways
of talking about, but also ways of acting with respect to, the learning-and-teaching situation. One
such key thematic within constructionist discourse is that the educational process should be
conceived and operated in a learner-centric manner. This means also, that educational strategy
is described not from the primacy of content-transmission by a teacher, but rather from the priority
of content-making and skills-acquisition realized through learner activity. A central trope, perhaps
the primary trope characterizing constructivist discourse, is the learner’s active construction and
reconstruction of the world, knowledge and insight. Learning is accomplished through active
agency in producing stuff rather than through passive attention in the reception of content.
Multisensory and embodied experiential hands-on tasks are privileged over the reception and
assimilation of pre-formatted and rigorously encoded knowledge productions. Constructionism
may also be characterized by the discursive axiom that the acquisition of insight, knowledge, skill,
judgement and understanding are not best accessed through rote learning and abstracted
memorization tasks nor through passive content acquisition.

A second key thematic is that the constructive work of the learner is especially evident and
activated in the building of ‘public’ artefacts. Such productions are public in the sense that these
are externalized and may be apprehended by others. This includes a very wide range of
possibilities such as: digital-virtual entities (e.g., a website, a digital portfolio); or material-physical
entities (e.g., a built model, a display board combining various images, texts and objects); or
events (e.g., a physical behavior programmed into an automated artefact, a performance). Such
public artefacts have the capacity to gather people around them and operate in the shared
intersubjective spaces beyond the interiority of the learner. The work of making such public
artefacts is itself discussed as a driver of learning. These artefacts may operate as a clear
demonstrator of learning achieved.

This manifestation of learning through productive action has resonances with, but is markedly
different from, the behaviorist commitment to the externally observable as the objective basis for
assessing knowledge acquisition. Constructionism does not disavow the saliency of the learner’s
inner life. Rather, it asserts the vitality of the learner’s active (constructive-)encounter with their
world and those other agents active there. The meta-reflective work whereby the process of
learning is reflected upon and re-constructed by the learner is of key importance. The mental
constructions of the learner have more than an evidential corollary in the observable world. There
is an important unfolding of the learner’s interiority in the self-reflection brought to bear on learning,
and in the active reciprocal action of the learner and the learning environment in the orchestration
of a public artefact: The learner’s self-relations are established and augmented through world-
relations. Within some variants of constructionism, that place emphasis on the social construction
of meaning, the intersubjective and collective dimensions of these processes are paramount.

Another important dimension of the discourse of constructionism, is that it has a distinctive
rhetorical confidence in its own robustness and efficacy. (Again, there is a partial resonance with
that older family of pragmatist and later behaviorist discourses with their tone of energetic
assertiveness and presumptive self-evidence.) There is a recurrent trope in constructionist
discourse, of pointing at things in the world that prove the case: “Look. Here it is. See, it works!”
Constructionist discourse is characterized then not just by a set of themes and repeated tropes,
but also by a rhetorical style and tone of confident empirical and active affirmation: “Here you are.
Look what’s possible!”

There are of course fracture lines crisscrossing the wide swathe of constructionist positions and
practices. Perhaps most prominent among these is the tensive pull between a constructionism
that is focused on the individual learner and various social constructionist accounts that prioritize
the intersubjective and trans-subjective dimensions of learning. However, for the moment let us
settle for this broad characterization of the constructionist way of talking education as learning,
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and proceeding on that basis consider the implicit and explicit echoes of these within higher arts
education.

Constructing an analogy

In taking these four aspects as descriptive: the theme of learner-centrism; the trope of ‘public’
productive activity; the inward-take of meta-reflection on the learning process; and the tone of self-
evidentiary robustness and ‘good common-sense’, | do not wish to obscure the systematic and
nuanced philosophical and psychological theorizing that is mobilized within constructionist
accounts of learning. These four aspects are taken rather as the most consistent features of a
widely dispersed and hugely successful discourse. They also provide the key points of traction
between constructionism and higher arts education.

The many projects of higher arts education
The project arc

Within contemporary higher arts education, a key construct is the project, the durational stretch,
of an episodic arc of activity proceeding to some terminus, a final production, object or event. This
project terminus might comprise a suite of interrelated fabricated and found images and objects,
an installation, an exhibition, a temporary public project, performance, a digital artefact or system,
some form of public event, or even a soap sculpture. Rather than the course or the module (even
those these might superficially appear as the organizational building blocks) the basic unit of
practice in higher arts education is essentially the project. The openness, that is to say the
relatively unfixed specification of form/content for the student’s artistic production tasks is
especially important with respect to the culmination of both bachelor and masters level studies in
fine art. This question of what concerns, and by what means the student should advance those
concerns, is the key framework of decision-work assigned to the student artist at these culminating
moments in formal study. The requirement imposed with respect to the project arc—the process
of initiating, naming, describing, contextualizing, developing, and bringing to some form of public
resolution a body of work—is that the student should in some way explicate their decision process.
These decisions are typically understood to emerge from within the project arc, rather than being
pre-set by a teacher or by being comprehensively pre-formulated by the student.

Certain specific parameters may be preset within the brief proposed to the student. This is often
the case in the earlier years of undergraduate education. In these earlier stages of the learning
process, project briefs may be defined in terms of a prescribed thematic; a space of display; a first
audience; a technique; or a request upon the student to demonstrate a research process or to
disclose a particular aspect of their artistic process (the choice of sources, choice of historical
precedents and references, observational practices etc.); or by the specification of a concrete
situation or social encounter as the point of departure or the target of response for the project
process. Typically, in setting such limiting frames, there is a relatively open parameterization set
within any project brief. Most often the goal is that there is maximal space for the artist-learner to
assert their own concerns and priorities within the project framework. While not completely
unbounded and not without restrictions, the student-artist’s project brief tends towards an open-
structure form of initial scaffolding that can fade from view once work has begun to accumulate
along a particular project arc. Very often, in the initial phase of any project, the learner’s task is to
specify their own customization of the assigned brief.

This tendency toward customization in project brief might be construed as an emphasis on the
expressive function of an artistic process. However, this is not necessarily what is at stake. Rather,
this relatively light framing of project briefs, the openness of parameters set within assigned tasks,
might better be understood as an attempt to prioritize the agency of the artist-learner and the
allocation to them of a responsibility to formulate the terms of their “own practice”: What are your
concerns? What things in the world interest you? These days it is increasingly common for a
student’s art practice to be asked to disclose itself in terms other than those of authenticity and
expressivity. For example ‘enquiry’ or ‘social engagement’ might take the place of ‘expression’;
and ‘trickery’, ‘parody’ and ‘fabulation’ might take the place of ‘authenticity.” Nonetheless there is
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clearly a prioritizing of individual choice and the giving of reasons or rhetorical grounds for that
choice.

What remains primary is an emphatic focus on the individuation of the artist-learner as a reflexive
agent, who is asked to give an account of their process of decision-making and their authorship —
and ultimately of their self-production. In this way, the old-fashioned image of the emotionally
fraught, tortured or sensitive artist persona (the genius) has been increasingly modified and
supplemented by the emergence of new artistic personae and scripts. These new artistic personae
are often predicated upon a critically knotted reflexive artist-subject who struggles with the
problems of achieving ethical coherence and political agency. These may be contrasted with the
figure of the artist as an emotionally knotted or fragmented subject who struggles with the
problems of achieving psychic coherence, psychological stability and intimate communication —
the artist as the bearer of misunderstood greatness.

Interestingly, with the widespread adoption of the learning outcomes model of open curriculum
specification, increasingly the student-artist is asked to be a doubly reflexive agent: to give account
of their decision-making within their process of art making and within their process of learning:
What are you trying to encounter or access in this work of art? What was it you were hoping to
learn from this way of proceeding?

The teaching instruments that are typically prioritized in contemporary art education include the
one-to-one tutorial, the small group tutorial, the group critique session (the ‘crit’), the hands-on
workshop, and the group meeting for project planning. Lectures and seminars, those more formal
teaching instruments that characterize education in the broader swathe of university disciplines,
are also used within arts education. However, there is a tendency to prioritize the solicitation of
themes, content and ideas from the learner rather than to push prescribed mandatory curriculum
content or canonical exemplars. Nonetheless, there are some moments of explicit ‘content push’,
often in the form of theoretical or historical surveys, training workshops and other tried and trusted
formats such as the reading seminar, the exhibition visit, and the visiting artist’s/curator’s talk.

A dizzying economy of ideas

Art schools—both smaller stand-alone institutions and art departments incorporated within larger
universities—are typically subject to waves of intellectual and aesthetic fashions. This is not so
much a matter anymore of aesthetic and intellectual convulsions wrought in the manner of the
avant-garde formations of the early- and mid-twentieth century (such as surrealism, abstract-
expressionism, or minimalism). Today, these waves of mobilization within art school settings tend
to occur more often in terms of wider cultural formations of shifting intellectual, aesthetic, and
political concerns and sensibilities.

These waves can by identified by nhaming broad political projects and intellectual traditions (such
as anti-racism, anti-fascism, feminism, trans-activism, new materialism, accelerationism, Afro-
pessimism, the decolonial, climate crisis activism and so forth). Sometimes these mobilizations
are martialed in terms of the engagement with specific author-names (such as Mouffe, Deleuze &
Guattari, Spivak, Harvey, Ranciére, Agamben, Butler, Haraway, Braidotti, Barard, Stiegler,
Glissant, Moten & Harney, and Ahmed, to name only an arbitrary few.) In turn these broad
tendencies are interwoven with the far longer lists of artists, curators and art theorists active within
the expanded field of contemporary art (too many to mention here.) The wider political projects,
the author names and the various contemporary art players with their affiliation to various
interdisciplinary endeavors, indicate something of the wealth of citation in play across the
contemporary art field. This circulation of ideas can become quite dizzying, and has on occasion
solicited charges of dilettantism.

This economy of ideas, sensibilities and citations provide analytical concepts, motivating
frameworks and rhetorical sources for different practices and divergent project undertakings. Their
circulation within the art school milieu is informed by their wider circulation in the culture at large.
Additionally, the art school may often act as a key site for the wider activation, dissemination and
translation of these ideas beyond their primary site of production. The art school as a milieu of
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intellectual and aesthetic production is typically inflected by the different interests and
commitments of specific teaching faculty and students, so that there is significant variation in the
mix of references mobilized across different institutions, and different national contexts.

The ethical and political inflection of these different intellectual and aesthetic traditions and trends
is important. There is usually a fairly high degree of declared ethical or political intention and
positioning with respect to the theories and sensibilities mobilized. The general tenor of these
intellectual and political currents is left-ish and liberal, predominantly so but not exclusively so.

Sub-domains: Teaching art education and educating art teachers

Both the education for specialist arts teachers and the education in art pedagogies for general
primary education teachers, are often accomplished within the same broad institutional matrix as
the education of artists. Nonetheless, there is a tendency to make a very sharp distinction between
the artist-learner and the learner-teacher; and for the faculty charged with these tasks to establish
clear boundaries and divisions between their respective territories. Often this is correlated with the
degree of formal specification and regulation by the state of the competencies and the service
education experience required in the education of primary and secondary teachers. This may be
contrasted with the relatively open, unfixed and highly variable requirements that delimit the
education of artists not working toward a specifically pedagogical qualification. Unsurprisingly, it
also correlates with status contests and the struggle as to which sub-domain of higher arts
education attaches to itself the greater artistic credential, or secures its claim to establish the
benchmark of artistic and educational legitimacy. The ensuing academic turf wars are for the most
part unremarkable. Although, one interesting consequence of this structural tension is a
divergence in the ways learning and teaching are reflected upon in each sub-domain, and may in
part account for the relative absence of constructionist themes within the discourse of artist-
teachers focused on artist-learners.

The structural dynamics generate a significant disconnect between arts teacher education and
artist education programs. While the degree of divergence is substantially impacted by different
national regulatory frameworks, there have emerged significant differences in: (i) modes of
pedagogical reflection; (ii) styles of argumentation with respect to learning and teaching; and (iii)
core conceptions of what constitutes artistic practice and its specificity vis-a-vis other disciplines
and subjects. These two sub-domains then—the education of artists and the education of teachers
for the arts—may be housed within the same building on campus, but manage to live in quite
different, and jealously guarded worlds as testament to our fragile narcissism of small differences,

There are three caveats that need to be appended to this broad characterization. The paths of
these two sub-domains increasingly cross because of: (i) the rise of audit culture and new steering
mechanisms in higher education; (ii) the convergence of critical theoretical frameworks within
these sub-domains, so that for example, Dewey or Freire of Ranciére or hooks or Haraway or
Biesta may show up in the shared citational networks of these sub-domains; and (iii)) the
educational turn within artistic practice beyond the formal institutions of education.

The terms of an analogy

The themes that mark a convergence between the discursive repertoire of constructionism and of
arts education include: the centrality of learner's agency; the positing of the teacher as active
facilitator, but not as the prescriptive bearer-of-content charged with the task of knowledge
transmission; the aesthesis of embodied activity in concrete situated material production (as
opposed to merely symbolic manipulations in the single register of the representational); the
rhetorical construction and re-construction of meaning in the student’s own discursive recuperation
of their project work and their own learning process; the durational arc of a holistic and constructive
project as against episodes of discrete fragmented rote learning and memorization tasks; the use
of immanent critical assessment processes and emergent criteria that are specific to the student
project arc, rather than externalized pre-fixed assessment criteria.
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Individual: On subjects in contention
From individual freedom to the double bind

In the previous sections the focus moved from an account of constructionism to its implicit and
explicit role as a modus operandi within higher arts education. The next phase of the discussion
will be to propose that the consideration of current discussions within higher arts education might
enable a way to rethink the political stakes of constructionism.

The move from the account of constructionism to an account of higher arts education was
specifically focused on the centrality of the project as the essential unit of practice. It was asserted,
in passing, that the project format, in conjunction with the widespread adoption of the learning
outcomes model of open curriculum specification, positions the student-artist as a doubly reflexive
agent. The student-artist is required to give account of their decision-making with respect to both
their artistic concerns and their learning goals. In rhetorical terms, the student-artist is addressed
by the educational interrogative as an agential-subject that both gives account of itself and
produces itself.

The historical development within higher arts education of an orientation to the artist-learner’s self-
determination in artistic choices and learning goals has been broadly conceived as progressive,
emancipatory and demaocratic in tendency, espousing the free individual against the demands and
restrictions of the system. This is not so surprising given the rhetoric of freedom of expression in
the development of modern art’s critical frameworks over the course of the twentieth century and
given the paradigmatic role of originality, individuality and autonomy as value terms. The
fundamental correlation of unfettered artistic freedom with open and free societies, a correlation
installed at the very heart of liberalism’s political imaginary, remains one of the great propaganda
success stories of the ‘Cultural Cold War.” (Cockroft, 1974; Guibault, 1983; Iber, 2015; Stonor
Saunders, 1999) It has had a profound impact on the development of higher arts education. So
much so, that the broader crisis of liberal democracy and the undermined faith in individual
freedom as foundational to societal freedom, have generated a widespread re-assessment of the
centrality of individuality in the practice of higher arts education.

The neoliberal collapse of the idea of a free society into the reductive image of the free market
has problematized this master equation of freedom of artistic expression with freedom par
excellence; and of individual freedom with societal freedom. The great chain of equivalences that
links from individualism to freedom of expression, to freedom of choice, to free markets, and on to
the freedom to ‘maximize human potential’ has produced something of a double-bind. This double-
bind becomes apparent in the ways in which individual freedoms have been transposed into totally
individualized responsibilities by appearing to legitimize the systemic removal of social protections.
This double-bind becomes apparent in the cooption of individual expression by the attention
economies of social media platforms and the impoverishment of social relations as these become
currency of self-esteem (how many likes?) and data assets to be exploited. The double bind is
manifest in the corporate appropriation of the “artistic critique” of liberal capitalism so that counter-
culture demands for personal authenticity, conviviality, emotional connection and creativity
become the values espoused for promoting employee productivity and augmenting manager
efficiency. (Boltanski and Chiapello, 2005) The double bind is that the unfettered promotion of
individual freedom and individual choice produces an unfreedom as pressing as the iron cage of
modern bureaucracy. Unbinding the individual from collective obligation and social restriction ties
the individual to a solitary life of self-as-enterprise, abandoned to absolute self- responsibility as
the sole proprietor of that property that is oneself. Released from external obligations through the
guarantee of self-ownership, one can then freely choose to alienate one’s personal data as the
price of access to an online community.

The champions of free-market and neoliberal ideologies have attached a particular importance to
both a methodological individualism in the framing of social policy and a rhetoric of entrepreneurial
individualism in economic policy, giving renewed centrality to figure of the heroic individual within
the social imaginary. The critique of liberal individualism is a staple of conservatism from the
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Heritage Foundation’s repudiation of “a worldview of individualism, expressivism, and secularism”
(Ceaser, 2008) to the Roger Scruton’s declaration that “the principal enemy of conservatism” is
“liberalism with all its attending trappings of individual autonomy”. (Scruton, 2001, 5) There is a
long tradition of critique of liberal individualism from the left that also finds expression in the critique
of contemporary art.

Writing with respect to some of the problems attendant on contemporary artists attempting to
participate within activist movements, one commentator has observed that “many artists often
have no idea how to actually work with others or how to begin to break out of regimes of value
linked to cultural capital.” Furthermore, this is specifically linked to the way that artists are “[t]rained
to operate as hyper-individuals in a competitive and brand-oriented set of institutional and market
hierarchies.” (Kelley, 2013, 53) Drawing upon Hito Steyerl’s image of “post-Fordist ... conveyor
belts”, Kelley describes the production of the artist “as an arch opportunist, devoid of social
solidarity and without political consciousness beyond their narrow desire for exposure and
success.” Writing with reference to Sweden, the UK and USA Lindstrom asserts that higher art
education encourages “an individualistic understanding of the artist, based on certain romantic
notions of the particularity and autonomy of the art world” and the central importance of the
construction of the artist identity and the burden of self-steering imposed upon the artist-learner
within the educational process. (Lindstrdm, 2016, 22) Singerman, in his history of higher arts
education in the USA, writes of the MFA system in terms of “the cruelty of current art training,”
where the work of individuation in positions the graduating artist in a way that “psychologises and
personalises” any career failure as an artist that may ensue. (Singerman, 1999, 211)

This hyper-individualised figure of the artist, described by Kelley and others as marked by a
collaborative deficit and a peculiarly intense form of individualization, may be taken here as a
shorthand for the problematising of the centrality of individualism in the practice of higher arts
education. It is not necessary to propose or adopt the figure as the literal truth of art education,
that would seem a considerable overreach. However, the hyper-individual serves to disclose a
widely discussed problematic within higher arts education, which is the way in which an
educational practice of soliciting critical and reflexive production may engender a particularly
atomized individualist, especially when operating within the wider historical frames of neoliberal
social policy and social media regimes of mandatory self-disclosure.

A further complication of this heightened individualization is the way in which it intersects on art
school campuses (and elsewhere of course) with an older politics of difference and rights activism
(anti-colonialism, civil rights, anti-war, feminism, anti-racism, gay liberation, ‘rights to the city’) in
newer formations of identity politics and identitarianism, within a climate of moral panic about
personal freedoms. Often this can lead to identity becoming treated as a matter of possession and
SO subject to rights of ownership by some, a matter of the possessive individual’'s owning a
property in ‘self.” This is not to propose an equivalence between the left’s identity politics and the
far right’s identitarianism (ethno-nationalism and white supremacism), but to identify a problematic
reduction of identity terms to the terms of possessive individualism. The logical extension of this
is the proposition that one, as an individual, has the absolute right to determine how others relate
to oneself: “I” assert—and on occasion receive institutional validation of— “my” right to prescribe
how others must address and enter into social relation with “me”.

It is a strange twist within our neoliberal condition that the old Thatcherite disavowal—“There is no
such thing as society!”, a claim for methodological individualism, taken out of context-returns in
this way. The claim that there is no foundational social relation beyond the mere interactions of
sovereign individuals re-appears as the seemingly radical and progressive demand for institutional
protection and the guarantee that “I” should be able to determine unilaterally my position in social
relations. This is not to be confused with the right of free association. This is an historically new
claim for one’s sovereignty in defining how others should socially orient towards one. Such is the
strange fate of identity becoming translated into the terms of individualized property.
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Becoming subject

The real educational work, as | will argue, is precisely not about facilitating
expression but about bringing children and young people into dialogue with
the world. It is about turning them towards the world and about arousing
their desire for wanting to be in the world and with the world, and not just
with themselves. It is there that their expressions can ‘encounter' the world
—material and social-and that such encounters can provide starting points
for exploring what it might mean to exist in the world in a grown-up way,
that is, 'in the world without occupying the centre of the world." (Biesta,
2017a, 37)

The problematic figure of the hyper-individual has prompted a wide range of different responses
from within higher arts education, that do not simply demand the abandoning of the project
method. These include the turn to group process, collaborative and social practice, and to the
outright rejection of paradigms of individual expression. However, the problem of hyper-
individualization is not necessarily addressed by the appeal to collectivity and group work. In as
much as the group process may often simply provide a theatre of operations for various
individualized performances, which through the intersubjective encounters of the already
individuated members of the group merely orchestrates the regime of hyper-individualism. The
group project, like the social media platform, can become a theatre of sociability and conviviality
in the service of self-production and self-marketing/self-projection. The appeal to group process,
is an appeal to the idea of constructing a milieu within which the formation of the individual as an
ethical subject takes place. This is an ethical subject that is not only adapted to, and but actively
embracing the conditions of being one-among-many-beings in a world that is not constructed in
exclusively ego-centric terms.

