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Underpinned by the nation-wide Early Learning STEM Australia
(ELSA) project, this practice illustration presents a design frame-
work to respond to the challenges of scaling and sustaining a
large design-based research project. The framework, known as
STEM Practices Framework, is informed by work within the Le-
arning Sciences which suggests that the interplay between pro-
ject innovation and the wider educational reform priorities are
critical to the sustainability and scalability of projects. The ELSA
project responded to this by developing processes of develop-
mental evaluation to parallel the design based research of the
project. Emerging from that process was a design proposition
that the object of the project, and the entire STEM education
agenda, is not simply to improve educational practice, but to
shift educational purpose. Specifically, the paper argues that
STEM Practices represents a qualitative shift in purpose from
the content bound traditions of science, technology, enginee-
ring and mathematics education towards developing a greater
capacity to use practices in diverse STEM contexts. The STEM
Practices Framework described here was developed to support
educators and developers to implement the project innovations
built on this understanding. The framework is in two parts: (1)
an adaptation of Kemmis et al’s (2014) practice architectures
approach and the practice architectures that support and cons-
train those practices. (2) A heuristic for working with STEM
practices in large scale implementation.
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STEM Practices: A translational
framework for large-scale STEM
education design

Thomas Lowrie | Simon Leonard | Robert Fitzgerald

Introduction

“As researchers, we [the Learning Sciences] have de-
veloped rich understandings of how technology can foster
learning in specialized situations; we now need to develop
knowledge about widespread appropriation and use of
cognitively oriented technologies by school and school
systems as part of real-world reform efforts” (Fishman,
Marx, Blumenfeld, Krajcik, & Soloway, 2004, p. 45).

The Learning Sciences emerged as a distinct field in the 1990s,
driven by a need to move learning research out of the laboratory
and into “real-world” learning environments. The stock-in-trade
work that quickly developed, and which still dominates the field,
has been design-based research projects centred on specific ed-
ucational innovations. This work has gone on under different
names such as ‘design experiments’ (Cobb, Confrey, & diSessa,
2003) and ‘educational design research’ (Richter & Allert, 2017).
Early in the life of the still nascent field, researchers found that
despite the move into real world settings, translation and impact
remained a challenge (Blumenfeld, Fishman, Krajcik, Marx, &
Soloway, 2000; Coburn, 2003; Fishman et al., 2004). More than a
decade on, and notwithstanding the growing diversity of interest
and approaches within the field (Yoon & Hmelo-Silver, 2017), it is
apparent that the challenge of translation has not been resolved
and that it remains difficult to bring the innovative work within
the Learning Sciences to scale, or even to sustain it at pilot sites
once introductory projects are completed (Sarama & Clements,
In Press; Sotiriou, Riviou, Cherouvis, Chelioti, & Bogner, 2016;
Stanford et al., 2017).

Reporting from within a nation-wide design-research project
called Early Learning STEM Australia (ELSA), this paper continues
the discussion of the propagation and scaling of design research
interventions. It does so particularly noting the importance of
the interplay between innovation and wider educational reform
efforts noted by Fishman et al. (2004). ELSA is an important
context for this discussion as, even in pilot, the innovations
within the projects are being trialled on a very large scale. At the
time of writing this paper, we were working in 100 early learning
centres spread across every state in Australia. The project con-
nected with 300 educators and over 1700 children. Scale is an
important component of the project because the design brief
from the government required a tight alighment between the
design work of the project and a wider policy agenda right from
the outset. Due to its scale and deep entanglement with reform,
the project demanded a translation and implementation stance
from a much earlier stage than might typically be expected when
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undertaking design-research. In responding to this requirement,
the ELSA project has strengthened the use of developmental
evaluation (Patton, 1994) to widen its design considerations. In
doing so, it demonstrates the value of drawing upon multiple
methods to expand the design vision before zooming in on the
core design experiment (Clements, 2008; Yoon & Hmelo-Silver,
2017).

The major contribution of this illustration of practice is the
description of the STEM Practices Framework, which has been
developed using processes of co-design (Britton, 2017) and de-
velopmental evaluation (Leonard, Fitzgerald, & Riordan, 2016)
to support the translational stance of the ELSA project. The
framework is being used within the ELSA project both to inform
the design work and as a basis for professional learning with the
hundreds of educators who are implementing learning expe-
riences during the project. It is offered here as an example of
how socio-cultural theory can support the scaling of educational
innovation. The paper is offered in order to begin a discussion
on the merits of using socio-cultural approaches as a means of
going to scale with educational design research. At the time of
writing, the utility of the approach is largely conjecture. It has
made sense in our design sessions but there is a clear need for
further research, and indeed for the development of research
methods, both in this project and others.

