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Abstract

In a profession enmeshed with theoretical, intellectual, and emotional complexities,
asking secondary subject specialist educators to teach outside a comfort zone of words,
equations, practice and expertise, is risky. This research presents a range of case studies
of how teachers took such risks in the context of STEAM education, with a view to
reinvigorating and effecting innovative pedagogy integrating science, technology,
engineering, the arts, and mathematics. Four case studies were conducted over two
years from three schools’ professional learning (PL) programs and one professional
organisation. The total number of participants was 58, with intensive focus on 14
teachers. Weaving a complex web of interpretation based on the dual framework of
phenomenography and social constructivism, the research investigates two questions:
(1) How can STEAM education activities be co-designed and delivered to encourage
teachers to explore other ways of viewing themselves?; and (2) How does experiencing
activity emotions in STEAM projects enhance or detract from the teachers’ personal
identity development? On the question of effecting teacher transformation, results
from mixed methods data collection, including experience sampling, demonstrated the
influence of dialectical emotions experienced during STEAM learning. Such emotions
encouraged shifts in teachers’ self-perception and identity as STEAM challenges were
accepted, enacted and overcome. Divergence from solid subject specific knowledge, in
the interest of considering pedagogical alternatives to conventional practice, afforded
teachers new capabilities related to ways of knowing, being and becoming. Evidence of
small and large teacher transformations emerged through the expression and
experience of STEAM transdisciplinarity, teachers’ activity emotions, and a new sense
of teacher purpose related to the impact of STEAM. This gives rise to a key
recommendation: that designing STEAM PL expects to encounter a range of teachers
unfamiliar with transdisciplinary challenge, but that each type of teacher brings their
own value to the learning. To develop a full picture of the value of STEAM for non-
generalist teachers, additional studies will be needed to ascertain how authentic
transdisciplinary STEAM encourages teachers to view their own knowledge through

different lenses, potentially viewing themselves in alternative ways. This study,
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however, indicates how a treasury of unique STEAM ideas put into practice can be

personally and professionally transformative for teachers, even for just a short time.

Figure A.1: Teacher research participants engaging in STEAM learning and teaching.
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Chapter One — Introduction

If someone had told Mallory that he would climb Everest but die in the attempt, still be wounld
have climbed it.  (Winterson, 2001, p. 150)

A key aspect of this research points to the importance of considering teacher
transformation through experiences in STEAM professional learning (PL), in which the
appreciation of the dynamic contribution of teacher emotions is measured. STEM
represents integrated science, technology, engineering and mathematics, and central to
the arts are the key learning areas of humanities, language arts, dance, drama, music,
visual arts, design and new media. This research investigates how blending and
embedding the arts in STEM to generate the fusion acronym of STEAM, is a powerful
method of enacting authentic transdisciplinary learning for teachers as well as students.
For conventional teachers, such fusion creates divergence from solid subject specific
knowledge, and may lead to new ways of understanding STEM concepts as well as
developing novel creative approaches to visualising, enacting or embodying such
concepts. For secondary education in particular, transdisciplinary learning expects
secondary teachers to incorporate relational understandings in the subjects they teach,
as a means to challenge convention. This sees the concept of transdisciplinarity as
challenging the familiar and widely expected approaches to teaching and learning.
STEAM asks teachers to step outside the comfort of personal and professional traits,
irrespective of the practice of teaching remaining siloed and bound by seemingly rigid
curriculum parameters. Hence, teachers participating in STEAM learning might
experience heightened emotions when operating in unfamiliar knowledge or skill
territory. This research shows that it is within these intense learning moments that
STEAM has transformative capacity.

Transformative learning, according to Taylor (2016), is based on five
interconnected ways of knowing: “cultural self-knowing, relational knowing, critical
knowing, visionary and ethical knowing, knowing in action” (p. 92). Combined, each
transcend perceived discipline boundaries and integrate disparate practices, which
comes as no surprise to Root-Bernstein (2019) who advocates innovation is the result of
taking “transdisciplinary leaps of imagination” by training scientists, technologists,
engineers and mathematicians “in and with the arts” (p. 11). There is a growing body of

literature that recognises the importance of incorporating the arts in science,
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technology, engineering and mathematics (STEM), being crucial for developing ‘tools for
thinking’, as Root-Bernstein suggests. “These consist essentially of observing, imaging,
abstracting, patterning, analogizing, empathizing, dimensional thinking, modeling,
playing, transforming and synthesizing” (p. 10). For teachers, it may be impossible to put
such tools to use without also experiencing emotions.

My study has found that learning through STEAM exposes key opportunities for
teachers to blend tricky outlaw emotions such as fear, anxiety and resistance, with the
activity emotions of joy, elation, wonder and awe. Such discoveries are elucidated in
discussion of how the participating teachers were encouraged to employ STEAM
learning as a conduit to knowing, imagining, creating, and innovating while indirectly
experiencing moments of wonderment and awe. Robinson (2010) describes such
moments as an aesthetic experience. Certainly, in this research, teachers participating
in STEAM learning encountered a series of cumulative experiences replete with
dialectical emotional responses. The main challenge of the research was to harness
teachers’ emotions and employ them as tools for the indispensable divergent and
convergent thinking that underpins STEAM’s transdisciplinarity. If convergence can be
described as a meeting or agreement of opinions and actions, occurring at a specific
point or degree, it appears that the synthesis forming STEAM from STEM acknowledges
the divergent inclusion of the Arts as the first step to innovating knowledge building in

STEM.

1.1 Background to this research

Amidst the revelations of education statistics and Government innovation agendas
related to Australian STEM industries, | find it is easy to be overwhelmed by the problem
of increasing uptake in STEM, starting with teaching and learning priorities in schools.
However, | find it just as easy to align my research motivation with a similar goal, due to
many professional conversations related to the issue of how to measure secondary
school STEM uptake within the flurry of media and political activity promoting the sad
statistics of poor engagement. My research is not concerned with assessing the plethora
of existing STEM or STEAM resources, or finding exemplar teachers already operating in
connected cultures of thinking. Rather, it examines the way in which the participating

teachers responded to unique methods of STEAM learning and teaching, co-created



specifically for my research. What | have found throughout the process of researching
this topic is that even the smallest attempt to reconcile the problem of siloed
approaches to learning, is a reminder that transdisciplinary STEAM experiences
designed in collaboration with likeminded educators represent a valid contribution to
educational change. The participating teachers in my research have demonstrated that
for them, the value of STEAM may simply be an appreciation of the possibilities of
exploring STEM concepts, particularly mathematical concepts, through playing around
with ideas, with materials, and with other people, in order to generate novel and
memorable learning experiences.

Drawing on play and curiosity inherent in STEAM learning, it is important to
acknowledge that both have been considered crucial to creative and innovative
knowledge construction in various education contexts (Craft, 2015; Robinson, 2001;
Wagner, 2012). Thus, engagement with play and curiosity from a transdisciplinary
perspective manifests more in the realm of experiential connected education across
disciplines, than solely situated in the arts. The types of playful pedagogical connections
presented in my research demonstrate how STEAM learning for teachers, requires
commitment to the formation of experiences that avoid disconnectedness, while
simultaneously ensuring that the purpose or result of the experiences have relevance in
terms of application to the real world. Recent education reports such as NSW
Government response to the NSW Curriculum Review — final report (2020), Through
Growth to Achievement: Report of the Review to Achieve Educational Excellence in
Australian Schools (Gonski, D., Arcus, T., Boston, K., Gould, V., Johnson, W., O’Brien, L.,
... Roberts, M., 2018), and Challenges in STEM Learning in Australian Schools (Timms,
Moyle, Weldon, & Mitchell, 2018), express the need to engage young people in STEM in
order to increase the uptake of STEM related tertiary studies that lead to employment
in STEM related industries. Interestingly and simultaneously, former New South Wales
(NSW) Chief Scientist, Mary O’Kane (2018), interviewed for the Sydney Morning Herald
article entitled “STEM debate has become ‘misguided’” (Smith, 2018),
welcomed then NSW Education Minister, Rob Stokes’ comments espousing preference
for STEM at the expense of the Arts as “demonstrably ludicrous” (Smith, 2018, Para 2).