Recently, the educator and educational theorist, Prof. Gert Biesta, known for his wide-ranging
critique of constructionism and what he terms the ‘learnification’ of education, has provided a
remarkable intervention into the debate on art education with his (2017a) Letting Art Teach.
Biesta’s scholarly work has constructed an extraordinary arc from his early critique of learner-
centrism, to a plea for re-valuing teaching as an art of the uncertain asserting the ‘beautiful risk of
education’ as against its instrumentalized service and measure with reference to economic,
psychological, sociological and other external rationalities. (Biesta, 2006, 2010, 2017b, and 2019).
His most recent work makes an important and provocative challenge to what he characterizes as
the overproduction of research, or what he describes pithily as: “too much research in education
and too much belief in the value of research.” (Heimans and Biesta, 2020, 105; see also Biesta,
2020.)

Biesta proposes a tripartite construction of education in three domains of purpose: qualification,
socialization and subjectification. Qualification indicates that dimension of education that pertains
to functional capacities, to knowledge, skills and dispositions. Socialization is about orientation in
the world and refers to coming into relation with the pre-existing organization of the world, the
histories, practices, and cultures that provide the pre-established horizons of world-ordering into
which each generation arrives as ‘new comers’ (pace Arendt.) Under the last heading of
‘subjectification’ Biesta presents an alternate account of individuation in educational process,
without seeming to invoke the absoluteness of individualism. Biesta argues that within the
educational process, properly conceived, we are called into the world and:

...we encounter the question of what it means to exist as subject — as
subject of our own actions, our own intentions, and our own responsibility
— and not just as the object of what others are inclined to or would like to
decide about our lives. Itis crucial to see, however, that to exist as subject
does not mean that we just do what we want to do without ever considering
what our actions mean for and do to the opportunities for others to act as
well.... To exist as subject...means to exist in dialogue with the world...
(Biesta, 2017a, 57-58)

Constructionism 2020 23



An important aspect of subjectification is the experience of limitation, the experience of the
resistances of the world and the resistance others to our desires. Biesta’s vision of education has
a strange and distant resonance with an older bildung ideal of education as a kind of ethical
formation of the subject. Indeed, there are echoes of Schiller’s Letters on the Aesthetic Education
of Man (first published in 1794), not so much as Schiller’s claim that aesthetic experience will re-
integrate the fractured self of modernity, but rather that through subjection within the encounter
with the external power of art, and more generally encounter with the world, the ‘new comer’ comes
to their condition as subject, they become that kind of reflexive agent that assumes responsibility
for itself. Elsewhere, Biesta has argued that subjectification “is itself a social, intersubjective and
ultimately political process that can take place through engagement with knowledge and curricular
content more generally.” (2010, 109) He has also posited that “subjectification” is a more
appropriate term to employ than “individuation” because it “articulates that being and becoming a
subject are thoroughly relational and also...thoroughly ethical and thoroughly political.” It is “not
simply about expressing one’s identity—not even one’s unique identity, as uniqueness is not to be
understood in terms of difference but in terms of irreplaceability in my ethical and political
relationships with others who are not like me.” (2010, 129) It is important to emphasize that this
image of subjection—placing oneself in the encounter with the powers of the world—is not equated
with the coerced subjection to an external authority, for we cannot “force” another human being
“to exist as subject, as this would negate the very 'thing' we seek to bring about, namely that
another human being can exist as subject of their own actions rather than as object of the
ambitions of the educator.” (Biesta, 2017a, 86)

Constructing education in fundamentally conflicted worlds
The subject and the horizon of the universal

Biesta signals in the opening phase of the argument in Letting Art Teach, that an art education
cannot simply promote expression but must be focused on how the questions of what is right and
what is the good, are produced: “What if the voice that expresses itself is racist? What if the
creativity that emerges is destructive? What if the identity that poses itself is egocentric...?”
(Biesta, 2017a, 56) He does not propose a normative answer in terms of the imposition of ‘right
thinking’. Instead he develops the more Kantian form of an answer that uses the terms of the self-
legislating liberal subject. Kant famously responded to the question “what is enlightenment?” by
talking of the human being maturing, becoming autonomous, becoming the operative of its own
reasoning, and not simply submitting to the reasons of others. (Kant, 1784) Biesta echoes this
Kantian formula of maturation with his contrast of ‘infantile’ and ‘grown up’ modes of being in the
world. Biesta, however, also identifies his thesis on subjectification with Ranciére’s account of
democracy, equality and the political which would seem to position his work in a post-Kantian
frame.

It is interesting that one exemplary instance of problematic expression given by Biesta is that of a
‘racist’ voice. This is interesting because on the one hand, there are analyses of race/racism that
point to the self-transparent liberal subject as precisely a figure that emerges within Western
colonial-modernity already structured by the constitutive logic of racism. On the other hand,
(liberal) institutions of higher education—as indeed the wider social and political landscapes of
‘liberal democracies’ — have seen a resurgence and a renewed intensity of explicitly racist politics
(as opposed to the dog whistles of previous decades). This means that the presumptive liberal
norm that “racist utterance is not right,” cannot be assumed to have effect, even if we could
assume—and we can’t—that racist utterance will be unproblematically recognized as such by the
speaker/group/teacher/institution. Indeed, this is precisely one of the sites of profound contestation
in the contemporary university: that systemic, structural and institutional racism is operated,
cognized and experienced differentially by always already (differentially) racialized subjects.

My purpose her is not to prove the claim that the subjectification that Biesta proposes is already
inscribed within a racist logic. Rather my purpose is to establish that there exist such reasoned
and well-wrought claims and that these warrant careful attention. The very possibility of such
claims, signals a problem with the universalizing tendency of the analysis and the vision proposed
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for education. (And of course, | make no ad hominem accusation here either. This is a question of
a possible limitation within the tradition of critique that both Biesta and | inhabit.) In order to
construct this particular move in the discussion, | draw directly upon the work of Denise Ferreira
da Silva, whose (2007) Towards a Global Theory of Race is crucial in re-describing the
relationships between post-Kantian critique, the subject and the operation of race. In a recent
interview with the German art journal Text zur kunste, Ferreira da Silva explains her analysis as
follows:

When commenting on racial critique, | have in mind the kind of
engagement modeled after Immanuel Kant’s formulation of critique, which
he describes as systematic exposition and assessment of the conditions
of possibility for X; that is, of its grounds and limits. ... this specific
analytical procedure has supported the claim that the rational mind ... has
access to the universal laws of nature because it shares their formal
constitution.

This presupposition is also shared by the kind of racial critique that stops
at the diagnostic of the devaluation of human populations constructed as
non-white/non-European. At its worst, it presents this devaluation as an
effect of beliefs or ideology and, as such, a deviation from the universal
(moral) principles said to rule modern existence; at its best, it presents
devaluation as constitutive of modern thought, but then moves on to an
argument based on the idea of incompletion (that universality is yet to be
realized) or misapprehension (that a particular has mistakenly been taken
for the universal). In both cases, universality is retained as the proper
descriptor of the modern ethical program. (Ferreira da Silva, 2019)

Ferreira da Silva asserts the function of race within the construction of the universal, and in this
way identifies the ways in which the paradigm of (post-Kantian) critique and the liberal subject
require racial difference. Ferreira da Silva asserts that “foregrounding racial violence (and not
racial discrimination or racial exclusion)” exposes that “the principles of universal equality and
universal freedom are not the ultimate grounds for modern existence”. The circulation of these
principles of universal equality and universal freedom, is in fact “contingent upon the deployment
of racial difference...to delineate the proper ethical domain of application of the universal principles
under which colonial juridical forms of total violence prevail.”

Even if one is not inclined to accept this argument, nor particularly interested in the philosophical
intricacies of its construction, its mere existence should give one pause: There exists an argument
that proposes that this construction of the transparent subject is part of a universalizing discourse
that founds itself in the distribution of violence and an allocation of some bodies as always already
to be violated. This points to the existence of a radical disagreement as to the nature of the subject
vis-a-vis race, a disagreement that is about the ontology of the subject and the ontology of race.
Different positions with respect to this disagreement will found different visions and programs of
education. Furthermore, this disagreement may not be properly legible or decidable within the
existing frame of critiqgue within which it is now being cited and partially rehearsed.

Education and social ontology: Individuals, subjects, persons, humans, bodies...

[T]he words “person”, “human being”, “child”, and “individual”, shall include
every infant member of the species homo sapiens who is born alive at any
stage of development. (Law Revision Counsel, 1934)

One of the challenges, that thinking about the processes and operations of education raises, is
achieving clarity as to what kinds of entities we posit as making up the field of these operations.
The entities proposed as constitutive of the world of education may include such foundational ones
as individuals and subjects, but also a wider network of entities such as: ‘adults’, ‘children’,
‘families’, ‘parents’, ‘schools’, ‘communities’, ‘teachers’, ‘learners’, ‘cohorts’, ‘literacies’, ‘skills’,
‘curricula’, ‘projects’, ‘disciplines’ or ‘subject areas’ and so forth. A technical term for this type of
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construction, this positing of what entities make up the world, is an ontology, a set of categories
of things that exist and constitute the world. Education appears to operate within some kind of
social ontology, that typically has a range of operative categories that pertain to individuation:
individual, person, body, subject, agent, human being, child, adult, learner, teacher, and so forth.
In the confident prescription from the U.S. Code of Laws cited above, a common equivalence
between some of these terms is suggested. However, in their considered usage these terms
diverge significantly even though they are often casually employed as synonyms. Furthermore
‘universal’ alignment within these categories is selectively and partially withheld with respect to
different bodies. For some commentators, this is a constitutive feature which cannot be overcome
by including those currently excluded under a universal term.

Although these categories of individuation overlap and interact, they are not completely reducible
to each other. For example, ‘person’ indicates a form of individuation before the law and it may
apply in different circumstances to a corporation, a human being, and an environmental entity
such as a river or a forest. An individual is that unit of human being that cannot be further sub-
divided, an entity often understood as absolutely singular: the unique individual. While the term
‘subject’, hailing, from a particular strand of philosophical modernity, indicates individuation in
terms of the supposedly generic grammar of being a ‘self that is reflexive: a self that takes
cognizance of itself. We have seen that this generic grammar is for some upon built upon a
distribution of violence. There are clearly many philosophical and social-theoretical knots that are
activated by any talk of individuals, individualism and the formation of subjects. If we consider
further such entities as ‘community’, ‘group’, or ‘collective,” constructs that in turn interact with
ways of constructing the terms of individuation, the challenges of framing with precision the social
ontology that founds an account of education are quite formidable.

Do we really need all this talk of social ontology? Can’t we just get on with the job at hand, and
leave the philosophical knots to the philosophers and the social theorists, letting them tie
themselves up with all that stuff, while we get on with the urgent practical work of learning and
teaching in the ‘real’ world?

Of course, the constitution of the ‘real’ world is partly what is at stake here. There are two reasons
why we might not be able to leave these matters to the philosophers and social theorists, though
these colleagues are no doubt very able for the task. On the one hand, a change in the terms of
our social ontology may radically re-orient how we construe the mission of education. On the other
hand, the way education has been consistently framed as a key process and apparatus of
formation, that is of forming subjects, of building communities, of shaping the social order—even
among commentators who might otherwise be in fundamental disagreement—indicates that
education cannot be unhooked so easily from a question of social order and thereby of social
ontology. It might even be that education is a kind of generative engine for our operative models
of social ontology. Education is a space of production and reproduction of various models of what
the social world comprises whether that be a social ontology predicated on the priority of
individuals, families, faith communities, and enterprises; or of classes, races, and genders; or of
distributed socio-technical networks; or of natives, citizens, denizens and migrants; or of the mode
of production.

The conceit that set this discussion in play, was that there is an analogy to be drawn between
constructionism as a way of talking and activating educational practice, and the typical strategies
of higher arts education. Through elaborating that analogy, it was proposed that something of the
political stakes in constructionism and its contestation might become readable in a new way. The
focus that emerged then was on the way in which higher art education individuated the artist-
learner, requiring the artist-learner to give account of their decision-making with respect to both
the art practice and the learning process. This individuation was then identified as a point of
critique in terms of the figure of the hyper-individualized artist. At this point, Biesta’s intervention
to the debate on art education was drawn into the discussion. His thesis on subjectification was
brought into view as an exemplary instance of the attempt to describe education in terms of a
process of individuation that was oriented to a horizon of coming into the world conditioned by
intersubjectivity and dialogue with the world, being in the world but not at the centre of the world.
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The possibility that this account of subjectification might be caught within a limitation of the
universalizing tendency of a particular type of critique was adduced by drawing upon the work
Ferreira da Silva. The cursory treatment of Ferreira da Silva’s analysis of the transparent subject
and its prior constitution in a racial difference served as a means of evidencing the importance of
different ontological commitments for founding very different accounts of education; and for
signaling the unclear apprehension of the limits of the critique that both Biesta and | are practicing.
The guestion that remains then is what has any of this last phase of the discussion got to do with
constructionism?

Let us return to the analogy of fine art education and constructionism. The problematic that
emerges within my analysis of higher arts education is the figure of the hyper-individualist. It is a
presented as a problem about the core terms of the educational setting and mission. It is a problem
not only of what is worth knowing (a problem of epistemology), not only of how to educate, (a
problem of methodology), but also a problem of what constitutes the social world (a problem of
ontology). My proposal is that the learner-centric disposition of constructionism requires attending
to a similar problem. It is not that constructionism is necessarily producing the same hyper-
individualists —but it is operating within the same broad neoliberal regime of individuation, and so
faces similar challenges. The extreme case of higher arts education allows the problem to come
into a more pronounced visibility, and that may be useful. However, the way in which the attempt
to re-negotiate the terms of individuation through Biesta’s model of subjectification, and the
interruption of Biesta’s work by the work of Ferreira da Silva, brings out the ontological problem of
the subject and the ontological problem of race. Here | think constructionism also must engage.
While constructionism may be well placed to navigate questions of epistemology, and questions
of methodology, it is perhaps less equipped to address these questions of social ontology.
However, it seems also important not to delegate these questions to philosophers and to social
theorists. So what is to be done?

Firstly, constructionism does not need to become a theory of everything, neither a way of speaking
of all educations nor a way of speaking all of education. Constructionism can be a way of talking
about some education, a way of talking that is really useful for augmenting and enhancing some
parts of that work, in some instances. It does not need to seek, and | will risk saying it should not
seek, to be a totalizing discourse that assumes complete coverage. Secondly, constructionist
accounts as these are deployed in so many different situations, are already operating implicit or
taken-for-granted ontological commitments. Perhaps these can be excavated. In that excavation
perhaps the question of race, for example, could be taken not as a question of externality—
"constructionism and race”—hbut rather as a question of internal constitutive process, e.g., the
guestion of what ways race/racialization might already be operative within constructionism.
Importantly this is not proposed as a question of ethical reflection nor of moral self-examination,
but rather of practical and conceptual analysis. Such an analysis might start with considering how
to take on board the proposition that: systemic, structural and institutional racism is operated,
cognized and experienced differentially by always already (differentially) racialized subjects.
Attending to this claim would already suggest some parameters within which to begin the analysis.

Finally, let me revert to the area of my limited competence which is higher arts education. The
project method of higher arts education has enormous flexibility and allows certain issues to readily
come into focus, but cannot provide complete coverage. It has certain intrinsic limitations and
problematic tendencies that need to be further excavated. Within this domain we have
considerable challenges, and all that | have proposed with respect to constructionism applies a
fortiori to fine art education. Biesta’s proposition that as a learner and as a teacher one might risk
Letting Art Teach is something that retains great value. My hunch is that the problematic of fine
art educaton may be helpfully reconfigured if Ferreira da Silva’s analysis of the matrix of
universality/subject/critique/race, that has been very provisionally and only cursorily introduced
here, can be more thoroughly explored with respect to Biesta’s propositions.

Constructionism 2020 27



References

Biesta, G. (2006) Beyond learning: Democratic education for a human future. Boulder, Paradigm.

Biesta, G. (2010) Good Education in an Age of Measurement. Ethics, Politics, Democracy. Boulder,
Paradigm.

Biesta, G. (2017a) Letting Art Teach. ArtEZ Press, Arnhem.
Biesta, G. (2017b) The Rediscovery of Teaching. Routledge, London.
Biesta, G. (2019) Obstinate Education. Brill | Sense, Leiden.

Biesta, G. (2020) Educational Research: An Unorthodox Introduction. Bloomsbury Academic, London, New
Delhi, New York, Sydney.

Boltanski, L. and Chiapelo, E. (2005) The New Spirit of Capitalism. Verso, London

Ceaser, J. W. (2008) How to Think About the Foundations of American Conservatism. The Heritage
Foundation, Washington DC. https://www.heritage.org/political-process/report/how-think-about-the-
foundations-american-conservatism [22/05/2020].

Cockcroft, E. (1974) Abstract Expressionism, weapon of the Cold War. Artforum, vol. 15, no. 10, 39-41.
Ferreira da Silva, D. (2007) Toward a Global Idea of Race. University of Minnesota Press.

Fereirra da Silva, D. (2019) An End to "this" World Denise Ferreira da Silva interviewed by Susanne Leeb
and Kerstin Stakemeie. Text zur Kuntse, Berlin. https://www.textezurkunst.de/articles/interview-ferreira-da-
silva/ [22/05/2020].

Guilbaut, S. (1983) How New York Stole the Idea of Modern Art: Abstract Expressionism, Freedom and the
Cold War. University of Chicago Press, Chicago.

Heimans, S. and Biesta, G. (2020) Rediscovering the beauty and risk of education research and teaching:
an interview with Gert Biesta by Stephen Heimans. Asia-Pacific Journal of Teacher Education, 48:2, 101-
111.

Iber, P (2015) Neither Peace nor Freedom: The Cultural Cold War in Latin America. Harvard University
Press, Cambridge MA.

Kant, I. (1784) Beantwortung der Frage: Was ist Aufklarung? Berlinische Monatsschrift. See translation "An
answer to the question: What is enlightenment?" in Gregor, M.J. (ed.). Practical Philosophy. The Cambridge
Edition of the Works of Immanuel Kant. Cambridge University Press. 11-12.

Kelley, S. (2013) ‘But that was my idea!” Problems of Authorship and Validation in Contemporary Practices
of Creative Dissent. Parallax, 19:2, 53-69.

Law Revision Counsel of the U.S. House of Representatives (1947) U.S. Code Title 1. GENERAL
PROVISIONS Chapter 1. RULES OF CONSTRUCTION Section 8. “Person”, “human being”, “child”, and
“individual” as including born-alive infant, Government Printing Office.
https://www.govinfo.gov/content/pkg/USCODE-2018-title1/pdf/USCODE-2018-title1-chapl.pdf
[22/05/2020].

Lindstrom, S. (2016) (Un)bearable freedom. Exploring the becoming of the artist in education, work and
family life. Linkdping University, Norrkdping.

Papert, S. and Harel, 1. (1991) Constructionism. Ablex Publishing Corporation, New York.
Scruton, R. (2001) The Meaning of Conservatism. Palgrave Macmillan, Basingstoke, Hampshire.

Singerman, H. (1999) Art Subjects: Making Artists in the American University. University of California Press,
Oakland.

Steyerl, H. (2010) Politics of Art: Contemporary Art and the Transition to Post-Democracy. e-flux Journal,
21, http://www.e-flux.com/journal/politics-of-art-contemporary-art-and-thetransition-to  post-democracy/.
[22/05/2020].

Stonor Saunders, F. (1999) Who Paid the Piper? The CIA and the Cultural Cold War. Granta, London.

Thompson, Christine Marmé (2015) Constructivism in the Art Classroom: Praxis and Policy. Arts Education
Policy Review, 116:3, 118-127.

Constructionism 2020 28



The significance of Constructionism as a
distinctive pedagogy
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Abstract

The paper sets the pedagogy of Constructionism in the context of the Conversational Framework,
which was derived from theory and research on how students learn as a guide for teachers and
academics. The framework shows how six distinct types of learning can combine to represent all
the different types of exchange between teacher and learner, and between the learner and their
peer, in order to support an effective learning experience. Four of these types of learning are
especially relevant to the ways in which Constructionism has been characterised, and the paper
interprets the framework in relation to one of them: learning through practice with intrinsic
feedback, which is critical to the idea of Constructionism. To illustrate this interpretation, it then
summarises the use of a constructionist pedagogy to design an adaptive digital game for the
challenging context of supporting dyscalculic learners in developing their ‘number sense’. It
concludes by recommending a wider application of Constructionism that embraces learning that
involves activities other than the more typical ones of programming and coding.

Keywords

Constructionism, pedagogy, Conversational Framework, Prediction-error learning, collaborative
learning, intrinsic feedback, adaptive digital game, dyscalculia

Introduction

Constructionism as a pedagogy is clearly distinctive, due to its key elements, articulated originally
by Seymour Papert, and followed through either completely or partially by everyone who
references it:

» a digital environment designed to afford the learning of some system or set of concepts
and powerful ideas (Healy & Kynigos, 2010; Noss & Hoyles, 2006; Papert, 1980).

* a microworld that affords the learning of a concept, “a place where the student, through
playing, may stumble over and then ponder important inspirations and concepts” (Hoyles,
Noss, & Adamson, 2002; p. 29).

* manipulating the designer's model of mathematical object behaviour (Edwards, 1998),
» actively engaged in constructing a public entity (Papert and Harel 1991).

The central insight of constructionism is that if learning is situated in a meaningful context with a
meaningful goal in view, the learner can use just the direct feedback from the environment to
improve their actions, without needing further external advice or guidance. The feedback is
intrinsic to the action, showing the result of the action in relation to the intended goal, enabling the
learner can work out how to improve their action without extrinsic teacher intervention (Laurillard,
2012).

The theoretical underpinnings of constructionism are difficult to pin down in most of its literature,
but it had a strong influence on the work | did to develop the Conversational Framework, a way of
summarising for the practising teacher the key findings of theory and experiment on how students
learn. Teachers as designers, whether in a conventional or digital context, would benefit from
being able to draw on this work, without having to read too many books and research papers.
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Constructionism was important because it studied the learner learning from engaging with a
dynamic digital environment.