The framework we offer here is an adaptation of the practice
architectures approach of Kemmis et al. (2014). It develops from
our findings in the early design process of ELSA that the major
debates in the STEM Education literature around approaches
such as the integration of science, technology engineering and
mathematics (English, King, & Smeed, 2017) and making ‘real
world’ connections (see for example Asunda & Mativo, 2017;
Newhouse 2017) were not particularly useful for early learning
design. This position was heavily informed by previous research
by our group finding that even with older students (11-12 year
olds) establishing meaningful realistic understandings of real
world problems in group rather than individual situation is ex-
tremely challenging in practice (Lowrie, 2011). It is an attempt to
find a more “useful” theoretical structure as the basis for design.

A principle on which the framework is based is that large scale
interventions arrive in the middle of educational environments
that are already underway and must recognize that they cannot
demand a “clean” starting point. STEM Practices is a framework
for engaging with the ongoing narrative of educational envi-
ronments per medias res, or “through the middle of things”.
It is developed with an awareness that the environments ed-
ucational designers and researchers work with have their own
history and culture before the intervention and that they will
carry on in complex and unpredictable ways after the project. To
this end, the paper will also present the heuristic version of the
framework that is intended to be adaptable in the vast variety
of contexts that the ELSA project engages. Before describing the
STEM practice framework or its heuristic form, however, the
paper will begin with an outline the project and policy context of
the design research work from which the framework emerged.



The STEM Practices Framework described in the later part of this
paper emerged from the design process of the Early Learning
STEM Australia project. It is an example of how design-based
research can contribute both to questions of practice and
guestions of theory. This first section of the paper sets out this
design-research trajectory.

ELSAis a design research project commissioned by the Australian
Government. As described in the call for tenders, the “ELSA pilot
programme is designed to specifically inspire curiosity and en-
gagement in STEM concepts in preschool children.” The project
requires the development and piloting of four “highly engaging
early learning apps” for digital tablet devices such as the Apple
iPad or Samsung Galaxy Tab to be used in early learning centres
such as preschools. The project also requires the development
of a support app and professional development for educators in
those settings, and for an app for families of the children.

The intention of ELSA’s technological intervention is to support
educators and provide them with new and enhanced ways to
engage children in STEM learning. The apps are specifically not
intended to provide stand-alone activities but rather to support
play-based learning consistent with both the Australian model
for early years learning (Belonging, being and becoming: The
early years learning framework for Australia, 2009) and with
the cognitively oriented designs long espoused in the Learning
Sciences (Bransford, Brown, & Cocking, 1999).

Intended by Government as a national program to be used in
all early learning settings across the country, ELSA is a very large
project even in pilot. The pilot involves trials at 100 early learning
sites spread across all of Australia’s states and territories. The
sampling methodology employed ensures the inclusion of met-
ropolitan, regional and remote sites and that the sites involved
cater to communities reflecting Australia’s cultural and socio
economic diversity. The sites selected also reflect the structural
diversity found in Australia’s early learning environment in
which patterns of attendance and levels of staffing qualifications
can vary greatly. The ELSA project has not simply moved out of
the controlled environs of the laboratory, it has actively sought
out virtually every source of complexity available.

The project was initially developed as a large design experiment
(Cobb et al., 2003) and has established processes of iterative co-
design with educational researchers, app developers and prac-
ticing early learning teachers and educators. The parameters of
ELSA, however, do not allow the typical design-based research
trajectory starting with a relatively small-scale proof-of-concept
phase. Rather, as a condition of contract, the project must move
to substantial scale in the pilot phase, and then to national
adoption within a few years. Notably, ELSA is also not attempting
innovation within a well-established curriculum as there has
been little to no official curriculum development or tradition in



Australian early years learning. As these parameters have been
engaged, the methodology of the project has evolved to draw
on other established research methods such as developmental
curriculum evaluation (Clements, 2007).

The catalyst for this methodological evolution was the initial
design challenge of supporting several hundred teachers and ed-
ucators to implement the pilot phase of the project when inter-
action between those teachers and the project team would be
very limited; * and when so few of those teachers and educators
would have any formal training or experience in STEM beyond
work in pre-numeracy. These are the challenges of translation
and implementation that typically either come later in the life
of projects such as this, or are simply never attempted (Stanford
etal., 2017).