Such conflicting views continue to fuel the debate about STEM + A connected curricula.



More detailed explanation of these is presented within the literature review in chapter

two of this thesis.

1.1.1 STEM to STEAM Zeitgeist
The recent hype surrounding STEM to STEAM concepts in Australian education, industry

and the general community can be partly attributed to the release of the National STEM
School Education Strategy (2015), National Science and Innovation Agenda (National
Innovation and Science Agenda, 2016), Australia’s STEM Workforce Report (2016) and
other reports such as the Australian Council for Education Research Challenges in STEM
Learning in Australian Schools (Timms et al., 2018). At the time of the release of these
reports, | was employed as a teacher in the role of ‘STEAM Innovator’ at an inner-city
independent school in Sydney, Australia. My pedagogical commitment to learning more
about STEAM afforded me many opportunities to enact, collaborate and share the
learning with peers and students at that school. Moving into a research role encouraged
me to distribute the profit of my STEAM learning from a well-resourced educational
institution, with those not so well resourced in my educational network. | consider
incentivising STEM to STEAM transdisiciplinary learning as imperative and should not
restricted to privileged learning situations. Teaching across faculties at the University of
Technology, including teaching into the Bachelor degree of Creative Intelligence and
Innovation, allowed me to gain more understanding of how transdisciplinary models of
learning could facilitate movement warranted by the growing awareness of the need for
increased uptake in STEM at secondary, tertiary and industry levels. The challenge for
me was how to remain engaged with the STEM/STEAM zeitgeist while not restricting
myself to the creation and delivery of innovative STEAM programming at a single school
alone. Each aforementioned report broadcasts the alarming statistics related to the
uptake of STEM subjects in secondary and tertiary education and the on-flow effects on
recruitment in STEM industries. As a result, schools have been prioritising STEM learning
in an attempt to address the uptake problem. Similarly, the emergence of a range of
learning organisations developing and marketing STEM/STEAM learning programs to
schools and communities has significantly increased.

Such reports consistently recommend energising the teaching of science and
technology, prioritising innovation, recruitment and retainment of quality teachers by
collaboratively planning and strengthening teacher professional development. More
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recently, new curriculum implementation support for teachers, outlined in the NSW
Government’s report on NSW Curriculum Review (2020), echoed similar needs,
recommending strengthened training for pre-service and in-service teachers, including
monitoring the entry standards for STEM teacher education courses. Innovation and
Science Australia (2017) reports that in comparison with international counterparts,
Australian teachers engage, on average, with four days less than the reported 15 days
of professional training per year. This report also questions the quality of the Australian
professional development programs: “Only half of Australian teachers attending
professional development programs report a moderate or large change in their day-to-
day teaching as a result of the programs” (Ferris, 2017, p. 28).

As such reports filter down through Government, industry, societal systems and
education, the stakeholders on the ground are obliged to engage with the inherent
directives. In The Age of STEM, Freeman (2015) noted “Unlike several other countries,
the Australian teaching landscape equates ‘teaching quality’ with ‘teacher quality’
leading to some pressure to foreground accountability regimes at the expense of
professional learning” (p. 185). There are two distinct problems emerging from these
reports in respect to teacher PL. The first is the perceived need for increased discipline
specific training, and the second is that training in current PL contexts, has little
influence on teacher development. Therein lies an ambiguity, tested in a key point made
by the Organisation for Economic Co-operation and Development (OECD): “To remain
competitive, workers will need to acquire new skills continually, which requires
flexibility, a positive attitude towards lifelong learning and curiosity” (OECD, 2019, p. 8).
This ambiguity is further explored in the literature view in chapter 2.

Previous research has established that synergetic curriculum content inspires
authentic cross-disciplinary fertilisation, encouraging curiosity, experimentation and
risk-taking, thus engendering key dispositions of divergent thinking (McAuliffe, 2016).
Diverting teacher PL away from traditional practices and methods, by designing the
learning with innovative STEAM challenge in mind, addresses the creative and
imaginative inputs to learning STEM. STEAM alone does not communicate successful
integrated learning and teaching to local and global audiences; however, it is a point of
departure for divergent thinking, a launch pad for identifying and acknowledging the

range of skills to be learnt to navigate through this century and beyond.
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Transdisciplinarity in itself, is not new. Some teachers have been integrating
subject content for their entire careers. They are valuable assets to the education
system and provide solid mentorship to the in-service and pre-service teachers
establishing their careers within a complex cerebral and technological education
environment (McAuliffe, 2016; Schleicher, 2018; Tait & Faulkner, 2016). Neoliberalist
currency frames teachers as flexible technicians, offering an alternative understanding
of “what it means to have and exercise agency” (Golden, 2018, p. 2), and cannot be
restricted to the notion of divergent thinking being the single representative of
innovative education models. There remains a place for convergent processes in
validating STEAM content to avoid a ‘ticking boxes’ approach to prescribed cross-
curricular outcomes (Herr et al.,, 2019; McAuliffe, 2016). It has previously been
acknowledged that for teachers to see themselves as contributing collaboratively to
system leadership is as important as the mutual value attributed to students seeing their
teachers learning (Schleicher, 2018). Schleicher (2018) places the sense of ownership in
terms of teacher praxis relative to student experience, at the heart of productive
learning and professional autonomy. Thereby creating a culture of innovative learning
that addresses education futuring through valuing non-routine cognitive skills, such as

imagination and creativity, as well as social and emotional skills (OECD, 2019)

1.1.2 STEAM'’s transdisciplinary divergence and convergence

Studies of multiple creativities in education show that STEAM learning enhances multi-
perspectives, underpinned by the natural logic of convergence available to all humans
(Burnard & Colluci-Gray, 2020; Herr, Akbar, Brummet, Flores, Gordon, Gray & Murday,
2019; McAuliffe, 2016). Such constructivist processes allow us to consider divergence as
also disruptive, positioning STEAM in the role of guide. What is meant here is that
STEAM guides new learners into territories where the language and environment of
logical and creative thinking are appropriately merged, reconciling ambiguities, tensions
and dilemmas outlined in forecasts such as the OECD’s Learning Compass 2030 (OECD,
2019).

The body of literature considering “what if” as a creative educational tool in
transdisciplinarity, argues that “what if?” requires engagement with creativity,
imagination and curiosity, concurrent with potential contribution to entrepreneurial
thinking (Fleming, Gibson, Anderson, Martin, & Sudmalis, 2016; Craft, 2015; Wagner,

6



2012). In much of their research emphasising exploration and discovery, Fleming et al.
(2016) also deem imagination to be a possible disruptive or subversive contribution to
the education environment, presenting a “certain irony that qualities associated with
the imagination such as pondering ‘what if’ can be thought to fit comfortably within
frameworks attached to knowable Key Performance Indicators” (p. 436) . Scholars have
long agreed on the impact of creativity and imagination in education being
transformative for teachers and students (Craft, 2015; Eisner, 1985; Greene, 2018;
Robinson, 2010). For this reason, STEAM education must necessarily engage with
curiosity and imagination if it is to be considered innovative. Existing research also
recognises the paradox acknowledging success in teaching as closely tied to student test
results (NMC/CoSN Horizon Report, 2016: Golden, 2017; Schleicher, 2017). Therefore it
is difficult for teachers to access rewards for developing and implementing innovative
approaches to learning and teaching, which may be a deterrent to STEAM.

