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Introduction
The two Deakin STEM education conferences were initiated to support the professional
development of teachers in the Geelong region, but also nationally. In 2016, the Successful
Students-STEM Program (a Skilling the Bay initiative) was a focal point, and in 2018, the STEM and
Entrepreneurship in Primary Schools (a Government funded initiative) was featured. Paper
presentations and workshops were delivered by university academics, teachers, teacher and
discipline associations, and other STEM organisations.
We made it a priority to support schools to contribute and participate by making them relatively
low cost conferences. This has been in part due to the generous financial support by Skilling the
Bay, a Geelong-based initiative of the Victorian Government and The Gordon, who provided
funding for Geelong region teachers for both conferences. We also thank REMSTEP and Deakin
University for their contributions to the conference in 2016.
In the Geelong region, STEM and innovation are gaining momentum as a way forward for schools,
local industry and the future workforce within the Geelong region. A number of professional
development programs, school-generated teacher networks, other Skilling the Bay programs for
teacher renewal and student participation, and introduction of the Geelong Tech School, have
meant that schools are given opportunities to develop STEM teaching capability and engage with
local industry practices and representatives.
The interest in the STEM Education Conference reflects the flurry of activity arising in response to
the ‘STEM agenda’ being promoted by government policy, and the business sector. The program
provided great diversity in: school-based innovation; pre-service and in-service teacher education
innovation in STEM; diversity in conceptualisation of STEM; variation in how the ‘STEM disciplines’
are emphasised (both as single subjects and through integration) as well as the broadening of
STEM to other discipline areas; and examples of other community groups, organisations and
industry are working with schools to support a re-thinking of curriculum and pedagogy.
The 2016 STEM Education Conference provided a space for celebrating diversity by:
1. Unpacking the nature of and possibilities for STEM education for Australia and
internationally
2. Sharing best STEM education practices
3. Promoting quality STEM education
4. Exploring how STEM education can contribute to all young Australians becoming
successful learners, confident and creative individuals, and active and informed citizens
In 2018, entrepreneurship was added to the conference to reflect a growing trend in schools to
incorporate entrepreneurial thinking, with the aims being modified as follows:
1. Unpack the nature of, and possibilities for, STEM and entrepreneurship education for
Australia and internationally
2. Share best practices for STEM and entrepreneurship education
3. Promote quality STEM education and cross-curriculum links
4. Explore how schools can stimulate the development of entrepreneurial attitudes, skills
and knowledge within a STEM-related context
5. Explore how STEM and entrepreneurship education can interact to contribute to all young
Australians becoming successful learners, confident and creative individuals, and active
and informed citizens.

The following papers provide a snapshot of some of the ideas explored in the conference. All
keynote, paper and workshop presenters were invited to submit full papers for this proceedings.
Given that many of the presenters were actually teachers, we were delighted to receive some
papers.
We hope you are inspired and enabled by this conference. Happy STEMming!

Associate Professor Linda Hobbs
Convener
Deakin STEM Education Conference.

2016 STEM Provocations
The acronym Science, Technology, Engineering and Mathematics (STEM) has become widely used
in the Australian context, although its use has translated into education in multiple ways. This
diversity can create some confusion as educators, industry, governments, and resource providers
attempt to talk to each other.
These STEM provocations were part of a White Paper accompanying the 2016 Deakin STEM
Education Conference. Three STEM provocation raise critical questions for education relating to:
definition, curriculum and pedagogy, and sustainability. Each provocation has a brief introduction,
then a set of questions that are the basis for discussion.
Prior to and during the conference, delegates were invited to respond to the Provocations through
a live Twitter feeds and a Facebook page.
#STEMedDU16

Conference

#WhatsSTEM16

Provocation 1

#STEM16teach

Provocation 2

#SustainSTEM16

Provocation 3

https://www.facebook.com/groups/STEMEdCon2016/
Interrogation of the issues culminated at the end of the conference in a Plenary entitled “The
future of STEM in education – Key issues and next steps”. A summary of the outcomes follow the
provocations.

Provocation 1: What is STEM?
Definition and membership
#WhatsSTEM16
The current STEM agenda dominating curriculum discussions has promise for improving
education. Difficulties arise, however, with the issue of ‘membership’ of the different disciplines.
‘Definitions’ can constrain or advance what can be possible. Pivotal to developing a clear STEM
vision is recognising the diverse interpretations of STEM, then making a deliberate decision about
what STEM needs to be for particular contexts and needs.
Is STEM a useful organisational construct for determining disciplinary membership
to “the STEM team”?
In Australia, STEM is being presented in many forms.
For example, Australian universities are beginning to
refer to STEMM (extra M for Medicine), primary
schools often move from STEM to STEAM (A for Arts).
Internationally, the STEM agenda is being shaped to
attend to national concerns; for example, Korea’s
integration of the Language Arts, Social Studies, and
other subjects as STEAM is a response to reported low
attitudes towards and interest in science (Hong and
Hwang, 2013).

“Who exactly is a STEM worker: somebody
with a bachelor’s degree or higher in a
STEM discipline? Somebody whose job
requires use of a STEM subject? What
about someone who manages
STEM workers? And which disciplines and
industries fall under the STEM umbrella?”
(Robert N. Charette
http://spectrum.ieee.org/atwork/education/the-stem-crisis-is-a-myth )

Is this broadening of STEM a problem? Does it strengthen or dilute STEM?
Is STEM a set of practices (a meta-discipline), which can provide the language that
defines and differentiates STEM-related learning from other learning?
“STEM classrooms are uniquely positioned to develop skills and ways of thinking that students need to
be successful in 21st century contexts:
• Science is about identifying questions and experimenting to answer them.
• Technology is about imagining, making, and using the best tools.
• Engineering is about creative problem solving.
• Mathematics is about quantitative reasoning and logic.
These are the habits of mind that foster innovation, dynamic thinking, and entrepreneurship. They
provide students more ways to participate in the ever-changing world, to create new ways forward when
they hit barriers, and to engage their skepticism when presented with unfounded claims.”
(Mark W. Olofson http://tiie.w3.uvm.edu/blog/the-backlash-to-stem-education )

#WhatsSTEM16 QUESTIONS:
1.1
1.2
1.3

Is it reasonable that there are different versions of STEM?
What does STEM mean for your school, university or
organization? Is there an ‘essence’ of STEM that goes beyond
the individual STEM disciplines?
How should we integrate STEM ‘practices’ into the curriculum?

Provocation 2. STEM in the
classroom: Curriculum & pedagogy
#STEM16teach
STEM education demands a new way of thinking about teaching and learning. In Australia there
is no subject called STEM. As teachers need to meet the state reporting requirements, which are
usually subject based, the traditional structure of the discipline-based curriculum can be a
barrier for schools engaging with STEM. However, a STEM education can still meet the school’s
reporting requirements and curriculum demands.
But teachers and leaders often require strong evidence to be convinced that integration of STEM
subjects can still meet the curriculum requirements, or that science and mathematics need to
use different teaching approaches to incorporate STEM practices. Ultimately the focus is on
improving student’s engagement with and learning in STEM.
“There is a national narrative that STEM is hard, dull, and without emotional meaning…
People want to work on things that matter and connect the dots between their work and
making a difference. We know that if a subject interests a student, education happens.
It’s our job to make it interesting.”
(Barbara McAllister, director of Strategic Initiatives and Planning, Intel Corporation.
http://ssir.org/articles/entry/the_heart_of_stem_education)

#STEM16teach QUESTIONS:
2.1

What is the essence of good STEM teaching and learning?

2.2

How can we best plan for and implement good STEM teaching
and learning?

2.3

What capabilities should be the focus of assessment in a
powerful STEM program?

2.4

How do we collect, interpret and communicate evidence? Who is
responsible?

Provocation 3. Sustaining STEM in
schools #SustainSTEM16
Re-thinking the curriculum, such as
through introduction of STEM, requires
change to: school-based programs (new
activities, new units/topics, new
curriculum areas), pedagogies used,
teacher teams within the school,
student expectations of learning, and
even use of teaching spaces.
Such changes can provide both
challenges and opportunities.
Therefore, the reform needs to be seen
as ‘making a difference’ and
‘sustainable’.

“Sustaining change requires embedding new curriculum
and pedagogy within the school.
Sustaining change at the school level requires more than
simply providing funding to schools to develop new
activities that integrate STEM subjects.
Sustainability needs a complex approach to thinking
about STEM renewal, not ideologically driven but open
to the needs of schools, teachers and students, and in a
way that is cognizant of the enablers and blockers in
making change.”
(Hobbs, Cripps Clark & Plant, 2018)

#SustainSTEM16 QUESTIONS
3.1. What is needed to turn STEM into an integral part of school
education?
3.2

Who is responsible for sustaining change? What could they
realistically do?
(EG. Teachers, discipline leaders, school leaders, parents, students,
universities and TAFE institutions, teacher educators, professional
development providers, governments, industries and companies)

3.3

What are the challenges to sustaining STEM in schools? How
might these challenges be overcome?

Hobbs, L., Cripps Clark, J. & Plant, B. (2018). Negotiating partnerships in a STEM teacher professional development program: Applying
the STEPS interpretive Framework. In L. Hobbs, C. Campbell, & M. Jones (Eds.). School-based Partnerships in Teacher Education: A
research informed model for universities, schools and beyond (pp. 231-246). Dordrecht: Springer.

2016 Plenary outcomes
The following prompt was posed for the Plenary discussion:

What complexities are involved in defining, generating, sustaining and
evaluating quality stem learning?
What are our next steps?

In groups, delegates generated the following key ideas.

1. Quality STEM
Quality STEM education means:
•
•
•
•
•

allowing for variety rather than promotion of individual or particular approaches.
alignment with curriculum and STEM practices
goals for learning that include concepts, skills and attitudes.
assessing STEM achievement includes explicit assessment of STEM practices, STEMsubject content (Knowledge and skills) which can be compared before and after, and ‘soft’
skills
teachers developing individual projects and activities, or schools constructing a
comprehensive vision for STEM

The conference celebrated quality STEM education through the variety of papers, relating to
teacher education, teaching approaches, full STEM programs, interactions between schools and
universities, interdisciplinary and disciplinary approaches to STEM, outreach programs, STEM
learners in context, designing and technology, and framing STEM for the different levels of
schooling including early years.
In addition, workshops allowed delegates to experience STEM activities and learning sequences,
specific STEM resources, philosophical discussion and debates, and examples of school-wide
planning.

2. Defining STEM
Delegates highlighted local, regional, state and international differences in what STEM means, and
which subjects are involved (e.g., STEAM v STEAM, HASS, S&M v Tech&Design).

STEM is the development of a conceptual toolkit that learners can use in
problem-solving experiences (Plenary Quote)

STEM and STEM education requires consideration of differentiation for student levels, translation
(as STEM practices), and consideration of the purpose of bringing the STEM subjects together.
At present this is no fixed definition provided by the Australian or state curriculum to constrain
practice. Delegates exhibited a preference to allow for local variation in order to meet the needs

of individual schools, but with a common language to allow for sharing and understanding within
and between schools. The chosen focus on STEM should be a product of the expertise, passions
and resources available in the school, as well as allow for delivery through disciplinary and
interdisciplinary approaches. Delegates emphasized that the dangers of forcing homogeneity in
STEM education as potentially leading to less creativity.

3. Generating STEM
Generating quality STEM teaching and learning imposes specific logistics, requires an investment
of time, and requires collaboration, networking and sharing between teachers, between schools,
and between teachers and industry/local community/businesses. Sharing of current resources,
repackaging and renaming, so that teachers work with what already exists is needed as the time
pressure of ‘re-inventing the wheel’ can limit change.
Exposure to new teaching and curriculum ideas and to contemporary STEM practices within the
STEM professions and industry can be supported by funded professional development.
Important is being strategic, both in terms of the support provided to schools and to the changes
that teachers undertake as they plan new curriculum or embrace new pedagogies..

Network and sharing of tried and tested STEM activities - We are time poor
and reluctant to risk something that may not work

4. Sustaining STEM
The participants expressed that providing teachers with the funding and time to create and embed
the changes is important to sustaining any curriculum change. Documenting changes into
curriculum documentation, making this available to other teachers through shared drives,
creating new subjects or activities, and embedding these changes within the timetable all help to
ensure that activities are built on, repeated and distributed. Recruiting other teachers is also
critical so that there is distributed capability, ownership and commitment to sustaining the
change. School leadership is essential in this process as they can work with or against a change or
shift the focus are some time. Maintaining momentum after a professional development program
can be difficult.
Also highlighted was the need to support teachers in creating community and industry links.
Greater funding and recognition should be given to creating and sustaining links between primary,
secondary, university, TAFE, industry, parents, and government.
The status of the different subjects, as determined by schools and regions, can work against or
support STEM curriculum development. In primary schools, in particular, systemic pressure to
focus on literacy and numeracy, with greater status on literacy, can limit time and resources in
developing interesting and well-researched STEM activities.
Also mentioned was the value of recruiting teachers with STEM-related industry experience. Also
on this issue of teacher quality, was the need to work towards achieving teaching consistency in
approach, quality, acceptance and commitment to STEM innovation. A well-informed
understanding of STEM career pathways, engaging pedagogies and STEM activities are needed to
change student interest in and attitudes towards STEM learning and career aspirations.

Students need to see STEM areas in a more positive way and pursue as a pathway

5. Evaluating STEM
Evaluation of innovation serves a number of purposes: reporting innovation to parents and school
community, determining impact that can be reported to attract funding and support (e.g., from
leadership), and show the benefits and possible outcomes for the purpose of convincing other
teachers of the benefits of the innovative activities and pedagogies. Also, evaluation can show
what is most effective, or ‘successful’. Delegates raised the questions:
•
•

•
•

Is there already evidence of to show what is most successful?
What does ‘success’ mean? Success is locally determined – the objectives of introducing
STEM differs across school, and might include increased student engagement and interest
in STEM subjects, translation of this interest into increased VCE enrolments in STEM
subjects, increased student attendance, improved critical thinking, creative skills, problem
solving etc
How is success measured? For example, evidence of learning in science, maths, and other
curriculum areas; increased STEM skills; local review of STEM work/units
Who is responsible for measuring success? This depends on the purposes of evaluating.
Delegates differentiated between different levels of evaluation. Theoretical and
philosophical evaluation and justification was deemed by some as being the province of
academics. Evaluating the practicalities and creativity in making it work can be the role of
practitioners, in partnership with academics where appropriate.