ELSA began with a series of design workshops that brought to-
gether experts in science, mathematics, technology and early
learning; a highly accomplished app development team; prac-
ticing teachers; experts from Australia’s leading science centre;
and science communications professionals with backgrounds in
radio and television production. This team sought to establish
a design process by which to choose a set of learning activities
which were appropriate for the learning environments of the
pre school year, and which could be enhanced by the use of a
tablet device.

The early ideation process undertaken by this group quickly
produced dozens of activity ideas, largely adopted or adapted
from our collective educational and communications expe-
riences. The educational purpose and merit of these activities
were immediately obvious to the experts within the room, al-
though there was some debate about the developmental appro-
priateness of some activities, and the extent to which certain
activities supported the “open-ended” learning that quickly
emerged as a tacit objective. Two major issues emerged in this
early ideation process. The first was around a need for clarity on
what was “STEM”, as opposed to the recycling of science and
mathematics activities that was clearly occurring in the process.
The second, particularly raised by the practicing teachers, was
that the familiarity with the learning approaches and content
quickly assumed by our expert team was probably not available
in most early learning settings.

With the project’s need to work at scale in mind, the issue of
teacher knowledge and understanding took priority. The design
team called for a research review on the support of teachers in
the translation and implementation of educational innovation.
The review quickly made it apparent that this is a complex task
that remains a source of significant debate. Bereiter (2014), for
example, has argued powerfully for the need to support the de-
velopment of principled practice knowledge (PPK) — essentially
a set of design principles to guide educational practice, giving
teachers both the “know how” and the “know why”. Janssen,



Westbroek, and Doyle (2015), however, contend that Bereiter’s
formulation of PPK lacks the specification that professional
designers and teachers require in real world settings. Their ar-
gument is that changes to practice come at a high cost in time
and cognitive demand, and that teachers will only make the in-
vestment required when there are clear and discernible returns
on that investment. They advocate instead for the use of “fast
and frugal heuristics”. In mounting this argument, Janssen et al.
point to research suggesting that professionals in complex re-
al-world settings do not make decisions by carefully weighing
alternatives, but rather through heuristics or procedures that
allow them to ignore a lot of available information (Gigerenzer
& Gaissmaier, 2011).

The arguments put by Janssen et al. (2015) reflect the concerns
of the researchers such as Fishman et al. (2004) and Kelly, Baek,
Lesh, and Bannan-Ritland (2008) in their demonstrations that in
recent decades, political forces have pushed teaching practice
away from the cognitively rich approaches promoted by the
Learning Sciences. The resulting argument for design-based
implementation research (DBIR, Penuel, Fishman, Cheng, &
Sabelli, 2011) that is, design-based research that also system-
atically includes a concern for the impact of systemic reform
on practice, is compelling and has influenced the work of the
ELSA design research team. In thinking from this perspective,
however, it became apparent that the systemic reform and
political processes that formed the context of the ELSA project
was not only the neoliberal reforms to teacher practice that the
researchers cited above were referring to and which have been
well explored in other education literature (see for example
Ball, 2003; Connell, 2013; Leonard & Roberts, 2016). Through
design considerations of options such as PPK or fast and frugal
heuristics, it became clear that the “know why” could not be
left out of the support provided to teachers in the ELSA project.
This was evident because of the first challenge we had identified
of clearly differentiating STEM from the subjects that form its
acronym.

At this stage, it was apparent that the initial approach to the
project based on design experiments was not sufficient to meet
the project objectives. Through tacit agreement within the
group, the work had taken on the character of developmental
evaluation (Leonard et al., 2016; Patton, 2015) so that approach
was explicitly adopted. Developed by Patton (1994) develop-
mental evaluation departs only slightly from the more familiar
formative evaluation approach in that it starts even earlier in the
life of a project. In doing so, it brings an evaluative stance to the
determination of the very objectives of the project and provides
frameworks for the development of joint understandings of
those goals and their elaborations. While ELSA had begun with
a clear and apparently straight forward objective of app devel-
opment, the work of the project had, by necessity, moved into a
broad consideration of the goals of STEM. Notwithstanding the
above, it should be noted that the app development team were
very practiced in agile methods for rapid prototyping of ideas
and products and found this approach very consistent with their



work practices. The team called for a widening of literature
review on STEM to support the re-evaluation of the project ob-
jectives.