Studies over the past two decades have provided information on nations that
enjoy high international testing outcomes coexisting with strong STEM agendas that
concentrate on 21st century skills. Such skills include inquiry processes, problem-
solving, critical thinking, creativity, and innovation, as well as a strong focus on
disciplinary knowledge (English, 2016; Freeman, Marginson, & Tytler, 2015; P21, 2002).
Aligned with such research, both zeitgeist acronyms STEM and STEAM reveal the
importance of nurturing balanced transdisciplinary connections to encourage profound
conceptual contemporary understandings. The risk for educators is to promote and
encourage the idea that participants in STEAM learning might begin to identify
themselves as trans-disciplinarians in a world led by both convergent and divergent
experiences. Australian Curricula prescribe such experiences and understandings,
promoting the need for unified cultivation of human capabilities defined through four
21st century Cs: communication, collaboration, creativity and critical thinking. Emotions
and thought are also key players in the mix (Rahm, 2016), encouraging the inclusion of
forthcoming 22nd century attributes described in the literature more recently, as
connection, care, community and culture (Santone, 2019; Tomlin, 2018). Both C sets fit
appropriately with the OECD Learning Compass 2030, that promotes a cycle of action,

reflection and anticipation within the culture of future learning (OECD, 2019).



Much research related to growing 21st century skills promotes a transformed
pedagogical environment organised around interrelated motivational elements
including play, curiosity, fearlessness, passion, and purpose (Craft, 2015; Golden, 2018;
Wagner, 2012). Teachers may perceive a lack of knowledge or confidence in their own
skills to coordinate such elements in their pedagogical practice. Therefore, for teachers,
STEAM may be a valuable conduit for permission to play, be curious, passionate and
fearless, indicating how challenging oneself beyond regular comfort zones can result in
transformed teacher self-perception. This provides compelling reasons for encouraging
transdisciplinary STEAM education in a range of learning contexts. In my research for
this thesis, the learning context under scrutiny is STEAM teacher professional learning
(PL).

1.1.3 The transformational potential of STEAM

The ‘tools of thinking’, making up the complex STEAM mixture proposed by Root-
Bernstein and others working in transdisciplinary fields, have been operational in the
process of discovery for a long time. However, such studies reveal that

“most scientific teaching occurs only in these secondary languages of words
and equations, with little or no mention, and often less training, in the use of
non-verbal, non-mathematical modes of thought or the importance of
perceptual thinking tools, intuition and emotion” (Root-Bernstein, 2019, p.
12).

The key to successfully connecting disciplines is to make deliberate effort to relate ideas
and make the intersections between them explicit (Fogarty, 1991). STEM teachers who
are willing to realise those intersections in their practice by teaming up with colleagues
in the arts are regarded by Taylor (2016) as visionary educators. McAuliffe (2016)
considers the same teachers as highly prized and sought after in education systems,
encouraging collaborations between the STEAM disciplines as a new paradigm for
primary, secondary, undergraduate and postgraduate education.

In her work related to growth mindsets, Dweck (2008) argues that abilities can
be cultivated. It is important to consider the cultivation of a STEAM education
environment, in which teacher mindsets are encouraged to grow, to be an exemplary
model of collective learning that incorporates the best features of teacher, students and
subject matter. This is why ‘thinking” and ‘making’ is so important in STEAM. STEAM is a

learning environment where all participants in the activity acknowledge that “the hand



has its own intentionality, knowledge and skills” (Pallasmaa, 2009, p. 21). The current
global renaissance of tinkering and making, of which teachers may or may not be aware,
nevertheless demonstrates the readiness of educational environments to embrace the
intelligence, thinking and skills of the hand, and it would be a great shame to foreground
3Rs pedagogy that is blind to the relationship between the mind and making. Pallasmaa
(2009) suggests the sensory realm exists as enabler for a full understanding of our
capabilities as physical and mental beings, while Csikszentmihalyi and Robinson (1990)
consider non-rational elements of consciousness as equal contributors to the
construction of knowledge in wholistic learning (Csikszentmihalyi & Robinson, 1990).
STEAM'’s potential for holistic understanding is manifested in the blending of the
aesthetic experience with the action of problem solving, with a view to creating an
aesthetic product. While problem solving through STEAM was not the focus of my
research, the type of STEAM learning implemented throughout the study inherently
incorporated problem solving due to the manual, technological, systematic and
theoretical components included in each activity undertaken by the teachers in STEAM
PL.

Physically modelling the intersections between the arts and STEM can have a
powerful effect on learning. Yet it is the physicality of making that often scares teachers
operating outside the arts and design, as they are generally settled in their capacity to
operate within the comfort of knowledge expertise and regular practice (Eisner, 2002;
Nutchy, 2012; Tait & Faulkner, 2016). My research points to the acute discrepancy of
maintaining the belief that transdisciplinarity relies on the knowledge and skill of
individual teachers working singularly at the peak of their expertise. While Taylor (2016)
surmises a modest scale of STEAM learning can be achieved by an individual innovative
teacher, collaborating in STEAM affords teachers the permission to be un-expert, relying
more fittingly on cooperation for transdisciplinary success. Introducing disparate ideas
and trying to connect them within a STEAM learning activity requires strenuous planning
and motivation from the content contributors, for a successful experience to be
attained. The literature reminds us that it cannot be assumed that teachers or students
will understand the connections automatically (Daly, Mosyjowski, & Seifert, 2016;
Eisner, 2002; Fogarty, 1991). The construction of STEAM learning programs undertaken

in my research required extensive planning in collaboration with the participating
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teachers. Consequently, the teacher emotionality ran high as personal and professional
comfort zones were pushed, sometimes to very precarious limits.

Emotions expressed through teachers’ words and body language during
participation in STEAM learning might substantiate how teachers’ STEAM connections
have been successfully enlivened. Frequently, this is how the impact of STEAM learning
on the teachers’ self-concept can be measured. My study tracks how learning STEM
concepts can be melded with creative visual experimentation so that the experiences
are rendered memorable, enabling the teachers to discover new aspects of self during
the process of creating and making. Maeda says there is no greater integrity “no greater
goal achieved, than an idea articulately expressed through something made with your
hands” (Maeda, 2012, p. 4), yet many teachers find their thinking hands lying still. My
study seeks to contribute to the field of education research that demonstrates how
enlivening the often dormant hands of subject specialist teachers, is potentially
transformative. My study also aims to show how teachers’ release of anxiety associated
with activating a relationship between STEM and the arts, can be liberating in the sense

of enacting play, curiosity, passion, fearlessness and purpose.

1.2 Research Aim

The Value of ME in STEAM examines the emerging role of 21st and 22nd century Cs in
the context of co-creation and delivery of challenging STEAM learning in secondary
school settings. Some uncertainty exists about the relationship between teachers’
emotions and learning in transdisciplinary STEAM contexts. My research aims to assess
the effect of STEAM learning on the personal and professional identity of a specific group
of participating teachers, with a view to understanding how teachers’ emotional
responses to transdisciplinary learning add value to the existing body of research related

to STEAM PL.

1.2.1 Research Questions

There are two primary aims of this research: 1. Using STEAM to reinvigorate teachers’
thinking about effecting pedagogy across disciplines, and 2. To gauge how emotions
contribute to such development. Hence, the research questions underpinning the study

are:
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1. How can STEAM activities be co-designed and delivered to encourage teachers
to explore other ways of viewing themselves?
This question is related to the creation of a model of professional learning where
teachers gain a sense of self-understanding through engagement with specific STEM
concepts approached through an arts perspective. It aims to provide circumstances
within which exposure to the intersections of those things are relatable and meaningful
in the lives of the teachers.
2. How do emotions experienced during engagement in STEAM activities enhance
or detract from the teachers’ professional and personal identity development?
In the context of this research, the teachers’ professional and personal identify
development can be described as nuanced shifts in awareness, experienced through
learning in STEAM. Emotions might include outlaw emotions such as fear, irritation and
resistance, as well as activity emotions experienced through productive persistence.
These emotions present as excitement, joy, elation, and achievement, both defined in

key terms later in this chapter.