This was important for some work | was doing on finding ways to support learners who are
dyscalculic, i.e. who lack the more typical ‘number sense’ that most of us use for understanding
the number line and basic arithmetic. The paper therefore uses this to illustrate one of the ways in
which Constructionism is distinctive in the way it guides the designer of adaptive digital games.

To begin with, it introduces the Conversational Framework in terms of its original aim, to be a
research-based approach to guiding an effective pedagogy, especially in the context of optimising
the combination of conventional and digital methods (Laurillard, 2002).

What does it take to learn in formal education?

The question is a challenging one, but important for every teacher or academic who has to guide
and nurture their students through understanding and using progressively complex concepts and
skills as they move through the education sectors. The Conversational Framework was derived
from a wide range of educational and psychological theories and empirical research to provide
teachers and academics with a simplified, consolidated account of how students learn, to guide
the design of their teaching and learning, in any context, conventional or digital, and in any
education sector .

Figure 1 shows a simple way to think about how a learner is learning. The central panel represents
the individual learner, who has some concepts, or knowledge, and some practices, or skills. These
are influenced in their development by the teacher, who communicates at the conceptual level,
and through learning activities at the practice level. They are also influenced by the learner’s peers,
who communicate through discussion at the conceptual level, and by sharing practice at the

practice level.
== =
Teacher Teacf?er , Learner Peer , Peer
t communication concepts communication t
| concp s | cycle L© p > ) cycle concep.s )

Ltlearnin. Teacher Learner Peer Peer )
) g modelling ed _e modelling .
L environment ) cycle practice cycle L practice

Figure 1: The Conversational Framework interactions between teacher and learner, and learner and peers

The Teacher concepts node stands for the human teacher, or their representation via a text, or
video, or diagram, or podcast, etc. The Learning environment node stands for the context in which
the learner is asked to put their concepts into practice: the materials or resources or tools for an
exercise, or experiment.

At the concept level, there are continual iterations of ideas, as they gradually develop a concept,
and join it up with other concepts. At the practice level as well, there are continual iterations of
actions in relation to a goal, which gradually develop a skill, and then gradually more complex
skills. It is also important that the concepts influence the learner’s practice, and conversely, their
practice influences the development of their concepts, in another continuous cycle. In formal
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education we have to make sure that all these continual cycles are working, and the learner is
developing their concepts and practices together.

The teacher does that by engaging the learner in thinking about concepts, and by setting up the
learning environment for them to put those ideas into practice: if you teach them about adding 2
and 2, you give them blocks to practice on; if you teach them about democracy, you run a mock
election. Their peers are important too, because they discuss concepts, and they practice skills
together.

The teacher-designer will aim to elicit all those iterative exchanges that help to develop and
integrate concepts and practice, and this is made easier if the typical types of learning that are
manifested in education are mapped onto the framework, for ease of interpretation. There could
be many, but to reduce complexity the whole framework can be adequately represented through
6 contrasting learning types, utilising different parts of the framework, as shown in Figure 2.

Acquiring
_ f”;‘ij p f=:=*:=n -
Teacher . Learner Peer
Inquiring Discussing
concepts concepts concepts
\ s 41 . S
T + T — 1
Producing [ |

— )
Learning Learner

- Peer
K Practising

| environment

-

practice

practice J Collaborating

Figure 2: The range of common learning types mapped to the Conversational Framework

The first two learning types are briefly summarised as:

¢ ‘learning through acquisition’: the teacher (human, book, website, etc) communicates (one-
way) concepts and ideas, and the learner reads, watches or listens

¢ ‘learning through investigation’ or ‘inquiry’: the teacher asks learners to explore or question
(two-way) the Teacher concepts. In this case they generate their own ideas of what they
want to know

The latter iteration produces more conceptual activity by the learner than ‘acquisition’ does,
because they generate the questions, and go to the teacher concepts (represented in the teacher,
or in books, or on the internet), directing their own learning. The more cycles there are, the more
opportunities they have to change and develop their ideas.

The remainder are all more relevant to representing the pedagogy of Constructionism, e.g.

¢ ‘learning through practice’: the learner uses the learning environment set up by the teacher
to create exercises for the learners; ideally it includes a goal, the means for learners to put
their concepts into practice to achieve it, feedback on their action, and the opportunity to
revise and improve it.

Before we come to the role of the learner’s peers, we consider the framework exchanges in more
detail, to look at an interesting property of Constructionism’: that it presupposes ‘intrinsic’ rather
than ‘extrinsic’ feedback on the learner’s actions as they learn through practice. The two are
contrasted in Figure 3, which maps the two types of learning through practice learning on to the
framework. Figure 3a shows practice with extrinsic feedback, i.e. from some external judge, other
than the learner, as the sequence: Goal - Action - Modulate Teacher Guidance - Generate learner
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Action - Modulate teacher Guidance - Generate learner Action, and so on. Notice that this iteration
does not need to change the Learner concepts, as the teacher guidance has told them what to do.
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Figure 3: (a) Extrinsic feedback is given by the Teacher (person or program); (b) Intrinsic feedback is
given by the Learning envronment (exercise or microworld)

Contrast that representation with the one for learning through practice with intrinsic feedback in
Figure 3b, i.e. information from the learning environment on the results of the learner’s action.
Here the sequence is Goal - Action - Feedback - Revised Action - Feedback - Modulate Learner
concepts - Generate Learner practice - Revised Action - Feedback, and so on. The microworld
generates meaningful feeback on the results of the learner's actions, eliciting more careful
engagement of their concepts to generate a better action. With luck. At least the opportunity is
there.

This is why Papert could say that constructionist exercises enabled learning without a teacher.
The teacher, in the form or a person, or a computer program running a multiple choice exercise,
is not needed to comment or inform. The microworld, like the real world in the right context, can
provide the ‘informational feedback’ the learner needs.

This is one feature of constructionism that makes it a distinctive pedagogy. It is recruiting the
natural learning processes we use from day one to learn about how to act on the world around us.

Prediction-error learning

The importance of this kind of pedagogy is explained by appealing to the conclusions of
neuroscientists who have studied how the brain learns, drawing on classical psychology, cognitive
psychology, neural networks, and neuroimaging (Thomas & Laurillard, 2012). They emphasise
the importance of feedback on actions in the world, and especially of feedback on errors. Errors
are crucial for learning:

"learning occurs only if the brain selects the appropriate sensory inputs (attention), uses
them to produce a prediction (active engagement), and evaluates the accuracy of the
prediction (error feedback)” (Dehaene 2020, p202).

Setting a goal should elicit attention to appropriate sensory inputs by the learner; having the means
to act to achieve the goal will actively engage them; receiving (meaningful) feedback should then
enable them to evaluate how well they achieved the goal, and adapt their next action accordingly.
“In Al, this type of learning, known as ‘supervised’, is the most effective, because it allows the
machine to quickly identify the source of failure and to amend itself’ (Ib, p209). It is the instant,
meaningful, informational feedback that allows the learner to ‘learn without a teacher’. And
accordingly, Dehaene defines the optimal pedagogy for our classrooms in terms of the simple
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rules that Constructionism embraces, such as to “actively to explore, test and extend their
understanding”:

“‘what is the best way to incorporate our scientific knowledge of error processing into our
classrooms? The rules are simple. First, students must be encouraged to participate, to
put forth responses, to actively generate hypotheses, however tentative; and second, they
must quickly receive objective, non-punitive feedback that allows them to correct
themselves” (Dehaene 2020, p214).

As the nature of the exchanges in Figure 3b show, if a microworld is constructed to enable
appropriate exploration and testing, this learning environment can support meaning informational
feedback on goal-oriented actions, and thereby support learning without a teacher (Dayan &
Abbott, 2001).

Learning through collaboration and production

Now consider the role of peer learners in this pedagogy. In the Conversational Framework, similar
iterations happen with ‘learning through discussion’, where the social construction of ideas helps
learners develop their concepts; the generate questions, and respond to other learners with
answers to their questions, again the iteration helps to develop their concepts.

However, ‘learning through collaboration’ is more demanding than simple ‘discussion’ in the top
right-hand corner, as Figure 4 shows, because the learners are necessarily collaborating on
constructing something together: that is the nature of collaboration.
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Teacher Learner Peer
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Figure 4: Learning through collaboration

Here, each learner is learning through practice by using the learning environment. And at the same
time, they are discussing and sharing that practice. In order to do that, they are necessarily also
linking the two, which helps them develop both concepts and practice with each other. The teacher
need play no role at all, and yet there is a lot of active internal processing required of the learner
during this process.

Finally, ‘learning through production’, happens when the teacher invites learners to reflect on and
represent what they have learned, and communicate this to the teacher, shown in Figure 5.
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Here the learner must connect up concepts and practice, and then produce an essay, or
performance, or design, or presentation to show what they have learned. Throughout this process
the learner is actively processing both concepts and practice and the integration of the two. This
is akin to what Papert referred to as constructing personally meaningful and shareable artefacts,
where the sharing is part of the motivation to construct a successful artefact.

There is no specific ordering to the six learning types, as they can combine and be sequenced in
many different ways. The main issue for a teacher is to be aware of the full ranges, and the extent
to which their teaching embraces all these different types of conversation, between teacher and
learner, learner and peers, and on the levels of both concepts and practice.

Constructionism is represented best through four of the 6 learning types. Learning through
acquisition, and inquiry are not a particular focus. The role of the teacher is still critical, however,
as it is a real design challenge to generate and modulate the learning environment that could
achieve learning without a teacher. Very few achieve that as most rely greatly on the teacher to
provide additional guidance and feedback. The teacher will also be the recipient of the artefacts
produced by a constructionist pedagogy, able to use these for judging the value of it as a learning
process.

A constructionist learning environment typically uses the kind of construction that involves
programming or coding. By interpreting Constructionism as a pedagogy within the broad
Conversational Framework it is easier to use it also to guide quite different kinds of digital learning,
for a wide range of learning outcomes.

To illustrate that, | will use the example of a design challenge where we wanted to help learners
with dyscalculia.

An illustration of a constructionist game: NumberBeads

A constructionist learning environment typically uses the kind of construction that involves
programming or coding. By interpreting Constructionism as a pedagogy within the broad
Conversational Framework it is easier to use it also to guide quite different kinds of digital learning,
for a wide range of learning outcomes.

To illustrate that, | will use the example of a design challenge where we wanted to help learners
with dyscalculia.

To create a digital game to help such learners it was important to help them see how to make
numbers out of other numbers. No existing educational games helped with this, as they all tend to
rehearse the use of a concept already understood, realying on multlple choice questions to
encourage practice. A Constructionist pedagogy, on the other hand, would recruit their natural
prediction-error learning capability in finding the action to achieve a goal. For understanding the
internal structure of numbers, therefore, they had to make a target number out of other numbers.
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The NumberBeads game is designed to elicit that goal-action-feedback- modulate concept-
generate revised action - feedback cycle in the constructing of numbers. Figure 6 shows the game
play area where the goal is a target set at the top, the action is to either split or join the sets on
offer, and the feedback is the resulting set, which is either a set identical to the target, or something
else.
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Figure 6: NumberBeads, showing (a) splitting a two set to (b) construct two one sets, then (c) joining a two
set to a two set to (d) construct a 4 set, which matches the target at the top, and adds a star to the bank

The learner keeps exploring new combinations or splits to make more target sets. Each target set
creates a star in the bank, until they reach 10 stars. There is no right or wrong, just the intrinsic
feedback that splitting a 6 set by removing a 1 creates a 5 set. So it is informational feedback,
that may help in seeing how to get closer to the target.

As a learner moves through the game, the beads and colours stage is followed by beads + colours
+ digits, then just beads + digits, then just digits. At a later stage these are repeated with addition,
subtraction and = symbols, and the action of subtraction, rather than splitting, is to bring one set
under another to remove that number of beads.

The NumberBeads game in this way acts as a microworld in which numbers behave as structures
according to game transaction rules that obey the rules of arithmetic. The game thereby recruits
the kind of prediction-error learning dyscalculic learners normally apply to the world around them,
and gives them a constructionist experience of developing a number sense.

Testing the game against an MCQ version

An initial pilot of NumberBeads in UK schools, has shown that the game supports learners age 5-
7 years for independent learning of the kind that low attaining learners will need in order to keep
pace with mainstream learners (Laurillard, 2016).

To test the effectiveness of the constructionist pedagogy against that of games that employ an
essentially multiple-choice transaction, we created a NumberChoice version of the game. This
also shows a target, but for addition problems, for example, asked the learner to select which of 3
sets could be combined with a given set to create the target. It progresses through same sequence
of formats.

The games have been trialled with two groups of students in Italy, 80 on NumberBeads (NB) and
60 on NumberChoice (NC) including a low-performing group of 13 on NB and a matched sample
of 16 on NC. All were given a standard curriculum test before and after using the games, which
they were asked to play at home for up to 15 minutes a day for 3 weeks, or less if they completed
more quickly. The platform automatically records every learner action and its timing.
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The data has been analysed and is ready for publication, so details cannot be given here.
However, broadly, it shows that the constructionist pedagogy of NB does have an effect in
comparison with NC, and is played more intensively, i.e. more completed stages in less time. It is
also important that it showed that successful play to full completion was feasible at home, even
for the low-attaining learners, without a teacher, and with very little guidance to parents.

The results are promising therefore, and will be reported to the Constructionism community at a
later stage.

Concluding points

Constructionism is a distinctive pedagogy because it focuses the teacher-designer on what it takes
to learn if the teacher is not present. The teacher is not available for very much of a learner’s
learning time at any stage of education, and even more rarely for 1-1 interaction and feedback at
the point of needing it. Because of this simple fact, we have to inculcate independent and self-
regulated learning at all stages, even early primary. The paper argues that Constructionism’s
fundamental idea of a digital environment that enables the learner to learn from the intrinsic
feedback on their goal-oriented action is what makes it distinctive. The teacher still plays a vital
role in designing that environment, whether using coding environments, modelling, simulations, or
games. The teacher must then embed it in a social and collaborative engagement with other
learners, and in the context of the concepts taught through learning through acquisition and
inquiry.
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From design to implementation: adaptations and
uses of ScratchMaths in different countries
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ScratchMaths(SM) is a two-year curriculum for students aged 9-11 years iteratively designed over
several years with school partners to fit at the interface between Computing and Mathematics. SM
develops Scratch programming skills and computational thinking with explicit links to areas of
mathematics where programming can enhance mathematical reasoning. All materials freely
available through UCL website http://www.ucl.ac.uk/scratchmaths.

The ScratchMaths project will be introduced, along with pedagogical approach adopted in
England. The outcomes described along with some examples from the curriculum. ScratchMaths
has proved rather successful (see references below) and is still in widespread use in England
although there are challenges that will be explored. In addition, ScratchMaths has been taken up
in many countries across the world, including Australia, Spain, New Zealand, China, Slovakia,
Czech Republic. How and why these different countries have chosen to take up ScratchMaths
varies enormously in terms of the curriculum and materials selected, the focus of attention, how
far the content is changed, the research paradigm adopted, even the software used.
Unsurprisingly, ScratchMaths use and spread is shaped in fundamental ways by the personal
vision of the ‘local’ leads and the context of implementation: in England, for example there is a
compulsory national computing curriculum and a National Centre for Computing Education all
funded by the Government.

In the proposed panel discussion, each participant will describe the focus of their work in relation
to ScratchMaths design and implementation, any findings or outcomes, some of the major
adaptations made and the reasons for these, major obstacles and finally what the next steps might
be.

Keywords
Programming, mathematics, primary, international, Scratchmaths
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Chair’s bio — Celia Hoyles

Celia Hoyles (Chair) is Professor of Mathematics Education at UCL Institute of Education,
University College London. She taught mathematics in London schools and was inspired by the
vision of using digital technology to open access to mathematics and has led many research and
development projects to promote this aim. She has advised UK Government on policy in
Mathematics. In 2016, Celia received the Suffrage Science award for Communications in
acknowledgement of her scientific achievements and her ability to inspire others especially women
into mathematics.

Celia will ask each panellist to talk to the topic of the panel from their perspective: what were the
challenges in their implementation of ScratchMaths, what was their focus and why, and how they
adapted SM if relevant and why.

Panellist bio - lvan Kalas

Ivan Kala$ is a professor of computing education at the Department of Education, Comenius
University, Bratislava, Slovakia. His professional interests include development of constructionist
educational interfaces for programming, and research in the field of educational programming for
primary and secondary students. Currently he is head of the Department of Education at
Comenius. Ivan is a co-author of several programming environments for children adopted by
thousands of schools around the world. Between 2014 and 2016 he was a member of the UCL
ScratchMaths project team, designing programming interventions for pupils aged 9 to 11. Since
2017 he leads a new design research project — Computing with Emil, focused on systematic
constructivist development of computational thinking for primary pupils.

Panellist bio — Richard Noss

Richard Noss is Emeritus Professor of Mathematics Education at UCL Institute of Education. He
has spent most of his academic career exploring the possibilities of programming as an alternative
representational infrastructure for developing mathematical reasoning. Richard was director of the
National Program, Technology Enhanced Learning, was the founding Director of the London
Knowledge Lab and was co-director of the ScratchMaths project. Richard will compare vision and
reality — trying to provide answers to some of the questions that arise from SM’s findings.

Panellist bio — Paul Goldenberg

Paul Goldenberg is a distinguished scholar at Education Development Center in Boston, USA,
designs mathematics and computer science (CS) instructional resources for learners and
teachers, focusing on developing mathematical habits of mind including the disposition to puzzle
things through, and drawing on natural curiosity and strengths-based approaches to support
learning. He has taught elementary-school everything, high school CS, and graduate school
mathematics and psychology for teachers. In his current work—Math+C and Think Math+C—7+-
year-olds use programming as a language for expressing and exploring the mathematics they are
learning.

Panellist bio - Elena Prieto-Rodriguez

Elena Prieto-Rodriguez, School of Education, University of Newcastle, Australia holds a
Bachelor degree in Mathematics and a PhD in Theoretical Computer Science. From 2005, she
has worked extensively in Mathematics education, including several Australia-wide research
projects. She is currently engaged in projects focused on the use of technology for the learning of
mathematics and teacher training and professional development. She conducted a small scale
pilot of ScratchMaths in 2017 and found teachers deeply committed to the integration of
programming into mathematics classes but needing explicit connections to coding within the
Australian mathematics curriculum.
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Panellist bio — Piers Saunders

Piers Saunders is the Head of Initial Teacher Education and lecturer in Mathematics education at
the UCL Institute of Education, London. He is an experienced secondary school mathematics
teacher, working in multiple schools in London. Piers has led the Secondary Teach First
programme at UCL across eleven subjects, as well as leading the national mathematics Teach
First provision and curriculum development working with seven local university providers. He has
also had a career in the software industry spending significant time working in Canada as a
software development manager for a large IT company. Piers is currently working on a Teacher
Education project in partnership with the Queen Rania Teacher Academy (QRTA) in Jordan. Piers
worked on the ScratchMaths project focusing on design of the curriculum materials and designing
and delivering
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A Defense of (s)crappy Robots

Constructionist education philosophy suggests that learners develop understanding about
science, art and technology by creating physical artifacts that strengthen the connections. As
makerspaces and STEAM learning environments have become more and more common, many
commercial kits for robotics, electric circuits and digital technology have been created for schools
and individual learners.

While these kits might lower the threshold for entry in a tinkering activity, we believe that the
“polished” qualities of most commercial kits or products can work against constructionist
educators. When the parts of a kit fit together perfectly, learners are less likely to develop skills
around iteration, problem posing, collaboration and development of understanding. We're also
concerned with the possibility that the approach and aesthetic qualities of these products tend to
be directed to specific groups thus creating a less inclusive environment.

We propose a more scrappy, playful approach to thinking about engineering and robotics that
relies on learners manipulating recycled containers, cardboard, vegetables or other everyday
materials to create unique and whimsical designs.

We are inspired by the “shitty robots” made by Simone Giertz and the Hebocon robot sumo contest
from Japan to create workshops where learners need to embrace frustration, celebrate moments
where things don’t work as planned and taking risks with designs.

In this hands-on workshop, participants will engage in making scrappy DIY robots out of everyday
materials that are not designed to work perfectly. We’ll use recycled materials, hobby motors,
batteries and homemade switches in the construction process and show some possibilities for
adding programming or digital tools to the mix. Participants will collaborate with others on the
design of the machine and share their prototype with the rest of the group.

The experience of trying the activity as a learner will inform a discussion about the qualities of
learning that we noticed in the workshop. We'll reflect on the value of creating robots from scratch
and working with unexpected scraps. The workshop leaders will share practical tips and
frameworks for running these workshops, discuss how the SySTEM 2020 project is developing
principles for the design of inclusive non-formal learning activities and we’ll think together about
the ways that unexpected materials can replace or augment commercial, polished robotics kits to
create more valuable learning experiences.
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Advanced Yet Accessible CS Concepts in K12

Brian Broll, brian.broll@vanderbilt.edu; Corey Brady, corey.brady@vanderbilt.edu;
Akos Ledeczi, akos.ledeczi@vanderbilt.edu

Computational Thinking and Learning Initiative, Vanderbilt University, Nashville, TN, USA.

The 21% century is undoubtedly the century of computer science (CS). Distributed and cloud
computing, artificial intelligence and machine learning, autonomous systems and cyber-security,
big data and the internet of things are new frontiers of computing that are fundamentally
transforming how people work, communicate and live. Computation is also transforming
innovation in every discipline, becoming an integral tool that is spurring new ways of doing and
thinking. Yet, the powerful ideas of these approaches are mainly exposed only to college CS
majors. Based on Snap!, NetsBlox is specifically designed to offer an accessible introduction to
these advanced CS concepts. Remote Procedure Calls (RPC) allow students’ programs to access
online data sources and services (e.g., Google Maps, weather and climate data, Twitter feeds,
and much more). More than simply providing access to web APls, a NetsBlox RPC can simplify
both the query and the returned results, and NetsBlox RPCs be created to provide services where
publicly available APIs do not exist. For example, NetsBlox supports cloud variables and charting
through an interface to gnuplot running on the NetsBlox server.