“Learning by doing” has a long tradition in education in the
wider sciences, and has been given a renewed impetus with
the emergence of activities such as the maker spaces (Sheridan
et al., 2014). Given our team’s advocacy for an active and em-
bodied learning design, there was a certain pleasure in the re-
alization of our own team’s learning, which arose through the
design of support for teachers and educators. That learning,
it must be said, came via the frustration of numerous design
failures. Through reflexive analysis of these failures, we came
to see STEM not simply as an object for design, but as a reform
initiative. This learning from within the design process was a key
step in the development of the framework described later in this
paper.

While STEM is an acronym derived from four connected disci-
plines, in our reflexive view, the policy discourse around STEM
makes it clear that it represents an agenda beyond finding ped-
agogic efficiencies. ELSA, for example, has been commissioned
as an initiative under the Australian Government’s Science and
Innovation Agenda (Commonwealth of Australia - Department
of the Prime Minister and Cabinet, 2015). This agenda in turn is
part of a broader policy suite seeking to make Australia a

“science nation... in which science is woven, not only into
our classrooms, but also into our boardrooms, our work-
places and our living rooms, as one of the building blocks of
our prosperity” (Commonwealth of Australia, 2015, p. iii).

Australia is not alone in positioning this expansive vision of
science, increasingly under the banner of STEM in the educa-
tional context, as a basis for its future economic well being.
Indeed, Australia has largely borrowed the policy discourse from
Europe (Rocard etal., 2007) and the United States (Committee on
STEM Education, 2013), as have many other nations (Marginson,
Tytler, Freeman, & Roberts, 2013; OECD, 2014). However, with a
historical reliance on primary production and an industry policy
discourse that positions the national research ecology as high in
knowledge development but low in translation and commercial-
ization (Carter, 2017; Davidson & Potts, 2016), the idea of STEM
education seems to have had particular resonance in the Aus-
tralian context — although a similar resonance can be found, for
example, in Canada (Science Technology and Innovation Council,
2013). It is notable that in the policy suite from which ELSA
emerges, STEM is explicitly part of a policy strategy seeking to
address issues such as Australia being ranked last among OECD
nations for business-academia collaboration and the fact that it
is slipping on the rankings in the Global Innovation Index (Com-
monwealth of Australia - Department of the Prime Minister and
Cabinet, 2015). In other words, in the Australian policy context,
STEM is not simply an approach to improving science, mathe-



matics and technology education. Rather, it is a fundamental
repositioning of the goals and objectives of formal education to
better support national innovation.

Through the evaluative engagement with this scholarship, the
design research team concluded that we could not support the
implementation of the project across the 100 pilot sites through
the deployment of simple heuristics alone. This is because the
idea of STEM has emerged from economic and industry policy
and has been poorly specified for education. The ELSA project
brief to “inspire curiosity and engagement in STEM concepts”
is itself an example of this. In Australia, STEM has not yet been
included in the official curriculum apparatus, so what makes
something a “STEM” concept as opposed to a science concept
or a mathematics concept is not immediately clear to educators
without a significant engagement beyond the tools and systems
of standard practice. Even with such an investment, teachers, ed-
ucators and educational designers will encounter diverse ideas
and opinions on what STEM should be and look like (English,
2017).

Emerging from the reflexive analysis of a developmental eval-
uation process, our argument and design premise is that STEM
is a policy discourse from beyond the world of “education”.
STEM is not a continuation of science, technology, engineering
and mathematics education traditions. Rather it represents a
point of discontinuity, of society asking for a qualitative change
in the objectives of education undertaken in the domain of the
sciences. Given this policy discourse, the dominant heuristics
that have emerged for educational designers and teachers — “in-
tegrate disciplinary learning” and “connect to the real world”
— are insufficient. They are inadequate as they do not draw
from a broadly understood or well specified curriculum. STEM,
we contend, points to a different set of “fast and frugal” ideas
that are specified only in the most general of terms, even within
their original economic and industry policy discourse, through
imprecise phrases such as “changing skills needs in the labour
market” (see for example Education Council, 2015; Office of
the Chief Scientist, 2014; PwC Australia, 2015). In response, the
design work of the ELSA team expanded. It was recognized that
to implement the project, we would need to move beyond ideas
like disciplinary integration and develop a new sense of “STEM
in the world” not fully available in the antecedent subjects of
science, technology, engineering and mathematics with their
deep content bound history.