Evaluation can be reported in various forums:
•
•
•

practitioner conferences for sharing of practice
academic conferences for sharing practice for supporting teacher support and theorising
innovation
school-based reporting opportunities, such as school meetings, reports to school
leadership or key learning areas.

It’s the academics’ job to justify

6. Next steps
Delegates came up with the a number of foci for the future.
1. Short term focus on building teacher capability:
• Take a risk, trial and error, and see what happens
• Build stepping stones
• Identify the transferable skills, capabilities
• Improve delivery and content
• Develop tasks
2. Long term focus for student learning: where will students be in 4/5 years time, students
appreciate how quality STEM education can help them.
3. Long term focus for teacher learning: this involves upskilling a small teaching team à
distribution of expertise to others à embedding STEM teaching approaches, philosophies,
curriculum.
4. Research focus: Develop a common language around STEM that represents the multiple
disciplines of STEM and the practices that can be translated to the classroom, as well as
identifies pedagogical practices that support strong STEM learning.

Keynotes
Keynotes were included at both conferences. All are listed below. One keynote was submitted as
a full paper.

2016 keynotes included:
Keynote Presentation 1
Professor Richard Lehrer, Vanderbilt University, “Perspectives on Elementary STE(A)M
Education: Silos, Stews, and Bridges”

Keynote Presentation 2
Dr. Linda Hobbs, Deakin University SS-STEM teachers, Deakin University and Geelong
secondary schools, “Building STEM teaching capability in schools: Case study of the
Successful Students-STEM Program”

Keynote Speaker 3
Professor Julian Williams, The University of Manchester, “Becoming un-Disciplined with
Science and Mathematics”

2018 keynotes included:
Keynote Presentation 1
Dr Amanda Caples, Victorian Chief Scientist, “Discover Align Connect”

Keynote Presentation 2
Dr Lihua Xu and SEPS teachers, Deakin University and Geelong primary schools, “Building
STEM teaching capability in schools: Case study of the STEM and Entrepreneurial in
Primary Schools (SEPS) Program”

Keynote Speaker 3
Professor Maija Aksela, LUMA Centre Finland, University of Helsinki, Finland, “New
solutions and pedagogical innovations for math, science and technology education
through Finnish collaborative LUMA ecosystem”

Keynote presentation 2016

Becoming un-Disciplined with Science
and Mathematics
Julian Williams
The University of Manchester, UK
Abstract. STEM, if it is to be more than a political arrangement of convenience aiming to coral
industry-government funding and marginalize the others’, seems to imply inter-disciplinarity in the
service of problem-solving that speaks to ‘real’ concerns of humanity. Exploring the historical and
cultural roots of disciplines and inter-, trans-, and un-disciplinary activity dialectically, I propose a
theoretical perspective that draws (pace Foucault) on power-knowledge in discourses, and (pace
Bourdieu and Activity Theory from Vygotsky and Bakhtin) on theories of field, activity/practice, and
identity/subjectivity. The main substantive conclusion is that in the disciplinary landscape of
academe, the problem-solving Subject is not only ‘disciplined’ but can also better be ‘un-disciplined’,
and self-consciously so. Thus not only the disciplines of STEM¹, but also STEM itself is negated by its
practice ‘outside school’, addressing interests that might challenge the STEM-elites.

Introduction
I aim in this talk to think with you about where STEM is or should be going in education, and I hope
we will take seriously the idea that educating for STEM is not just about feeding industry and the
economy with the workforce it—or the government—thinks it needs. Rather, I want us to be
concerned for the wider problems and needs of humanity, of our communities, and of the learners
or students we work with. I will suggest this involves interdisciplinarity, but goes beyond that, to
a certain kind of lack of discipline that is aware of the disciplines but not ultimately limited or
disciplined by them. I realize there is a contradiction here: how to be disciplined and undisciplined
at the same time—we will get to that soon.
Along the way I will visit some of the practical work we in Manchester have been engaged in with
schools and colleges, but also some of the theoretical work that has informed us, and that is
relevant to this discussion. I know many, perhaps most teachers do not like talk of theory in
education. But don’t you think it is strange that we spend most of our teaching day teaching
children theoretical concepts in mathematics and science, but then scorn theory in education? I
suspect the horror of theory in social science is one that comes less from the poverty of such
theory than of its radical nature, mostly threatening to the powers that be in industry and
government.
However, my main reason for having to talk about theory is because without it we are
rudderless: or worse we are steered by an ‘everyday just plain folk’ theory that is un- or illconsidered. We all have folk theories – I ask you to try to point to the direction of Sydney, say
(to anchor you in your local geography), and eventually to point to Manchester… did any one
of you point down through the ground? We are all flat-earthers in our daily lives, and Galileo’s
universe only occurs to us in scientific situations that call for it.
But things are worse in the social sciences. You can see the kind of thing I mean even in the
language of education—on a daily basis I am asked to ‘deliver’ a lecture or seminar, implying
that teaching is a process involving the packaging, postage, and unpacking of knowledge. The
learner here is only active as a receiver at the last stage, and if it is junk mail it perhaps goes

straight in the bin. The idea that learners should be engaged in what they learn, even decide
what they are interested in, does not really enter this model, and of course this uncritical
attitude is quite helpful to our industrial and political masters…Galileo had to deal with the
pope, but we have to deal with the ruling classes and their ideologies, and even with their
language; we must expect many defeats in our effort to shrug this off. But let me go to my
own professional history in STEM and you will see what I mean.

My teaching history, modeling and problem solving in mechanics
The story of my involvement with Deakin goes all the way back to the early years of the Mechanics
in Action Project, which was an attempt to re-design the teaching and learning of pre-university—
what we called AS or A-level—courses (and later all the way down through school) in applied
mathematics. A typical activity involved the ‘ruler problem’, which involves modeling of a situation
where friction is the key theoretical concept (for solutions, etc. see Savage & Williams, 1990).

Figure 1. ‘Place a horizontal ruler asymmetrically on your two index fingers. What happens when
you slowly move your two fingers together underneath the ruler…’ (Savage &Williams, 1990).
Many teachers even who know Physics find it difficult to predict in advance, and are surprised by
their experience that results. I urge you to try it now and experience this for yourself.
But other example tasks started with real world engineering problems such as the Tacoma
Narrows
bridge
collapse.
https://www.google.co.uk/?gws_rd=ssl#q=tacoma+narrows+bridge+collapse+video&* The main
idea here was to motivate and engage students’ curiosity, and to encourage them to model with
mathematics, preferably with experimental work and measurement of some kind not far away.
The modeling cycle somehow needs data to push it along, or it stops after one ‘round’ of modeling.
An example, in ‘Smashing windscreens’, modeling the distance you need to keep between cars on
a newly gravelled road is not too difficult for students studying the parabola involved in projectile
mechanics. The most common solution has a simple formula that gives the safety distance as a
function of speed (assume the gravel flies off at the speed of the wheel rotation at some sensible
angle…However, there is no way for the student to check the formula, so the modeling stops here.

Figure 2. How high up the ramp must the ball start from to loop the loop? (Savage & Williams,
1990, figure 9.28).
On the other hand when modeling the height up the ramp required for a rolling ball to ‘loop the
loop’ (or radius r) (see Figure 2) the first round of modeling might give you the answer h= 2r
(conservation of energy suggests the ball ‘just’ makes it to the top of the loop…); this can be
checked and found wanting, driving a second round of modeling (to get h = 2.5r), and sometimes
even a third (h = 2.7r).
All this was great fun for me and the students I worked with. I recall taking a transcript to a
research day of BSRLM (see www.bsrlm.org.uk) and inviting fellow teacher-researchers to help
me analyse the discussion. An old guy (my age now perhaps?) made a striking comment, ‘It’s the
fact that this discussion happened at all that we should note.’ And that led me eventually to work
with Susie Groves Brian Doig, and John Cripps-Clarke on a Primary mechanics project here in
Melbourne/Australia that sought similarly to develop conceptual discussions in modeling contexts
(we are now re-inventing the wheel in a new project to reintroduce these ideas into middle school
years in mathematics again).
But such innovations always meet with problems. Some students complained that the exciting
session I ran that attracted them to mechanics was never repeated when they actually studied
the A-level (I wasn’t teaching it that year, and the teacher involved didn’t see it as helpful to
passing the exams). In general, we had a huge task to develop equipment to supply schools (all
disappeared from the market now) and train the teachers (best part of ten years of this) and finally
to change the assessment system to allow ‘modelling projects’ and train the teachers to assess
these in house (also about ten years work).
The pinnacle of this effort in my experience came in the 90s when I visited a mechanics class to
support a student teacher on my Post Graduate ITE course (by then I’d become a university
lecturer training teachers as well as developing all these curriculum, assessment and training tasks
and materials). The school mentor came with me to the class, as he was keen ‘to see if this works’.
The student began the class and was obviously nervous, and the conversation was stilted. But
then ‘Now we have to do this practical, so here’s the stuff let’s see what you can do…’ The practical
involves two small snooker type balls being released from launchers and running in parallel along
a table top at the same velocity; then someone hits one of the balls with a book at a right angle

to the ball’s motion, in an attempt to get the ball to miss the other ball … Well, the law of
momentum did actually work, thank goodness, but that’s not the point. The main point was the
immediate change in the relationship of teacher and students in this activity, from stilted to ‘easy’,
to a joint engagement in the task, with laughter and curiosity. And the mentor was pleased also!
But as in Victoria, the ministry eventually decided that coursework was not suitable for high stakes
assessments and killed the whole activity off. The materials and assessment tools still exist
somewhere, but the equipment manufacturer appears to have gone out of business, and the
wonderful textbooks no longer match the constantly changing curriculum very well.
This was when I realized that I need to think a bit about what is going on here: why in fact can this
happen to such innovation? Why do we have to repeatedly push water uphill? This is the sort of
question a social theory of education might address: my writing in this area is probably best
described as socio-cultural theory, it draws on Marx, Vygotsky, co called Cultural-historical Activity
Theory, and sociologists such as Bourdieu and Foucault.

Figure 3. The self-similarity of the fractal set on the cover is intended to evoke the aim of a
visionary,
outward-looking
curriculum
https://royalsociety.org/~/media/education/policy/vision/reports/ev-2-vision-research-report20140624.pdf

Key literature reviews for policy and
practice in STEM
Here I report the two literature reviews I have recently been engaged in that relate to STEM,
particularly as regards interdisciplinary activity (Howes et al., 2014; Williams et al., 2016). They
were both designed to address the state of the art for policy and practice, with the future of
curriculum, assessment and professional development in mind. See figure 3 for one of these
available on the Royal Society.
Both reports emphasise that interdisciplinary project work has been shown to have its strongest
effects (i) on affect and motivation of learners and (even more so of) teachers; (ii) on some aspects
of problem solving capability; but (iii) to have less effect on traditional measures of

knowledge/skill, (iv) to have less effect often on mathematics than science and technology; and
(v) to suffer, as many innovations do, from regression to the traditional norms of separate
disciplines over time (i.e. we are pushing water uphill!). Still, motivation of learners is a key
concern for many teachers and others, and belief in innovations continues to be strong,
internationally.
Unfortunately, empirical research in the area of ‘interdisciplinarity’ suffers from a failure to define
what inter-disciplinarity is and what interdisciplinary practice might be. A useful clarification is
drawn on in Williams et al (2016) between problem solving which is: mono-disciplinary;
multidisciplinarity; inter-disciplinary; transdisciplinary, and perhaps also meta-disciplinary.
Mono-disciplinary problem solving typically is about using a ‘discipline’ like Physics or
Mathematics to model the world in order to tackle some real problem. Since many problems do
not make major demands on more than one academic discipline (and of course many make
demands on no discipline at all) this is an important element in problem solving, and in developing
understanding of any academic discipline. Vygotsky specifically referred to this idea as the
interweaving of ‘scientific concepts ’ (he means academic, disciplinary knowledge in general,
including grammar and social sciences, for instance) with the ‘everyday’ practices and
‘spontaneous concepts’ associated with them. Any purely academic understanding is inclined to
‘pure verbalism’ otherwise (and there is still a lot of this about, isn’t there?).
Multi-disciplinarity involves more than one discipline but it may be the case that the disciplines
do not significantly work together. Integrated topic work in Primary school is often a bit like this:
some excuse is made for doing some mathematics in the project on ‘The Egyptians’ but it is not
truly integrated in the sense of contributing to solving or informing a significant historical problem.
Inter-disciplinary work on the other hand might truly involve an interweaving of two disciplines
such as is normal in Mathematical-Physics, or Bio-chemistry. One can say that a student who
writes a report for the class of a science experiment or project is using the discipline of
communicating with English language as well as ‘problem solving in science and mathematics’ –
and maybe they get credit for the work in both ‘disciplines’. How far the work is interdisciplinary
is moot, but one might say the two disciplines come together in reflecting on the genre of scientific
reportage, and discussion of who is the audience for experimental write-ups. The interaction
between disciplines reaches a high point with the formation of hybrid, new specialisms like biomechanics or nanotechnology.
The category of trans-disciplinarity refers usually to the disappearance of the disciplines and their
differences inside the task of solving a particular problem. If the task really is to ‘build a bridge’
then the reality of the context wins, and maybe no advanced mechanics is involved because we
do this by assembling a kit purchased for the purpose. Of course the danger to the curriculum in
such project activity is that the academic disciplines we want to motivate disappear, but I argue
(or we argued in Howes et al., 2014) that such projects reflecting the interests of the student are
important enough in themselves, and that the disciplines would serve them as expert
consultancies showing—over time—how the disciplines might enhance the students
understanding and their developing portfolio of projects.
Then to ‘meta-disciplinarity’. This refers to the possibility that through interdisciplinary work the
different natures of the disciplines should become clarified. An example might be the natures of
‘using evidence’ in history and science. Becoming aware of what a discipline does, and what it can
do for a project would seem to be crucial ‘meta-knowledge’, if an academic discipline is to break
out of its ‘pure verbalism’ and become accessible to students in problem solving. It is a sad fact
that this kind of knowledge and metacognition (as opposed to other kinds such as ‘learning to
learn, or self regulation generally) in general receives as yet little attention in schools.