Figure 1. Representative projects: earthquakes near Ridgecrest, CA during the week of July 1, 2019 (left),
estimated CO2 concentrations for the past 3000 years from the Dome C ice core in Antarctica (center),
and the leading cast members of any movie based on its title (right).

Peer-to-peer communication is also supported by NetsBlox Messages. Messages are very similar
to the Events already present in Snap! and Scratch. In NetsBlox, a Message is an Event that
contains data payload and can be sent to other NetsBlox programs across the internet. This
enables beginning students to create online multiplayer games and other truly distributed
programs, often in their first NetsBlox projects. Completed projects can run on iOS and Android
phones through the NetsBlox app. Finally, NetsBlox allows collaborative program development.
Students can work on shared projects from their own computers simultaneously whether they sit
next to each other or live in different countries. This allows true pair programming and team
projects supporting the development of collaborative problem solving skills.

Our demonstration will highlight these and other features of the NetsBlox programming
environment that make powerful ideas at the forefront of CS accessible. We hypothesize that a
tool that enables teaching these advanced computing concepts and practices in interdisciplinary
contexts will support learners’ creativity and help them to see connections between computation
and their own emerging identities and possible futures.
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VotestratesML: Social Studies as a Vehicle for
Teaching Machine Learning

Magnus Hgholt Kaspersen, magnushk@cs.au.dk
Department of Computer Science, Aarhus University, Aarhus, Denmark

Karl-Emil Kjeer Bilstrup, keb@cs.au.dk
Department of Computer Science, Aarhus University, Aarhus, Denmark

In this demonstration, we present VotestratesML,; a collaborative learning tool for teaching
machine learning (ML) in a high school Social Studies classroom using voter profile data. As ML
becomes increasingly widespread in society (O’Neil, 2017), the importance of ML-literacy
increases, and while traditional Computational Thinking (CT) as popularised by Wing (2006)
covers technical aspects, a focus is needed on how ML changes society and our lives. We seek
to Computationally Empower (Dindler, Smith & Iversen, 2020; Iversen, Smith, & Dindler, 2018)
students to take part in the technological development and engage them in the larger questions
about ML'’s role in democratic societies. Based on the goal of Scandinavian high schools to
prepare and empower students to participate in democratic society, we investigate how the
Social Studies classroom can be used as a vehicle to support students’ learning and critical
reflection about ML.

We have designed VotestratesML; a construction kit for ML, where Social Studies students use
a web-application to explore the role of ML in political campaigns by constructing their own
models. The design of VotestratesML is based on deconstructionism (J. M. Griffin, 2018) and
specifically J. Griffin, Kaplan, and Burke (2012)’s explore’ems; interfaces designed to let
students and teachers explore a technology, even if unfamiliar with its core concepts.

In VotestratesML, students collaborate in small groups to create the best possible model for
predicting voter behaviour by tinkering with the data-set, features and model parameters to
explore how different aspects of a ML model influence its predictions. Students are encouraged
to draw on their Social Studies expertise, such as considering existing theories of voter-
behaviour when selecting features in the real-world data-set. Following the group work, students
compare their models by predicting the voter behaviour of a predetermined set of voter-personas
and discuss the implications of using such models in political campaigns.

We have deployed VotestratesML in a study involving two Danish high school Social Studies
classrooms and a total of 61 students, aged 17-20, in a three-lecture unit on the use of ML in
political campaigns. We found that the contextualisation of VotestratesML as a Social Studies-
specific tool was successful in motivating students in working with ML. We also found that
students were able to use their Social Studies vocabulary to argue for choices made while
working with VotestratesML, that they formed more nuanced views on the use of ML and were
able to reflect on the pros and cons of using machine learning in political campaigns.

During the demonstration of VotestratesML, attendees will gain hands-on experience with
VotestratesML, build their own ML-models for predicting voter behaviour, and be invited to
participate in our on-going discussions on Computationally Empowering students in reflecting on
the role of emerging technologies and in particular machine learning in society and their
everyday lives.
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Target audience

The target audience of this demonstration is scholars in Computational Thinking whom are
interested in learning tools for emerging technologies and particularly in machine learning. It is
also intended for scholars interested in teaching (and in general discussing) ethical and moral
issues surrounding the use of technology.
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Creative, engaging and playful activities with
Smartphones and Embroidery Machines

Bernadette Spieler, Bernadette.spieler@uni-hildesheim.de
Institute of Mathematics and Applied Informatics, University of Hildesheim, Hildesheim, Germany

Vesna Krnjic, vesna.krnjic@ist.tugraz.at
Institute for Software Technology, Graz University of Technology, Graz, Austria

Smartphones have become the predominant way for teenagers to interact online and mobile apps
provide a unique opportunity to engage this age group. Teenagers use smartphones on a
worldwide basis intensely every day around the clock. They use them both during leisure time, for
schools, e.g., to research for homework, and to communicate with their friends. The Catrobat apps
are used massively in exactly these areas, in the languages of the users, in particular for playing
and creating games and in this way for learning about coding and other application areas they
need to create their apps, e.g., mathematics or language skills. To engage teenagers and girls in
particular in coding, a new project started in September 2018, with the name “Code’n’Stitch”
(https://catrob.at/codeNstitch). During this project, our Pocket Code app (Android:
https://catrob.at/pc, iOS: https://catrob.at/PCios) has been extended with the option to program
embroidery machines (very similar to the existing TurtleStitch project https://www.turtlestitch.org/,
a desktop-based environment). In this way, self-created patterns and designs can be stitched on
t-shirts, pants, or even bags. Patterns and different forms can be created using our visual
programming language Catrobat. As a result, teenagers have something they can be proud of,
something they can wear, and they can show to others. A special emphasis is given to a gender-
equitable conception to consider different requirements, needs, and interests of our target group.
On the one hand, with this option, the team wants to show young women new ways of using
technology, with a lot of fun in a sustainable way. On the other hand, young men can get inspired
too through this digital design process and the possibility of new challenges in textile handicraft
lessons. During this workshop, educators will learn about new concepts for game designs and
handicraft lessons and how to apply programming classes only on mobile phones
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Figure 1. Program creative designs and patterns on smartphones
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Interactive Board Games as a Tool for
Constructivist Pedagogy

Kate Delaney hello@makecreateinnovate.ie
Make Create Innovate, Ireland

Siobhan Clancy hello@makecreateinnovate.ie
Make Create Innovate, Ireland

Board game design lends itself to constructionism through the ‘gamification’ of learning which
incentivises self-directed education and supports a variety of learning styles. It also facilitates the
development of social skills through collaboration. In this hands-on workshop, the facilitator will
role model a maker-based approach to the practice of constructivist pedagogy in a range of
learning environments through the design and making of interactive board games. In line with the
constructivist pedagogies promoted by The Digital Schools Strategy (2015-2020), we integrate
Science, Technology, Engineering, Arts and Maths or S.T.E.A.M. subjects in applied learning
opportunities for the benefit of all students, both academically and socially. STEAM-based
approaches to learning have been identified in the Digital Learning Framework as one of the most
effective ways to fulfil the strategy aims which include 21st Century Skills for all. In this workshop,
we will demonstrate how by including the Arts in S.T.E.M, itis possible to facilitate the development
of what Dr. Rueben Puentedura classifies as ‘high order’ learning (HECA, p94) game playing,
development and design fulfils the Five Creative Habits of Mind espoused by Eric Booth which
support the development of a 21st Century skill set of which creative problem-solving is key.

A £

Figure 1. Kate Delaney facilitates an Interactive Board Game Workshop with educators (style: Figure
caption)

This workshop will give participants an insight into the game development process and the critical
thinking skills required to devise the rules and ethics of play in age appropriate ways. Participants
can expect to develop skills in Design Thinking, conductivity, model making and creative
technology usage by working in groups to produce an original interactive board game by the end
of the workshop.

Constructionism 2020 47



NetsBlox - Make Your Own Data Service
Workshop
Brian Broll, brian.broll@vanderbilt.edu; Corey Brady, corey.brady@vanderbilt.edu;

Akos Ledeczi, akos.ledeczi@vanderbilt.edu  Computational Thinking and Learning
Initiative, Vanderbilt University, Nashville, TN, USA.

NetsBlox is a web-based, open source, block-based educational programming environment based
on Snap! and designed to offer an accessible introduction to advanced CS concepts, such as
distributed computing and computer networking. Of particular interest to this workshop is
NetsBlox’s Remote Procedure Calls (RPC) that allow students’ programs to access online data
sources and services (e.g., Google Maps, weather and climate data, Twitter feeds, and more). An
RPC is presented just like a custom block (or function) that happens to run remotely on the
NetsBlox server. Related RPCs are grouped into services. For instance, the Weather service
provides RPCs to query current temperature, humidity, and wind conditions, at locations by
latitude/longitude. More than simply providing access to web APIs, a NetsBlox RPC can simplify
both the query and the returned results, and can add useful helper functions. For example, the
Google Maps service provides RPCs for coordinate transformation from image x and y coordinates
to latitude and longitude and back. NetsBlox RPCs can also be created to provide services where
publicly available APIs do not exist. For example, NetsBlox supports cloud variables and a charting
service providing an interface to gnuplot as well.

call Weather | / temperature Iatitudellongitude'

Figure 1. The temperature RPC of the Weather service. Selecting a service from the first pull-down menu
populates the second with the available RPCs. Selecting an RPC reconfigures the call block to present
slots for the required input arguments and provide their names as a hint.

While our team keeps adding services on a regular basis and the service API is public and simple
for developers, there has not been an easy way for teachers to add their own services accessing
their personal, instructionally-relevant data sources. This workshop will introduce a new feature
called ServiceCreation that lets users create their own data service within the NetsBlox
environment. All the user has to do is import a data table (in csv format) and call the RPC
createServiceFromTable. Upon calling this RPC, a new service is created with a set of
automatically defined RPCs: one for returning each column of the table and one for returning a
particular cell of each column indexed by the first column. ServiceCreation users can also create
their own RPCs by providing corresponding scripts, implemented in the NetsBlox block language
itself. This code is automatically compiled into JavaScript and deployed on the server. Finally,
users can also provide documentation that will show up on the context menu help item.

This self-bootstrapping method of creating user-defined extensions to the NetsBlox environment
using the same block-based language, is a powerful paradigm. It enables learners to make
connections between personally-relevant data on the one hand and larger public datasets on the
other. Researchers and teachers who want to create engaging STEAM activities in a local context
in K12 classrooms should be interested in how to create their own data services.

After a brief hands-on introduction to NetsBlox and RPCs, workshop participants will create their
own data services. They can use their own csv file with data they consider important or they can
utilize one of several sample files we will provide, representing data locally relevant to the
conference venue. Since user-created services show up immediately under the Services/
Community/ UserName menu, participants will be able to explore each other’s services during the
workshop (and afterwards).
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Making Drawbots: A Junk Art and Raspberry
Pi/Python workshop using the Bridge21 Learning
Model

Helen O’Kelly, hokelly@stratfordcollege.ie
Stratford College, Rathgar, Dublin 6, Ireland.

Computer Science is now increasingly perceived as being relevant in primary and second level
schools. As a subject, it has the potential to help develop programming, computational thinking
and design thinking skills. Computer Science is being introduced or reinvented as a subject for
upper second level education in countries throughout the developed world.

In this workshop participants will:

1. Design a drawbot from recycled objects.

2. Use jump leads to connect a propeller on the drawbot to the Explorer Hat Pro breadboard.
3. Use the IDLE editor to write Python code (supplied) to start the propeller motor.

4, Watch the drawbot “draw” once the propeller is activated by running the Python code.

Bridge21 is a constructivist model of 21st century teaching and learning and was designed by
Trinity College Dublin. It is a candidate pedagogical model for the Computer Science classroom
because it advocates a collaborative, project-based, hands-on approach to teaching and learning.

Figure 1. Drawbot connected to a Raspberry Pi using Explorer Hat Pro outputs a basic drawing to paper

The key ideas include a demonstration of the Bridge21 Learning and Activity model in framing
this workshop, the use of Art with Technology in Computer Science and Art classrooms and the
application of PRIMM as a structured pedagogical approach to teaching programming in a
second level classroom. Participants will gain a first-hand experience of a constructivist
Computer Science class from a student perspective underpinned by the Bridge21 Learning and
Activity model, while also gaining technological pedagogical content knowledge.
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Target audience: primary and second level teachers, particularly Art and Computer
Science teachers; Computer Science Education researchers

Figure 2. Drawbot with motor propeller connected to a Raspberry Pi outputs a basic drawing to paper
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Objects-to-think-with in a climate emergency

Claire Garside, edcga@leeds.ac.uk
School of Education, University of Leeds, Leeds, England

Papert (1980) created Logo where the computer served as an ‘object-to-think-with’. The basis of
this workshop is to explore constructionism in parallel with computational thinking, specifically
when children interact with the internet of things. The physical computing device becomes a
contemporary ‘object-to-think-with’ and a platform for children to further understand connected
technologies with data transfer, linked to current global environmental issues and to control their
own learning.

Putting tools, in this example low-cost sensors, into the hands of children to understand the
world around them has seen a rise of problem-finding in project-based education programmes.
The emphasis of this activity is on building and programming projects to link local problems to
the UNs’ Sustainable Development Goals, thus giving purpose and real world relevance to
children's learning.

Figure 1. Visualising air quality data using LED colour palettes

This is a hands-on workshop introducing the concept and maker education practices through the
‘Internet of Curious Things’. Educators will actively participate by building an air quality
monitoring device and reflect on how digital making can leverage computational thinking as we
explore multidisciplinary approaches including citizen science, geography and environmental
literacies.

During the session participants will be challenged to program a microcontroller board with smart
sensors, collect their own air quality data and visualise in a playful and imaginative way using
papercraft. Discussion will focus on bringing together technology, art and science to empower
the young generation and considering the value of constructionism to underpin social action in
the curriculum.
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Programming with Emil in Year 3

Andrej Blaho, andrej.blaho@gmail.sk
Department of Applied Informatics, Comenius University, Bratislava, Slovakia

Ivan Kalas, ivan.kalas@fmph.uniba.sk
Department of Education, Comenius University, Bratislava, Slovakia

Drawing on our previous experience in developing programming environments for schools and
our recent exceptional opportunity to work in the ScratchMaths team, we concluded that securing
sustainable computing education for every learner requires paying much closer attention to lower
primary years and providing teachers with systematic support and complex interventions. Thus, in
2017 we launched a long-term project Computing with Emil, with an ambition to provide all primary
years with new software environments, teachers’ and pupils’ materials and corresponding PD ses-
sions, based on design research strategy. We run all developments in close collaboration with our
design schools. We strive to facilitate holistic learning process for computing education for all,
borrowing from modern mathematics education, genetic epistemology and social constructivism.

Main design principles of our pedagogy include: pupils always work in pairs, discuss and learn
together; they frequently meet in common whole group discussions carefully scaffolded by their
teacher — a generalist primary teacher; software environments do not provide learners with any
feedback — pupils themselves have to conclude (and justify in their discussions) whether their
strategy or solution is correct or not; however, many problems and tasks have no solution or sev-
eral solutions, or even ‘unclear’ solutions to be negotiated in discussions; software environment
itself is useless without accompanying paper worksheets and vice versa, thus providing multiple
representations of the problems and requiring pupils to transfer their thinking between those;
‘wrong’ solutions are considered important catalyst for learning; we strive to drive the learning
process on intrinsic motivation of the learners. Intervention for Year 3 is currently being used in
around 150 schools and requires 15 to 20 lessons.

Figure 1. A learner has built a plan (see it in the panel above the stage) for Emil to pick some mushrooms
and turn the light off in the blue house. When woken up, Emil will run the plan.
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In this hands-on workshop patrticipants will solve and discuss some of the tasks of the three worlds
of Emil for Year 3 (i.e. for pupils around 8 to 9 years of age). They will experience our approach
when we try to identify basic computational concepts and break them into natural progressions of
what we call ‘pre-concepts’, so that no explicit lecturing is needed at all. Instead, each group of
tasks brings in (usually one) new option or functionality or constraint — to be discovered by the
pupils, adopted, used and validated in hands-on activities and continuous discussions.

In the workshop we will also discuss whether our method gives space to constructionist learning,
in spite of the fact that the learning process is organized in gradations of (mostly predefined) tasks.

Our target group are educators, researchers or practitioners interested in supporting the
development of early computational thinking (here with the focus on programming) at the lower
level of primary schools.
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Programming with Emil in Year 4

Andrej Blaho, andrej.blaho@gmail.sk
Department of Applied Informatics, Comenius University, Bratislava, Slovakia

Ivan Kalas, ivan.kalas@fmph.uniba.sk
Department of Education, Comenius University, Bratislava, Slovakia

This will be a sequel to our Programming with Emil in Year 3 workshop (see its Abstract for the
background and motivation). With Emil for Year 4 intervention we provide schools with another
step of systematic support to develop computational thinking (here with the focus on programming)
for every learner. The intervention for Year 4 requires 15 to 20 lessons.

Applying the same design principles, we decided to bridge Emil for Year 3 and Scratch, which we
consider productive descendant of Logo philosophy and legacy, and very good follow-up of Emil.

In this world pupils progressively undertake key transition from ‘absolute frame’ navigation to
relative one in the turtle geometry style — within a virtual programming environment (in contrast to
relative navigation in the physical world of programmable toys like Blue-Bots etc. where body
syntonicity makes such navigation rather natural).

In this new world, some basic commands have parameters (like filling a closed area with a colour,
setting pen colour or setting pen width). We also take further steps in the thread of developing the
concept of procedures (which has already been initiated in the third world of Emil for Year 3).
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Figure 1. In Year 4 Emil gradually provides the learners with more and more simplified Logo-style
commands for basic ‘turtle drawings’. In this task pupils work also with two ‘memories’ P1 and P2 — a pre-
concept to procedures. For our learners, transformation to Scratch will then be smooth
and straightforward.
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In this hands-on workshop participants will solve and discuss some of the tasks of Emil for Year 4
(i.e. for pupils around 9 to 10 years of age). They will experience our approach when we try to
identify basic computational concepts and break them into natural progressions of what we call
‘pre-concepts’, so that no explicit lecturing is needed in the class at all. Instead, each group of
tasks brings in (usually one) new option or functionality or constraint — to be discovered by the
pupils, adopted, used and validated in continuous collaboration and discussions.

In the workshop we will also discuss whether our method gives space to constructionist learning,
in spite of the fact that the learning process is organized in gradations of (mostly predefined) tasks.
In Emil for Year 4 however we take another step towards open programming language.

Our target group are educators, researchers or practitioners interested in our approach to
supporting the development of early computational thinking (here with the focus on programming)
at the lower level of primary schools.
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Socio-syntonicity

Richard Millwood, richard.millwood@tcd.ie
School of Computer Science and Statistics, Trinity College Dublin, Dublin, Ireland

Cynthia Solomon, cynthia@media.mit.edu
Cynthia Solomon Consulting, Boston, USA

Margaret Low, m.j.low@warwick.ac.uk
The University of Warwick, Warwick, UK

Artemis Papert, artemis@turtleart.org
Independent artist, Canada

Margaret Minsky, marg@media.mit.edu
New York University Shanghai, China

This workshop was intended to show the way in which some solutions to problems benefit from
multiple sprites, which can be enacted by learners taking the role of each sprite and collaborating
through their actions to debug their solution. The example to stimulate participants own ideas is
derived from the challenge to fill in’ a petal shape.

Figure 1. The three sprites filling in a petal shape in real life and in Snap!

Participants perform and program this example, and then are invited to invent their own problems
which demand several individuals/sprites acting together.

In Mindstorms, Papert identified two key terms applied to the solutions made to problems through
the creation and debugging of programs in Logo:

= body-syntonic “related to children's sense and knowledge about their own bodies “ and
= ego-syntonic “coherent with children's sense of themselves as people with intentions, goals,
desires, likes, and dislikes “
This workshop proposes a further term:

= socio-syntonic “connected to the expanded competence derived from several individuals
acting together”.
The workshop illustrates the potential for multiple sprites and concurrency to solve simple
problems in ways which match learners’ interest in acting together.

Constructionism 2020 56


mailto:m.j.low@warwick.ac.uk
mailto:artemis@turtleart.org

The HumaNature Project: Using Critical
Constructionist Design to Re-think Humans’
Relationship with Nature

Isabel Correa, mic2130@tc.columbia.edu
Dept of Math, Science, and Tech; Teachers College, Columbia University; New York, NY, USA

Nathan Holbert, holbert@tc.columbia.edu
Dept of Math, Science, and Tech; Teachers College, Columbia University; New York, NY, USA

New understandings of constructionism can help navigate these times of political, social, and
environmental instability. Critical constructionist design (Holbert, Dando, & Correa, 2020) is a
framework that draws from critical design and constructionism to tinker with humanity’s pressing
challenges by inviting learners to: 1) connect with the past, 2) reflect on the present, and 3)
envision and design alternative futures.

In this workshop, participants will engage in critical constructionist design to critically reflect on the
emerging climate crisis and its social, political, and ethical implications. To this end, they will
construct future-thinking artifacts—as cautionary dystopian tales or utopian alternative futures—to
represent new ways for humans to relate with the natural environment.

Following the three components of the framework (see figure 1), participants will engage in three
consecutive activities. First, participants will connect with their past using natural clay to represent
the different ways in which their ancestors, family, and cultural community relate to the natural
environment. Second, participants will reflect on the present by questioning and re-shaping their
clay work in light of their personal and local experiences with the environmental crisis. Third,
participants will project alternative futures by designing a future-thinking artifact using colored
modeling clay, conductive clay, and electronic pieces. The goal of these artifacts will be to
challenge existing values and beliefs by presenting unexpected ways humans relate with the
natural world to re-think: What roles will humans play in the ecosystem? How may we co-exist
with other species? What and how humans will eat? Where may we live in the future? What rituals
and activities we will celebrate? How might we dress and move around?