The proposition that the design heuristics of integration and
real-world connection are inadequate finds support in the lit-
erature on educational designs in STEM. These twin heuristics
make intuitive sense, but it is not clear that they are leading to
powerful, sustainable and scalable designs. The arguments that
the integrated approach is leading to a reduction in disciplinary
strength (English, 2017; Honey, Pearson, & Schweingruber, 2014)
for example, poses significant challenges for the viability of the



entire STEM project. As we have noted, STEM education design
does not occur in a vacuum. In Australia, as in most places, it
takes place within a schooling system that valorises content
bound disciplinary knowledge through instruments such as
exam systems and university entrance procedures. Educational
approaches that seem to erode the knowledge forms which are
so richly rewarded within the formal education system are not
likely to be implemented in a sustainable fashion.

Resulting from the need to maintain strong discipline-based
content, STEM is largely being implemented as an additional
activity alongside continuing classes in at least science and
mathematics. Reviews of these additional activities find that
mathematics and engineering are often and increasingly ne-
glected in “integrated” designs, largely in favour of technology
(English, 2016). That is, the object of curriculum design has
become the use of a particular technology such as robotics or
3D printing, with a tacit assumption, based more on hope than
design, that the engagement will improve learning across all
areas of STEM. There is evidence to suggest that this hope is
misplaced with relevant studies showing, at best, mixed results
(see for example Selcen Guzey, Harwell, Moreno, Peralta, &
Moore, 2017).

The weak design outcomes built on the integration heuristic are
not surprising, as successful integration across subject and dis-
cipline traditions can be shown to require extensive time and
resources (Becker & Kyungsuk, 2011; Shernoff, Sinha, Bressler,
& Ginsburg, 2017) and, critically, depend heavily on the un-
derstandings of integration of the teachers and school leaders
involved (Becker & Kyungsuk, 2011; Clark & Ernst, 2009). It is ap-
parent that strong integrated design requires the development
of a strategic approach to implementation (Kelley & Knowles,
2016) and a strong, shared understanding of the goals of the
integration. The framework proposed in this paper is providing
the basis for a more strategic implementation within the ELSA
project.

The other “go to” heuristic of STEM — the principle that learning
should connect to the “real world” —also needs a rethink in how
it is realized in implementation. The ELSA design team agree
with, and strongly advocate for, the basic principle of authentic
learning, but our contention is that the poorly theorized under-
standings of what makes educational activity authentic has led
to very thin learning designs. We note, for example, the findings
of Aydeniz, Baksa, and Skinner (2011) whose study of a scientific
“apprenticeship” program for high school students did develop
the participants competency in experimental methods, but had
limited impact on their deeper understanding of the nature and
value of science. This study is typical of a common interpre-
tation of the real-world heuristic as “the real-world practice of
scientists/engineers” (see for example Costa, 2017; Newhouse,
2017). Inthis case, the students will indeed use mathematics and
technology in their scientific inquiries just as real scientists do,
and their attention may be drawn to this. However, the design
has an implicit assumption that the purpose of the activity is



to instil the disciplinary practices of science and does not bring
about the discontinuity sought by STEM.

Another common realization of the real-world heuristic is an
aphoristic call on new labour market skills. Writing in a pro-
fessional school leadership journal, Costa (2017) for example,
points to labour market forecasts suggesting that “almost all
of the 30 fastest growing occupations in the next decade will
require some background in STEM” (p. 32) as the primary ra-
tionale for her claim that robotics is the “coveted E-ticket” to
prosperity. Yet the link between robotic coding and the tech-
nology entangled jobs of the future is not as self-evident as it
might appear. We note, for example, more complete analysis
of the skills requirements being listed in job advertisements
shows instead, a growing demand for apparently non-STEM
skills like communication within STEM aligned occupations
(The Foundation for Young Australians, 2017). We note also
the limitations of assuming that any new technology, or even
any growing labour market trend, however well substantiated,
will have universal appeal. Our argument is for a more nuanced
conceptualization of real-world connections. Even as the STEM
policy discourse is driven primarily by a perceived need for dif-
ferent forms of human capital within the labour market, there
is a need for far richer understandings of what that capital is.
STEM calls not simply for more people to be trained to fill the
occupations we can perceive or use the nascent technologies
that may or may not dominate our futures, it calls for the devel-
opment of greater capacity for more people in our society to use
the powerful tools and forms of reasoning that have emerged in
the STEM fields since the enlightenment.