1.3 Conceptual Framework

Devising a conceptual framework within which socio constructivist ideas merged with
phenomenography was a valuable interpretivist approach to this research. | refer to this
dual theoretical framework as ‘hybridised constructivism’, taking the Vygotskyan
features of social interaction shaping the learning process, and placing it in a specific
time and place, enacted with specific people, and shared with significant others.
Applying a neuroscientific view of hybridised constructivism draws on notions of
bending, breaking and blending (Eagleman, 2018). Bending the STEAM interpretations
through a human emotional lens, breaking through a temporal phenomenological
approach, to include phenomenographic notions of mapping human experiences, by
blending social constructivist ideas surrounding ‘learning by doing’. That is, with how
one feels while learning by doing. The conceptual framework also draws on strengths of
a paradigmatic constellation referred to by Lukenchuk (2013) as “four paradigms in
slightly different configuration: prediction (positivist), understanding (interpretive),
emancipatory (critical), and deconstruction (poststructuralist)” (p. xxvi). According to

Lukenchuk, the concept of paradigm refers to an integrated set of etymological
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definitions resulting in a threefold meaning: “(1) a system of educational inquiry (2) a

model, and (3) a way of knowing” (p. xxv). Each of these definitions have a resounding
influence on the way STEAM education activities can be co-created, documented and
analysed in current transdisciplinary focused learning ecologies. Thus, for my research

to be useful in any way, it must be analysed directly or indirectly through the collective

lenses of positivist, interpretive, critical and poststructuralist principles. Applying

features of this paradigmatic constellation within a hybrid constructivist framework

afforded my research with rich comparative analysis and greater potential for the

study’s contribution to knowledge (see Figure 1.1).
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Figure 1.1 Conceptual Framework for the study.

In reference to Figure 1.1, constructivist interpretation of teacher practice
provided acknowledgement of the value of prior experience and what this brings to a
new situation. In the context of STEAM learning, there are many examples of content
intersections in the wider world, waiting to be explored through curiosity and innovative
pedagogy. Thus, it is the duty of the teacher/learner to bring real experiences of
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integrations and interactions, through their own accounts and descriptions, and embed
these in new practice. Roth (1998) suggests, “there is no meaning out there and
predating our experience, there are only acts situated within discursive and embodied
access to a world that is always and already shot-through with meaning” (Roth, 1998, p.
9). By default, the primary goal of constructivist learning is to enable learners to
“construct knowledge out of their exploratory actions on the environment”
(Csikszentmihdlyi, 1990, p. 149). In STEAM, the lifelong learner is able to enjoy
experiential education via engagement, interpretation and application, resulting in
cumulative connections between experience and learning. Ideas related to formative
construction of knowledge through reflective and cumulative experience, referred to by
Dewey (1938) as Erfahrung, cannot be separated from the influence of emotional
activity within the in-the-moment experience, Erlebnis. The conceptual framework
illustrated in Figure 1.2 shows how the research underlying my thesis continually
returned to interpretation of teacher experiences using erlebnis and erfahrung as

analytical tools.

1.4 Research Design

My research presents four case studies measuring the effect of STEAM learning on
teachers’ professional and personal identity. In the following chapters, the case studies
are referred to as STEAM 1, 2, 3 and 4, ranked according to the size and scope of each.
The case studies were conducted over two years from three schools’ professional
learning (PL) programs and one professional organisation. All participants in this
research were considered learners, with acute focus on teachers as learners, including
pre-service and serving teachers, members of schools’ executive and myself as
teacher/researcher. The total number of participants was 58, with intensive focus on 14
teachers. Accordingly, data collected through mixed methods supported my
philosophical positioning as participant researcher, giving cause to the approaches |
have taken to investigate the STEAM learning context. The complexity of the study
required me to operate as participant researcher in the cases of STEAM 1 and STEAM 2.
These, and STEAM cases 3 and 4 warranted varying degrees of teacher PL, delivered by

the researcher (myself), or with additional support from executive STEAM team
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members. Self-immersion in teacher PL reinforced my aim to answer the qualitatively
driven research questions outlined earlier in this chapter.

The Case Study methodology applied in this research resulted in appropriate
provision of comparative analysis opportunities. Both qualitative and quantitative
methods were used in this investigation. Data was collected across the cases through
observation, experience sampling (ESM), formal and semi- formal interviews, group and
individual reflections, and analytical memos (recorded ongoingly in field note entries).
The feasibility of this research was reliant on appropriate size and scope of each case
study. Consideration of appropriate selection of interviewee groups, their size and
availability informed my approach. Data collection and analysis was supported by
continual writing, evaluating the experience and outcomes of each formative activity
undertaken as my study progressed. Since the STEAM programs were considered
sustainable by two of the participating schools, aspects of my research evolved into a
semi-longitudinal study. Hence, data was collected over two years in STEAM 1 and 3,
and one year in STEAM 2 and 4. The benefits of a semi-longitudinal inclusion allowed for
the pedagogy and practice in STEAM teaching to evolve, providing greater scope for
comparative analysis.

All cases provided a structure and framework to observe, interview, document,
reflect on and interpret data, through subjective and objective contextualised
gualitative measures. As a consequence to the mixed methods data collection woven
into the research design, features of narrative and appreciative inquiry traditions were
incorporated into the overarching case study methodology. A principal element of
narrative inquiry highlights the broadened scope of the relationship between the
researcher and the researched. Drawing on narrative inquiry permitted me to present a
relational understanding between myself as researcher and the actions and interests of
the participating teachers — their journey, their stories. Similarly, the generative nature
of appreciative inquiry, afforded investigation of the participating teachers’ capacity for
rejuvenation and innovation, encouraging transformed self-perception during and on
completion of the STEAM learning undertaken in PL. In terms of experiencing activity
emotions during STEAM learning and the effect of such on the teachers’ sense of
personal identity, more nuanced observation was recorded and supported using

Experience Sampling (ESM) at key moments during the PL sessions.
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Blending teachers’ stories (narrative), with the joyful mystery in discovery
(appreciative), brought flexibility, malleability, and adjustability of my research design
to the comprehensive comparative analysis of the case study methodology.
Appreciative inquiry, melded with the narrative, challenged the manner in which the
data was analysed, in that boundaries between researcher and researched were often
blurred, resulting in generative nuanced analyses of teacher transformation during the

STEAM learning experiences.

1.5 Value of the study

STEAM programs of learning are authentic models of integration where content and
experience merge. STEAM requires flexibility. It spans social and cross-cultural settings.
It is adaptable, often collective, always collegial and never superfluous. It demonstrates
intrinsic and extrinsic links between concepts, ideas and realities, and is often filled with
wonder. STEAM is experiential. It represents the purpose of integration. 21st century
identities are bound in STEAM, as those of centuries past; consider Aspasia, Aristotle,
Leonardo, Einstein, Buckminster-Fuller.

The point of difference between this study and others related to integrated
learning is that the research is primarily focused on the way STEAM experiences
influence the identity development of the teachers involved. There is nothing new about
theoretical STEAM content. Schools have been teaching science, maths and engineering
for centuries. Schools have also been teaching with technology as it evolves in all its
forms, from the use of chalk and boards to record information, and hammers, chisels,
needles and thread to make things, right through to current and emerging digital image
manipulation and fabrication. The same can be said for the arts, including languages and
humanities. For all that, STEAM is inclusive, representing connections between the
sciences and humanities, language arts, dance and physical movement, drama, music,
visual arts, design and new media. The STEAM content co-created and utilised in teacher
PL in this study relied on the fact that there was no other way to produce the desired
visual aesthetic outcome unless the teacher participants engaged with STEM from the
beginning. It would seem that the current prevalence of STEM and emergence of
STEAM, as zeitgeist acronyms in the education arena, implies that transdisciplinary

understandings are, in fact, infiltrating the so-called siloed fields of knowledge operating
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in many secondary schools today. Despite this, the experience of teaching sideways to
one’s expertise is troublesome for many educators. Even scary. Hence the value of my
study lies in the teachers’ fear-to-fearless journey, wherein the creation of a STEAM
learning environment resulted in openness to challenge that nurtures growth mindsets.