With all this in mind we made a recommendation that space should be found in the curriculum at
every level for student-led projects that would have no substantive disciplinary knowledge as
such, but provide expert facilitation from teachers including those with STEM know-how. The
intended outcome would be portfolios of evidence of these projects that show what a student is
interested in and what they can do. Quite a lot of the report was about how schools might manage
assessment of these, but we were also concerned about the professional development
implications of previous experiences of this kind of curriculum innovation (e.g. the Yutori in Japan).
Now I want to go to some of the underlying principles that drive this argument, and to educational
theory.

Key sociocultural theories and
STEM: before and after Vygotsky
I will start with the sociocultural theorist Vygotsky and his roots in Hegel-Marx, because he
provides an optimistic view of what teaching and academe can do at its ‘scientific’ best for
education, and learners’ development. Vygotsky (and neo-Vygotskyan work since) raises for me
two key, related ideas: ‘obuchenie’ and the ZPD. I will come to a key third idea, ‘perezhivanie’,
later. But first I want to slightly correct what I see as overly mechanistic and unhelpful—actually
undialectical—interpretations of Vygotsky’s work in the West where the Zone of Proximal
Development (ZPD) has largely been reduced to a teaching approach through ‘scaffolding’.
Vygotsky wanted to build a Hegelian and Marxist, that is a dialectical and materialist theory of
psychology: a social psychology that studies the mind in practical activity. The model of this
thinking relates to ‘human labour’ which is essentially collective and social, and achieves more
than the individual can on their own through the division of labour. In a labour activity (Vygotsky’s
old student Leontiev analysed the primal hunt as the archetype) we engage with others (in the
tribe) and act together (hunting) to transform nature (the animal) to produce outcomes
(food/clothing) that can satisfy our needs (hunger, warmth). [NB regarding the apparent harmony
of the ‘primal hunt’: when the activity becomes complex in a divisive society, and when money
intervenes, the ‘activity’ of labour becomes wage labour, and the entrepreneur puts the products
of labour together and sells commodities on the market, then one begins to see alienation of
labour from its product and producer, etc. See Williams, 2011, 2012, and Jones’ response, 2012.)
So it is, or might be, in education also, by working together with others (and come to that with
tools and resources that expand their possibilities for action) the student can achieve more than
on their own. So it is collective activity that can be ‘expansive’, and can provide a developmental
zone for learning (the ZPD). I think this is an appropriate development of Vygotsky’s thinking in
modern Activity Theory, or Cultural-historical Activity Theory (ChAT). (See an example from
science education in Roth & Lee, 2007.)
Then it is important to also understand that in ‘educational labour’ in which ‘solving a problem’
and ‘acting together on an object’ is primary and learning outcomes and personal development
are secondary though important effects of the activity. My model here is Vygotsky’s analysis of
the baby ‘learning to point’ (see Williams 2016 for details.) The baby reaches out to grasp some
object (maybe a shiny toy) and fails…. Perhaps she draws the attention of the carer in some way,
but anyway the carer recognizes the baby’s need for the toy, and helps by pushing the toy within
reach. Over time, the baby’s ‘reaching to grasp’ becomes a sign to the carer for help (pointing)
and the baby has ‘learnt to point’. So the development of a learner arises from a ‘contradiction’
between the needs of the community (or dyad) and the individual’s resources; this is ‘overcome’
through collective activity, from which individual actors/students get access to new activity and
implicit learning.

And where does the teacher fit in? The teachers have a key role for Vygotskyan thinking, because
they can help provide the kinds of tools and concepts that might be needed for the class of
learners to solve the problem(s) they are motivated to tackle. But note that this does not mean
that they must present the community with ready-made solutions to teacher or curriculum made
problems; there was no curriculum ‘to learn to point’, indeed the carer had no intended learning
outcome at all. If we admit it, maybe this is also true of almost all really significant development
(e.g. the acquiring the desire to be a scientist?)
Alienation enters the classroom, in this view, when the learning outcome is determined by the
curriculum, ‘delivered’ to learners by the ‘teacher’, and absorbed by the learner, mainly for the
purposes of regurgitation in later assessment. The credentials and grades awarded to the learner
serve rather like the money for wage labour in the market (and perhaps service the requisite
ideology in turn). This degrades learning, but also teaching. The teacher teaches what they know,
and this activity is always separated from the actions of learning, and becomes alien to the
learning involved.

Figure 4. Nico’s aquarium and the ‘maths’ of fishes led me to question, what is the shape of a fish?
But lets be practical: what else can a student and a teacher do? Vygotksy’s answer was
‘obuchenie’, a single word for learning-and-teaching which I interpret as a ‘joint activity’ of
working on a task/project or exploration of a problem or an issue. The teacher may bring superior
resources to this joint endeavour, but is still a partner in the project. In such a role, their teaching
involves learning about the project also, and learning to work with the students, understand their
motivations, understandings and what they know about the project. In this mode the teacher does
not construct learner outcomes as a teaching-and-assessment object, but helps the learner and
trusts them to develop their own understandings accordingly. This, anyway, is my ChAT
interpretation of obuchenie in a neo-Vygotkyan activity theoretic sense.
I gave an example or two of moments that might have fit this bill from some recent empirical work
of colleagues in Manchester where we are trying to develop a critical pedagogy, particularly a
critical mathematics. The first was of a 5 year old interviewed as part of a pilot research using a
‘funds of knowledge’ approach (Moll et al., 1992). These first year children seem already to be
becoming ‘schoolified’, and their alienation was expressed quite succinctly by Nico. The maths
curriculum is endless counting, and ‘boring’. As part of his project, the child and family were

invited to take photographs of maths in their home or street, and Nico had come back with a
photograph of his aquarium. He talks about shapes of the columns and so on in the water, and of
the fish … I wonder if you ever thought about the shape of a fish as a mathematical, or STEM
problem?
A google “what is the shape of a fish?” produces a fascinating variety of shapes.” What do they all
have in common, and why do they vary so much? Do these fins remind you of fins in other places,
e.g. on cars? Clearly this makes shape interdisciplinary and raises questions for science and
technology, as well as mathematics.
One clear property the googled shapes, and ‘shape’ generally in the maths curriculum has is twodimensionality. But the very nature of the fish shape is clearly three-dimensional. Furthermore
the real shape of a fish is dynamic, and is shaped (unlike the car, with fins or not) by its motion,
i.e. its dynamic property is essential to understanding its geometry. Shapes that move (and even
grow in time) can in fact readily enter the maths curriculum, and I don’t think it was a coincidence
that others’ (eg Lehrer’s and Tytler’s modeling of growth and movement) work reported in this
conference invited children to model geometry and motion dynamically as well.
This example invites consideration of the ‘game of life’. There is now software that invites users
to try out different shapes that move according to some simple rules, and some quite inspiring
simulations of ‘gliders’, ‘glider guns’ and so on. I think this might offer opportunities that would
stretch both teachers and students in joint inquiry, and where teaching does not reduce to
delivering pre-specified and schoolified knowledge and skill from teacher to student, followed by
regurgitation for assessment. (See Figure 5 with caption linking to game of life sites.)

Figure 5. Snapshot of the glider gun from Conway’s game of life (https://bitstorm.org/gameoflife/
I’d like to mention also an example at the other end of the school life-course for alienated
mathematics education. We engaged in an evaluation of a ‘Critical Maths Education’ course for
post-16 students who, not wishing to study a typical academic A level pre-university course in
mathematics, are nevertheless willing to engage with some mathematics to ‘stay in the game’.
One unit called ‘Medical screening’ is designed to develop understandings of risk and probability
in the context of false positives in medical and other contexts (such as spam, forensic identification
etc.) The idea is that issues of jeopardy motivate interest. Is it OK to expose women to invasive
diagnostics in pregnancy, for example, or painful interventions to prevent possible cancers
developing, if the percentage risk is quite small?
In our research however, an observation of a class led to an interesting moment. The students
were discussing false positives ‘in their real lives’ and one group of young women started to
discuss pregnancy tests—apparently a friend had a negative test result but was in fact actually
pregnant—a false negative. The emotional motive to understand the world through mathematics
seemed suddenly salient here. It seems to me this was a teachable moment where a teacher might

have energized a discussion that was of real consequence for the students. I see such a moment
as a potential for ‘reaching out’ to important mathematics, if an observant teacher can only be
sufficiently aware and prepared to help such a learner grasp it in the moment.
This brings me to a final concept that Vygotsky started to develop and that neo-Vygotskyans these
days are concerned with: ‘perezhivanie’. This term has a long history in Russian culture and, in
probably over-simplistic terms, involves a dramatic event or crisis with emotional charge, one that
may require a significant degree of personal work and development for an individual to
‘overcome’. Vygotsky uses this idea to develop a scientific concept that connects personal
development with emotions AND learning experiences (Vygotsky, 1994).
In Swanson and Williams (2014) we gave an example which we now see as such an event, though
originally we did not analyse it as a perezhivanie. It was part of Swanson’s study of mathematics
in darts playing, and the discussion of a famous darts player’s autobiography – that of Bobby
George
(see
youtube
on
Bobby’s
masterclass:
https://www.youtube.com/watch?v=eMjBGmdQAKQ ). Bobby was a working class Londoner who
left school barely able to read or write, actually employed as a bouncer once, when a career in
darts ‘made him’. Early in his professional career, there came a moment when, much to his
embarrassment, he was exposed as unable to deal with the arithmetic of darts.
“There's no way you can lose playing like that”… What he didn't know, of course, was that
I still couldn't count to save my life. I was faced with a 90 out-shot to beat Roger and win
the title but I didn't have a clue how to go about it. “Treble 18, Bob”, he shouted from the
floor. Well, I hit treble 18 but my mind was still a complete blank about what I should do
next. Nerves sometimes make moments like that even worse and I just stood at the oche
bewildered, looking for help... It is no wonder some of the older players despaired of me.
I admit it was a bloody ridiculous state of affairs.
Deep down I knew I had to rely on myself to progress. Another Essex player, Glen Lazero,
and I worked out each and every possible permutation... My game improved almost
overnight. I saw how trebles and singles that sit next to each other on the board can work
in your favour… I was never any good at mathematics at school but I found that darts is
more about remembering numbers and combinations. I had to crack this and it took some
time... To this day, I don't do any form of arithmetic when I play darts. I just know how all
the numbers work...Working out all those combinations gave me confidence.”
(George, 2007, p. 55)
His public shame drove him to work at the arithmetic with a friend, a quite academic exercise of
systematically working through the ‘outs’ that would suit him in the end-game of finishing on a
double (darts players like some doubles like 16s, but not 7s..). This was analysed as a moment
when mathematics became significant and a crisis in practice was sufficient to bring an alienated
learner back to academic mathematics for a project, if only just for a moment (as he says, once
the project was done, he didn’t need to think about mathematics again). So now I think in the light
of the perezhivanie literature we can see further, the emotional crisis was indeed overcome
through hard work and a scientific study, because this study was important to Bobby’s
development, and he was right. Now he says in his masterclass ‘maths is 25% of your game’.
Looking back at Nico’s fish tank, and the teenagers’ understanding of false negatives in pregnancy
tests, I see potentials for perezhivanie, and the significance of such moments as personal
development of a mathematical identity. We aren’t looking here for an emotional crisis every day
and in every lesson, but just to understand that these moments might be critical, and building
these into our understandings of personal development.
One of the particularly awkward aspects of perezhivanie for education is its contextualization in
the moment of emotional crisis, usually a dramatic disaster where a breakdown of some sort

occurs, and subsequent development involves ‘overcoming’ it, a catharsis; this sometimes extends
even to trauma that requires therapy. In education we do not wish particularly to encourage such
moments, even if they might be developmental, though when they are present in our students’
lives we might hope teachers can help students work with them. But I think we get round this
objection to perezhivanie by considering it in, a broader framework, as being initiated by a
shocking but even perhaps pleasurable event that ‘does not compute’ in terms of the norms of a
dull and uninteresting student experience. Perhaps experiencing mathematics or STEM as
important, meaningful, dialogical and even an excitingly different ‘awakening to science’ might be
thought of in terms of perezhivanie, then.
What would it mean for teachers to become sensitive to such moments? What sort of curriculum
might allow or encourage such moments? Another way to look at this might be: Why don’t these
moments occur more often, why is it so difficult for teachers to encourage, and pick up on such
moments? This is where our theoretical exploration goes next.