Ultimately, a major limitation of design heuristics as they are
used to implement innovation on scale is that they are inter-
preted through the lens of existing methods and traditions. They
are, in effect, “avatars” inserted into a social ecosystem (Abbott,
2005) that are then subject to the competitive pressures of that
environment. Educational environments are so complex that it
is unrealistic that all of the pressures can be anticipated and re-
sponses to them specified in a design. It is essential, therefore,
to create “hinges” to connect the ecosystems of implementation
with those of designers and the policy discourses they represent.
To develop such a hinge, ELSA sought a stronger theoretical
foundation for thinking about the real-world context of STEM
and found it in practice theory.

In the previous section, we sought to describe the design re-
search thinking on how to implement the nation-wide Early
Learning STEM Australia project pilot at scale. The scale of the
project, and its setting within a policy discourse that comes
from outside of education, present particular challenges for sus-
tainable and scalable implementation. A key response has been
to design ways in which to support educators who, ultimately,
will be responsible for implementing the project without the



benefit of significant access to [or contact with] the ELSA design
research team. The approach taken has been to induct the edu-
cators into the design process. To support them as co-designers,
the STEM Practices Framework was developed and is presented
in this second half of the paper.

Practice theory is far from unified and might be thought of as a
broad approach used by diverse social theorists to find an ex-
planatory balance between individual human agency and the
influence of social structures (see for example Bourdieu, 1977,
Giddens, 1979; Schatzki, 1996). In adopting this theoretical
set, our conjecture is that the explanatory modes offered by
practice theory also offer a productive way to think about and
design with the real world connections of STEM learning. Our
framework is particularly influenced by the educational appli-
cation of practice theory through the practice architectures
approach of Kemmis et al. (2014). Noting the tendency of our
times to understand education as a technical process for pro-
ducing “learning outcomes” from the raw materials of students
themselves, this work instead brings the agency of students
back into educational thinking. It argues that education, which
is perhaps distinct from schooling, is about initiating students
into practices, and fostering desired practice architectures.

In the model of Kemmis et al. (2014) practices are socially estab-
lished forms of human activity. They are enabled and constrained
by practice architectures, which are characteristic arrangements
of actions and activities (doings). These ‘doings’ are compre-
hensible in terms of similarly characteristic arrangements of
ideas and discourses (sayings), and through the arrangement of
people and objects (relationships) (Mahon, Kemmis, Francisco,
& Lloyd, 2016). That is, practices do not simply happen in
“context” but are both influenced by and creative of the archi-
tecture of the language, activity and social structures in and
through which they occur.

In developing the STEM Practices framework, we have adapted
the model of Kemmis at al. (2014), highlighting, though, the
importance of non-verbal representation and reasoning within
STEM. The STEM disciplines have long used symbolic and
graphical representations as important forms of meaning making
and, as Lowrie (2014) has argued, specialized language is likely
to be overshadowed by other forms of representation in the
future. As such, our addition of representation to the practice
architectures model serves only to highlight the diversity of se-
miotic practice within STEM. STEM reasoning has been harder
to position.

Within the literature, reasoning is often discussed in association
with language use (see for example Norenes & Ludvigsen, 2016;
Selling, 2016) and so might also be a saying. Elsewhere, however
reasoning is understood in terms of tool use (see for example
Cobb, 2002; Nevile, Haddington, Heinemann, & Rauniomaa,
2014) and so might be seen to take place within the medium of



activity and work. For this project, we have positioned reasoning
alongside sayings. We suspect, however, that there would be
value in exploring further how forms of STEM reasoning such as
spatial or computational thinking might be understood within a
design framework as an emergent property of activity involving
both semiotic and physical space (see for example Abrahamson
& Sanchez-Garcia, 2016; Engestrom, 2006). Many of our design
team have come to refer to such forms of reasoning as a ‘me-
ta-practice’ emerging from the interactions of sayings, doings
and relatings.

As set out in Table 1, the practices framework supports educa-
tional designers to see the connections between the “sayings”
of individuals and the social world of ideas or discourse; the
“doings” of people and the social arrangement of material-eco-
nomics; and the “relatings” of individual and the socio-political
arrangements of people. This is a framework for the “why” of
learning, and one that provides a series of tangible contact
points for design. As such, it has the capacity to provide a foun-
dation for both principled practice knowledge and heuristics.