Permission to play, for teachers, demands courage. My study demonstrates the
importance of promoting and explaining how fears related to a STEAM learning
trajectory were overcome, in order to create a unique, playful and positive learning
experience for students and teachers alike. STEAM is where teachers co-create spaces
filled with possibility, to directly experience learning together with peers and students.
Robinson (2001) extolled the virtue of creative imagination when asking for a paradigm
shiftin the way we educate, drawing on examples of children’s extraordinary capabilities
for innovation (Robinson, 2001). It is important to acknowledge the connection between
those extraordinary capabilities and opportunities for teachers to be inspired by what
the children naturally do: play, be curious, fearless, passionate, operating with sense of
purpose. These attributes prescribe the outcome of transdisciplinary learning, within
which teachers working in cross-curricular settings often observe critical discovery
moments where interconnected learning systems are explored and curriculum

boundaries broken, if for a short time only.

1.6 Defining key terms

STEM

STEM is generally understood to be the combined knowledge areas of science,
technology, engineering, and mathematics. A range of definitions of STEM education
has emerged to include broad and individualised perspectives taking multidisciplinary
approaches to developing learning programs. Different interpretations of STEM
education have become problematic issues for researchers and curriculum developers.
In acknowledging the lack of an agreed-upon definition, the California Department of
Education (2014) provides a broad perspective on STEM education, namely, “[STEM]...
is used to identify individual subjects, a stand-alone course, a sequence of courses,
activities involving any of the four areas, a STEM-related course, or an interconnected
or integrated program of study” (in English, 2016, p. 2). The Australian Government’s

National STEM School Education Strategy, 2016 — 2026 considers STEM literacy is
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increasingly becoming part of the core capabilities that Australian employers need.
Thus, the journey into STEM promotion begins when we open our children’s eyes to the
possibilities of science, technology, engineering and mathematics. Often, the gateway

to this path can be found in the Arts.

STEAM

The influence of the Arts in STEM learning, while currently slowly emerging, is
historically omnipresent. Drawing on accounts of what the arts offer the sciences,
research in the area of STEAM education since the 1950s acknowledges the combination
of science and the arts as “essential for producing a creative, scientifically literate, and
ethically astute citizenry and workforce” (Taylor, 2016, p. 92). In Australia, the national
curriculum defines the Arts as the range of key learning areas including drama, dance,
music, visual arts and media. McAuliffe (2016) defines the Arts as “Physical, Fine, Motor,
Language and Liberal (including; Design, Architecture, Sociology, Education, Politics,
Philosophy, Theology, Psychology and History)” (p. 2). Being able to recognise and
visualise critical intersections between practical subject content and theoretical
concepts leading to creative realisations in an Arts context is now not only explicitly
linked to manual and digital making, but to modelling and visualising in the sciences. For
teachers to foster such skills in their students necessitates the ongoing cultivation of

similar skills in the teachers’ own thinking and learning.

Transdisciplinarity

Described as part of an expanded discipline continuum, transdisciplinarity provides a
model of learning within which links among isolated issues are explored, interrelations
discovered, and inclusive solutions are proposed (Cranny-Francis, 2017). The flow of
knowledge connections between learners, concepts, and the world, with a view to
applications to real-world problems, lies at the heart of transdisciplinary learning. The
literature views the complexity of authentic transdisciplinarity as more than just
knowledge and skill crossing, but rather, the multifarious shape of the learning

experience itself (Bernstein, 2015; English, 2016).

Activity emotions

These are the human emotions which influence transformation. In the context of STEAM

learning, activity emotions are the felt experiences that might contribute to the growth
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mindset identified by Dweck (2008), or emotions experienced in moments of flow
(Csikszentmihalyi, 1996), or during an aesthetic experience (Robinson, 2001). In this
study, activity emotions emerge as dialectical influences on teachers’ personal learning
trajectory. The general affective states including moods and emotions, in conjunction
with instructional strategies for investigating challenges in relation to collaborative
involvement, predicates the climate within which the STEAM projects enacted in my
research were explored and documented. The literature shows that academic emotions
are quite nuanced, influenced not by motivational aspects alone, but by much more
contextual information such as “the types of interactions, their content, duration,

intensity, and levels of challenge” (Meyer & Turner, 2002, p. 382).

Outlaw emotions

Aligned with activity emotions, Jaggar’s (1989) definition of outlaw emotions includes
feelings of fear, anxiety, trepidation and resistance. My research views outlaw emotions
as powerful contributors to the teachers’ STEAM learning experience. Such might be
described as experiences where the combination of knowledge, emotions, environment
and audience reaction provide peak sensory responses to new ways of thinking, knowing

and being.

1.7 Overview of thesis structure

The following chapters demonstrate how the STEAM case study milieus were
pedagogically challenging for participant teachers. My investigations recorded subtle
and nuanced emotions expressed in the teachers’ liminal states during STEAM PL, for
the purpose of measuring professional or personal transformation. Chapter Two begins
by laying out the theoretical dimensions of the research, looking at three areas of
current empirical literature. The intention of Chapter Two is to conceptualise and
contextualise creative processes and relevant research associated with aspects of
STEAM education in relation to transformative teacher PL. Theory and practice related
to transdisciplinarity forms the first part of the literature reviewed, in alignment with
the aims of my research. The second aspect of literature reviewed is concerned with the
concept of activity emotions in terms of human affect during STEAM PL. The third arm
of the literature review explores connected pedagogical and curricular threads,

interweaving STEAM with the creation of an aesthetic product, an aesthetic experience
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and an aesthetic sensibility for the participating teachers. Overall, Chapter Two presents
the body of literature demonstrating how teacher attributes of curiosity, passion and
purpose collide with elements of fearlessness and willingness to play. These are the
innovation attributes Wagner (2012), Craft (2015), and Tait and Faulkner (2016)
consider necessary for teachers to become edupreneurially agentic.

Chapter Three is concerned with the methodology used for this study. The third
chapter presents the research design, including the data collection timeline. This
chapter explains the methodology used, arguing that the case study, combined with
features of narrative and appreciative inquiry was the most suitable approach to provide
answers to the research questions. The fourth chapter analyses the results of qualitative
data collected throughout the cases, using mixed methods of observation, interviews,
group reflections, and analytical memos, with support from quantitative elements
collected through pre and post surveys and ESM. Through the data analysis, Chapter
Four presents the ways that emotional, aesthetic and experiential elements of STEAM
PL, granted many teacher participants the opportunity to experience a different view of
themselves.

Drawing on data analysis presented in Chapter Four, the next chapter discusses
the epistemological strength of my research findings in light of existing studies in STEAM
teacher learning. The findings discussed in Chapter Five are broadly supported by
discoveries related to STEAM’s transformative capacity for teachers, plus the
importance of collegial support structures in STEAM education, and the value of
recording teachers’ emotions during STEAM PL. Acknowledging a range of teacher traits
one might expect to encounter when designing STEAM PL with pedagogical challenge in
mind, provides a vital contribution to the discussion presented in Chapter Five. These
are the types of teachers who are unfamiliar with transdisciplinary learning, yet my
study shows how each added value to the STEAM experience, due to willingness to risk
traversing perceived knowledge boundaries, even if the crossing might fail. On the
guestion of effecting teacher transformation, this chapter demonstrates the influence
of dialectical emotions experienced during STEAM learning. Such emotions encouraged
shifts in teachers’ self-perception and identity as STEAM challenges were accepted,
enacted and overcome. Most importantly, Chapter Five’s discussion aims to show how

transdisciplinary STEAM PL contributes to the concept of 21stand 22nd century futuring
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that values an education system within which care, connection, culture and community
are of equal standing to communication, collaboration, creativity and critical thinking.