Critical sociocultural theories and
STEM: before and after Bourdieu/
Foucault
This Vygotskyan brush paints a positive picture of what teachers and teaching might do for
learning and has inspired many projects. Inspired in part by Luis Moll’s notion of ‘funds of
knowledge’ we might seek to have the school engage with the needs of its communities, engaging
with the students’ real needs, that can inspire projects in which STEM makes sense. Yet we had
better not get too carried away and forget the ‘discipline’ of the curriculum and school, the
examination and assessment that serves so often to crush the spirit out of reforms. We need our
eyes wide open to the realities. How are we to understand this aspect of the school and academe
in society?
In this I follow Bourdieu’s works (as per Williams & Choudry, 2016). Bourdieu explains that school
has the social function of reproducing the social structure with all its oppression and inequality.
Briefly, it achieves two things. First, through the processes of examination and selection, it
stratifies students for the labour market into finely layered strata of the more and the less
successfully qualified, and it ensures that, on the whole, it is the children of the previous
generations’ least successful, and most oppressed, who come out at the bottom of the pile (and
vice versa). Yes of course there are exceptions, but the rule is proved statistically, even in
Bourdieu’s own empirical research.
Second, it achieves this reproduction of class and power while at the same time strengthening the
ideology that, in fact, it is a fair and just process. The poorer and least well qualified emerge from
schooling on the whole believing their lack of success is because school was ‘not for the likes of
us’; while on the contrary those who emerge successfully ‘know’ that it is because of their
cleverness, diligence and commitment. One can argue, further than this, that the whole
schoolification process is a preparation for a life of such treatment, where the successful get more
opportunities, while those most in need of education (or whatever) get least.
If we take all this as a critical starting point, then we will not be surprised that for the politicians
and powers that be, radical reform of schooling in the interests of all learners is not likely to be a
priority! For sure, challenges to the trial by examination and selective access to privilege that
favours the winners is not likely to appeal to conservative politicians. In fact one may be surprised
even that some of the industrial ruling class are willing to countenance some problem solving
reforms. An explanation of this is due, perhaps sectors of industry recognise that problem solving,

and STEM in particular, might be important training grounds for the kind of labour they want to
innovate and to stay competitive. They ask labour to be able to think critically to a degree, but
perhaps not too critically, beyond their station. I suggest that this leads them to largely argue to
maintain the disciplinary system which prevents a truly radical critical approach.
We are led to ask now how STEM in particular fits into this story, how disciplines do in fact
discipline the mind and discipline the thinker-worker. Here I find Foucault’s notion of discourses
of disciplines helpful. In Williams et al. (2016) we describe how disciplines emerge historically from
the increasing division of labour and specialization of practices and knowledges. A key moment
seems to be the separation of knowledge from production in the rise of schools and universities.
In the West at any rate, the emergence of academic disciplines is accompanied by their alienation
from productive labour, and the stratification of skilled work in the guilds, and of the middle
classes’ work in administration and the church.
Along with the division of disciplines from each other comes also ideologies of these disciplines.
The background of monastic discipline and even asceticism brings a particular form to the
sciences. Not only do the academic middle classes ‘speak a different language’ from the wider
population, but they start to speak different languages from each other. In its extreme form today
interdisciplinary work even within a field like pure mathematics research has become almost
impossible (though I recommend you look at an Australian exception on this point , Tao on
polymath projects see youtube https://www.youtube.com/watch?v=elWIDVI6b18 ).
For Foucault, disciplinary knowledge is power; it is a power that comes at a price. You have to
speak the discourse to exercise it, and this involves giving oneself up to the ideology and power
of that discourse. Because our disciplines imprison us, it serves as a limit on what can be done to
resist the powers in society at large. But as Paolo Freire argues: these ‘limits’ are clear signals for
radical educators who seek to empower the oppressed. Find these limits and expose them. I find
precisely these limits in disciplinarity.
When Foucault suggests that disciplines both empower and imprison us, i.e. it is the discourse
that speaks through us…I must add, well, ‘almost’: one might recognize the sources of this
discursive power in the discipline and choose to resist or subvert it. This is what I mean by
becoming undisciplined with the disciplines. It is here that I think interdisciplinary, student-led
activity can help us to escape from our disciplinary discourses and become, to a degree, free
minds: undisciplined by the disciplines limits. We do this by having the discipline, but also by
becoming aware of the discipline and what it does.
And now I am almost out of time, if not words.

Summary and conclusion
I have argued for student led problem solving activity, the kind of things we see at this conference
that engage students and teachers in exciting projects using STEM, providing experiences that
shatter normative expectations of boredom, and open the door for learners to come to engage
again in STEM. This involves breaking down the alienation of learner from teacher caused by the
‘delivery’ model of teaching for pre-ordained learning outcomes. I claim that these would
sometimes naturally, or even usually lead to interdisciplinarity, and that this provides
opportunities for becoming undisciplined, going beyond the limits of the disciplines. I warned also
that this is dangerous to the extent that it is critical, and to find criticality by identifying and
challenging disciplinary limits. In turn, being aware of the limits may help us to find some space
for critical activity, if we want to take the risk. I identified a contradiction in industrial capitalism’s
dependence on education to be ideologically conservative yet dynamically competitive problem
solvers and thinkers. This root contradiction might allow us to build in some rhetorical spaces for
being undisciplined and yet still be safe. Well, almost safe … perhaps.
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Abstract. It is known that a need exists for improved practical and key science skills in students going
into the Victorian Certificate of Education (VCE, years 11 and 12). And there is a shortage of interested
students who elect to take studies in science and mathematics at VCE. As part of the federal
government's Australian Maths and Science Partnership Program (AMSPP), ASELL (Advancing
Science and Engineering through Laboratory Learning) for Schools has been successful in receiving
funding to provide professional development to high-school teachers to assist them in improving the
quality of teaching and learning in laboratory programs in science. Nationally, ASELL for Schools has
development centres in Sydney, Melbourne/Geelong, Armidale, Adelaide, Perth, and Darwin.
Progressing over three years, the authors are forming partnerships with Victorian schools to design,
test, and implement a number of focused laboratory-learning activities for use in years 7-10. To
accomplish this, several schools were invited to nominate a laboratory learning activity that needed
either development or improvement. With the assistance of expert scientists and engineers, the
ASELL team produced a number of activities that were tested by both students and teachers in a
workshop setting. In addition to developing general activities in a variety of STEM fields, the authors
have also focused on activities that help students develop inquiry skills.

Introduction
A 2012 report by the Australian Academy of Science (AAS) shows a disturbing fall in the number
of students studying science in years 11 and 12 (Goodrum, Druhan, & Abbs, 2012). To address this
fall, the report recommended, among other things, that educators recapture the interest of
students in years seven to ten, more professional development opportunities be available for
science teachers, and a suite of digital curriculum resources be developed, especially for the ‘new’
national curriculum. In the same year, the Office of the Chief Scientist (2012) recommended that
the Advancing Science and Engineering through Laboratory Learning (ASELL, Yeung, Pyke, et al.,
2011) initiative be extended to secondary science teachers. A further paper by Kennedy confirmed
the findings of the AAS, noting that those findings are a serious concern (Kennedy, Lyons, & Quinn,
2014). Another national report noted that students themselves have called for increased practical
and hands-on activities in the years prior to VCE (Lyons & Quinn, 2010). Teachers recommended
that the curriculum needs to be placed in a suitable context in order to engage students. The
report further recommended that improved links be established between scientists and
classrooms, and students be made aware of their options in science-related careers.
This paper is about the Victorian contribution to the national education project, ASELL for Schools,
which is aimed at enhancing teacher capabilities to improve student learning through laboratory
activities in years seven to ten. ASELL for Schools is funded by the Australian Maths and Science

Partnership Program (Department of Education and Training), the member universities are
Sydney, UNSW, Deakin, Curtin, Adelaide, Flinders, New England, and Charles Darwin.
The key objective of ASELL for Schools is to provide students with a robust, relevant, and
interesting laboratory experience that supports their learning of science concepts. The result will
be to increase their engagement and interest in science, and hold that interest in the years
through VCE and beyond.
We do this by partnerships among various STEM groups:
•
•
•
•
•

University academics
Teachers and school administrators
Practicing scientists and engineers
Science teacher associations
Other education research programs, such as the Reimagining Maths and Science Teacher
Education Programs (ReMSTEP) project (Pesina & Carrol, 2014).

The basic process is:
1. A school signs up for ASELL for Schools and nominates a teacher to work with the ASELL
team. This person is called a ‘teacher-scholar’
2. The teacher-scholar, after consulting colleagues, nominates a practical or laboratory
activity for development with the team. The teacher-scholar also identifies where the
activity fits within the school’s program.
3. Working together, the ASELL team and the teacher-scholar develop a laboratory learning
activity (LLA) that suits the school’s needs. The team also consults outside experts
(practicing scientists and engineers) for advice to ensure that the science is accurate and
the activity is placed within an engaging and contemporary context.
4. Once the activity is developed, the team prepares class notes and procedures for
students, teachers, and laboratory technicians.
5. The LLA is presented to a group of teachers and students at a workshop, hosted by the
teacher-scholar’s or another school. The workshop serves as a testing ground for the LLA.
Participating teachers and students try out the activity and give feedback about the
activity, and suggest further improvements.
6. The ASELL team and teacher-scholar further develops the activity, taking into account the
feedback obtained from the workshop.
7. Once the activity is ready, and all the documentation is prepared, the LLA is published in
an online library of LLAs. The library is in the form of two websites: one for Victoria and
also a national website.
8. Several schools implement the LLA in their curriculum.
9. The Schools are re-visited after one year and also two years to determine the activity’s
effectiveness in their classes.
Several LLAs are currently at various stages of development as described in steps 6-8 above. The
process also builds up a community of educators whose focus is on improving lab activities for
students across all fields of science. A parallel goal of ASELL for Schools is that all LLAs incorporate
aspects of inquiry learning, which is one of the most challenging aspects of developing an LLA. The
Victorian part of the project is distinct because of our collaboration with the ReMSTEP project
(Pesina & Carrol, 2014), with ReMSTEP’s focus on contemporary STEM.

Structure of a workshop
A typical ASELL-for-Schools workshop runs for a day, hosted by a participating school. We aim for
an equal mix of teachers and students, totaling 40-50 attendees. Two or three laboratory sessions

of about 70 minutes each are conducted. One session presents a well-developed LLA that supports
students learning inquiry skills. One or two sessions present the newly developed LLA. All LLAs are
tested and evaluated by both teachers and students. The students have their own program while
teachers discuss inquiry, representation construction, or other aspects of good-teaching practice
with the ASELL for Schools team.

Results
The project is about half-way through its life cycle. In this time, the team has developed 12 or
more new LLAs in varying stages of development and fields of science. Activities presently come
from biology, chemistry, physics, earth sciences, and ecology, including:
•
•
•
•
•
•
•
•
•
•
•
•

Electrochemistry of coupled metals and the basics of batteries
Rocks and their properties
Composite materials
Batteries in series and parallel
Motion on an inclined plane
Fruit-juice-based inquiry
Observations of chemical reactions
Energy transformations
Strength of materials in plastic bags
Adhesives in materials testing
Adaptations and habitats
Mucus and its usefulness.

Conclusion
In Victoria, our team has conducted 13 workshops to secondary teachers, mostly in the
Melbourne/Geelong area from late 2015 to now (early 2017). These workshops tested 12 or more
new LLAs. In addition to testing the new laboratory activities, participating teachers gained
valuable professional development. More workshops (including several in regional and rural
areas) are planned for 2017 and beyond. Details on the workshops and the LLAs developed can
be found at the ASELL-Victoria website: https://blogs.deakin.edu.au/asell-for-schools-vic/asellfor-schools/.
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Changing attitudes to learning physics
through participation in the Victorian
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Abstract. In this paper, we report on attitudinal studies of students, and their teachers, competing
in the Victorian Young Physicists’ Tournament (VYPT), using the Colorado Learning Attitudes about
Science Survey (CLASS). The VYPT is a physics competition for senior high school physics students.
Student teams conduct long-term independent investigations into various topics and then on the
day of the tournament present and defend their research with other teams. The whole process is
intended to be a realistic reflection of science in practice: starting from an interesting observation,
studies are conducted to investigate it, and then the results and conclusions are reported to and
critiqued by peers. We hypothesised that after participating in the VYPT, students will have a more
positive attitude towards scientific enquiry and learning physics in particular. Using the CLASS
instrument, we compared students’ attitudes towards learning physics before, immediately after,
and 6 months after the tournament. We also examined the data to see whether there was any link
between students’ and teachers’ responses. The survey results suggest that the students that
compete in the tournament are exceptional, scoring near the top of the scale of ‘expert-like’ views
on all three occasions the survey was administered. This ceiling effect, combined with the low
response rate and completion rate, meant that we were unable to draw more meaningful
conclusions about the effect of participation in the tournament on attitudes towards physics. Two
findings are of interest however. Firstly, from matching up sets of responses from individual students
and teachers at different times, we verified the reliability of the survey instrument. Secondly, there
was one exception to the general observation that the survey completion rate (the fraction of survey
questions that were answered) was relatively stable for both students and teachers across the
different times the survey was completed. The survey completion rate for female students on the
post-test was markedly lower than that of any other cohort at any other occasion. One possible
interpretation is that completion rate is a proxy for confidence, and that for some reason female
students were less confident on the post-test.

Introduction
A decline in the numbers of students enrolling in science subjects in the post compulsory years of
school has been noted for some time (Ainley et al. 2008). This decline has implications for
Australia’s future supply of science teachers, engineers, and other professionals whose work
requires a sound scientific understanding (Office of the Chief Scientist 2012). It also raises
questions about the quality of science teaching in schools (e.g. Goodrum et al. 2012), given
negative experiences in science classrooms have been found to discourage students from
enrolling in tertiary science, technology, engineering and mathematics courses (Universities
Australia 2012).
Consistent with the above findings, research indicates students typically find science classes to be
uninteresting, irrelevant and difficult, and underpinned by a teacher-centred, transmissive
pedagogy (Lyons 2006). The approach focuses on facts and definitions, and includes ‘recipe-based’

laboratory work which involves following detailed instructions to obtain an already known result
(Goodrum et al. 2012). Such teaching is common in all the sciences, including physics.
Yet school science curricula commonly aim to engender students’ interest in science, develop their
scientific literacy, and provide them with a solid foundation for science related careers (e.g. VCAA
2008; ACARA n.d.). Concerns these aims are not being met led Tytler (2007), in a major report on
science education in Australia, to assert the need for “[p]edagogy … [that is] more varied, more
supportive of students’ agency through more open tasks, increased discussion and negotiation of
ideas” (p 62). This requires changing teachers’ beliefs about science and learning science and
involves moving away from the teaching practices described earlier towards approaches that
encourage problem solving and engagement with science ideas, and that reflect science as a
human endeavour (Tytler et al. 2008).