The initiation
into practices of Medium
the individual

The fostering of desired
practice architectures

Sayings, Semiotic space, | Individual and collective
Representation language, self-expression,
and Reasoning symbols discourse
.. . . The
Individual Physical space, | A sustainable economy, world we
world Doings activity and activity for self and share
work community development
. . Self-determination,
Relatings Social space e er.mma 1 on
democratic society

Table 1: Adaption of Kemmis’s Practice Architectures framework

The practice architecture approach has offered a productive way
for our educational designers and educators to think about the
nature of STEM learning. We have used this approach to provide
a more substantial, robust design framework that is more sen-
sitive to what is known about learning than simple heuristics like
“real world learning”. As set out in Table 2, we have identified
a set of practices we see as core to STEM, and then asked our
designers and educators to think about how those practices play
out through semiotic, physical and social space in the practice
architectures that are available to their children. This brings at-
tention specifically to the real world of the child and the practice
architectures with which they actually engage. An outcome of
this in the app design has been a dance activity that highlights
the STEM practice of identifying and using patterns.



The initiation into

The fostering of

practices of the Medium desired practice
individual architectures
Ideas
Problem finding
Findi d
m' mg an . Understanding how
validating evidence
. L the world works,
Questioning Thinking, .
. L Finding ways to
Proposing communicating
. make the world
Designing and
o better
building
Exploring and
challenging
Methods
Generating ideas
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Table 2: STEM Practices

Notably this approach is not content-bound. This is not common
in the wider discourse on STEM as can be seen in the various
calls to broaden the acronym to include, for example, STEM(-
Medicine), STE(Arts)M, or ST(Reading)EAM, which all suggest a
continuing focus on discipline content. We would argue, in fact,
that it is actually detrimental to the intent of STEM engagement
to align STEM curriculum design with content domains such as
science, technology, engineering or mathematics. The goal of
enacting STEM Practices, in contrast, provides a way to think of
diverse engagement with STEM without recourse to content. As
such it supports thinking about STEM engagement by artists,
doctors, and any other field that field or activity that makes use
of STEM Practices. STEM connects to the real world not on the
basis of disciplinary content, but through the diverse use of the
sayings, doings and relatings of STEM practice (Kemmis et al.,
2014).

We appreciate that a philosophy of moving away from a content
base works particularly well in the early years context of ELSA
where learning is associated with play-based engagement
and intentional teaching rather than discipline content and
curriculum syllabi. As Becker and Kyungsuk (2011) argued, an
integrated approach to teaching STEM in the younger years
appears easier since higher year levels are more confined by
standardized assessments, structural limitations in schools, and
issues of collaboration among teachers (Shernoff et al., 2017).
However, we contend that an approach through STEM Practices
has wider application. Most schools and education systems will
continue to be overwhelmed by the challenge of integrating
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discipline content into a STEM program if subjects within the
acronym continue to drive initiatives.

The STEM Practices approach also appears more productive than
the rather hit-and-miss approach of finding “contexts” that are
relevant or engaging to the students. The contexts approach is a
fraught endeavour that has too often been driven by unfounded
assumptions like “girls will be engaged through the study of cos-
metics”. In contrast, this framework seeks to engage students in
the use of STEM reasoning through the enactment of practices
they can perceive to be authentic, even if those practices are
not fun or entertaining. As such, the framework offers a very
different way to conceptualize what real-world connections in
STEM are.

The STEM Practice Framework operates as principled practice
knowledge (Bereiter, 2014). We recognize, however, that while
most of the teachers and educators we work with understand
what STEM practices are about, it remains difficult for them to
jump from those big concepts to practical action within their
individual and child-driven learning environments. To address
this, the framework also offers a heuristic as suggested by
Janssen et al. (2015). The heuristic of “experience, represent,
apply” (ERA) has been adopted from a pedagogical model first
proposed by Lowrie and Patahuddin (2015) which described a
way of designing learning opportunities in a manner aligned to
how concepts are developed. The ERA model was developed
to assist educators to focus on engaging students in the use of
STEM practices through the enactment of practices they can
perceive to be authentic.