The thesis conclusion in Chapter Six presents the axiological positioning of my
research in relation to ongoing studies in the area of STEAM education. The final chapter
indicates teachers’ productive persistence as the most energetic and transformative
element in the collaborations. Such actions confirm Hattie’s (2012) view of teachers’
demonstration of apparent care and commitment to peers, reminds us that we are all
learners and we are all human. More specifically, Chapter Six outlines how my research
contributes to a deeper understanding of the effects of transdisciplinary practice on
non-generalist teachers, including personal and professional affect realised through
teacher emotions experienced during STEAM PL.

Together, the following chapters aim to weave a complex web of interpretation
based on the dual framework of phenomenography and social constructivism, focusing
on two research questions: (1) How can STEAM education activities be co-designed and
delivered to encourage teachers to explore other ways of viewing themselves?;
and (2) How does experiencing activity emotions in STEAM projects enhance or detract
from the teachers’ personal identity development?

What my thesis indicates is how a treasury of unique STEAM ideas put into
practice can be personally and professionally transformative for teachers, even if only
for the duration of the STEAM practice. Considering STEM explorations through an Arts
perspective, the existential truth is that the connections have always been there. STEAM
is not new. It is the responsibility of STEAM educators to encourage self and student
awareness of such connections if we are to grow 21st and 22nd century skills across the
education field. To develop a full picture of the value of STEAM for non-generalist
teachers, additional studies will be needed to ascertain how authentic transdisciplinary
STEAM encourages teachers to view their own knowledge through different lenses,
potentially viewing themselves in alternative ways. Still, encouraging teachers to dive
into the deep end of STEAM not-knowing, and collecting their stories as they plunge,
provided the rich narrative intrinsic to this study. Analysis of the teachers’ stories makes
it possible to conclude that for teachers, the ‘quiet thrill’ of achievement, as Goleman

(2006) puts it, can indeed, be identity shifting.
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Chapter Two — Literature Review
“T am who 1 am not yet” (Greene, in Pinar, 1998, p. 1).

Three areas of current empirical literature have been reviewed for this study. Each
attempt to conceptualise and contextualise creative processes and current research
related to aspects of STEM and STEAM education, consequently forming a framework
for the research design. Theory and practice related to transdisciplinarity forms the first
part of the literature review. Motivation for transdisciplinary education is presently
renascent, emerging from ‘integrated’ and ‘cross curricular’ models, with a view to
connecting mainstream learning with actual and relevant real-world settings. STEAM, by
nature of the acronym, is transdisciplinary. STEAM learning therefore presents a perfect
environment to expose connections between content areas, still frequently taught in
traditional settings with minimum conceptual intersection.

The second aspect of the literature review is concerned with the concept of
activity emotions. Studies of emotions and how they influence learning, even those
considered ‘outlaw’ (Jaggar, 1989), or “outside emotional hegemony” (p. 160) have
been identified as impactful in STEAM contexts. Research describing the potential of
STEAM education has indicated its powerful learning experiences, where the
combination of knowledge, emotions, environment and audience reaction collide,
provide avenues for fundamental observation of peak sensory responses to new ways
of thinking, knowing and being. Interconnected themes drawn from Wagner’s (2012)
Creating Innovators - The Making of Young People Who Will Change the World, underpin
this study. Themes including play, curiosity, passion, fearlessness and purpose. While
STEAM education research has been primarily focused on students and young learners,
there is some literature presenting their teachers are crucial concurrent targets for
study. Focusing on teachers as learners in this review has afforded the emergence of
ideas associated with the formation of adult identity and professional agency, creativity,
emotions and personal experience.

The third arm of the literature review explores connected pedagogical and
curricular threads, interweaving STEAM with the creation of an aesthetic product, an
aesthetic experience and an aesthetic sensibility overall. The interplay between STEAM

theory and practice forces teachers to engage with learning in disciplines other than
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those in which they are considered experts. Such interplay may alter a teacher’s life
view. Studies finding interrelationships and connections between fields of influence,
have often disrupted and informed life systems (Keane & Keane, 2016). In terms of
STEAM education, Keane (2019) has also described life systems through a lens of
Wilson’s (1999) Consilience Theory of how everything connects, yet the synthesis of
learning through such cause and effect connections finds teachers continuously situated
themselves “on the breach” (Keane & Keane, 2016, p. p.62). Hence, it is imperative for
common threads between STEAM learning experiences to be exposed if teachers are to
embrace the personal and professional potentiality of the shifting knowledge fields

inherent in transdisciplinarity.

2.1 Transdisciplinarity

Transdisciplinarity emerged in response to concerns about the dangers of
compartmentalising areas of knowledge into siloes. Bernstein (2015) places Swiss
psychologist Jean Piaget at the origin of transdisciplinarity. The word itself appearsin a
1970 seminar on interdisciplinarities in universities sponsored by the Organisation of
Economic and Development (OECD) and the French Ministry of Education, held at the
University of Nice. The OECD seminar investigated possibilities of new syntheses of
knowledge and the notion of interconnectedness and was led by exposing theories of
systems addressing human centred preferred futures (Bernstein, 2015). Not unlike the
situation we find humanity facing today. Transdisciplinarity encouraged ethical and
balanced collaboration between those proffering expertise in different knowledge
areas, and collective intent to tackle real problems.

Discourse related to integrated education is not new. Integrated learning and
teaching exist as a pedagogical model founded on collaboration and strategic planning
for connected curricula. The United Nations Educational, Scientific and Cultural
Organisation (UNESCO) identified shifting definable fields of knowledge since the
monitoring of global education was implemented early in the 21st century (UNESCO,
2017). The previous chapter presented a snapshot of how such shifts have been a result
of increasing specialisation and accountability related to overlapping domains. Current
evaluations related to achieving quality education categorise accountability as both

individual and collective responsibility, action oriented or moral (Hattie, 2016;
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Schleicher, 2018). The existing literature on re-determining the need for collaboration,
communication and critical thinking across disciplines and fields of knowledge, has
made sense of the reciprocal relationship between disciplines and experiences
(Bernstein, 2015; Cranny-Francis, 2017; Finkel, 2016). Justifiably, the continued
“tensions between STEM subjects and the arts and humanities in education” (Smith,
2018, Para. 17), prolong the position of STEAM learning as ‘tricky’. Further to this, arts
educators have found that

STEM content articulates curriculum, assessment and examination regimes
that are efficient and easily defined. Phenomena studied in the arts and
humanities are subject to [myriad] different interpretations making it tricky
to define knowledge and predict outcomes in the same way (Maras, in Smith,
2018, Para. 19).

Maras’ (2018) comments refute the notion that Arts subjects lack rigour or complexity
but certainly uncover the wicked problem of balanced integration into STEM.