By engaging in critical constructionist design, participants will gain a renewed perspective of
constructionism that aims to facilitate critical but playful reflection about the challenges of our time.
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Figure 1. In a critical constructionist design practice learners engage in a cycle of connecting back to
personal and communal histories and reflecting on present and local systems. They then use this connect
and reflect cycle to project and create possible futures.
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Turtlestitch

Richard Millwood, richard.millwood@tcd.ie
School of Computer Science and Statistics, Trinity College Dublin, Dublin, Ireland

Andrea Mayr-Stalder, mayr@sil.at
TurtleStitch, Austria

Mags Amond, mags.amond@gmail.com
Trinity College Dublin, Dublin, Ireland

John Hegarty, jhegarty@clongowes.net
Clongowes School, Ireland

Margaret Low, m.j.low@warwick.ac.uk
The University of Warwick, Warwick, UK

This workshop was intended to show the way in which the Turtlestitch environment for turtle
geometry embodies a constructionist approach. Participants create their own design and stitch it
on material using a consumer embroidery machine. The Turtlestitch programming environment is
based on Snap!, but shows the output generated by movement of the turtle as stitches on screen.
Feedback on the density of stitches and ‘jump stitches’ generated by the equivalent of ‘pen up’
commands, combined with an interface to zoom in on detail, allows the learner to anticipate
problems that the embroidery machine may have in realising a design.

Figure 1. The outcome of programming and embroidering the Butterfly Curve (transcendental).
Photo— Richard Millwood

In this way, embroidery in Turtlestitch exemplifies the constructionist ‘object to think with’ and
introduces interesting challenges, extending turtle geometry to offer a tactile, fulfilling
and practical outcome with new considerations for designing solutions compared with simple
drawing.

The workshop provides new insights into the role of motivation and fulfilment for learners through
the collision of craft thinking and programming, generated by the delightful anticipation of a product
that can be worn or used to decorate.
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A Foucauldian perspective on Computational
Thinking and Initial Teacher Education

Jim King, M.KING31@nuigalway.ie
School of Education, NUI Galway, Ireland

Cornelia Connolly, cornelia.connolly@nuigalway.ie
School of Education, NUI Galway, Ireland

This presentation addresses a question that is particularly relevant in the current educational
climate; that is: why is computational thinking (CT) understood as a constructionist orientation to
formulating problems (as conversions of some input to an output and looking for algorithms to
perform the conversion)—being regarded as an educational priority and, in particular, an essential
element of any initial teacher education programme? (Lockwood and Mooney, 2017; Yadav et al.,
2017). The question—or problem—is being approached from a Foucauldian perspective (1984):
that is, to distinguish CT—as a field of thought—from the ideas, and from the domain of attitudes,
beliefs and customs, that underline and determine CT practices and behaviour. When looked at
in this way, CT as a practice can, to use a Foucauldian term, be ‘problematised’ (1984, p. 117);
i.e., it can be considered as an object of thought, and reflected upon as ‘a problen’. It is the act of
intellectually stepping back in this way, and detaching ourselves from computational thinking as
an idea—or set of ideas—that allows us then to establish CT as an object of thought, dispensing
with prior theory, presuppositions and possibilities, or with any hints of solutions—i.e. a knowledge-
oriented research approach. To question CT as an ‘object of thought’ in this way—along the
parameters of meaning, conditions, and goals—is at the same time, according to Foucault,
freedom in relation to what one does; and treating the object of thought as a problem, involving
the development of a set of conditions within which possible responses—in this case, the
constellation of challenges surrounding the introduction of CT as an integral part of any initial
teacher education programme—could be proposed; but not as a solution; or as a response. In
other words, an existential-ethical orientation toward the subject-matter in question (Foucault,
1984; Peters, 2007; Simons and Masschelein, 2014).

There is no explicit agreement on a definition of ‘computational thinking’, and it is being
interpreted—and integrated (in learning environments)—differently (Csizmadia, Standl, and
Waite, 2019); but there is consensus and agreement that it's located—cognitively and
intellectually—at the intersection of computation, disciplinary knowledge, and algorithms (National
Research Council [NRC], 2011, p. 5). Regardless of the uncertainties, it has been contended that
CT represents a universally applicable attitude and skill set everyone, not just computer scientists,
should be eager to learn and ready to use (Wing, 2006; Kong and Abelson, 2019). But a survey
of literature concerning the practical and applicable aspects of CT reveals that many of the
examples offered are directed at scientists, engineers, and professionals in nontechnical fields,
such as archaeology and law (NRC, 2011; Yadav et al., 2017, p. 56). Considered from this
‘professional’ perspective, it seems that CT would be relevant to individuals across the spectrum—
technical, or otherwise—with graduate and postgraduate educations only. Yet, as has been noted
above, there also have been ongoing efforts on an international scale focused on exposing
learners (at all levels, and in all different fields) to CT and practices to aid them developing an
understanding of how computing influences the world (Denning, 2009); of human behaviour (Wing,
2006); and even of how CT can improve people’s lives (Wang, 2015; The Royal Society, 2017).

Therefore, it is our contention that a certain number of factors have made CT practice
uncertain in the Foucauldian sense; and from some perspectives, unfamiliar; provoking some
difficulties concerning CT and its relevance—especially outside of what are traditionally thought
of as STEM subject areas (Figure 1). Moreover, it is the case that these factors result from wider
social, economic or political processes that can, for the purposes of this presentation be referred
to as ‘The Politics’ (Foucault, 1984, p.117), and are located—from the point of view of an observer,
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or researcher—in an amalgamation of (pedagogical) contentions, ideas and memes about the
relevance of computer science education (and constructionism in education) more generally
(Denning, 2009). The amalgamation of contentions outlined above is referred to as ‘The Forum’
(Foucault, 1983; Marshall, 2007, p. 23); contentions that are—and should be—open to
interrogation along the parameters of meaning, conditions and goals through designing questions
aimed at probing areas—or representatives—of the overlapping social, economic and political
spheres of activity.

Multi- Pedagogy
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solution in each case
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Figure 1. Overview of the CT Education Forum
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Aims and policy

The main goal of the research is the development and evaluation of materials for learning
mathematical concepts and digital skills by students of the lower secondary level in Austrian
schools. Collaborating with prospective math teachers, several materials have been designed at
the University. The evaluation of those materials takes place in one class of 24 twelve-year-old
students from a secondary school in Salzburg. The students are using the programmable wheeled
robot TI-Innovator Rover and the Hand-Held TI-Nspire CX CAS (Fig. 1). Drawing on the method
of design-based research (Cobb et al. 2003), the project aims to determine what and how those
twelve-year-olds learn working with those materials in classes.

Materials, structure of class and methods

So far materials for the following topics have been developed: constructing triangles, triangle
centres, quadrangles and regular polygons, proportions and similarity, operating with integers and
functional dependencies. Figure 1 refers to one task within the topic of constructing triangles based
on two side lengths and the included angle. According to Seymour Papert’s turtle, the path of the
Rover can be sketched by fixing a pen on the robot.

C drfled» S5 | ireieck {) Done
Define dreieck()=
Prgm |
Send "CONNECT RV"
Send "RV FORWARD 8"
5 EH Send "RV LEFT 135"
Send "RV FORWARD 5"
’ N Send "RV TO XY 0 0"
O |EndPrgm
L s o 135
A’ 8 EH B

Figure 1. Possible outline (left) and code (right) for constructing a triangle with the Tl-Innovator Rover

The evaluation of those materials started in spring 2020, namely constructing rectangles and
regular polygons as a first introduction to the technology mentioned (Tab. 1), as well as the topic
constructing triangles (Fig. 1) in another session. The structure of those sessions with the Rover
are based on aspects of constructionistic theories, such as relations to the student’s reality,
personalization, the use of expressive digital media, modelling, abstraction, reflection and
collaboration (Noss & Clayson 2015). Accordingly, the students collaborate in groups of two,
sharing one robot working with problem- and activity-oriented materials at their own pace. Those
sessions include one and a half to two hours working time. The introduction took place at the
library of the school itself. Step by step instructions helped the students to get familiarised with the
technology using tablets with a presentation. As the students proceeded, they solved the posed
or chosen problems (Tab. 1) on their own, two teachers helping them when needed.
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Table 1. Posed problems within the introduction session using the Tl-Innovator Rover

Problems

Rectangle Let the Rover run a rectangle!

Triangle Let the Rover run an equilateral triangle with a side length of 4 units!
Hexagon Let the Rover run a hexagon!

Polygon Let the Rover run another polygon of your choice!

In order to assess the students learning, several survey instruments are applied. The audio
recordings for each group of students, combined with the created programs and the documented
solutions, sketches and drawings as well as the students answers and essays to questions of
contemplation, such as “How did you experience the today’s class?”, “What did you like the most
/ the least?”, “What did you learn today?”, “What difficulties did you experience?”, “What would
you change for the next time?” are being analysed using qualitative methods.

Preliminary results and outlook

The first results from the introduction session, based on the students’ answers to the questions of
contemplation, are provided. The handwritten answers and essays were analysed according to
the method of thematic analysis (Brown & Clarke 2006) using MAXQDA (Fig. 2).

P Operating the technology|
Overcome an obstacle
IR  Geometricfigures
/ /"‘/’
Problem-solving — ~.
N S Computing
N
AN . " ~
\ \"\\

Figure 2. Developed thematic map based on the students’ essays after the first session

One of the main results is, that the students experienced the introduction, as intended, as a
problem-oriented class while constructing geometric figures on their own. They used several
methods to solve the posed and their own problems, especially while trying to determine the
rotation angles of the Rover. Most of them appreciated the possibility to work autonomously at
their own pace. The emotions were truly positive, stating that it was great fun, cool, interesting,
exciting, funny and the desire to continue the classes with the Rover. Critical notes include that
they would have needed more posters to sketch on and more working time.

Based on the results of the introduction session the challenge is to determine and to realize an
appropriate scope of support coming from the materials and the teachers assuring that the
students are able to solve the upcoming problems on their own in the given time.
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As schools in the US work to engage K-12 students in more ambitious science instruction, children
in kindergarten are expected to analyze and interpret weather data as part of NGSS performance
expectation K-ESS2-1 (NGSS Lead States, 2013). While air temperature is a salient weather
variable for measuring, previous research has shown that young children have difficulty using
thermometers (Havu-Nuutinen, 2007; Kampeza, Vellopoulou, Fragkiadaki, & Ravanis, 2016).
Furthermore, conceptualizing heat and temperature can be fraught with misconceptions for
children and even experts (Lewis & Linn, 2003).

This exploratory study examines the utility of a specialized thermometer while also eliciting
participants’ conceptions of air temperature. To pursue this line of inquiry, we pose the following
research questions: RQ1 — how do the participating kindergarteners conceptualize air
temperature, RQ2 — how they interpret a specialized thermometer designed and built for the study,
and RQ 3 — how they make sense of graphic representations of temperature?

The specialized thermometer, the Early Childhood Thermometer (ECT), includes designed
features to make it more readable by young children (e.g., discrete countable boxes, 10°F
increment scale). The ECT is built with both open source DIY hardware and Circuit Python code
(Cain, 2018). Using DIY electronics for classroom inquiry is consistent with previous work like the
INSPECT Project (Hardy, Dixon, & Hsi, 2019), where high school students engaged in data
science practices as part of a biology investigation. However, the current study investigates
participants at the opposite end of the K-12 age range. The ECT color scale and box square
increments are designed to be similar to typical kindergarten classroom manipulatives, such as
building blocks.
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Figure 1. The Early Childhood Thermometer

Six participants were recruited from a public school in the intermountain west region of the US.
Data for the study included 160 pages of transcripts and 23 participant made illustrations from a
series of semi-structured interviews that engaged the youth in the practices of analyzing and
interpreting temperature data. For example, children compared temperature measurements from
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shaded and full sun locations. Using an interpretive qualitative study design (Merriam & Grenier,
2019), we analyzed interview transcripts and children’s illustrations using iterative cycles of
process coding, thematic coding, and analytic memo writing (Saldana, 2009).

Analyses revealed a range of ways that the children: represented temperature, read
thermometers, and interpreted temperature graphs. These included expressing temperature with
colors, symbols, and effect the human body. Of particular interest in the children’s drawings, 5 out
of 6 included the ECT by depicting the discrete scale. While all of the children were able to make
temperature measurements with the ECT, only four were able to demonstrate conceptual
understandings of the temperature scale. In addition, all five of the children who were asked to
pick a thermometer out to try chose the ECT.

The ECT could serve as a playful tool for young children to make sense of environmental data.
The current study observed how some of the children could relate their existing conceptions of
temperature to the scale of the ECT after only using it on two occasions. It is possible that more
extended exposure could be more effective. Although the current study is early in its development,
we aspire for the ECT to become an “object to think with (OTTW)” (Papert, 1980). Papert (1980)
described OTTWs as existing at the “intersection of cultural presence, embedded knowledge, and
personal identification” p11. The current study designed the ECT’s block-like scale (kindergarten
cultural presence) to engage the youth in sense-making of the complex topic of temperature
change (embedded knowledge) by providing personal experiences with temperature differences
to reference in the interviews (personal identification). This work demonstrates that the ECT is a
promising tool worthy of further investigation. Future work will more thoroughly assess the tool’s
potential as an OTTW for engaging early elementary students in the practices of analyzing and
interpreting temperature data.
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Implementation of new educational policies needs the help of teachers as the change agents.
Agency, locus-of-control or a “can-do” mindset is developed through the practice of making and
modifying objects. Modern learning environments are putting hardware and software in the hands
of children to conduct scientific explorations, create sophisticated worlds and games, participate
in different types of digital collaborative fabrication and remixing. However, the experience of
teachers in participating in collaborative making is extremely limited. This study investigated
remixing of educational practices and ontologies in the formation of teacher’s agency. We created
a separate semantic wiki — http://smwiki.mgpu.ru/w whose articles fall into one of five categories:
Competences, Concepts, Programming languages, Constructional toys, Learning practices.
Semantic MediaWiki adds semantic annotations that allow a wiki to function as a collaborative
database, records of which can be represented in various ways (Figure 1).

@ Pocket Code @ buTea MonemoB @ Matatalab
@ Hummingkbird @ Hack
@ LEGO WeDo @ StarLogo Mova
@ Raspberry Pi @ NetsBlox
@ Hopscotch @ Microbit
@ MakeCode
@ Cubetto

Figure 1. Time line smwiki.mgpu.ru/w

Modern learning environments are putting hardware and software in the hands of children to
conduct scientific explorations, create sophisticated worlds and games, participate in different
types of digital collaborative fabrication and remixing. Scratch, Pencil Code, Alice, and many
others are low-threshold programming environments that make it easier for novices to develop
games and interactive stories that can easily be shared with others. However, the experience of
teachers in participating in collaborative making is extremely limited. In 2018, Moscow City
University and the National Society for Technology in Education joined their efforts to develop a
Russian network to deal with new learning activities shaping the 21 century skills - especially digital
literacy, with the focus on collaboration skills). The organizers decided to find and form learning
activities that would shape students’ ability and willingness to share results of their activities, to
work as a team, and to distribute tasks. They chose Scratch as an environment that already had
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tools to arrange and monitor such activities. The project brought together Scratch hackathons and
schoolchildren’s Collaborative Challenge competitions A learning activity script is not just an
abstract description; it always describes a Scratch project. So, when a learning activity script
changes through discussion, amendments and finalization, the Scratch project shaping this script
changes too. We introduce a category of wiki pages that we call Taxonomical Sandboxes, which
have served for remixing of taxonomy of learning environments.

The first sandbox is devoted to different families of novice programming environments. We created
taxonomical sandbox as a place where everyone can produce their own remix of existing
taxonomy. Teachers were given a taxonomy written in a DOT graph description language. They
we asked to redesign the taxonomy of initial learning environments by adding new learning
environments to existing taxonomy. First sandbox is available for editing and remixing as a wiki
page: http://letopisi.org/index.php/Taxonomic_sandbox 1

The second sandbox contains a taxonomy of environments sorted according to the problems they
were designed to solve. Each novice programming environment appears in the taxonomy only
once. However, many of the systems in the taxonomy have been built on the ideas of earlier
systems. Our second sandbox is available for editing and remixing as a wiki page:
http://letopisi.org/index.php/Taxonomic_sandbox_ 2

There is wide production of standards and assessments of digital skills in the last years. Among
these standards and assessments are: ACRL Information Literacy Competency Standards,
Assessment and Teaching of 21st Century Skills, International Society for Technology in
Education Standards, Technological and Engineering Literacy assessment, Russian Federal State
Educational Standards. Each of the above documents contains a list of competencies. We
extracted all separate competencies from standards and assessments and saved each
competency as a separate page. This allowed us to present digital competencies as an augmented
map

After experimenting with different sandboxes, we created a separate semantic wiki —
http://smwiki.mgpu.ru/w whose articles fall into one of five categories: Competences, Concepts,
Programming languages, Constructional toys, Learning practices. Semantic MediaWiki adds
semantic annotations that allow a wiki to function as a collaborative database. For articles of each
category, special forms and schemes have been created. Schemes require mandatory fields with
special properties. For example, for an article about each individual competency, an indication of
the source field is mandatory. This field indicates the name of the document in which the
requirement for this competency is fixed. For articles describing educational practices, there is
required a field indicating the target competencies, the formation of which this educational practice
is aimed at. For example, articles about programming languages and constructional toys are
automatically compiled on a common timeline (Figure 1) by using the following code:

{{#ask: [[Category:Construction toys]] OR [[Category:Programming language]] [[Year of
creation::+]] |?Year of creation |sort=Year of creation |order=descending |format=timeline }}

Conversation between people with the help of the augmented map of digital literacy may help in
negotiating among the individual personal meaning systems brought to bear by work groups to
solve common problems. Thanks to the mandatory framework, the results of the work of specialists
in various fields are combined in a common field of collaborative activity. We hope that the system
can be used by various categories of participants - teachers, parents, and specialists in the field
of educational policies. In the proposed system, each of them can build her/his own version of the
taxonomy, taking the existing text or graph as a basis, ask the system a question by modifying
existing question templates, supplement the system by adding a new article or editing an existing
one, offer her/his own version of educational practice, while relying on a given framework of target
competencies, necessary concepts and existing learning environments.
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The idea of algorithmic thinking as the key to a new computational literacy described by Papert
(1980) about 40 ago, is being re-discussed lately under the term ‘Computational Thinking’ (Wing,
2008). Despite the large number of studies on the field, there is still lack of designs that enable
students to generate meanings on complex computational practices, such as abstraction,
encapsulation and analysis, in an accessible and meaningful context. Many approaches for
computational thinking, reject text-based programming as ‘obsolete’ and difficult for students and
tend to focus on closed coding tasks with visual programming languages and simplified
representations. Even though this approach can be beneficial for introducing students to specific
programming concepts, it also prevents them from exploring computational practices and
developing an integrated computational way of thinking. Therefore, the challenge remains to make
complex computational concepts and practices accessible to young and inexperienced students,
without lowering the threshold too much that would exclude or conceal these concepts.

In this poster, we present Code-The-Mime, a constructionist game that aims to provide students
with multi-layered and multi-affordance access to powerful computational ideas. It is a program-
to-play (Weintrop & Wilensky, 2014) word-guessing game, inspired by the game of charades, and
it consists of a) a Logo microworld that creates a 3D, dynamically manipulated human model on
the scene of MaLT2 online environment (Kynigos & Grizioti, 2018) and b) a deck of printed cards
with names of sports (ski, basket, tennis, box etc). One group of players draws a card, and they
have to describe the written sport to their teammates by modifying appropriately the 3D human
model of the microworld (Figure 1). They first re-program, modify or extend the Logo code of the
model and then they give the modified file to their teammates who should guess correctly the
represented sport by using all MaLT2 affordances, namely Logo programming, dynamic
manipulation of Logo parameters and 3D camera perusal.
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Figure 1. Students mod of the dynamic model while describing the card 'Box' (team 2)

The game Logo code is structured in three levels of parametric sub-procedures implementing the
practices of decomposition and encapsulation. The main procedure (person) that draws the
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human model calls ‘level 2’ parametric sub-procedures that draw the body parts (e.g head, body)
which they further call ‘level 3’ sub-procedures that draw basic geometric shapes (e.g circle,
angle). The player, depending on the type of modification, can access, explore and modify the
model in any of three levels, engaging in a process of programming abstraction. The parameters
of an executed procedure can be dynamically manipulated with the sliders of the variation tool
resulting in an animation of the constructed model (Figure 1). This affordance allows for
programming parts of the model to be stable or dynamic (e.g. the angle between its legs, its
position on scene, its size). Therefore, the programming of the appropriate parameters and their
dynamic manipulation is central to the game.

We employed design-based research (Bakker, 2018) implementing an empirical study to
investigate students meaning generation processes on computational thinking practices when
they play the Code-The-Mime game. The study had a total duration of 9 hours and it was carried
out in three three-hour parts. The participants, 12 students 14-15 years old, first experimented
with the 3D model in MaLT2 environment and then they played the Code-The-Mime game in
teams. During the study, we collected a dataset that included screen and audio recordings,
interviews, questionnaires and worksheets.