The Victorian Young Physicists' Tournament
Participation in the Victorian Young Physicists' Tournament (VYPT) offers students an experience
of physics consistent with the humanistic perspective of science envisaged above. The VYPT is an
extra-curricular competition for senior secondary students. Student teams spend months in
preparation, conducting investigations into a short-list of topics. Investigations are open-ended
and student-driven, and typically prompted by a one-sentence starter (e.g. investigate the
phenomenon of how a small ball dropped together with a basketball is propelled much higher
than its starting height). The student teams independently investigate the phenomenon, exploring
its aspects while perhaps making some simplifying assumptions, and reach some level of
understanding. On the day of the tournament, the student teams engage in a Round-Robin of
‘Physics Phytes’. These are analogous to a debate for there are two teams competing in each
Physics Phyte that take turns speaking to the audience. However, unlike a debate, these
encounters are not adversarial, but collegial and constructive. Roles rotate throughout the
tournament but in each ‘Phyte’ one team presents and defends their investigations and analysis,
and the other team offers constructive critique. The presenting team is judged by the quality of
their research and presentation, and how they respond to the other team’s questions. The
opposing team is judged for appropriately recognising the presenting team’s good work, and their
insight in asking probing questions and challenging the presenting team’s assumptions.
The long-term open-ended nature of the investigation is intended to more accurately reflect the
‘real-world’ practice of scientific investigation than the practical activities typically conducted
within a single school lesson, with their short time-scale and necessarily more closed nature.
Coupled with the constructive exchange of scientific ideas that takes place during the Physics
Phytes, we hypothesized that the combined experience would positively affect participants’
attitudes towards learning physics and offered the following three research questions:
1. Does participation in the Young Physicists’ Tournament affect students’ attitudes towards
learning physics?
2. Are any changes in students’ attitudes sustained over time?
3. How are students’ attitudes related to their teachers’ attitudes?

Attitudes towards science
But how to measure participants’ attitudes towards physics? And are they important?
Osborne et al. (2003) reviewed over 40 years of research literature to argue for the societal
importance of studying attitudes towards science. They contrasted the increasingly recognised
cultural and economic significance of scientific knowledge with widespread scientific illiteracy and
falling enrolments in post-compulsory science education. In particular, they advocated a research
focus on aspects of the classroom environment and types of activities that make science engaging
for school students.

Attitudes towards science are established early in a student’s education (e.g. Milner-Bolotin et al.
2011; Wulf et al. 2010) and there is correlation, if not causation, between student attitudes
towards science and student achievement (Milner-Bolotin et al. 2011). Studying whether the
innovative, unconventional experience of the VYPT can affect student attitudes towards science
is thus important.
Numerous survey instruments have been developed to measure the attitudes of respondents
towards different aspects of science. For example, the “Derived chemistry anxiety rating scale”
(Eddy 2000) was adapted to show lecturing leads to greater anxiety about learning chemistry.
Similar instruments include the “Epistemological beliefs assessment for physical science” survey
(Duncan et al. 2012), “Views of the Nature of Science” survey (Otero et al. 2008), and the
“Maryland Physics Expectations” (MPEX) survey (Redish et al. 1997).
This study used the “Colorado Learning Attitudes about Science Survey” (CLASS) instrument
(Adams et al. 2006). Although at 42 items it is somewhat longer than other comparable
instruments, and therefore runs a greater risk of participant drop-out (Hoerger, 2010), it has
several important advantages. It is appropriate for use with both teachers and students at
different levels because it was written using language appropriate “to a wide variety of physics
courses and to be meaningful for students who have not taken physics” (Otero et al. 2008, p.
020104-3). Rather than pre-conceived categories not subsequently validated in analysis of survey
responses (like the MPEX survey), with the CLASS survey exploratory factor analysis was used to
identify item categories which were subsequently validated through interviews and further
statistical analysis (Sawtelle et al. 2009). Question wordings were revised to ensure each question
had “only one interpretation for both novices and experts” (Sawtelle et al. 2009, p. 023101-1).
The CLASS instrument has been further validated by findings that CLASS scores are highly
correlated with self-reported interest in learning physics (Perkins et al. 2006), and with Force
Concept Inventory performance (Milner-Bolotin et al. 2011). Typically, studying introductory
physics leads to more negative attitudes towards physics (Otero et al. 2008).

Study design
The CLASS instrument was used in a pre/post/retention study design to measure student and
teacher attitudes towards physics at different points before and after the VYPT tournament
(Figure 1).

Figure 1. Pre / post / retention study design

Results and Discussion
Students and teachers were recruited from participants of the 2012 and 2013 VYPT. The aggregate
responses over the two years are shown below in Table 1:
Table 1. Numbers of responses at different administrations of the survey
Responses
Students
Teachers

Pre-test
6
1

Post-test
19
7

Retention-test
17
4

Unfortunately, this very low response rate precluded meaningful comparisons across all three
survey administrations. No one student or teacher completed the survey at all three times. In
contrast, other studies that have used a similar methodology of matching responses before and
after some intervention have achieved matched response rates of 40-70% (Adams, Perkins et al.
2006; Gray, Adams et al. 2008; Milner-Bolotin, Antimirova et al. 2011). However, the high
response rates of these studies were achieved where the survey was promoted and/or completed
in class, in one case for course credit. This points to the difficulty of attaining comparably high
response rates when the researchers are not in the classroom with the students.
In this study, as the retention test was completed from 6-8 months after the tournament, and the
pre- and post-tests were both completed within a 3-month period, the data were instead analysed
longitudinally. This was done by pooling the pre- and post-test data and comparing this with the
retention test data that was collected much later (Table 2).
Table 2. Pooling data to make longitudinal comparisons
Responses
Students
Teachers

Pooled pre- and post-test
25
8

Retention-test
17
4

Subset who responded to both
10
4

High reliability of attitudinal instrument
For the 14 respondents who completed the survey twice, the intervening time-period varied from
5 to 9 months (except for one teacher who participated in the tournament both years that data
was collected, for whom there was an 18-month period between the two times they completed
the survey). Across this time span, the survey results showed a high reliability (Table 3).
Table 3. Reliability of survey responses from matched respondents
Students
Teachers

Number
10
4

Correlation between pre/post-test and retention-test
0.96
1.0

Exceptional nature of VYPT participating students
The students’ responses were remarkable in two ways. Firstly in how they corresponded very
strongly to expert-like views, and secondly in how decisive the students were in answering.
One way of analysing CLASS survey data is to calculate the percentage of responses that align with
the expert view. Typical first-year university physics students have about 60% of their responses
align with the expert view, whereas the students in this study were around the 90% mark (Table
4).
It seems that there is an extremely strong self-selection bias for students who elect to take part
in the VYPT and the extensive independent preparation this entails. However, this means that the

CLASS survey does not offer much scope for observing significant changes in attitudes because
the students were already scoring near the top of the scale in the pre-test.
Table 4. Proportion of expert-like views in this and comparable studies

This study

Reference
studies

Cohort
Pre-test (N=25)
Post-test (N=17)
Teachers pre-test (N=8)
1st yr physics students (Adams, Perkins et al. 2006)
Top decile of 1st yr students (Gray, Adams et al. 2008)
1st yr Canadian physics students (Milner-Bolotin, Antimirova et
al. 2011)

% expert-view
89
91
97
65
80
56

Another remarkable feature of students’ responses was the exclusive use of the extreme response
categories. The CLASS survey is presented as a set of statements to which participants respond on
a 5-step Likert-scale from Strongly Disagree to Strongly Agree. The five levels of response allow
for some nuance of meaning, yet the students in this study used only the ends of the scale (Table
5). Perhaps this decisiveness is an indicator of their strong sense of self-efficacy regarding science.
Table 5. Distribution of students' Likert-scale responses
Strongly
Disagree
273

Disagree

Neutral

Agree

Strongly Agree

0

0

0

418

Low completion rate
In addition to the low response rate mentioned earlier, the completion rate was also low – around
30% in the different cohorts. Curiously, it was not just the first 30% of questions that were
answered, but rather that answers were scattered throughout the pool of questions.
Furthermore, under the original criterion imposed by the developers of the CLASS instrument that
sets of survey responses in which more than 4 questions were skipped would be excluded from
analysis, none of our sets of responses would be accepted (Adams et al. 2006). The highest
completion rate of any one survey attempt in our data was 67%, which translates to 14 skipped
questions.
Even amongst the low completion rates observed between the different cohorts, there was one
outlier - highlighted below in Table 6.
Table 6. Proportion of expert views and completion rates in different cohorts
Pooled responses

Pre-/post-test

Retention-test

% expert-view

Completion rate

% expert-view

Completion
rate

Teachers (N=8, 4)

96%

34%

96%

39%

Boys (N=14, 8)

87%

27%

91%

32%

Girls (N=10, 8)

93%

29%

87%

14%

One possible interpretation of this disparity is that completion rate is a proxy for confidence.
Perhaps the low completion rate of the female students on the retention-test is indicative of a
reduction in confidence. This seems plausible given the higher completion rate of teachers and
the expectation that they would be answering the survey questions with greater confidence.

Conclusion
The Victorian Young Physicists’ Tournament certainly attracts high-caliber students. Although the
CLASS survey has established reliability and validity, it is perhaps not sufficiently nuanced to
distinguish meaningful attitudinal shifts in this group as they were already scoring at expert-like
levels from the beginning. A concern, however, is the low response rate and low completion rate
observed in this study. Whether or not the conjectured relationship between completion rate and
confidence is realistic, improving the survey response rate and completion rate in studies of this
type is necessary for a rigorous statistical analysis.
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Abstract. Incorporating STEM through integrated curriculum presents as a challenge for many
secondary schools, partly because teachers may find themselves teaching content that they are not
specialized in, that is, teaching out-of-field. Such experiences may present challenges in terms of
knowing the content, what teaching approaches are most suitable, how to support students who are
having difficulties. Some resources are useful, but research is showing that teachers need more than a
textbook and a few handouts to help them feel comfortable with teaching in these new areas. This
presentation draws on data from a longitudinal project following teachers new to teaching a subject
(principally STEM related subjects) for two or three years. Case studies of the school and vignettes of
the teachers are used to describe the experience of teachers learning to teach a new subject, and show
how the school context and broader context of the teacher influenced this learning. We illustrate the
supports that were used to enable teachers to develop confidence and build capacity. These scaffolds
were seen to be strongly linked to whether there is a culture of support, innovation and collaboration
within the whole school or amongst teacher teams. Given that STEM can involve teachers working
outside their field of expertise, suggestions are provided for how teachers can collaborate to support
staff to develop new content and how STEM teachers can develop new ways of working whilst
maintaining quality teaching across disciplines.
Keywords: STEM, teaching out-of-field, support, innovation, collaboration

Introduction
The many versions of STEM emerging within Australian schools are both confusing for schools still
trying to work out what STEM is and how to incorporate it, but also freeing as it can be
implemented in a variety of ways. At the heart of discussions are the relationships between the
STEM subjects within different STEM models, and how we might distinguish STEM-related learning
from non-STEM learning. Whether to integrate subjects, introduce new pedagogies (or new ways
of thinking about old pedagogies), and how to focus on student skills and capabilities, are all open
to debate when a school chooses to engage with STEM, as is the need for teacher learning to
support these changes. In secondary schools in particular, where there is a move to integrate
STEM, teachers are needing to learn to teach content and incorporate modes of inquiry associated
with subjects that they are not specialized to teach. This issue of teaching out-of-area, or out-offield, has been present in Australia for some time, where teachers teach subjects in which they
are not specialized, such as a science teacher teaching mathematics. Such teaching assignments
can pose problems for teachers who are unfamiliar with the content and ways to teach it. Little is
known about how teachers manage the requisite learning processes associated with subject

integration or teaching new subjects and the effects of the school context, and how the various
dynamics involved change over time. There is mounting evidence to show that the school culture
is critical in determining how teachers cope and manage with teaching out-of-field (du Plessis,
Carrol & Gillies, 2015), that identity plays a role in how teachers respond to this challenge (Bosse
& Törner, 2015; Hobbs, 2013), and that support mechanisms with which the teacher can be
provided, or seek out and construct for themselves (Hobbs 2013), are crucial.
This presentation draws on data from a qualitative longitudinal study examining the learning
teachers undertook when teaching new STEM-related subjects. A goal of the research is to
examine the changing landscape of school and teacher practices over a three-year period,
exploring the support and professional learning of out-of-field teachers. This paper will report on
data relevant to one of the three research questions from the larger study:
What school practices successfully support the development of teacher knowledge, identity and
practice during boundary crossings between specialisations?

Theoretical Framework
Discussion around teaching out-of-field has tended to focus on a “Deficit Position”, given that outof-field teachers can feel stressed, unprepared and can struggle to produce quality learning
outcomes for their students (eg. Coetzer and Coetzee 2015; Pillay, Goddard & Wilss 2005;
Schueler et al 2016). Du Plessis (2013) points out that it is not necessarily having to teach out-offield that is the problem, but the poor support that some teachers experience stemming from a
lack of understanding by school leaders. When considering that this is essentially a whole school
issue, Taylor (2000) also noted the additional strain that out-of-field teaching can place on
mentors, heads of department and others who are called on to support the teacher.
These deficit images don’t always ring true for teachers on the ground. While teachers can feel
forced to learn new content and teaching approaches, and can need to rethink how they see
themselves as teachers, some teachers see this as an opportunity for professional development
and identity expansion. This “Opportunity Position” is reflected in Selvakumaran (2018), where
the author, a teacher from a high school in New South Wales, taught out-of-field early in her
career and now leads the school in a whole-school initiative researching subject-related ways of
knowing, doing and being that are essential for teachers to understand as they learn to teach outof-field:
Working collaboratively, the HSIE team has evidence that it has strengthened teacher
identities, better understood general instructional and subject-specific pedagogies, and
adapted work practices to the lessons learnt. Our reflections show how valuing the
experience of those working in schools is essential to flip less than ideal system realities
such as out of field teaching into valuable opportunities to develop expertise
(Selvakumaran, 2018).
In this paper we explore the learning possibilities of out-of-field teaching and the role that the
school context plays in making the inevitable disruption caused by having to teach out-of-field an
opportunity, instead of a destructive experience. In order to examine the learning possibilities,
the boundary crossings lens as synthesized by Akkerman & Bakker (2011) is employed to provide
a focus on: discontinuities that arise, such as disruptions in actions and interactions associated
with their knowledge, confidence or practices as a result of changing roles or contexts; and the
learning and shifts in professional identity that accompany successful boundary crossings. The
boundary crossing lens enables analysis of teacher learning by focusing on how teachers identify
differences between their practices, seek out supports, and reflect on the changes that are
involved for them as they learn new content and develop new practices.