The ERA heuristic asks designers and educators to create
learning activities that use or enact forms of STEM practice in the
context of real-world practice architectures. The three stages of
the design are cyclic in nature, with the intent of each phase as
follows and expressed in term of ELSA’s app-based activity:

Experience. This is what children already know. Children’s lived
experiences are used as the foundation for concept devel-
opment through social engagement and language. Children will
participate in a range of play-based, off-app experiences that
provide opportunities for them to use language in ways that
connect personal experiences with new understandings.

Represent. Children will play a variety of games on the apps
to engage with, and represent, STEM concepts. These rep-
resentations will include creating images, interpreting pictures,
visualizing and using symbols. Children have opportunities to
create their own representations to use within the apps via the
microphone and camera tools.

Applications. Children will build on their learning from the
on-app activities through a range of off-app activities, guided by
their educators and their families. Engagement with the visual
and symbolic representatives on the app will also promote new
child-centred play based experiences.



Using this model, children are provided opportunities to expe-
rience a concept first. This concept is then represented on the
app in a game format. This engagement can then be followed
with opportunities to apply the idea to their own environment.
By way of example, children can experience copying a pattern
in a story read by the educator about patterns in nature. They
represent this on the tablet by copying the pattern generated
by one of the characters within the ELSA app. They then apply
this by putting down the tablet and copying a pattern one of
their friends has made using blocks. This application then feeds
back into the next ERA cycle as children experience extending a
pattern based on a new story.

Active engagement with the app is restricted to the “represent”
component of the learning design. The “experience’ activities
are intended to scaffold student understanding, as well as en-
courage play-based curiosity to use the apps. In early year’s
settings, play and engagement are child-centred—consequently,
the practices that pertain to the context (the saying, doings
and relatings) need to be both acknowledged and valued. The
“apply” component of STEM Practices are similarly important,
since the children are likely to disengaged with the digital re-
sources at any time, of their own choosing.

The STEM Practices Framework and the ERA heuristic have now
been used extensively in both app design and piloting in the first
year of the nation-wide ELSA project. The design phase for the
ELSA apps themselves has been carried out by the expert team
described earlier in this paper. This team included a number
of early learning educators, but it did not engage all 100 early
learning sites in the pilot. The implementation into those pilot
sites, however, has taken the form of a second iteration of the
design process, with the educators from those sites being re-
garded and engaged as co-designers of the activity around the
apps. In this sense, the professional development offered to
educators from the pilot sites has tended to take the form of a
design “jam”, with the educators being asked to design learning
activities for their context using the STEM Practice framework
and the ERA heuristic. The app is provided as a resource offering
a partial opportunity to “represent” STEM practices.

An analysis of the products of these educator design jams has
shown that the model provides sufficient conceptual and ped-
agogic structure for educators to design complex and effective
learning activities despite often limited content knowledge.
It has allowed the ELSA project an alternative to teaching the
“content” first — an approach that would simply not work at
scale. Instead, the project has progressed through design dis-
cussions around the two parts of the model. The first ELSA app,
for example, is associated with engagement with patterns and
relationships. The STEM Practices Framework has provided
ways to discuss the practices associated with patterns and so
move the object of teacher attention. These practices include
matching (one-to-one correspondence), sorting, comparing and



ordering. Educators in the design jams have responded to this
well. It is evident that they recognize these practices, and they
can project them into their learning spaces without needing to
develop the associated mathematical content knowledge.

A central feature of the first app is a game in which the children
build a dance sequence. To engage the educators in the design
process, this concept is introduced to them before they see
the app. They are asked to design an activity for themselves
that uses dance as an opportunity to learn about patterns. An
example of the thinking from this process can be seen in Figure
1. Here we see that educators are quickly able to see the possi-
bility for different dance moves to be used to form simple and
complex patterns.

The educators were then able to use the STEM Practices
Framework and ERA heuristic to generate a design-architecture
to take the activity further. Figures 2 and 3 summarize the
typical outcomes of this design work. The value of the concept
of practice architectures is also seen here in the way it shifts
the focus from simple patterns, as seen in the early design, to
a consideration of how STEM practices are in play in different
contexts.

In describing the development and use of the STEM Practices
Framework, this paper has provided an illustration of how
socio-cultural theory might provide a useful foundation for
large-scale design in STEM. Further research, however is needed
in ELSA and in other projects. So far, our educators have been
able to use the framework to follow the design logic and to un-
derstand that STEM practices have utility in practice architectures
as diverse as research science, industry skills and the dance of
a child. Yet to be seen, however, is the utility of the framework
in supporting educators to develop their own learning designs
beyond the ELSA project.
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