The preliminary results of the qualitative analysis show that the continuous modifications of the
3D model with the integrated affordances enabled students to access powerful computational
ideas, such as parameters passing, procedures, abstraction and decomposition, and to express
personal meanings about them during the gameplay. The charades-like, guessing game fostered
students to use computational concepts and practices to resemble real-life body movements with
the 3D model. For instance, they approached the concept of the parameter as the dynamic
movement of the model’s body and they created mathematical relations between parameters as
a way to achieve co-variation of two body parts. Furthermore, to represent their card quick and
efficient, they decomposed the 3D model into the respective Logo procedures and each time they
chose which procedures and in which level they should extend or modify. Finally, some of the
teams used the ‘level 3’ procedures as building blocks to add extra objects in the 3D scene, such
as a ball by using the procedure ‘circle’. This study, instead of rejecting textual programming, it
discusses a new approach, in which students use Logo programming in combination with other
affordances, to express personal ideas in the context of a program-to-play, constructionist game.
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Constructionist learning environments require learners to build projects, inhabit microworlds,
create objects and code. Assessing and tracking the construction of these artifacts has always
been a challenge for designers and educators. This work provides methodological input on how
gualitative analysis and learning analytics based on log data can build upon each other to explore
students’ behaviors in an open-ended learning environment. Findings from both the data and the
structures of the analysis process are reported. The work could suggest procedures and workflows
for constructionist researchers to investigate new ways to examine learning in complex, open-
ended environments.

Qualitative research methodologies such as interviews and field observations provide deep and
thorough descriptions of complex learning phenomena. However, qualitative data collection and
analysis methods are time consuming (Atieno, 2009). Recent research has suggested the
potential of augmenting qualitative methods with learning analytics (Berland, Baker & Blikstein,
2014; Fields et al., 2016; Sherin et al., 2018; Worsley, 2018).

In this work we examine how qualitative data analysis and learning analytics can be used to make
sense of complex process data in a complementary and iterative manner, where insights from
gualitative analysis and learning analytics are put into conversation. In particular, we explore ways
to gain deeper insights on students’ gameplay behaviors in an online constructionist game (Beats
Empire) through iteratively analyzing transcripts of interviews and think-aloud protocols, field notes
of the social context, and log data of students’ gameplay.

Beats Empire (Holbert et al., 2019) is an open-ended constructionist music management role-play
game where players work to create a successful music studio by making decisions about what
artists to sign, what songs to record, and where to promote their music by engaging with data
about listener's musical preferences in a fictional US city. Thirty-five 7th graders in an urban middle
school in the Northeastern US were engaged in one hour of gameplay, which was captured by a
logging system. Concurrently with their classmates, seven students were interviewed by a
researcher and played the game using a think-aloud protocol.

Through this exploratory analysis, we considered the complementarity of qualitative and log data
analytics to be highly problem-driven. Depending on the research question, the analysis went back
and forth spontaneously between qualitative analysis and log data analytics to understand the
behavior of interest.

We started by taking an expansive view of the qualitative data, looking through field notes and
interview transcripts, highlighting interesting gameplay behaviors or generating questions about
potential game play patterns. For example, one anecdotal observation we generated was that
some students seemed to spend more time than others cycling through auto-generated titles for
soon-to-be-recorded songs, even though the choice of song title does not lead to any in-game
rewards. We were interested in verifying the prevalence of this observation across subjects and
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exploring the reasons behind the actions. Thus, we processed and analyzed log data to help
answer the question. To our surprise, out of 35 students, 24 students generated more than 50
song titles per song release. Two students even generated more than 175 song titles for some
songs. (Noted that a few students initially thought that the song titles they had previously seen
would cycle back around, so they kept going through the list to find the titles they liked.) This
phenomenon led us to question why the song title generation feature was so prominent in the
students’ gameplay experience. We also wondered if the feature facilitated or hindered the
students from exploring other meaningful features in the game that would better cultivate students’
understanding and applications of data. Thus, we dived into the qualitative data again and
compared interview transcripts of think-aloud players who generated about 15 titles per songs with
those of who generated more than 50 titles per songs. We found students that generated few song
titles engaged with song creation using mechanics that are explicitly defined by the game, while
the others related their real-life music preference to the game. The qualitative analysis also
suggested that some students who spent a lot of time scrolling through the song titles were actually
looking for song titles that were suitable to the most popular moods indicated by the bar graphs in
the data screen, so they were engaged with data in a different way in their decision making. In
other words, an otherwise unnoticed aspect of gameplay (choosing song titles) ended up revealing
a very meaningful pattern relating to students’ experiences.

Furthermore, our work suggests five major roles log data analytics might complement qualitative
data analysis: 1) capture transient actions, 2) identity possible trends in the sample population, 3)
guantify a qualitative phenomenon using combinations of log data attributes and verify a qualitative
phenomenon across a larger population, 4) identify particular chunks of qualitative data for further
analysis, and 5) look for relationships among different phenomena. We believe that this work can
also be applied to other types of microworlds, computational environments and constructionist
games, enabling researchers to gain a deeper understanding into patterns of learning and
interaction.

References

Atieno, O. P. (2009). An Analysis of the Strengths and Limitations of Qualitative and Quantitative
Research Paradigms. Problems of Education in the 21st Century, 13(1), 13-38.

Berland, M., Baker, R. S., & Blikstein, P. (2014). Educational Data Mining and Learning Analytics:
Applications to Constructionist Research. Technology, Knowledge and Learning, 19(1-2), 205-
220.

Fields, D. A., Quirke, L., Amely, J., Maughan, J. (2016). Combining Big Data and Thick Data
Analyses for Understanding Youth Learning Trajectories in a Summer Coding Camp. Proceedings
of the 47th ACM technical symposium on computing science education. ACM, 2016.

Holbert, N., Berland, M., Rutstein, D., Basu, S., Disalvo, E., Rochelle, J., Villeroy, M., Kumar, V.
(2019). Designing Constructionist Formative Assessment Games. The Annual Meeting of the
American Educational Research (AERA) 2019, Toronto, Canada.

Sherin, B., Kersting, N., & Berland, M. (2018). Learning Analytics in Support of Qualitative
Analysis. In Kay, J. and Luckin, R. (Eds.) Rethinking Learning in the Digital Age: Making the
Learning Sciences Count, 13th International Conference of the Learning Sciences (ICLS) 2018,
Volume 1. London, UK: International Society of the Learning Sciences.

Worsley, M. (2018). Multimodal Learning Analytics for the Qualitative Researcher. In Kay, J. and
Luckin, R. (Eds.) Rethinking Learning in the Digital Age: Making the Learning Sciences Count,
13th International Conference of the Learning Sciences (ICLS) 2018, Volume 1. London, UK:
International Society of the Learning Sciences.

Constructionism 2020 72



Constructing Creativity in Computer Science Pre-Service
Teacher Education

Gemma O’Callaghan, gemma.ocallaghan@gmit.ie.
Dept of Computing & Applied Physics, Galway-Mayo Institute of Technology, Galway, Ireland

Cornelia Connolly, cornelia.connolly@nuigalway.ie
School of Education, NUI Galway, Galway, Ireland

With post-primary schools in Ireland increasing their capacity to teach computer science, it is
imperative our pre-service Computer Science teachers have the capacity to develop creative
thinking within their initial teacher education programmes.

Creativity is a core 21 century skill defined by business, government and education leaders (DES,
2016). In Ireland, the National Council for Curriculum and Assessment (NCCA) Senior Cycle Key
Skills Framework has Critical and Creative Thinking identified in the Senior Cycle (NCCA, 2009).

The introduction of Computer Science at Senior Cycle will change the way Irish schools approach
computing and information technology — replacing the idea of IT literacy and passive consumers
of computing to innovators, creators and designers. According to the NCCA, Senior Cycle
Computer Science “aims to develop and foster the learner’s creativity and problem solving, along
with their ability to work both independently and collaboratively.” The new specification is based
on three strands: Practices and principles, Core concepts and Computer science in practice, as
shown in Figure 1.

Figure 1: Structure of Leaving Certificate Computer Science (NCCA, 2019)

Embedding Creativity in Computer Science initial teacher education is explored using the design
thinking process. A framework to support pre-service teachers was developed to incorporate a
student-centred problem-based learning approach while fostering characteristics such as creative
confidence, risk taking and a strong sense of empathy in the pre-service teachers (Romeike, 2008;
Resnick, 2014; Reilly et al., 2011). The literature shows that having pre-service Computer Science
teachers solving a real-world design challenge using Design Thinking is an appropriate and
pedagogical sound approach to use to develop creative thinking within their initial teacher
education programme (DeSchryver & Yadav, 2015; Rauth et al., 2010).

Design Thinking aims to allow students to solve real-world complex problems using a human-
centred approach. As shown in Figure 2, the process takes the students through the following 5
stages: Empathise, Define, Ideate, Prototype and Test. (Dam & Siang, 2019)

Figure 2: Design Thinking Process
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The first three steps allow the student to empathise with the end user, by discovering what it is
that they need, defining the problem to be solved and generating as many ideas as possible. The
fourth stage in the process, prototyping, centres on the idea that making and refining the product
several times results in product improvement as the student interacts with the product and reflects
on its value. According to Kelley & Kelley, a bias for action is central to the design thinking process.
(Kelley & Kelley, 2013) This concept has close links to Constructionism’s central idea of “learning
by making”. (Papert & Harel, 1991) When students are constructing objects that others will see
and critique, it reinforces their learning. The final solution is presented to the user in the last stage
to allow for feedback and possible redefinition of the problem.

Throughout the process, students present and discuss their ideas with their peers which allows
them to “boost self-directed learning, and ultimately facilitate the construction of new knowledge”.
(Ackermann, 2001). It has been argued that the design thinking process can be linked to Kolb’s’
Experiential Learning Theory (Luka & others, 2014) which consists of four phases: "experiencing,
reflecting, thinking and acting”. Each of these is contained within the Design Thinking process.

Closely linked to the design thinking process is the idea of creative confidence which when
developed encourages students to generate new ideas and have the confidence to try them out.
(Kelley & Kelley, 2012) It has been proven in the literature that using design thinking in education
fosters creative confidence in the arts, business education and educational problems of practise
(Henriksen et al., 2017). Due to the importance of developing creative thinking in Senior Cycle
Computer Science, CS teachers would benefit from the use of a supportive framework which
incorporates validated teaching strategies like the design thinking process.
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Constructionism in Action in Nepal
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Constructionist learning with technology can be a challenge to implement in developing countries,
where teachers often face of lack of confidence, competence and access to resources (Bingimlas,
2009). This tablet project aimed to provide the tools, strategies, and essential professional
development to overcome those barriers and offer constructionism as a confidence-building
alternative to rote learning. It focused on four primary schools in former-slave communities in rural
Far-West Nepal through an opportunity for cooperation with a US-based NGO (“Bridge to Nepal”,
2019). Since inception in October 2014, the project has delivered 120 tablets, preloaded with a
careful selection of apps, which now serve more than 1000 students across the four schools.
Annual three-day workshops and mentoring for teachers have been essential to the ongoing
success of the project, with teachers developing their own constructionist learning activities using
the tablets. The following case study may prove useful for others aiming at constructionism in a
developing world context.

Constructionism in Action in Nepal

For practical implementation, 8-inch Android ASUS tablets proved inexpensive and easy to load
with a careful selection of educational apps before making the journey to rural schools in Far-West
Nepal, where they would likely never again connect to the internet, due to lack of infrastructure.
They were charged when electricity was available at night and used during the school day. The
first 30 tablets arrived in 2014, many of which are still in service. Each following year, another
wave of tablets was installed in conjunction with a teacher development workshop. The devices
were used by students aged five to fifteen, in classes of up to thirty students. Devices were most
often shared by a group of two to five students to facilitate cooperative learning.

Similar projects have had mixed results in developing countries. For example, the One Laptop Per
Child initiative failed to have any positive impact on students’ test scores in Nepal (Sharma, 2014),
just as it infamously failed in Uruguay (De Melo, 2014). However, in neighboring India, a trial of
Mindspark did positively impact scores (Muralidharan, 2019). This project generally follows the
Integrated approach to Technology in Education (Charania, 2014), in which teachers design
learning activities that integrate with existing curriculum and students build virtual learning
artifacts. At annual workshops, teachers tested their designs with colleagues and gave each other
feedback during group reflection sessions before trying them with students in the classroom.

Regular interviews during annual workshops with students and administrators revealed several
trends and learning outcomes. Firstly, students often experimented and tinkered with the tablets
in creative ways outside the formal learning space. For example, a student spontaneously used a
digital model of a tea set that she had created to build a real-world version of the set from recycled
materials, fitting Clayson’s situated computational thinking argument that visual modeling allows

Constructionism 2020 75



for meaningful abstraction with various mediums (2018, p. 16). Secondly, teachers were initially
slow to implement the project on their own in their classes. However, after each school assigned
a “champion” staff-member to keep up motivation and communication, reported use of the devices
in classes increased. Thirdly, teachers and administrators repeatedly mentioned their appreciation
of the long-term human investment: much of the work at annual workshops turned out to be
ongoing professional mentorship with the same people returning year after year. This kind of
relational investment may be essential, but it is unfortunately not easily scalable. Fourthly,
teachers reported feeling most engaged when they shared their designs with each other. They
cited an increased sense of ownership of the project, deeper understanding after teaching
colleagues, and fewer cultural and language barriers to overcome. This makes sense in light of
Papert’s foundational belief that sharing ideas around our objects is key to learning (Ackermann,
2001). All of these outcomes underpin the project's meta objective of confidence building in
students and teachers in these former slave communities. Finally, the emails and Facebook
messages that appeared with pictures of engaged students and triumphant teachers working
together with the tablets gave an anecdotal and heart-warming indication that the project has
indeed had a positive impact in this challenging part of the world.
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Constructionism: a dangerous adaptation
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The human capacity to construct, as described by Papert (1991 and earlier), is unique. It is most
clearly exhibited in the capability to draw, be it language, representations, or mechanisms. No
other animal can, or has been able, to do this. A hint as to the character of this capability, which
must be a biological evolutionary adaptation, is found in Heidegger's (1947) obtuse “Question
concerning technology.” Here he asserted that technology “enframes” us, and that it is “challenged
forth” rather than “at hand”. Though generally prejudiced in its standpoint, these differences do
typify the difference between us and all other animals. Whilst they, from cadis fly larvae through
birds to Neanderthals and Denisovans, can construct complex artefacts from inbuilt evolved
behavioural templates, no species other than the human originating in Africa had the capacity to
design. And yet, as our genes show, we had regular conjugal relations with them. It follows that
any genetic difference must have been socially and reproductively insignificant. Any yet, it is our
species, not them, that split the atom. In so doing, we created an entropy differential far greater
that any biological entity can survive. The question now is: how may a biological organism create
such destructive physical entities?

The answer will lie not with the phenotype directly but with its genotype. The DNA that specifies
the form and function of the phenotype embodies a vast amount of information about the physical
world; its materials and forces. For instance, DNA creates haemoglobin or chlorophyll simply by
substituting an iron atom for magnesium. Many forms, mechanisms, and chemical processes that
DNA has evolved remain beyond our understanding yet must be its foundation. How did humans
gain access to information that makes possible the creation of naturally impossible entities? Where
has DNA expressed products of its creativity so that they can become accessible to a conscious
organism?

One of the most amazing DNA creations is the set of sense organs. These produce information
that goes well beyond the physical events that are their data. The most remarkable is vision. The
only entities that impinge on the eye are reflected photons of varying wavelength. From the vast
spectrum of these, vision relies only on those that trigger a reaction in rhodopsin and its variants.
Data from three cone receptors in the eye activates a neural colour palette to give hues, blends,
tones and shades based on red/green. Blue/yellow, and black/white. This palette is DNA created
and bears no relationship to physical reality: it is an adaptive false-colouring of the world. Not only
is the world colourised by DNA information but the picture itself is drawn using lines and angles,
and direction of motion built into neural modules. Fortunately for us, these mechanisms are aeons
old, so we share our worldview with many other organisms, conscious or reactive. It is a vast store
of DNA created information that goes beyond that present in the physical world. It is inaccessible.

When we talk of a conscious organism, we restrict ourselves to mammalian species: possessors
of a neocortex and in particular its prefrontal areas. Once the lobotomised silent area of the brain,
we now know that prefrontal cortex preforms an executive function (Fuster 2015). Reciprocal
connections from it to most parts of the brain, old and new, provide information: cognitive, affective,
sensory and motor, which it modifies and returns, thereby planning futures based on historic data.
As the species Homo evolved, the brain enlarged, most prominently in the prefrontal area whose
neurones extended ever further. This facilitated complex social organisation and language. But it
did not, except in our species, make (super-natural) construction possible.

At the first constructionist conference the author made the argument that constructionism required
a scientific rather than philosophical foundation if it were to be influential. Today it remains a niche
philosophy. Here, a decade later, in this obscure corner of the sixth edition is offered a proposition
that offers a scientific basis. Though it requires some suspension of disbelief and an understanding
of entropy and information, it is based on established science and is testable.
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The proposition is simple in the extreme. It states that, in our species alone, prefrontal connection
extended to the layer of raw sense data first found by Hubel (1995) and colleagues. This is the
layer of DNA crafted information that is the foundation, the elementary particles, of perception. It
is normally processed by a set of evolved mechanisms to provide the organism with a sensorially
integrated perception of the world around it. Accessed directly by cognitive prefrontal cortex, these
elements may be combined to create entirely novel, unnatural (super-natural) mental constructs.
Returned to the effective part of the nervous system, they may motivate a physical construction;
be it a sandcastle on the beach or a theory of the universe. The difference in the information flow
between modern humans and prior species, including our conjugal cousins, is illustrated below.

i 7 P}{ysical stimuli information ,

[Hubel information |

'Perception-action (PA) cycle | r =

‘ Preﬁ’ontai area

Figure 1. Schematic of the modern human brain showing the flow of information. Humans access raw
Hubel information (grey/black dotted line) via prefrontal cortex, which composes it to create cognitively
and affectively pleasing yet potentially dangerous low entropy constructions.

It is obvious, as mathematicians say, than constructs composed of DNA created information will
be of lower entropy than any derived from sense data. Here is the entropy differential that provides
our power over nature. As such it is dangerous. We may construct wisely (though this is difficult)
or we can construct destructively. Rather than citing climate change, an example will be taken
from mathematics education. The simplest way of enumerating is to put objects into bundles and
mark them off on a tally. However, language, a proxy for the way the brain works, puts it differently.
The Indian mathematicians developed our current decimal notation. Here, in contrast to a Roman
X, the sequence 10 has no physical referent until you know what the permitted maximum is in any
column. For decimal it is nine. This is reflected in language: nineteen - twenty. So, the brain works
on a register system, not bundling like perception. We have two constructions to offer children as
they learn to compute: the ten-bead abacus and objects to bundle into tens, or a four function
calculator. The one is congruent with thought, the other with perception. Fascinatingly, committed
constructionists prefer the concrete over the symbolic thus stunting cognitive growth. No comment.
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We are all creative, however, as we grow, we come to believe that we have lost our skills to create
and this belief is reflected in the way we perform our activities. With teachers, this is no different,
since most have had an education based on little or no interactivity, focused more on the figure of
those who teach than of apprentices. Therefore, if we want to prepare our children to develop their
inventiveness, we must first foster the asleep creativity in teachers.

One believes that Constructionism, both as a learning theory as a strategy for education, can be
a powerful tool, because one of its objectives is that students actively participate in the construction
and reconstruction of their knowledge. Based on this approach, Lifelong Kindergarten research
group at the MIT Media Lab has developed strategies to engage people in learning experiences
that culminated in what is called Creative Learning, which is based on four pillars (RESNICK,
2017): Projects; Peers; Passion; Play.

Regarding an emancipating and empowering education, based on the ideas of Freire (2017) and
Papert (1994), the bases of Constructionism to teachers and students of various undergraduate
courses from the estate of Goias - Brazil, we hold workshops that offer a hands-on experience,
followed by reflection and theoretical subsidies to apply creative learning in the classroom. During
the activity, we try to get people to engage in all phases of the creative process, which Resnick
(2017) imagines as a great learning spiral (imagine, create, play, share, reflect, imagine...).

The workshops are part of a research project entitled "Creative learning applied to the teaching of
climatology and its school contents: looks, practices and awakening to science", funded by the
National Council for Scientific and Technological Development — CNPq, from Brazil, and are
intended for teachers, pedagogical coordinators and students of undergraduate courses. To
attract this public, the dissemination was done in schools, universities, on the website of the
Brazilian Network of Creative Learning and in social networks. The applied methodology was
developed based on Resnick (2017) and Clapp, Ross, Ryan & Tishman (2017).

The main objectives of the workshops are:

e To provide experience in a Creative Learning activity and present the basic principles of
Creative Learning;

e To identify challenges and opportunities for the implementation of Creative Learning;

e To draft projects to be applied by the participants in schools and universities;

e To promote integration between teachers from various areas of knowledge and people
interested in innovative learning methodologies.

The activity runs for 4 hours and, at first, participants (maximum 25 in each workshop), who work
in groups, are invited to immerse themselves into microworlds. They are invited to think about how
Brazil will be in the 22nd century and each group is placed at a workstation, with the most diverse
types of materials (cardboard, fabrics, glue, batteries, led, scraps, etc.). Each workstation has a
theme: fashion, housing, means of transportation and culture (Figure 1).
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Figure 1. Workshop participants working on their projects

After 1 hour, the groups present their projects and share their ideas, mainly, how was the process
of performing the activity and what they learned from it. Then, they are invited to answer some
guestions placed on panels on the walls, so that we can all reflect and dialogue about the results.
In addition to dashboards, everyone receives a questionnaire so they can evaluate activity and
insert their impressions without being identified. We also provide an auxiliary guide for them to
think about implementing creative learning activities and projects at their schools and universities.

The last stage is a conversation wheel, in order to evaluate the positive and negative strains of
the workshop, as well as what can be modified and also how each person felt when performing
the activity. People are encouraged to expose their opinions freely and critics are very welcomed.
In addition, we invite participants to integrate into our research network and work focused on
Creative Learning.

It is hoped that the workshops can be replicated by participants in their schools and communities,
as well as that the precepts of Creative Learning will be disseminated among teachers, students,
school managers and people interested in education. Through evaluations and dialogues, it is
possible to observe that people engage with their ideas and work with each other to overcome the
challenges that appear throughout the activity.