Methodology
The project is longitudinal and uses case study methodology (Stake, 2005). Teachers from six
schools who were science and/or mathematics teachers teaching another subject out-of-field, or
out-of-field teaching mathematics or science, were interviewed over two or three years. Mentors
to these teachers, the school principals, and other leading teachers from each school (where
possible) were also interviewed.
Individual teacher interviews focused on their experiences of teaching out-of-field and in-field,
their background, their learning, and influences of the contextual factors. Year 2 and 3 interviews
focused on changes in their teaching load and attitudes and beliefs, and depictions of what it felt
like to be out-of-field.
Interviews involving the out-of-field teacher and their mentors (or critical friends) focused on the
mentoring relationships in year 1 and then changes in teacher capabilities and enjoyment in year
2 and 3 interviews.
Reflective interviews with teachers following private viewing of video-recorded in-field and outof-field lessons focused on how the teaching reflected teachers’ learning in year 1 and 2 interviews
and their beliefs in year 3.
Interviews with principals and leading teachers focused on school context, policies and practices,
and perspectives and attitudes towards out-of-field teaching in year 1. A follow-up interview in
year 3 provided an update on these contextual factors.
A categorical analysis of all interview data resulted in a set of codes that were emergent from the
data. All interviews were independently double coded by two researchers. For this presentation,
a preliminary analysis of data focusing on three schools is used to highlight the effects of school
context on teacher learning. Therefore, categories of data relating to the codes of ‘School context’,
‘teacher learning’, ‘supports’, cross referenced in relation to the three schools, have been used to
develop case studies and vignettes about how the schools created cultures of support, innovation
and collaboration. These schools were selected because they represent positive cultures that
supported teacher learning, and have teachers teaching across various STEM subjects, including
Science, Technology and Mathematics.

Key ideas about STEM
Case studies of the three schools will be provided to illustrate how the school context influences
teacher learning of STEM subjects, including the supports enabling teachers to develop confidence
and build capacity. These scaffolds were seen to be strongly linked to whether there was a culture
of support, innovation and collaboration within the whole school or amongst teacher teams; these
three elements are described here. The presentation will provide a cross-case analysis of the
various supports used across the different schools.
Also vignettes of some STEM teachers will demonstrate how the school context and broader
support networks and engagement with professional learning influenced their pathways of
learning to teach a new subject. One teacher at School VICE has been included here, but the
presentation will provide a vignette for teachers from the other schools.

School VICE (time in project: two years)
Culture of innovation: The principal encourages teachers to explore their passions and develop
exciting curriculum based on their interests. This may involve teachers teaching out-of-field, for
example, a technology teacher teaching air and flight, a physics teacher teaching textiles. During
the project the school was working out how to incorporate STEM.

Culture of support: Generally teachers were positive about the support structures within the
school. All teachers are in the one staff room where they can gain support from neighbouring
colleagues. An official Maths mentor is available for all mathematics staff, but he provides
particular mentoring for a beginning Maths specialist teacher and an out-of-field applied
mathematics teacher. The principal and vice principal have chosen to continue to teach (in most
Australian schools principals are purely administration), enabling the availability of more funds for
teacher professional development and schools resources than if the funds were used for teaching
relief staff.
Culture of collaboration: Teachers were encouraged to work together outside of class to provide
support, and within discipline groups to work together to meet common discipline-oriented goals,
and as cross-discipline teaching teams to create new units. This is illustrated in Eliza’s vignette.
Eliza
Eliza was a General Science, Physics and Information Technology teacher who was asked to teach
Year 8 Textiles. Eliza was interviewed individually (four times) and with her mentor or critical
friend (twice) during her second and third year of teaching. Textiles was technically out-of-field
except that she designed and sewed her own clothes, so had the technical skills needed to teach
the subject. In her first year of teaching Textiles, Eliza had contact with the previous teacher so
could get some support from her. She did not seek formal professional development. In her first
year of teaching Textiles (her second year of teaching), she encountered difficulties in knowing
how complicated to make the design challenges and underestimated the degree of support that
students would need. In inviting her to take on the textiles teacher role, Eliza’s principal
encouraged her to use conductive thread as a way to bring science into the design process. Initially
she saw this as something for the future, but by her second year teaching it she had redesigned
the learning tasks to include conductive thread, LEDs, and button batteries as part of the design
and construction. She was also working with the art teacher to ‘start up a subject that is going to
incorporate… modern or digital and analogue techniques’.

School VICC (time in project: three years)
Culture of innovation: the school supports a culture of innovation in terms of how it structures its
year 7-9 program as an integrated learning program of English, Maths, Humanities and Science,
and in terms of its uptake of digital technologies for students and teachers (with a flow-on effect
to parents). Innovative practices are encouraged so if a teacher wants to try something new, it is
discussed and opportunities provided as long as it is possible within existing structures.
Culture of support: There exists an official mentor program for first year teachers but also teachers
commented on support from leadership. There is a belief that they are supported and can ask for
further support if needed.
Culture of collaboration: The physical structure of the school enhances opportunities for
collaboration across a year pod. It also reduces the need for ongoing mentoring. Collaboration is
seen as important, but there is a recognition that it is not working as well for teachers in classes
higher up the school – outside of the integrated learning program – where opportunities for
collaboration exist within discipline areas, but not more widely.

School NSWA (time in project: three years)
Culture of innovation: This was evident mainly as teachers improving their own teaching within
their subjects, for example, the out-of-field Maths teacher was innovative in bringing strategies
from PDHPE to enhance his Maths lessons, and in the school introducing some project based
learning initiatives (some of which were STEM related). While there was some hope to timetable
Science, Mathematics and Technology together to facilitate integrated STEM, it was prevented
due to constraints with the timetable.

Culture of support: Support is provided predominantly through the proactive and committed
efforts of an instructional designer who subsequently became principal. Her support is particularly
sensitive to the emotional needs of the out-of-field and only secondary Mathematics teacher, and
explicitly focusses on his developing identity as a Mathematics teacher.

Conclusion
In these schools, the culture of support was largely initiated and fostered by the active
involvement of the principals in facilitating strategies and/or providing formal structures for
support (eg. mentors or others allocated to support teacher learning). Learning is enabled when
there is appreciation of the difficulties that teachers face and the impact on identity development
(School NSWA), and a belief that they are supported (School VICC). A sense of permission to seek
and ask for support (eg. professional development) is evident across the three schools, which gives
teachers some autonomy to engage in learning at their discretion. The teaching-principal at School
VICE shows the school’s commitment to ensuring the resources are available for teacher learning.
The culture of innovation was demonstrated particularly at the two VIC schools. At School VICC
totally rethinking curriculum enabled multi-disciplinary teaching teams to make meaningful links
between subjects. This meant that teachers needed to consider the content and teaching
approaches from other subject areas, but they learned these through working closely with each
other. School VICE was using STEM as a vehicle for change where teachers could follow and apply
their passions within subjects (within textiles) and across subjects (across technology and art). A
culture of innovation creates a breeding ground for learning, and for out-of-field teachers, this
can allow them to be part of the process, especially if they are equal contributors to the change,
or their expertise is valued and needed to ensure the team functions adequately. In both of these
situations there is a spirit of sharing, learning and distributed leadership.
Collaboration around the STEM subjects is linked to innovation – where collaboration is enabled
through the school infrastructure (eg. close proximity of staff in a small or single staffroom) and
to create new units or activities, there is potential for teachers to learn from each other as well as
reflect more deeply on their own subject areas. The examples provided will show how STEM can
be used to develop new ways of working together in order to maintain quality teaching through
effective teacher learning processes.
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Workshop 2016

STEM It’s Child’s Play Workshop
Peter Hope
Retired Primary School teacher and sessional tutor at Deakin University Burwood Campus

Abstract. The first part of my workshop will examine how STEM activities can be introduced and
assessed against the various Curriculum learning areas. A collection of activity outlines and design briefs
etc will be available for participants to download and hard copies of these will be on display during the
session. An example would be having small groups of Year 3/4 students designing and building a bridge.
(This would be done after several science sessions looking at forces –how forces can be exerted by one
object on another through direct contact or from a distance are acting on an object or structure.) The
students research the various forms of large road bridges spanning a body of water (e.g. the Sydney
Harbour Bridge) and sketch the different structural types. Based on this research the students use the
available materials and equipment in the room (e.g. spaghetti, skewers, glue guns) to build a model
bridge to span a distance of 50 cm. It has to be able to support two 375ml cans of soft drink when
completed. Each small group would maintain a design portfolio which would contain all of their
sketches, research, brainstorms, issues which arose, justification for final chosen design etc. For their
final presentation they demonstrate their bridge’s integrity after outlining the process and reasons
behind their design.
At Level 3&4 the finished object and design portfolio can be assessed against the:
•

Science Understanding strand of Physical Science and Science Inquiry Skills strands of
Questioning and predicting, Planning and conducting, Recording and processing, Analysing and
evaluating, Communicating;

•

the Victorian Curriculum Design and Technologies strands of Technologies and Society,
Technologies Contexts and Creating Designed Solutions (and Digital Technologies strands of
Data and Information and Creating Digital Solutions if research was done via the internet and
plans drawn using a CAD program);

•

and the Mathematics strand of Measurement and Geometry.

**the Victorian Curriculum Design and Technologies document encompasses most of the concepts of
engineering if the process is followed correctly.
A large part of the workshop will be hands-on with the participants following a design brief that I have
used with Year 3 and 4 students. By the time the participants have created a solution to the problem
they will have successfully integrated Science, Technology, Engineering and Maths into their learning
and modelled the experiences of the students.
The workshop is aimed at Primary teachers.

Introduction
This session was designed to give participants an insight into some of the STEM activities I have done
with my Primary School classes during my teaching career. A lot of the STEM challenges involved toys,
games or building challenges which the kids really rose to with their creativity and solutions to the
posed challenge. I have prepared a 68 page handout that can be downloaded as a word document
–this can then be customised and used by the participants in their own classes. The link is on page 2
of this summary.

Figure 1. Balancing bird
During the session we made balancing toys.
This was the challenge I actually am doing
over a two week period with Year 4 students
at Karoo PS. The first week we look at the
properties of a balancing bird (or butterfly)
toy (Figure 1) and then made one from card
board, washers and tape. The second session
revisits the properties –the science and maths involved – and then the students are given a design
brief outlining the task and having space for:
•
•
•

Investigating and designing (Use this space (and the back of the sheet if you need more) to
sketch your ideas.) ,
Producing (Did you need to modify and re-think your design after testing? How did you
show this on your original sketches or plans?) and
Analysing and Evaluating (Did your balancing toy satisfy the design brief? If not, how did
you modify it?).

A rubric was designed to highlight the following achievements in Science, Technology, Engineering
and Mathematics:
•
•
•
•
•
•
•
•
•
•

(Science) The finished product balances on a central point.
(Technology/engineering) (Science Inquiry Skills) The quality, detail and appropriateness of
sketches and drawings.
(Technology/engineering) Investigated how forces and the properties of materials affect
the behaviour of a designed solution
(Technology/engineering) Description of the product and how it was constructed.
(Technology/engineering) Details given on the product’s construction and any
constructional difficulties.
(Technology/engineering) Comment on the product’s compliance with the design brief.
(Technology/engineering) Evidence of time management in the portfolio.
(Maths) Finished product has symmetry.
(Maths) Evidence of accurate measurement of sides.
(Science Inquiry Skills) Communicating to the group about their product

It was a productive session and the best part for me was to see several of the participants walking
around the conference the following morning with a balancing bird on their finger. I was asked
about the washers used –you can buy a 2.5kg box of ¼” washers from Bunnings for around $30
(in January 2016–they work out at around 3 cents each this way) or at 10 cents each. (Just
browsing Bunnings online catalogue, they don’t seem to have the box listed so you may need to
check in store). 5 cent coins or paper clips work well also.
STEM It’s Child’s Play Support Material (I’ve prepared a 69 page word doc which you can modify for your own use) -it
can be downloaded from http://tinyurl.com/gsnq4c6

Workshop 2018

Developing STEM skills using Arduino
and heart rate variability analysis
Emerson Keenan1, Mehrnaz Shoushtarian2, Chandan Kumar Karmakar1,3, Marimuthu
Palaniswami1
1

Department of Electrical and Electronic Engineering, The University of Melbourne, Parkville, VIC 3010,
Australia
2

The Bionics Institute, East Melbourne, VIC 3002, Australia

3

School of Information Technology, Deakin University, Burwood, VIC 3125, Australia

Email: e.keenan@ieee.org
Abstract: With the introduction of wearable sensors and the Internet of Things (IoT), the use of
physiological signals to continuously assess our mental and physical state is growing rapidly. This field
offers an exciting opportunity for students to develop a range of science, technology, engineering and
mathematics (STEM) skills using widely available low-cost devices. In this paper, we introduce a design
for a practical workshop based on heart rate variability (HRV) analysis using the Arduino platform.
Targeted at senior secondary and first year undergraduate educators, this paper provides an overview
of the developed workshop and discusses its links to specific STEM learning outcomes. Course materials
for the developed workshop are freely available online at: http://emersonkeenan.net/arduino-hrv.