More recent attention in Australia and local to New South Wales (the state in
which this research is situated), states that priority must be given to advancing student
numeracy and literacy skills across all levels of school education. Commissioned by the
Commonwealth of Australia, Through Growth to Achievement: Report of the Review to
Achieve Educational Excellence in Australian Schools (Gonski et al., 2018), urged us to
get our children back to basics through revitalising the ‘3Rs’ of 'reading, writing and
arithmetic' in the classroom. For educators, there is now a greater need for STEM
concepts to integrate with the arts (STEAM) across the wider curriculum for reasons that
integration builds literacy not exclusive to language arts and applies numeracy that
connects STEM to the real world (Henriksen & Mishra, 2020). The NSW Government
response to the NSW Curriculum Review — final report (2020), recommends the content
and structure of a proposed new curriculum include the view that “most syllabuses are
‘overcrowded’ with content and need to be stripped down to focus on what is essential
in each subject” (p.6). Responding to this recommendation, the report states that new
syllabuses will focus on core learning in each subject area, “identifying essential
concepts, knowledge, skills and understandings” (p.6). Further to this, the NSW
Government is committed to reducing “by approximately 20 percent the number of
school-developed elective courses in secondary school” (p.12). While such authoritative

emphasis on segregated subject specific thinking is not useful for transdisciplinary
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STEAM learning, the report does maintain the need for integrated subject knowledge
and the practical application of that knowledge, particularly at the secondary level.
Imperatives for the Australian innovation, science and research system, include ‘culture

and ambition’ (see Figure 2.1).
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Figure 2.1 Five imperatives for the Australian innovation, science and research system (Ferris, 2017, p. 3)

The education quadrant feeding into ‘culture and ambition’ speaks of equipping
Australians with skills relevant to 2030, as does the Learning Compass 2030, released by
the OECD in 2019. Comparatively, the attributes necessary for creating and maintaining
a culture of innovation, according to the OECD concept, rely as much on social and
emotional skills as cognitive and technological skills (OECD, 2019). Reports of this type
consistently emphasise the challenge for educators is to embed the understanding that
“Schools are critical: not simply because they nurture our abilities but because they
shape our attitudes”, a view put forward by Professor lan Chubb, former Australian Chief
Scientist (Chubb, 2015, p. 7). OECD (2019) studies consider “metacognition, lifelong
learning and understanding other cultures” as adaptive education futuring tools. It
would seem the same arrangement is also necessary for teachers to reach their full
potential. This is why ‘thinking” and ‘making’ is so important in STEAM.

What is missing from the Australian reports is the notion of how STEM industries

might benefit from integration with non-STEM work and practices. In his introduction to
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the STEM Workforce report, Dr. Alan Finkel (Australia’s Chief Scientist at the time of
writing) refers to non-traditional ways of educating and researching in STEM areas.
Finkel suggests “no clever country would encourage its most STEM-literate people to
pursue only traditional research paths” (Finkel, 2016, p.iv). Not surprisingly, along with
creativity, physical and practical skills associated with the arts have been lauded by the
OECD (2019) as crucial to the development of empathetic intelligence, and
enhancement of emotional engagement, commitment and persistence. Finkel goes on
to say that his own experience would reveal that he found opportunities in unexpected
places (Finkel, 2016). In this way, traditional modes of education may be disrupted by
fully integrating content in ways that are imaginative and challenging while still relatable
to real-world concepts.

Referring to the five imperatives for creating an innovation culture in Australia
innovation, science and research system (see Figure 2.1), it is possible to think of STEAM
connections as vital to blending discipline rigour with the way content relates to interest
or engagement. STEAM learning attempts to subvert familiar teaching approaches and
asks the learners (teachers and students) to divert thinking away from rigid specificity,
without losing sight of the content relevance to real world situations. In the literature
related to the confluence of divergent and convergent thinking, the relative importance
of STEAM learning approaches has been subject to considerable discussion (Burnard &
Colucci-Gray, 2020; McAuliffe, 2016; Root-Bernstein, 2019). Understanding discipline
differentiation has led to better knowledge of how reciprocal relations, performance
and altruism in education can be achieved in small, close-knit groups as well as distinct
pedagogical collegial relationships (UNESCO, 2017). Bernstein (2015) proposes
“transdisciplinarity is perhaps above all a new way of thinking about, and engaging in,
inquiry” in a “world that has become ‘too big to know” (p. 1). Such studies have
suggested the word itself has become an important presence in the landscape of
integrated education, recognised by some researchers as a wicked problem.

The ‘wicked problem’ of integration has spread across a multitude of domains
with some researchers defining education for the 21st century as an example of a
‘wicked’ problem itself (Bernstein, 2015; Cranny-Francis, 2017). The term was originally
identified by design theorists Horst W. J. Rittel and Melvin M. Webber (1973), and more

recently popularised through human centred designer Bruce Mau, within his exploration
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of complexity: Incomplete Manifesto for Growth (Mau, 1998). Focussing on similar
complexities found through integrating Arts and STEM knowledge areas has raised
significant interest in transdisciplinarity. Such interest has risen from a need to lessen
the anachronistic view that STEM learning lacks creativity and Arts learning lacks
scientific rigour (Burnard et al., 2018; Smith, 2018). A number of media reports
published over the past five years (see section 1.1) have exposed and enflamed the
wicked problem of balanced transdisciplinarity in STEAM. Such problems have been
addressed in studies that reveal synergistic learning outcomes to be naturally fluid
integrations, as the theory of a close relationship between Arts and STEM is considered
innovative and forward thinking (Keane & Cimino, 2019; McAuliffe, 2016; Sousa &
Pilecki, 2013). Correspondingly, STEAM synthesis through the lens of Consilience may
provide new learning environments in which teachers are able to “put together the right
information at the right time, think critically about it, and make important choices
wisely” (Wilson, 1999, p. 294). Cranny-Francis’ (2017) interpretation of cooperative
discipline inputs also calls for balance in unity, where the loudest voice should be that
of the softest speaker. Thus, it appears that balanced representation between
disciplines and their spokespeople calls for interrelated hybrid thinking.

According to the NSW Government response to the NSW Curriculum Review
(2020), the already ‘overcrowded’ syllabuses requiring stripping down, maintain the
hold that some educators, policy writers and curriculum developers exert in relation to
subject specific knowledge construction. To reiterate, the NSW Government response
upholds the notion of discreet subjects being a most effective method of focussing on
learning core content. While this supports the importance of segregating key learning
areas, the response simultaneously contradicts its own focus on the need for correlating
essential understanding, in the sense that such overlapping leads to cultural growth and
innovation (Ferris, 2017). The report itself, maintains the need for integrated subject
knowledge, and as such, warrants a greater understanding of forms of integration at the
curriculum design level. In this study | consider integration, or transdisciplinarity, as
hybridised constructivism, responding to the need for de-compartmentalising of
knowledge in a STEAM context.

Hybridised constructivism, that is, doing, being and becoming, via STEAM

education experiences, is a way of providing an opportunity to explore inter-
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connectedness in learning activities (Hanney, 2018). McAuliffe pragmatically states “the
implementation of two traditionally opposing disciplines means it becomes the task of
the educator to develop and/or implement the curriculum” (p. 4). Braund & Reiss (2019)
consider hybridised constructivism alludes to the reinvigoration of STEAM where the
idea is “to work in a transdisciplinary way, avoiding artificial combinations (or
separations) of subject disciplines” (p. 10). Teachers or facilitators help students make
connections by providing the opportunity for those connections to be apparent and
realised. English (2016), in STEM education K-12: perspectives on integration,
expounded areas of research related to lifting the profile of STEM in integrated
curriculum, while simultaneously emphasising the need for balanced STEM student
outcomes. Recommendations from English (2016), suggest that the multifarious
concept of spanning discipline boundaries warrants basic understanding of the
definition of integration as “working in the context of complex phenomena or situations
[using] knowledge and skills from multiple disciplines” (English, 2016, p. 3). English
(2016) proposes a more comprehensive perspective on integration where different
forms of boundary crossing are displayed along a continuum of increasing levels. Table
2.1 shows how progression along the continuum involves greater interconnection and
interdependence among the disciplines (Vasquez, Schneider, & Comer, 2013, in English,

2016).

Table 2.1: Increasing levels of integration (adapted from Vasquez et al, 2013 in English, 2016).