The data are being organized, however, preliminary results already reveal that more than 80% of
the people participating in the workshops seek to implement projects and activities based on active
methodologies in their classes or engage in groups and networks that help promoting Creative
Learning.
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Women are persistently underrepresented in science and engineering fields (Bix, 2014). However,
when engineering problems are posed as personally meaningful and connected to people and
communities, girls are more likely to express interest in solving them (Bennett, 2000). Personally
meaningful problems can tap into learners’ capacities for empathizing with those for whom they
are designing, and can help learners develop positive conceptions of engineering (Cunningham &
Lachapelle 2014). While some research has attended to this relationship between empathy and
engineering, such empathic engineering engagement remains understudied in education.
Constructionism helps to further explain that empathy and relationships between both people and
material are central to the learning and design process. For example, Harel and Papert (1991)
argued for engagement with carefully selected materials to support the development of personal
relationships in which affect can blend with and inform formal domain learning. This can create
moments of empathy in what we might call a human-centered design experience, a design process
that takes a deep appreciation of the needs of others into consideration (Nelson & Stolterman,
2003).

While human-centered design elements are promising starting points for evoking empathy within
engineering learning activities, it remains unclear how to design engineering activities to support
empathy and how empathic design relates to engagement with engineering. Our research focuses
on the design of engineering activities within museum contexts because informal STEM learning
environments are inherently social, have the potential to reach diverse audiences, and can
contribute to more inclusive and contextualized experiences with engineering. This research
asked: How do design elements of science museum-based engineering activities support empathy
development and influence engagement with engineering for girls (ages 7-14)? We conducted
observational studies of three activities at an urban science museum on the East Coast of the
United States. Exhibits included: 1) Help Grandma, in which visitors read activity cards with
characters requesting help with everyday tasks, and designed inventions to help them; 2) Chain
Reactions, in which visitors created contraptions to take care of pets; and 3) Air Powered Vehicles,
in which visitors constructed vehicles to help someone travel over different landscapes (e.g., sandy
deserts or forest floors).

We observed a total of 117 girls (ages 7-14; 38-40 observations per exhibit) using an observation
protocol we co-developed to track engagement in engineering practices and evidence of
demonstrating empathy within the design process. Our protocol included overall dwell time,
empathy markers (i.e., desire to help, user-centered design, affective empathy toward designing,
affective empathy toward user, perspective-taking, familiarity, societal issue), and engineering
practices (i.e., imagining new possibilities, iteration, persistence, problem scoping, solution finding,
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testing, and tinkering). We photographed visitors’ projects and conducted semi-structured
interviews that asked visitors about their design process.

We conducted an analysis of variance (ANOVA) to compare dwell time, empathy markers, and
engineering practices across activities. For all exhibits we found that the average dwell time within
exhibits was well above average of science in museum exhibits (typically 1 minute) at an average
of 17 minutes per observed visitor. This suggested that the designs presented opportunities for
investigating engineering practices and their relationship to empathy. Of the engineering practices
we observed, frequencies clustered around persistence, testing, and tinkering across exhibits
perhaps also because observed visitors often started out tinkering with materials and went on to
solve problems with the materials. Of the empathy practices we observed, frequencies clustered
around perspective-taking and familiarity. Perspective-taking refers to acting out a use or
explaining how someone would use the design, for example, a visitor who created an invention to
help a grandma carry a heavy item stating “If it was real, the person would push it up” while acting
out how the design would be used.

Of all exhibits, Help Grandma produced the highest frequencies across all empathy markers. Help
Grandma included the design element of creating an innovation for a familiar person and we
consider that it was this design element that supported empathy. Taking a deeper look at empathy,
we recognized that empathy markers explained both engineering as well as dwell time. Those
visitors who showed at least one empathy marker stayed with the exhibit over 30 minutes and
performed at least five different engineering practices. Small design changes had an impact on
empathy markers. For half of the observations, the animal characters of the Chain Reactions
activity wore collars that read “| want to play” or “l am hungry”. For the other half of the observations
the collars were omitted. When the collars were there, visitors stayed with the activity significantly
longer with more empathy practices compared to engagement without collars. The collars
provided opportunities to attribute needs and desires to the characters, which, similarly to the Help
Grandma activity, supported the possibility to design for characters. The findings that empathy
markers are compelling predictors for engineering and dwell time and that empathy markers can
be evoked through specific design elements has implications for the design of engaging
engineering activities that appeal to girls and museum visitors more broadly.
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This poster presents the main idea of a constructionist learning approach to understand
trigonometric functions by engaging with a Logo-based application as well as some preliminary
results gained by its first pilot implementation to 9" grade students. The presenting approach
consists of a new idea which has only been implemented to a small scale of students (2 groups of
2 students each) and will be expanded and re-examined in the near future. However, by exploring
the students working with the microworld in a first level, many interesting points connected to
constructionist features on learning mathematics emerged.

The mathematical emphasis is on the trigopnometric functions and specifically on their periodic
property. The motive lies in three perspectives: 1. the surprisingly poor attention of research on
the meanings generated by students around these concepts; 2. the non-constructionist way these
functions are traditionally treated at school and 3. the affordances gained by exploiting the property
of periodicity for creative and richly-constructionist ways for meaningful investigation and
understanding through the appropriate medium. According to the existing literature, the initial
stages of learning about trigonometric concepts, which are traditionally attached to the triangle
model, are proven problematic as they consist of a restriction on the understanding of sine and
cosine as functions and are fraught with difficulties in general (Weber, 2005). In fact, the triangle
model is insufficient to represent the totality of trigonometric functional properties and also to host
activities that awaken the creativity and imagination in students. Unfortunately this model still
prevails as the predominant one because of its easily visualized nature. But what if there was a
way to not only visualize the trigonometric functions as a snapshot of a certain angle-domain, but
also include its unique dynamic nature as well as the ability to manipulate it? What if we could use
these functions as an expressive tool for artistic ideas easily formed by Logo-based programming?

In the educational world where constructionist practices redefines the learning approaches where
the emphasis is given on the meaning-making processes of students, the above idea can be
supported (Kynigos 2015). There is a special tool which makes that possible: the medium of
MaLT2 (Machine Lab Turtle-sphere); an online environment of our lab’s design which integrates
Logo textual programming with the affordances of dynamic manipulation and 3D graphics
(Kynigos & Grizioti, 2018). In this case, students were encouraged to design an animated
geometric logo using MaLT2 for a supposed company whose only requirement was to include the
feature of periodic motion. At the first phase, students had to decode and reconstruct a given 2D
animated logo specially designed by me -representing a periodically reshaping right angled
triangle- as they only had access to the virtual outcome in motion (given as a repeated GIF; Picture
1, Phase 1). In the second phase, they were free to construct their own design with the added
requirement for it to be 3D. The main hypothesis beneath this “artistic challenge” is that by
designing the geometric logo and its motion by themselves through programming, they would
physically grasp the essence of the trigonometric functions -in which the characteristic of
periodicity resides- and experience their inner properties in a meaningful creative way. This
assumption led to an open research question: What meanings do students construct on
trigonometric functions when engaging with the logo-based environment of MaL T2 and its dynamic
manipulation potentials?

The results gained by the two groups were quite enlightening on this issue. Even though 9™
Graders had only engaged with the trigonometric concepts as ratios (in terms of a triangle or the
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Cartesian coordinate system), they naturally adjusted to their functional aspect and its properties
in order to handle them in their design. During the first task, they managed to uncover the -as
mentioned by one of them- “bizarre functions” which cause the fluctuation of the triangle’s
perpendicular sides; sine and cosine. This “uncovering” was reinforced by students’ intimacy of
trigonometry in the triangle model, but they overextended its borders; they handled sine/cosine as
functions, emphasizing to their dynamic features. They produced the code that constructs the
requested shape and by dragging the slider which controls the values of the variable (:t), they
realized the dynamic power of sine(:t) and cosine(:t) on their construction. The revealing periodicity
impressed them and consisted of a strong motive for making more complicated constructions. The
second task led to many experimentations with new codes with the trigonometric functions starring
in them. One example, made by the first group of students, is presented in Figure 1 (Phase 2).
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Figure 1. Examples of logos as constructed by students during the two phases

My closing remarks on the results are summed up in two points. Firstly, students’ collaboration
and debate during the logo constructions reveal the reasons why they were impressed by the
periodic feature of the two trigonometric functions; the fact that it provides feelings of harmony,
uniformity and symmetry to the dynamically manipulated shape which add up to an artistic quality.
Secondly, during their discussion -boosted by my questions- some properties of the two
trigonometric functions were surfaced, such as the phase difference between them, their graph,
their rate of change and the advantages of their periodic nature. Students naturally generated
meanings on these properties based on their experience with the construction of the logos in a
playful and healthily competitive mood. The hypothesis of the research was reinforced by these
points, setting this “artistic challenge” even more challenging in order for my future research to
gain richer results on the matter.
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Developing children’s sense of place by utilizing
GPS-enabled Arduino toy in their community
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Children’s sense of place, their feelings and perceptions with regard to the geographic
area, is important as it has a powerful impact on children's cognitive and identity development
(Qazimi, 2014). In a cognitive aspect, children can understand how places are shaped by different
factors and develop spatial knowledge effectively when they interact with everyday environments
(Pike, 2008). Having a sense of place through local geography, particularly during childhood
experience, greatly influences the formation of individual identities and building the baselines for
perceiving the new places as they grow up to be adults (Measham, 2007).

However, in social studies classrooms for grades 3 to 6 in South Korea, especially where
excessive enthusiasm for education exists, children can hardly relate to the description of the local
area in the textbook and show a lack of understanding in the geographical characteristics of
surrounding spaces. Interestingly, according to their general daily routines, most are less exposed
to exploring their neighborhoods or getting around places near them. Rather, they tend to dwell in
limited places like their homes, schools, private institutes, or playgrounds. Therefore, it seems like
there are not many chances to expand their understanding and use of spaces around them.

This situation in South Korea is often caused by the children’s tendency to spend time on
home entertainment or academic activities as well as parents’ concerns regarding children’s
safety. Most children usually spend their daytime in private educational institutes after school and
are exposed more to digital media rather than going around places. Moreover, parents usually
worry about their children’s safety as they assume their children might get lost going places or
might be exposed to potential dangers. Consequently, children only visit a few places with their
parents and therefore have a fear of new spaces, thereby missing opportunities to construct their
local knowledge in the real-world context and to build knowledge about their communities.

Figure 1. Diagram of the device and its companion website
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What if we could change this situation by minimizing parents’ concerns and maximizing
children’s opportunities to interact with the places around their neighborhoods? In order for
children from grades 3 to 6 to have more opportunities to experience the real-world and learn
about their communities, | developed a toy by utilizing a GPS-enabled Arduino which allows them
to visit new spaces with the initial help from their parents. The design of this toy is grounded by
constructionism, in that it situates learners to explore the surrounding environment, provides a tool
to build a cultural artifact on their personalized ‘journey map’, and offers an opportunity for them
to share their ideas and feelings with others on this ‘journey map’ (Ackermann, 2001).

The digital compass on this toy sports 8 LED lights, each indicating a cardinal or
intercardinal direction to the user based on the GPS information. Using the compass, users are
able to figure out which way they need to go to arrive at a new place by following the LED lights.
The toy also might help to increase children’s interests and excitement of visiting unexpected
spaces in the surrounding areas, ridding them of their fears of wandering around.

While they are navigating, children also have a chance to express their own perspectives
regarding the places in their personalized ‘journey map’. By pressing the white button on the
device, children can drop a pin to save the places they have visited and written reports on the
companion website which can be shared with other users. After they complete their trips, they are
encouraged to write a reflective journal in their personalized ‘journey maps’ about what they
like/dislike about the local place as well as what safety/traffic issues are around (Catling, 2005),
which can be communicated and shared with other users.

To help parents make sure this experience is educational and safe enough, the
predetermined location could be carefully designed by parents beforehand on the companion
website. While children are navigating, parents are also able to receive an alert when children
stray away from the specific location by setting up a geofence for the device. In this way, children
can extend the boundaries of places gradually with the guidance of their parents.

Through their exploration of their communities with their devices and journaling, children
can build special bonds within their communities, realize how the places in their communities are
deeply related to their daily lives and connect their experience to school learning. This experience
can also provide other learning opportunities such as understanding direction with the compass,
studying the landscape formation of the surrounding environment, and starting to be interested in
the area's history. Although this tool is initially designed for specific populations, it also can be
applied to more comprehensive audiences such as children who want to research their
communities’ resources or train their independent mobilities in their local areas relative to their
social and regional contexts.
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Digital Applied Learning and Innovation Lab: A
Model of Constructionism in Higher Education
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Previous work firmly establishes the value of the constructionist approach
in K-12 settings, with few documented applications in higher education
(Sacristan, 2018; Clinton & Rieber, 2010; Trust, Maloy, & Edwards,
2018). Universities are in need of academic innovation to prepare
students for a changing world (Laurillard, 2002; Obama, 2009). Popular
adaptations like makerspaces and capstone projects are limited by the
transitory nature of the projects and teams and inert conclusions. The
Digital Applied Learning and Innovation (DALI) Laboratory at Dartmouth
College is an extra-curricular, interdisciplinary model of constructionism. ...

Over one hundred students a year learn by making — gaining new

knowledge and applying theories learned in the classroom by building .

. . mentorship plays a
tech solutions for early-stage entrepreneurial and research ventures.  ..niral role in student's
Quialitative reports indicate rich and multifaceted learnings. This poster growth.
highlights DALI's methodology, outcomes, and the value that
constructionism adds to traditional higher education.

Figure 2. Peer

The DALI Lab was founded in 2013 to empower students through the transformative process of
building artifacts with real impact. Students join as early as their freshman year and 95% continue
with DALI for the duration of their time at Dartmouth. Throughout their tenure, students work in
teams (Figure 2) and develop technical, problem-solving, creativity, leadership, teamwork, and
communication skills. The lab’s project-based approach relies heavily on sourcing meaningful
projects, a robust support system, and peer learning and mentorship (Figure 1) (Boud, Cohen &
Sampson, 2001). The program is popular with students and partner organizations; acceptance
rates hover at 30% for both. Throughout the project, teams reflect collectively and individually
through surveys and structured conversations.

Exploration of a case study will exemplify how
constructionism is applied with compelling results.
Ve One team partnered with a physician and their Ph.D.
- L candidate at the local hospital who study the role of
mobile health modalities in physical therapy
compliance and improvement over time in older
oo n ; a adults. This project called for a mobile app easily

e N accessible to older adults. Real projects entail real

||. constraints, which can frustrate students, but also

: provide valuable teachable moments. In order to
Figure 3. DALI students work in teams of project help the patient see their own progress and stay
managers, developers, and designers to bring a  motivated, the team decided to connect an exercise
partner's idea(s) to fruition. resistance band with a force sensor to a smartphone

app via Bluetooth. This also helps doctors keep track of patient’s exercise habits for research
purposes, an additional user persona for designers to keep in mind. In the next phase (as seen in
Figure 3), design and development ran concurrently, requiring a high level of communication
between the two sides of the team. Every other week the designers drove to the hospital to conduct
user testing with the research participants. Their findings informed the next design iterations and
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how the developers implemented the app. At the end of the term, in just ten short weeks, the app
was ready to be employed in the partner’s field studies.
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Figure 4. The DALI Process is a series of milestones guiding teams through the design and development

In the retrospective feedback, all team members reported substantial learnings. In addition to
technical skills (working with Bluetooth, Android development, user testing), they reflected on
gaining key problem-solving techniques. Every student was challenged by the fast pace and
critical communication exchange between developers and designers, emerging at the end of the
term as better teammates and communicators: “| developed as both a contributor and leader. By
constantly communicating, asking questions, and understanding my teammates, | learned how to
improve our team productivity as a unit instead of as just an individual.” Finally, all team members
strongly agreed (5/5 on a five-paint scale) that the project was meaningful, fun to work on, and a
great learning experience (5/5). They agreed (4/5 rating) that the project was conceptually
interesting.

Papert’s distinction between learning-by-doing versus learning-by-making rings true at DALI
(Papert, 1991). As illustrated in the case study, those who begin with little technical, teamwork, or
subject-matter expertise learn through quickly and collaboratively building an artifact. Over six
years, the program has given 486 alumnae the opportunity to learn through building, and delivered
230 projects to partners around the world. The DALI Lab brings all the benefits of capstone
projects to students early in their careers, building a larger knowledge base over a period of years,
rather than months. It provides the context and motivation for learning in class, causing many
students to perform better in coursework after a term or more of participating in DALI. Based on
quarterly surveys, a recurring theme is that “At DALI | run into challenges that don’t really occur in
classroom settings.” Students apply to the program expecting to gain skills that make them
employable, (and indeed, upon graduation, they routinely earn competitive positions at industry-
leading firms), but the ultimate value is in learning to problem-solve when there is no right answer
and to have real-world impact rather than receive a grade.
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Embodied Participatory Simulations of Disease
as an Entry Point for Network Analysis
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We have been working with a corporate partner to stabilize a flexible wearable-computing platform
for embodied participatory simulations (Brady et al, 2015; 2016), involving hardware (electronic
“badges”); software (a blocks-based authoring environment for creating programs that exploit the
badges’ native functionality); and network infrastructure (including facilities for creating publish-
and-subscribe services and for storing information needed for or produced through badge
activities). This poster describes the first pilot of a new WiFi-enabled version of this full platform in
a course in Human Geography for pre-service social studies teachers, at a large private university
in the southeastern United States. Our motivation was to explore how embodied participatory
simulations (Brady et al, 2017; Collela et al, 1998) could provide an accessible entry point to ideas
of network theory for non-technical pre-service teachers. We asked, “How can playing out an
interaction network through embodied role-play offer resources for participants to reason about
the role of network structure in the spread of disease?”

Network theory offers a powerful set of tools to make sense of, among other things, (a) emergent
phenomena that are illuminated by structures of groups that go beyond their spatial distribution,
or (b) the way that groups’ structures are formed in interaction. These are powerful ideas for
explaining complex systems, but they can be challenging to reason with. In connection with agent-
based modeling, network analyses can offer exciting new insights on a variety of phenomena,
including the spread of disease (Head et al, 2018; Vermeer et al, 2017).

Participatory simulations, or PartSims (Wilensky & Stroup, 1999a) have been an important tool for
enabling groups to make sense of complexity through role-play, often supported by
communications technology. In the context of agent-based modeling, NetLogo’s (Wilensky, 1999)
HubNet module (Wilensky & Stroup, 1999b), and a web-based implementation entitled GbCC
(Brady et al, 2018) enable virtual PartSims and other group-centered activity designs that make
emergence accessible (Wilensky & Stroup, 1999a; 2000). Embodied participatory simulations
(Brady et al, 2016; Colella et al., 1998; Klopfer, Yoon, & Perry, 2005) have developed in parallel
with the virtual versions described above and are useful where physical enactment is an asset.

In a unit on the spread of disease and other social phenomena of dissemination and diffusion, the
classroom group engaged in several simulations of social interactions, using NetLogo and GbCC.
To foreground group structure and its influence on interactions, we used the badge platform to
enable the group to build interaction networks with different structures and characteristics,
supported by real-time visualization. As a group, we then reasoned about how disease or other
phenomena would spread on these networks, using replays of the interaction dynamics, where
one or more nodes of the network were chosen to start the simulation as “infected.”

In the first activity, students could interact with anyone else in the class, with the goal of finding
out how many people shared a trait with them (a random number, 1-10). Each time they spoke
with a classmate, their badges transmitted the interaction to a server, allowing a web-enabled
NetLogo model to display the emerging network of interactions in real time (see Fig 1). The
NetLogo model then allowed the interactions to be re-run virtually, with the option of supposing
that one (or more) of the badges/participants began as infected.
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Figure 1. Simulating social interactions with the badges. Right: a real time display of the network, here
showing the final state, with the node-link representation cantered on the most-connected node.

Questions arose about whether and how disease might propagate differently on different
networks. In response, the class then ran two other scenarios: one where they could connect only
with classmates who had at least one other class with them (left) and another where they could
connect only with individuals who were “friends” on a social media platform.

Figure 2. Creating different network structures. Left: two connected components; Right: three.
The first scenario produced a network with two connected components (corresponding to

membership in distinct degree programs); the second, three (Fig 2). Running the spread of disease
from a random node on the social-media defined network yielded the simulation below (Fig 3).

mmmmmm

Figure 3. Disease spreading from a random node on the three-component network.

The badge-based activities provided a non-technical student group with a shared introductory
experience with networking concepts and representations. Grounding the experience in familiar
features of their lives (their programs of study and their social media use), they were able to make
sense of concepts such as connectedness and network distance, as well as to appreciate the
utility of these ideas in reasoning about disease spread. We argue that such activities can offer
groups of learners shared experiences of connectedness and can create the need for key ideas
in network theory. We further argue that the embodied nature of the simulations and the real-time
visualization of the emerging network are valuable in making sense of node-link representations.
Following on this successful pilot we are planning an implementation with high-school students of
similar activities and activities with longer duration that unfold over entire days in the students’
school environment.
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Debugging process constitutes one of the key elements of Computational Thinking (CT)
framework. A child/programmer within the CT will develop a cognitive process for algorithmic
design, pattern recognition, decomposition and abstraction. In all these processes errors may
occur and the child/programmer needs to detect and fix them, in other words needs to follow a
debugging process. In the present research emerged debugging abilities has been investigated,
for children in early childhood, when programming the Logo-like robot Bee-Bot. The main finding
is emerged elements of syntax and semantic/logical knowledge since different categories of errors
occurred (syntax and semantic/logical errors). A typology of debugging strategies emerged which
may be useful to a further understanding of programming abilities related to debugging process.