Introduction
In recent years, there has been extraordinary growth in the availability of wearable sensors for
monitoring physiological signals such as heart rate and respiratory rate (Khan et al., 2016). This
development has seen broad commercial interest with products such as the FitBit and Apple
Watch becoming widely adopted for daily use.
Due to their portability, these devices present a unique opportunity for teaching science,
technology, engineering and mathematics (STEM) skills within the classroom. Prior works have
shown that educational programs utilising wearable technologies can be an effective tool for
increasing student interest in STEM topics (Barker et al., 2015) and workshops with a practical
focus are overwhelmingly preferred for increasing student participation rates (Lyons and Quinn,
2010).
To capitalise on these factors, this paper presents an outline for a wearable sensors practical
workshop targeted at senior secondary students with extended resources available for students
working at a first year undergraduate level. This workshop utilises an integrated learning
approach which has been shown to positively impact student’s motivation to learn (Guthrie et al.,
2000) and encourage further development of their STEM skills.

Workshop content
To inspire students to explore the emerging field of wearable sensors, the developed workshop
focuses on the field of heart rate variability (HRV) analysis using the low-cost Arduino platform.
The main components used in this workshop consist of the DFRobot Gravity ECG Kit and the
Arduino Uno R3 which can currently be purchased online for less than $45 AUD (approx. $30 USD).
The field of HRV analysis has been chosen as the context for this workshop as it provides
Deakin STEM Education Conference 2016/2018 Selected Works
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an informationally rich physiological signal which allows for the identification of emotional state,
stress, sleep quality and more (Rajendra Acharya et al., 2006). The process of HRV analysis consists
of examining the relationships between the heart’s beat-to-beat intervals as it receives
information from the nervous system and pumps blood to support various bodily functions.
By allowing students to record their own heart rate and analyse this information for connections
with their mental and physical state, students can engage in practical learning within a wide range
of STEM disciplines.
As the workshop integrates information from topics including physiology, programming, electrical
engineering and mathematics, the educator can tailor course content to provide a deeper focus
on areas of specific interest.
The workshop is broken up into several stages as follows:
•
•
•
•

Explaining the mechanism of electricity generation in the heart and how we can monitor
this information for diagnostic purposes
How to acquire an electrocardiogram (ECG) signal using the Arduino platform
How to compute heart rate from the acquired ECG
How to plot HRV features on a computer and highlight the relationship between HRV and
our physiological state (e.g. by getting students to watch an exciting YouTube video and
watching their heart rate change)

Throughout the workshop, students are encouraged to explore these fields and discover links
between elements of the course material. By engaging in this mode of interdisciplinary thinking,
students can better understand the relationships between engineering and nature (Laut et al.,
2015) and develop a deeper understanding of how STEM skills can be applied to real-world
problems.

Learning outcomes
This workshop aims to facilitate learning outcomes across a wide range of STEM topics covering
the following key areas:
•
•

•

•

Physiology
o Cellular processes (e.g. action potentials)
o Sympathetic and parasympathetic nervous system
Programming
o Characteristics of data types
o Control flow (e.g. functions, statements)
o Data arrays
Electrical Engineering
o Ohm’s law
o Series and parallel circuits
o Integration of software and hardware systems
Mathematics
o Linear algebra
o Statistical analysis

In presenting these topics, educators should aim to link content between each discipline by
adopting considerations for integrated education by emphasising connecting concepts, translating
representations between domains and focusing on big ideas or themes (Stohlmann et al., 2012) .
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Conclusion
This paper presents an overview of a practical workshop design targeted at teaching students a
range of STEM skills through the field of HRV analysis using the Arduino platform. This workshop
integrates content from a range of disciplines across the STEM spectrum including physiology,
programming, electrical engineering and mathematics. Through an integrated learning approach,
it is hoped the developed course will motivate students to expand their STEM knowledge and
pursue a career within one of its subfields. Interested educators are encouraged to use the
developed course materials freely available online at: http://emersonkeenan.net/arduino-hrv.
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Workshop 2018

Lifting the veil from STEM Education:
making sense of what’s behind STEM
Education
Ann Osman
University of Melbourne: Melbourne Graduate School of Education
Abstract. How do prominent educators with an interest in STEM Education view STEM Education and its
implementation? To the respond to this question as part of a PhD exploring STEM Education from an
Australian perspective, a Delphi study (Linstone, Harold A., and Turoff 1975 and Rowe, Gene and Wright,
George 2011) and interviews were undertaken. Participants in the Delphi study were selected because
they have conducted and published research in education over a long period or who have special interest
in STEM Education and its emergence and implementation or occupy positions of influence in
development and implementation of policies and programs in STEM Education. The Delphi study is an
iterative process with data collected from each of three short and sequential questionnaires. The
analysis of data of each the preceding questionnaire is used to construct the questionnaire for the
subsequent ones. In this research three questionnaires were completed by each participant. The Delphi
study enabled similarities and differences in participants’ understanding of STEM Education and
approaches to its implementation to be explored. Some of the findings from the completed Delphi study
will be shared during the workshop. This workshop presentation will also provide participants with the
opportunity to complete the first questionnaire from the Delphi study as an example of how to promote
reflection and active discussion when deciding how to conceptualise STEM Education in their school or
local context.

Introduction
What is this ‘thing’ called STEM Education and how could we find out? One approach is to conduct
a Delphi study that seeks interested people’s responses to challenging questions, such as in
relation to STEM Education. These responses could then be used to determine the levels of
agreement and so provide a coherent response for the whole community. But what if there is no
agreement? How then do we unlock the unknown that is STEM Education and what is behind it?
Delphi studies were first used in the 1950s by IBM and the USA military to ‘investigate’ particular
operations at different sites and with different personnel.
Since then it has been used as a research tool in multiple fields including technology, strategic
planning and education. Now it is often used to obtain consensus (within organisations and
groups) rather than gathering information to generate solutions to issues or inform policy and
decisions as was the original intention articulated by Linstone and Turoff (1975, 2011). The name
Delphi is associated with the Oracle of Delphi from ancient Greece.
Delphi study is
•
•

50

a structured discussion with individual participants (who did not know who the other
participants were);
about obtaining views/opinions/ideas from the participants (without judgment);
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•
•
•

an iterative process where the analysis of data from each questionnaire informs the
construction of the subsequent questionnaires and so feeds back ideas generated to all
participants;
an opportunity for participants to reflect on their own views, consider the opinions of
others and present alternatives to further/future active discussions and interactions; and
conducted anonymously and so avoids the situation in focus groups where an individual(s)
may dominate the discussion leaving others reluctant to contribute.

As with any research tool there are checks and balances that should be implemented when
conducting a Delphi study (Rowe, Wright and Bolger,1991). When conducting a Delphi study
it is important to consider the following:
• number and selection of participants: suggested minimum of six and the reasons for
inclusion explained;
• maintain anonymity: essential to ensure the responses are honest;
• timely distribution and completion of questionnaires and the analysis of the data: ensures
momentum (and continuing participation) and goodwill generated is maintained;
• explanation as to how the questions were structured provided: assists to maintain
respects for responses and commitment to providing outcomes;
• any assumptions made in analysing the data must be explicitly stated: shows respect for
the participants and their responses; and
• optional- the use of one-one interviews to clarify and explore particular responses from
the Delphi study and so provide rigour to the research.
The Delphi study discussed in this workshop had 11 participants (with a history in research and
publication in education and/or the disciplines, senior policy writers for governments) from across
Australia. There short questionnaires were presented, each providing opportunities for
participants to provide additional information/comment. (All 11 participants completed the 3
questionnaires.) The data from Questionnaire 1 informed the construction of Questionnaire 2;
and the data from Questionnaires 1 and 2 informed the construction of Questionnaire 3. All
questionnaires were distributed and collected by email.
Summary of the steps in this Delphi study are outlined in Figure 1.

Questionnaire 1
Open-ended

• purpose(s),
• requirements,
• informing
others

Questionnaire 2
Rank and
elaborate

• Consisted of
• 6 purposes
• 7 requirements

Questionnaire 3
Choice and
elaborate

• Consisted of
• 3 visions
• 8 pivotal
statements

Figure 1. Summary of the steps in this Delphi study
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Key ideas about STEM
•
•
•

Understanding how a group of people conceptualise STEM Education and how this might
impact on the effectiveness (and success) of planned implementation programs.
Identifying the requirements for the development of implementation programs (and
strategies) for STEM Education.
Developing a vision for STEM Education that accommodates diverse opinions,
expectations and government policies.

Description of activities
The people attending this conference workshop were given copies of Questionnaire 1 that was
used in my research to complete. They were then asked to share and discuss their responses in
small groups and then with whole of the group. This process was used to provide them with the
‘experience’ of participating in a Delphi study and show how successive questionnaires could be
constructed. They were also provided with examples to illustrate how responses to Questionnaire
1 could then be used to construct the next questionnaire (Questionnaire 2).

Questionnaire 1 (Q1)- seeking information from the participants in my research
Q1. What do you believe is(are) the purpose(s) of ‘STEM Education’?
This question was designed to elicit:
•
•
•

how the participants conceptualised STEM Education and which, if any of the five themes
identified from document analysis (engagement, access, curriculum, pedagogy and
assessment) were evident in their responses;
if each participant’s responses were reflective of their position and experience; and
which, if any, STEM ‘drivers’ (for example, economic, government policy, community)
were included.

In analysing the responses, the following decisions were made:
•
•
•

engagement included listing increasing student interest;
access included the provision of opportunities for all students within traditional and nontraditional education settings and increasing the numbers of students in STEM subjects
generally and specifically from under-represented groups included gender; and
curriculum included both curriculum in general and curriculum for specific settings (for
example, Early Years (EY) or schools or Higher and Further Education).

Q2. Given the purpose(s) of STEM Education you …
This question was designed to identify what the participants in my research believed was required
to implement STEM Education (from an Australian perspective). It also shows what they perceived
as the relationships between purpose (s) and requirements for implementation and if this also
was reflective of the participant’s position/stance/experience.
Q3. How would you explain STEM Education to someone who is not familiar with this term?
This question was designed to investigate what messages the participants in my research believed
were needed to inform people about the STEM Education.
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Questionnaire 2 (Q2) – asking participants in my research to make decisions
In responding to both questions, the participants were asked to make (and explain) choices by
ranking a set of statements constructed from the analysis of the data from Questionnaire 1. In so
doing this participants provided insights into what they believed was important.
The questions were as follows.
Q1. Please rank the statements from 1 to 6 where 1 is the most important for you and 6 is least
important for you.
The purpose of STEM Education is to …
Q2 What level of priority, if any from 1 (highest) to 5 (lowest), would you assign to each one?
Space has been provided for you to elaborate on your responses. (Level of priority assigned to the
requirements for the implementation of STEM Education as 1(high) - 5 (low) and the level of
priority could be used more than once.)
Examples of how these statements provided in these two questions on Questionnaire 2 were
constructed using data from Questionnaire 1 was:
1. The following purposes for STEM Education were identified from Questionnaire 1, q1
• solving real world problems
• developing a skilled workforce
• ensuring economic and social prosperity
These were combined in one of the purposes presented in Q2 q1 as
“The purpose for STEM Education is to equip people with the knowledge and skills
necessary to drive economic and social prosperity in the 21st Century technology rich
workplaces and careers.”
2. A popular requirement for STEM Education from Questionnaire 1, q2 was authentic
teaching and learning and assessment that draws knowledge from across the STEM
subjects. When combined with other responses this idea represented in one of the
requirements for STEM Education in Questionnaire 2 q2 as
“Use of age appropriate applied investigations and activities to demonstrate how
knowledge and skills from multiple disciplines to solve problems.”
Note: The construction of Questionnaire 3 was presented as a set of visions and pivotal statements
(as the third questionnaire used in my research) but not discussed in this workshop.
The outcomes from the analysis of the Delphi study conducted as part of my research provided
the following insights:
•
•
•
•

how STEM Education is conceptualised by members of the STEM Education Community
matters (as shown by responses to Questionnaire 1);
how the conceptualisation of STEM Education is applied can be context dependent (as
shown by responses to Questionnaire 2);
an over-arching or uniting statement or Vision about STEM Education is possible, provided
it supports/encourages multiple purposes and local contexts and, focusses on the
education of young people (as shown by responses to Questionnaire 3);
it is timely to evaluate current programs and to provide high quality exemplars to assist
with the implementation of STEM Education;
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•
•

the direction and requirements for STEM Education should be encouraged to be
ambitious and applicable from early years to senior secondary school; and
provision of opportunities to develop and implement diverse programs for STEM
Education is required.

Conclusion:
Through sharing and respecting how people conceptualise STEM Education it is possible to
construct a vision for STEM Education that provides a path for effective and successful
implementation of programs. The following quotes were shared with the people attending the
workshop as examples of how the participants in my research conceptualised STEM Education
using a Delphi study:
“acquisition and application of knowledge and skills to solving real world problems:
partnerships where expertise of all members of the STEM Education community is brought
together to benefit all students across Australia.”
and
requirements flow from purposes: curriculum that includes the knowledge and skills young
Australians need to prosper and contribute to their communities.”
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Workshop 2018

Hands on STEM activity using Design
Thinking
Dr Penny Hale & Mr Robert Maalouf
Wellington Secondary College
Abstract. Students arrive at high school with different levels of experience and interest in technology.
Their expectations are driven by their experiences in Primary School. At high school they are often
disengaged in class and do not see the relevance of their learning. The current Digital Technology
curriculum has strong links to real world problems and activities and we have used these guidelines
along with the Design Thinking Strategies embedded in our learning framework at Wellington Secondary
College to develop our course. Hands on activities and real world links have been linked to increased
participation and engagement in the classroom (Goss & Sonnemann, 2017). These activities are a mix of
structured and unstructured tasks to allow differentiation for students at different levels of learning.