Objectives - Learning activity design

The authors following that ‘if we wanted to ensure a common and solid basis of understanding and
applying computational thinking for all then the learning should be best done in the early years of
childhood’ (Wing, 2008, p.3720) set the following objectives of the study: a) to identify if debugging
abilities are emerged using a Logo-like robot in early childhood education, b) to classify errors
according to the main debugging categories and c) to organise a typology of debugging strategies
as part of a broader conceptual programming model. The robotic environment chosen was the
Logo-like robot Bee-Bot. A scenario-based teaching design (Komis, Romero & Misirli, 2017; Misirli
& Komis 2014), was developed to teach key elements of computational thinking such as:
algorithmic design, decomposition, and abstraction, in early childhood education (Wing, 2008).
Debugging process was not included as such in learning activities rather were emerged through
the programing knowledge each child developed. Learning took place in groups of fours, mixed in
gender and age and always tried to balancing gender and age factors. In order to facilitate
children’s algorithmic planning we developed a visual representation (‘pseudolanguage’) of control
and orientation-direction commands on cards. The ‘pseudolanguage’ worked as a medium for
reflection on coding from the side of child/programmer. Syntax errors represented ‘grammatical
errors’ when using a programming language. For the present programming structure that category
of errors linked to control commands: i) "CLEAR" and (ii) "GO". Semantic and logical errors were
the category of errors linked to location commands (orientation and direction).

Research context

Forty (40) educators, from mainstream public schools in Greece, being trained by the authors to
implement programming activities (educational scenarios) into their classes (526 children aged 4-
6 years old, boys and girls). Data collected from the algorithms (tasks) children/programmers set
up in order to solve a problem as it was planned in each educational scenario. An example of the
algorithm (task): each child/programmer was instructed to solve a problem how to move the robot
in a specific place on a chi-squared mat. The task took place in privacy and separately of the
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others. The data analysis followed a qualitative model where the debugging process organised in
six basic (06) variables ranged to twenty seven (27) descriptive categories. Through these
variables we were able to capture and individualise the debugging route for each child and thus
organise a typology of debugging strategies. Groups of sample, presenting similar debugging
strategies, were matched and analysed applying qualitative factors analysis.

Results

Figure 1 shows the sequential programming structure (3 steps process: memory, movement(s),
execution) of the Logo-like robotic environment linked to different categories of errors. The
category of syntax errors led children/programmers to debug since control commands are involved
for a program to run. For the logical errors category, most errors were described as lack of direction
and orientation commands. A few cases characterized as semantic errors and related to the
misconception of guidance commands. The range of qualitative categories brought to light that
children/programmers are primarily developing strategies for debugging experienced
programmers such as creating a new program (Sipitakiat & Nusen, 2012). Between the two ages,
older children/programmers (5-6 year old) present an established programming behaviour where
they recognise and identify syntax and semantic/logical errors and applying appropriate debugging
strategy to fix them.

Syntax Semantic/logical Syntax
errors errors e
1™ Steb 2" step 3 sten
C(l)mmar:d Command(s) Command
CLEAR e
MEMORY MOVEMENT(S) EXECUTION

Figure 1: Types of errors in sequential programming structure with a Logo-like robot

Implications

The added value of the analysis was to capture a meta-cognitive and self-reflective process, which
is mostly displayed in experienced programmers by organising emerged debugging abilities in
typologies for each category of errors (syntax, semantic/logical) and for the overall debugging
process. The number of sample provided a reliable context of analysis. Further work need to be
done on a variety of robotic tools and the challenges and opportunities these provide (Wing, 2008),
in order to evaluate the typologies of debugging process. Further study will help us to expand and
improve our model of analysis and conceptual programming model (Komis, Romero & Misirli,
2017; Misirli & Komis 2014). The present knowledge may improve the teaching planning, regarding
cognitive processes in programming, in future early childhood educators.
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Exploring Computational Thinking Practices
through Collaborative Design Activities

Joey Huang, joey.h@uci.edu
Dept of Informatics, University of California, Irvine

Computational thinking (CT) entails a series of problem-solving processes, such as recognizing
patterns, and systematically breaking down a problem, and then composing an algorithmic
solution (Wing, 2006). This study focused on the two dimensions of CT learning: (1) Computational
thinking concepts and (2) computational thinking practices (Brennan & Resnick, 2012). This work
emphasizes the learning of CT through design activities in which a constructionist approach
highlights the importance of students’ interactions and engagement with design artifacts.

Collaborative design activities are defined to be a knowledge creation process which involves
students actively communicating and working together to create a shared view of joint design
ideas and decisions (Hakkarainen et al., 2013). Studies have shown that collaborative learning is
beneficial for middle schoolers learning CT and programming knowledge, and these experiences
relate to positive attitudes and confidence in learning computer science (CS) (Denner et al., 2014).

Prior studies have focused on individuals’ CT practices and development in varied learning
contexts. However, little attention has been paid to learning of CT through collaborative design
activities, focusing on how CT is socially situated and practiced through collaboration (Chowdhury
et al., 2018). This study aims to fill the gap of current research on CT and collaboration by
investigating students’ CT learning and social interactions through collaborative design from a
constructionist approach. Particularly, this study is grounded in constructionist (Papert, 1991)
perspectives on learning, which illuminate the impact of learning by creating, iterating, and
interacting to investigate students’ CT practices. In this study | ask: How do students learn CT
practices through collaborative design activities?

The data were collected in a public middle school in a midwestern U.S. state. Students co-created
Scratch projects and the processes were video recorded to examine their interaction and the
process of CT practices. The data were collected as part of a five-week curriculum in an
Introduction of CS class. The data included four triads groups, a total of 12 students. Groups were
a mixture of novice to experienced students. The level of programming knowledge was determined
based on pre-test results and the teacher’s evaluations of students.

Preliminary coding results showed that patterns of CT practices emerged through the collaborative
design processes. All four groups showed a higher number of experimenting and iterating in the
planning stage while they were brainstorming the project. Particularly, the results showed that CT
practices demonstrated different levels of complexity in different design phases (planning and
coding). All four groups showed experimenting and iterating in both phases; however, compared
to the experimenting and iterating practices through planning, students showed a deeper level of
experimenting and iterating in coding. In the planning phase, students identified concepts of their
project and developed a script to implement the design. In the coding phase, they were able to
experiment and iterate their design by identifying the variables of the script and developing a plan
to modify the variables. Excerpt one below showed how students negotiated and discussed the
design and variables in the process of creating a storytelling project. They were trying to make the
Scratch cat (the sprite named Mom in Figure 1) rotate consistently at certain speed. In the
beginning of the discussion, they tried to figure out the coding variables to adjust the speed of
rotation, and eventually they understood the function of variables and its relationship with rotation.

Excerpt I:
Chris: That's too fast! We shouldn't do 4.
Dan: | know what we should do. | know what that did. So what you want this random number

to do. Before you pick (inaudible) bug what do you want this random number to do?
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Chris: | need the score to be a random number.

Dan: Oh, so (.) I'm just going to copy this(.) note the random number will be changed every
time.

Chris: Yeah I need it 15 through 18. And | know that it will be changed every time. That's what
| want.

Dan:  Well, no, it'll be constantly changed as the code(.)

Chris:  Oh, crap.

Dan: It's fine. It'll only run it once eventually anyways...

Chris: Oh, yeah! And when | was doing that spinny thing -- as it got closer to 360 it slowed
down(.)

Dan: Yeah, that's because it's just doing one complete rotation.

e
-

—

Figure 1. Screenshot of a Storytelling Project on Scratch

The results demonstrated students’ CT practices through interactions. Constructionist learning
approach allowed students to interact, negotiate, and reflect based on the Scratch projects, which
facilitates CT practices through collaboration. This work contributes to the growing body of
research on K-12 CS education with an emphasis on constructionist learning. | hope to extend the
current scope of CT by providing an in-depth exploration of learning and collaboration for younger
students. By bridging the framework of CT with collaborative design activities, our findings will
enhance the understanding of CT in learning, collaborating, creating computing design projects.
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Textiles is a multidisciplinary field with a broad variety of applications, that could motivate students
from different specialities to get involved in participatory design and co-creation activities.
Computational textiles (or e-textiles) have already been used in educational contexts to introduce
students in computational and STEM concepts (Kafai et al, 2014, Buechley et al, 2013). Recently,
the textile industry has been considered as one of the sectors that need to be synchronised with
2030 Agenda and the 17 Sustainable Development Goals of the EU (2019), considering
sustainability issues of production and consumption of textile products (United Nations, 2015). A
new challenge, therefore, is to integrate such issues in textile education. There is a need for new
designs that would motivate students to ask questions and seek solutions about textile production
in a realistic context, such as what material should be used, how sustainable would the product
be, what is the usability of the product etc.

In this poster, we present a constructionist design that aims to foster students to investigate,
discuss and express meanings on the needs and aspects of an e-textile production process, as
they play and modify a choice-driven simulation game with ChoiCo game designer (Kynigos &
Grizioti, 2020). The game, that is called “Sustainable Textiles”, simulates the production of a smart
textile product and addresses socio-scientific issues that have no clear solution such as product
sustainability. The student as a player makes choices related to the production of the smart textile
such as fabric type (eg cotton, polyester etc), fabric structure and design (woven, knitted, etc),
sensors (heartbeat sensor, light sensor, touch sensor etc), enhancements (flame resistance, UV
protection, waterproof etc) and so on. Each choice has a positive or negative impact on several
game attributes that represent product requirements and sustainability such as functionality,
comfort, usability, cost, maintenance, resources, pollution etc. The aim is to keep the values of
these attributes balanced without crossing specific limits (Figure 1). All choices have both positive
and negative consequences, thus there is no ‘best’ or ‘worst’ solution, but a combination of
selections that will keep the game, and therefore the textile production, balanced
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Figure 1. Screenshot from the game area ‘fabrics’ of the demo version

The game mechanics and the game rules are designed so that they will trigger students to
guestion, negotiate and modify the choices and their consequences. For the modification part,
they will use the three integrated affordances of ChoiCo environment which are a) a map-based
interface for setting the game areas and the available choices, b) a database for setting the game
attributes and the consequences of each choice and c) block-based programming for creating the
game flow and game rules. We aim to enable students to express their ideas on sustainability
issues and generate meanings on the topic through construction, experimentation and
collaboration. The game will be integrated as a learning resource into an online learning platform
for supporting design thinking projects in schools and universities. We plan to implement a design-
research with bachelor students of technical education with different expertise to investigate the
meanings they would probably express and generate on e-textile and sustainability concepts when
they play the game and modify its parameters.
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Introduction

Segregation is can be considered a complex phenomenon which emerges from the interactions
of many social actors (agents, or de facto causes of segregation) and actions of local, state, and
federal governments (systems, or de jure causes of segregation). Agent-based models like
NetLogo Web (Wilensky, 1999) have been used to scaffold attempts at uncovering the functions
of complex systems (Wilensky & Jacobson, 2006). This study accounts for how preservice
teachers make sense of complex and political phenomena when they engage together in
constructing models of complex and political phenomena. Using constructionist perspective on
learning, we hope to begin discussions on the following research question.

1. How do models constructed by preservice teachers vary in their representations of social
actors and processes involved in segregation?

Learning Activity Design
The researchers planned a three-lesson series (Table 1) using the Model-based Learning (MbL)
cycle (Louca & Zachariah, 2015). The MbL cycle follows four stages: (a) observing and engaging
in some phenomena; (b) using a pre-created model; (c) evaluating the model; and (d) revising
the model based on evidence or new experience.

Table 1

The three-lesson series, a short description, and the phases of the MbL cycle covered in each section (italicized).

Lesson Description of Activities

1. Exploring the Initial Participants engaged in discussing the phenomenon of segregation by sharing personal experiences

Segregation Model and observed segregation by exploring maps which display racial settlement patterns. Participants
used the NetLogo Segregation model (Wilensky, 1997) and evaluated and critiqued the model.

2. Walking Tour of Participants read chapters from a book about the de jure aspects of segregation and engaged in a
Local Segregation walking tour of campus guided by smart phones which discusses the history of segregation. This
provided evidence to further evaluate and plan revisions to the model.

3.  Revising the Participants worked to revise the NetLogo segregation model by identifying sections of code to
Segregation Model change, drawing a new hypothetical NetLogo model; and sharing their revisions with peers.

Participants, Data Collection, and Analysis

This research was performed with 15 preservice teachers enrolled in an elementary science
methods course. The lesson series occurred over a total of nine hours (3 hours per lesson).
Data was collected in the following forms: video recordings of the whole class, audio recordings
of small group conversations, and photographs of the final revised segregation models. This
poster focuses on describing the revisions participants made when constructing their final
segregation model.
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Example of the Results

The original NetLogo Segregation model deployed on the Group-based Cloud Computing
(GbCC) platform operates by using a de facto explanation of segregation; meaning, segregation
is a phenomenon that emerges strictly the actions of individual agents or turtles within a system.
Preservice teachers critiqued the original model’'s emphasis on de facto mechanisms,
specifically citing that the model did not account for systemic factors such as: historic red-lining,
economic differences in families, property values, or school placement. Preservice teachers
were tasked with modifying the segregation model to account for de jure factors in the
segregation phenomenon. Below | offer one model revision (Figure 1) and describe how it differs
from the original model.

This group chose to preserve the original model’'s
comparison between two types of turtles but selected
the colours blue and purple to represent the two
demographics of turtle. In the original model, both turtle
types (red and green) are activated similarly; meaning,
they possess the exact same ability to move patches if
they are ‘unhappy’. However, this group chose to
activate each turtle type (purple, blue) differently
depending on the turtle-types budget. The addition of a
budget slider allowed the group to imagine a simulation
where economic differences between the two
demographics/turtles can be simulated. Furthermore, while the original model activated all
patches similarly (meaning, each patch has the same probability of receiving a turtle); this group
modified the model such that four types of patches exist with differing values, therefore
restricting the motion of some turtles with lower budgets.

Fiaure 1. Example of a model revision

Implications

Examining the complex phenomenon of segregation using Agent-based Models provides a
chance for preservice teachers to see multiple pedagogical tools at work, including: (a)
integrated teaching and learning between the fields of computer science, social studies, and
mathematics (Petrosino, Sherard, & Tharayil, in press); (b) model-based learning (Louca &
Zachariah, 2015); and (c) developing critical consciousness (Ladson-Billings, 1995). While this
only briefly summarizes one group’s attempt to revise an agent-based model, further analysis of
the data hopes to explain how preservice teachers collaborate to modify simulations of complex
and political phenomenon.
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MOON Board Game (CS Unplugged)
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Half century ago the Eagle lunar module was on its way to land on the moon, and it relied on the
non-stop calculations of its on-board computer. MOON is an educational board game where
players will simulate a simple computer, while learning how to: count in binary, perform logical
operations, find out how a computer works. MOON is recommended for 10-year-old and older,
for 1 to 4 players and has an estimated duration of 15-45 minutes. Game was developed by
international team working in COMPUS project, sponsored by EU. All needed materials, cards
and rulebook are free accessible on project site [compus.deusto.es/moon].

“Designing the right story can be crucial for a project, a program or a promotion” [Ménig Jens,
2018]. The story behind the game is Apollo 11 landing on the moon. The mission was supported
by two twin computers designed at MIT (1966). The Lunar Guidance Computer (LGC) used a
16-bit word, was controlled by a clock with a basic frequency of 2048 kHz, had a mass of 32
kilograms, used a permanent ferrite memory with a capacity of 74 kB and a hon-permanent
memory 4 kB capacity. A few minutes before landing, astronauts were alerted by a computer
message: error 1202, indicating a lack of free memory. Fortunately, the computer software
designed by the MIT engineer team led by Margaret Hamilton was good enough to deal with this
problem and focus all computing power on the landing manoeuvre. Steve Bales, a computer
specialist at the flight centre, decided that astronauts could continue landing.
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Figure 1. Game board at the beginning of a game.

We start the game by arranging the board. There are 4 registers: A, B, C, D. On the left are
operations that can be performed on registers, on the right are energy resources and a stack of
task cards. Processor registers have a number of bits that act as zero-one counters. Each item
has a number assigned (1, 2, 4 and 8 in the 4-bit register). Available operations are: INC and DEC,
consuming 2 units of energy, ROL, ROR, MOV, NOT, consuming 1 unit of energy, AND, OR and
XOR, consuming half unit of energy. When we start the game, the A register is empty, and our
goal is to place there the bits from the first task.

In easy version of the game we have 3 energy units. If you fail to complete the task with 3 energy
units, you must take another task card and place the first face down under the current task. There
are also task cards that do not have a bit combination, but contain ERROR. These special cards
cannot be discarded and will block one of the positions for the rest of the game. If the task card is
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in the fifth position at the end of the round, our processor turned out to be too slow, the game is
over and our lunar mission failed.

Figure 2. Task to be placed in register A.

You can also play in the competitive mode, in which each player solves the tasks, and the winner
is the one who finally has the most solved problems after finishing the pile of tasks. It's also
possible to play with 6-bit processor.

COMPUS team prepared game materials (Rulebook) in English, Spanish, Romanian, Polish and
Basque. To gain additional founds the main developer Pablo Garaizar started a Kickstarter
campaign successful in quick gathering demanded founds but also in translation of the materials
to French, Portuguese, German, Catalan and Dutch [www.kickstarter.com/projects/
garaizar/moon-0].

We organized several workshops for CS teachers to familiarize them with the MOON game. The
main goal was to learn how to play the game. 24 participants completed a survey about their
feelings during the game. Brief summary of the results:

The statements that were strongly (more than 70%, more than 5 on the 7 grade scale ) supported

= | felt just the right amount of challenge during the activity.

= | did not notice time passing.

= | had no difficulty concentrating.

= | was totally absorbed in what | was doing.
The less supported (less than 30%, less than 3 on the 7 grade scale) statements are:

= | was completely lost in thought.

= | was worried about failing during the activities | had to perform..
Now we are developing supporting educational materials for the students. An example is Scratch
project developed to support understanding of binary representation in MOON game
[scratch.mit.edu/projects/316072601]. The next step will be dissemination of the game and
educational materials at schools.
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Figure 3. Scratch project helping students to understand binary representation.
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Natural Language Processing 4 All
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In this poster | present Natural Language Processing 4 All (NLP4AIl), a web-based text analysis
system designed for use in classrooms, specifically high schools. NLP4AIl is designed to let
students use Machine Learning approaches to explore language and words in corpora of texts,
and to facilitate an explorative process of investigating similarities and differences between texts.
To do so, NLP4AIl draws on concepts from the emerging field of Explainable Al — Al that is grey-
or white-boxed so that users of ML understand how Al is making the decisions or classifications
that it does (Gunning 2017; Holzinger et al. 2018). | present a a use case of NLP4AIl in which
students use the system to explore how different political parties, specifically in a Danish context,
use different language on Twitter.

Giving learners without programming skill the ability to use Machine Learning is gaining increasing
attention (e.g. Kahn and Winters, 2018.; Hitron et al. 2019). The idea behind NLP4AIl is slightly
different: to let leaners use Machine Learning to explore an existing school practice, namely text
analysis, but using Machine Learning as an exploratory process.

A use-case to illustrate NLP4All

In collaboration with a high school civics teacher, we built an 6-hour classroom unit in which
students used NLP4AIl to understand the different ways in which political parties in Denmark use
language on Twitter. Text analysis, and specifically the “analysis of ideology and power in
language” is part of the educational national standards for high school civics. However, teachers
reports that text analysis is seen as easy, or less valuable by students because of its qualitative
nature. Using NLP4AIl will help students quantify their analysis of political texts, through machine
learning-assisted analyses of Tweets.

For this unit, 13 sets of approximately 10,000 tweets each have been downloaded from the official
Twitter accounts of each of the 13 political parties in Denmark. The purpose of the learning
activities is for students to train a “robot” — a Bayesian classifier — to be able to tell the difference
between the various political parties by identifying the most strongly predictive words. The corpus
of Tweets can be uploaded to NLP4AIl which stores it in its database. Each Twitter account is
created as a “Category” of texts, and a teacher can now select some number of categories that
students should work with, and create a “Project” for this (see Figure 5).

Natural Language Processing 4 All

Create new Project

Figure 5: Creating a new student Project

This allows students to enter the Analysis page (Figure 6). The analysis page randomly samples
a tweet from each of the political parties specified by the teacher in the Project, and students can
now collaborate on “tagging” these tweets as having been authored by one of the parties. In the
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example below, tweets are selected either from the Unity List, a left-wing party, or from the Danish
People’s Party, a right-wing party.

Natural Language Processing 4 All Natural Language Processing 4 All

I canskdf1995 [ enhedslisten
or

In the eyes of Saren Pind , the extreme is not that Danske Bank is responsible for money
laundering for an incredible billion. The extreme is that the authorities follow the law,
whether the directors in financial firms must be approved by rules of honesty and
suitability. Wild tweet #hashtag http: // link

more in Denmark than in the United States in these years. All that you
love, @twitter_ID - who meet Which you
about - should we all fit in, if it does not have to just so quiet #hashtag
Which category does this tweet belong to? Which category does this tweet belong to?

danskdf1995 B danskdf1995

Figure 6: The Analysis Tool: On the left, a new analysis. On the right, an analysis that has already learned
from students' tagging tweets. (Tweet is in Danish, but translated by Google.)

As students tag more and more tweets, their Bayesian Classifier learns how each word is
predictive of one particular party. In Figure 6 above, we see how NLP4AIl helps students make
predictions about the true underlying category of tweets by giving an overall category prediction
(the bar chart). In this tweet, talking about increasing inequality in Denmark, NLP4AIl predicts with
a .65 probability that the Tweet comes from the Unity List, the left-wing party. The colour of each
of the different words in the tweet correspond to the party that is predicted in the bar chart. And
even just with a few tweets tagged, we see that the word “Denmark” better predicts that the tweet
comes from the Danish People’s Party, whereas the word “Inequality” better predicts that the tweet
comes from the Unity List.

By collaboratively tagging tweets and reflecting on why certain words or phrases predict particular
parties, students reported that they had gained both a qualitative and a more quantitative
understanding of how ideology and party politics are embedded in language. Further,
students reported being more likely to see themselves working with Machine Learning
either in their jobs, or as a hobby, a week after the unit had been completed.
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