Introduction
Wellington Secondary College is a state school in the eastern suburbs of Melbourne. It has a
population of 1830 students and close to 180 teachers and services the Springvale-Dandenong
region as well as attracting a number of international students each year. It is a high performing
school in a relatively low socioeconomic region and is encouraging its students to develop stronger
Design Thinking skills through a number of programs.
These include the Global citizenship program at Year 9 where students spend a year investigating
local and global issues and developing data driven solutions. A culmination of this program is the
year 9 Design Sprint, which is a week-long challenge at the end of the year where students design
and create a solution to a problem. In 2018 this resulted in a variety of community style building
prototypes.
Students in year 10 also participate in a STEM immersion Day in June where they learn about the
various careers and pathways available and discover through practical activities what skills are
used and can be developed. In 2018, the Digital Technologies team received a grant from the
Digitech Funding Scheme. This enabled teachers to purchase a range of equipment for use in the
classroom and develop modules for students at various year levels. This included Makey Makey
kits1, Abilix Robots2, Microbits3 and MBots4. The tools were chosen for the range of educational
resources that had already been developed across different year levels and curriculum areas.

1

https://makeymakey.com/

2

http://abilix.com.au/

3

https://microbit.org/

4

https://www.makeblock.com/steam-kits/mbot
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This equipment was used for the Year 8 alternative program (during year 8 camp), the STEM
immersion day at school, and for primary school incursions at the end of the year. The resources
and modules developed allowed students from a range of backgrounds and experiences to engage
with computing and robotics and developed a number of the general capabilities including critical
and creative thinking, collaboration and resilience. The development of a product within their core
curriculum of digital technology allowed them to see the relevance of these skills in working
collaboratively and using design thinking strategies. The core curriculum in digital technology has
several focus areas including: digital systems, data and information and creating digital solutions.
The use of Makey Makey and Scratch embeds all of these outcomes into the one task.

Key ideas about STEM
A recent study by large employer Google showed a number of key characteristics of effective
teams (Strauss, 2017). These include characteristics such as critical and creative thinking, real
world problem solving, communicating ideas, logical thinking, data driven solutions and design
thinking strategies. Interestingly enough, computing, scientific and engineering skills were less
important. Employers are increasingly looking for people with these smart skills. (Education, 2017)
Not one of these skills is “taught” explicitly in our education systems although the general
capabilities of the Victorian Curriculum are evidence that they are important. All of these can be
classified as STEM skills and the current climate is predicting rapid growth in this area. STEM skills
are associated with 75 per cent of the fastest-growing occupations. It is anticipated that current
students will have 12 different jobs before they turn 50. But how do we develop this in students?
How do we identify and nurture these skills in ourselves?
Part of this challenge is in accepting failure and trial and error as an appropriate way to learn.
Students who are constantly assessed on the correct or incorrect answers can build a different
way of learning and being assessed through projects and designs and development of ideas. At
Wellington Secondary College, this ethos has been developed through Design Thinking
Framework. STEM does not exist as a separate curriculum and the focus has been to integrate
activities into the existing curriculum in order to develop the STEM skills required.

Description of activities
The workshop provided an opportunity for educators to experience and undertake some of the
practical activities that students achieved and collaborate with others on designing real-world
problems that would benefit from such practical activities. The workshop demonstrated the
model used at Wellington to integrate Design Thinking Strategies and Makey Makey projects into
the classroom and how this has led to the improvement in student engagement and
differentiation of learning.
The specific focus of the presentation was on a module developed for year 7 Digital Technology.
While unpacking the content descriptors for STEM related projects provided on the Victorian
Curriculum Assessment Authority website an example of a “doorbell” project was identified as a
viable project idea (VCAA, 2017). This focussed on the links between energy (science) and
technologies and their relevance to society. Students were initially asked to create a doorbell or
buzzer but could choose to focus their design on various applications such as healthcare,
emergency panic buttons and service (hotel) industries. This identified at the early stage of the
project a client and in the process a design brief that had to meet the needs of the client.
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Figure 2. The design thinking process5
In the study of Information Technology there exists a methodology for systematically creating
solutions to information problems. As applied in this example, the methodology comprises four
stages: analysis, design, development and evaluation. For each of these stages there is a typical
set of activities, as shown here.

Figure 3. Problem Solving Methodology6
Students needed to identify the problem and then work towards a solution by looking at the
information or data required or the function needed. A number of tools to assist students in
determining the solution requirement included context diagrams, data flow diagrams and user
examples. Typical constraints may involve, cost, time, size, security or ethics. The solution design

5

http://digitechint.weebly.com/uploads/1/8/4/4/18441637/6265539_orig.jpg

6

Modified from https://vcecomputing.weebly.com/problem-solving-methodology.html
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involves both the usability and functionality of the solution and also the output and how it is
displayed. This was explored in the Scratch 7 programming component where students could
customize their user interface and experience. Each of these planning steps involved
documentation and this is clearly identified in the development stage but is inherent in the overall
assessment criteria for the project. Integration of their coding and interface into the Makey Makey
inputs and outputs allowed students to develop logical thinking patterns and algorithmic
solutions.
How this process was achieved in the classroom is indicated in the planning tool below in Figure
3. Students were directed through the design thinking process and required to evaluate and
document their ideas in the planning tool. The assessment was based on the product but also on
the process, planning and documentation.

Figure 4. Planning tool for the project
An example of a student design is indicated in Figure 4 and demonstrates the planning of the
product, the various requirements in construction and an example of the code that might be
needed to operate. Noting that this is work from students in year 7 and is at the development
phase, it still clearly shows elements of the design process and creative and critical thinking
strategies.

7

Available from https://scratch.mit.edu/
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Figure 5. Example of student planning and planning template.
Any good assignment needs to be supported with a clear and logical assessment framework. A
sample of the design thinking rubric is illustrated in Figure 5 and is included in the additional
materials.
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Figure 6. Part of the assessment of the task.
Participants in the workshop were able to code in Scratch using the Makey Makey board and
understand the challenges and opportunities with using these devices in the classroom. The
feedback was positive and identified that educators that are exposed to these experiences are
more confident to explore them as an option in the classroom. They were able to identify the
scope of the resources online and see a range of possibilities for direct applications in their
classrooms.
Makey Makey and Scratch programming are commonly used in Primary Schools as an introduction
to programming and interfaces (Klein, 2017) and Scratch is well supported on the Victorian
Education FUSE platform8. This makes it an ideal choice as the starting point for programming in
high schools. The logical step from block based programming to text based programs such as
Python and R has been explored but it is found that users, even at college level, switch between
both modes indicating that the patterns of algorithmic thinking are well supported through
learning and developing code through block based systems (Weintrop & Holber, 2017). Projects
based on this architecture allow differentiation of activities for students within the classroom as
well as a high level of student choice and autonomy which have been shown to be good indicators
of student engagement and learning. (Evans & Boucher, 2015)

8

https://fuse.education.vic.gov.au/ResourcePackage/ByPin?pin=XZTR8Q
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Workshop 2018

Growing pre-service teacher selfefficacy in integrated STEM education
Emma Stevenson
Melbourne Graduate School of Education, The University of Melbourne
Abstract. While much contemporary literature has focused the STEM education dialogue on its
integrated version (Moore, Johnson, Peters- Burton & Guzey, 2015), limited research explores preservice teacher education in this domain. With multiple challenges facing teachers within integrated
STEM education (Nadelson & Seifert, 2017), teacher self-efficacy is one concern (Kermani & Aldemir,
2015). Many see self-efficacy as playing a key role in teaching effectiveness (Tschannen-Moran & Hoy,
2007) and positive student outcomes (Ying, Connor, Yang, Roehrig, & Morrison, 2012). This importance
emphasises research recommendations into self-efficacy for supporting effective integrated STEM
teaching (Stohlman, Moore & Roehrig, 2012), especially for pre-service teachers since self-efficacy
development occurs early in learning (Tschannen-Moran & Hoy, 2007). With the current significance
placed on integrated STEM education, investigation of pre-service teacher self-efficacy could provide
support for educators designing courses in this field. With minimal literature exploring this topic, the
implementation of multiple research syntheses of related studies underpins the design of a pre-service
teacher education model for integrated STEM education. This workshop will present the proposed
model and demonstrate the role of research synthesis in its development. In small group discussions,
workshop participants will utilise a series of questions to evaluate the model. Additionally, several
integrated STEM teacher preparation examples will be provided to further appraise the model and
explore implementation possibilities. These will include a variety of ideas for developing teacher selfefficacy, as well as supporting their preparation for integrated STEM education. Workshop participants
will be encouraged to discuss the relevance of the examples, their integration with the model, and offer
suggestions for further possibilities. A concluding conversation will consider the issues faced by teacher
educators when preparing pre-service teachers for the implementation of integrated STEM education.

Introduction
As a beginning PhD candidate exploring a variety of topics for further research, there were two
key reasons for pursuing further exploration of teacher self-efficacy for integrated approaches to
STEM education. Firstly, more than 10 years teaching in secondary schools frequently illustrated
the potential and value of integrated approaches to STEM education for student learning. More
recently, as a science teacher educator, anecdotal evidence suggests that the confidence and selfefficacy beliefs of pre-service teachers plays a key role in their development.
Literature exploration illustrated that there was little research existing in this space; how to
develop pre-service teacher self-efficacy for integrated STEM education. As such, a combined
research synthesis was undertaken to design a model to provide practical suggestions for how
self-efficacy for teaching integrated STEM education may be developed. This workshop aimed to
introduce participants to the model and a variety of professional development exemplars which
may be employed in their own teaching or teacher support.

Key ideas about STEM
This workshop aimed to support the following ideas relating to STEM education:
•

the value of integrated approaches to STEM education
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•
•
•

the importance of teacher self-efficacy when teaching integrated STEM education
how self-efficacy may be developed in teachers of integrated STEM education
using research synthesis as a means of understanding the different approaches to
integrated STEM teacher education

Description of activities
A key aim of this workshop was to introduce and discuss a practical model for building the selfefficacy of integrated STEM teachers, such that participants may use these ideas in their own
teaching. To achieve this, workshop participants engaged in a variety of activities. Firstly, they
evaluated the model offered (see appendix 1), providing a critique of its strengths, weaknesses
and areas for improvement. Following this discussion, participants engaged with a selection of
examples exploring a variety of approaches for developing teacher self-efficacy for integrated
STEM education which were discovered during the meta-synthesis (see appendix 2 for an
exemplar; adapted from Herro & Quigley, 2017). These approaches included immersing teachers
in interdisciplinary or project-based STEM learning, undertaking design challenges and STEM
lesson construction and ongoing discussion and modelling of integration possibilities. Workshop
participants were encouraged to discuss each exemplar in relation to the presented model, using
the following questions as a guide:
•
•
•

How may this approach to professional development support teacher self-efficacy for
integrated STEM education?
Is this example compatible with the model?
Where, within the model, do you think these activities may be most effective (if at all)?

The workshop concluded with a discussion of the challenges associated with developing teacher
self-efficacy in the contemporary space of integrated STEM education.
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Appendix 1: Model for supporting pre-service teacher self-efficacy, developed
through meta-synthesis
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Appendix 2: Professional development exemplar used for workshop discussion

Exploratory Example 5
Exploring teachers’ perceptions of STEAM teaching through professional
development: implications for teacher educators
(Herro, D., & Quigley, C. (2017). Exploring Teachers' Perceptions of STEAM Teaching through Professional Development: Implications
for Teacher Educators. Professional Development in Education, 43(3), 416-438)

This five-day professional development program was developed at an innovative STEAM middle school in
south-eastern U.S., through a partnership between teachers and a local university. The PD was
undertaken as a summer school, and additional follow-up PD was offered directly in classrooms during
the next academic year. The goal of the PD was to enact, reflect upon and refine practices while forming
supportive professional cohorts to extend practices. Table 1 below presents a description of the activities
undertaken on each day of the program.

Day

Session

Activities

Technology

1

Morning

Big Picture – why does this matter? Google Apps for Education – how are things
organized?

Google
Docs and
Google
Forms

Create a Google form for understanding student interest
Watch video on implications for gauging student interest
Afternoon

Begin to outline project-based instruction (designing a project-based lesson, incorporating
engagement/interest of students, meeting standards, and cyberphysical learning)

Diigo

Brainstorm topic questions within content area
Create Diigo account (social bookmarks), research topic
Begin to create data collection plan and refine question
2

Morning

Set up data collection, show examples
Field trip to local river to collect data
Meet with community experts (seven)

Afternoon

Introduce blogging as a way to disseminate research

Blogs

Group work on blogs and data analysis
3

Morning
Afternoon

Group share out – five minutes per group (What is the problem you are trying to solve?
Data collected? What further information do you need? Further questions for community
members?) Google Hangout – chat with expert for 20–30 minutes
Present a ‘menu of options’ to demonstrate understanding (i.e. Digital storytelling/
scriptwriting – iMovie App, podcasting Apps)

Google
Hangout
iMovie,
podcasts

Research/creating/work session
4

Morning

Student assessment – how to write rubrics Discussion of using digital tools to monitor
learning

Google
Drive

Discussion of group work assessment (individual and group work/when to intervene?)
Collaboration (peers/student-to-student)
Afternoon

Working session – create media and evaluations
Created rubric for peer-evaluation (Google Form + bitly link), podcast or iMovie
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Google
Forms,
bitly,
podcasts,
iMovie

5

Morning

Deconstruction of PBL – discussion of difference between projects and project-based
learning/whole class and individual groups
Google Earth – locate environmental science in a variety of locales

Google
Earth

Community Quest – began thinking about community-based questions for local investigations
(brown fields; food desserts)
Final work time

Afternoon

Presentation of ‘in progress work,’ blog/media/peer evaluation
Discussion of follow-up course (reflective practice)
Schedule for observations (October/ February/April) and post-survey

Key discussion questions within the workshop:
•
•
•
•

Using the model to guide your thinking
How may this approach to professional development support teacher self-efficacy for
integrated STEM education?
Is this example compatible with the model?
Where, within the model, do you think these activities may be most effective (if at all)?
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