Form of integration | Features

Disciplinary Concepts and skills are learned separately in each discipline

o Concepts and skills are learned separately in each discipline but
Multidisciplinary o
within a common theme

Interdiscioli Closely linked concepts and skills are learned from two or more
nterdisciplinar
P y disciplines with the aim of deepening knowledge and skills

Knowledge and skills learned from two or more disciplines are
Transdisciplinary applied to real-world problems and projects thus helping to shape
the learning experience

Citing Piaget (1972), Bernstein considers the status of transdisciplinarity as a higher
stage of interdisciplinary relationships places integration “within a total system without
any firm boundaries between disciplines” (Bernstein, 2015, p. 138). Similar to Vasquez

et al., Table 2.2 describes Cranny-Francis’ expansion of the discipline continuum,
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outlining the effect of progressive discipline integration within a human interrelation
context.

Table 2.2: Power relations between discipline integrations (adapted from Cranny-Francis, 2017)

Form of
discipline Features Outcome Effect
integration
Cross/Multi Juxtaposes separate Lack of coherence Uneven: chaotic,
disciplinary approaches or resolution unsatisfying
without consensus
Interdisciplinary | Different viewpoints from Coherence missed Loudest voice
different disciplines dominates
assembled
Transdisciplinary | Links among isolated issues | Interrelations All factors taken
explored and nature of discovered and into account
issues re-thought and inclusive solutions
alternatives considered proposed

Whilst motivation to contribute to multidisciplinary learning is admirable, much
of the academic attitude towards multidisciplinarity, according to Cranny-Francis, lacks
coherence in terms of collaboration and balanced content knowledge, frequently
resulting in unsatisfying experiences. True transdisciplinarity cannot rely on content
alone but must take into account the human value of inclusiveness to achieve success
(Cranny-Francis, 2017). Braund & Reiss (2019) cite Quinn’s (2013) post-human
education view of ‘life-long’ holistic teaching in regards to STEAM. That is, education
which sees individuals playing “a part in knowing about themselves as a greater whole,
rather than being seen as subservient participants in an epistemology valuing
information and knowledge as superior to the individual” (p. 10). Transdisciplinary
authenticity requires rejection of neoliberalist approaches to learning, where
individualised modes of thought have obstructed the flow of knowledge connections
between learners and also between the learner and their world (Prentki & Stinson,

2016).

2.1.1 Defining STEAM as transdisciplinary practice

Previous research has established that choosing between the Arts and Sciences is no
longer a binary question but an exploration in creativities (Amabile, 1997; Bequette &
Bequette, 2012; Herr et al., 2019). Locating the intersections between learning and
teaching the Arts and STEM has reinvigorated a provocative and inspiring discussion

between educators of all kinds. McAuliffe (2016) identified “those who are able to
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appreciate, integrate and function across the STEAM (Sciences, Technology,
Engineering, Arts, and Mathematics) disciplines are highly prized and whose value is
increasingly recognised” (p. 2). Amabile (1997) proposed creativity as “simply the
production of novel, appropriate ideas in any realm of human activity, from science, to
the arts, to education, to business, to everyday life” (Amabile, 1997, p. 40). Numerous
studies have correlated the need for fresh innovative practice in education with that of
business, noting that the rapidly evolving interdisciplinary nature of delivery in a
technologically driven socio-cultural and political environment warrants our learning to
prepare others and ourselves for a world in which we are likely to thrive (OECD, 2019;
Schleicher, 2018; Tait & Faulkner, 2016). Amabile proposed such in 1997. The Education
Council of Australia and Australia’s Chief Scientist, Alan Finkel, recommended the same
in 2015 and 2016 respectively (Finkel, 2016; National STEM School Education Strategy,
2016 — 2026, 2015). More recently, challenges identified by the Australian Council for
Education Research (ACER) (Timms et al., 2018) contiguously claim that building STEM
capacity is essential to the development and support of innovation and productivity,
regardless of occupation or industry. Corresponding scholarly work by Peter Taylor,
presented to ACER in 2016 cites Deloitte’s (2015) report on the [information technology]
IT worker of the future, arguing:

that creativity is a key priority and that STEM educators need to embrace the
arts in order to foster students’ creative design and performance, using
various media: IT leaders should add an ‘A’ for fine arts to the science,
technology, engineering, and math charter — STEAM, not STEM (Taylor, 2016,
p. 126)

Much of the literature on STEAM as transdisciplinary practice pays particular
attention to the current global renaissance of tinkering and making, demonstrating the
readiness of educational environments to embrace the intelligence, thinking and skills
of the hand (Gulliksen, 2016; Pallasmaa, 2009; Patton & Knochel, 2017). Such studies
have suggested the sensory realm exists as enabler for a full understanding of our
capabilities as physical and mental beings, and is crucial to human investigation,
interrogation and reinvention. What we know about transdisciplinary STEAM practice
deals with Dweck’s (2008) studies on growth mindsets, in that STEAM abilities can be
cultivated. Similar views held by Csikszentmihalyi and Robinson (1990), Pallasmaa

(2009), and (Hanney, 2018), have suggested transdisciplinary strategies applied to all
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learning may be greatly enhanced by both rational and non-rational elements of
consciousness, generally experienced through permitting oneself to play and make, or
stepping outside a perceived comfort zone surrounded by words and equations. It is
important to note that the maker culture, or makerspace paradigm bequeaths learning
as innovation, enterprising in that making becomes an elaboration stage of the creative
process (Gardiner, 2016). Applying makerspace attributes to STEAM learning activities
intends

to create a STEAM-charged participatory culture that encourages people who

were not previously inclined to code or solder to interact with science and

technology in ways they had not before. (Barniskis, 2014, para. 2)
Maeda (2012) reframes creative activity as an “education in getting your hands dirty”
(Para. 4), labelling such experiences as critical thinking — critical making. Maeda sees
fearless problem-solving and critical thinking closely linked to making, and that making
is a joyful experience. Dweck (2008) suggests that joy is contagious. In STEAM learning,
emotional experiences rely heavily on transactional relationships, in which the
subjective and personal experience, refers to a person’s internal state, as in the
experience of joy and happiness (Burnard, Jasilek, Biddulph, Rolls, Durning, & Fenyvesi,
2018; Craft, 2015). Such conditions are said to interrelate temporal, historical and
environmental states with the objective of making the learning visible (Hanney, 2018).
Previous research findings related to haptic sensations and embodiment (e.g. Maths in
Motion (MiM) (Fenyvesi, Lehto, Brownell, Nasiakou, Lavicza, & Kosola, 2020)), have
embraced the complexity of the STEAM experience, describing how the intelligence,
thinking and skills of the hand, taken together with intellectual challenge, form a holistic

learning situation.

2.1.2 Positioning STEAM as transdisciplinary innovation

Reviewing the literature connecting creativity and innovation with STEAM education has
revealed how individual discipline methods are fundamental contributors to the
collective construction of knowledge, simply by realising the power, nuance and
complexity inherent in the pursuit of newness (Paavola, Lipponen, & Hakkarainen, 2004;
Ritchhart, 2015; Roth, 1998). Newness, in this sense, is a metaphor for learning, one
which strongly emphasises collective knowledge creation across disciplines. The

complexity of such alignments in learning environments has necessitated curriculum co-
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creation in education, reflected in current Australian Curriculum cross-curricular
priorities (ACARA, 2014b; Cranny-Francis, 2017; McAuliffe, 2016). Finkel (2015), in the
introduction to (Australia’s) National STEM School Education Strategy (2015), reported
our best future is a future that builds on technology, innovation, ideas and imagination,
but not technology alone. Of course, much of the literature has shown how digital
technologies lend themselves to substantial explorative STEAM learning potential,
suitably annexed by elements such as Craft’s (2015) four Ps of the 21st century;
“pluralities, playfulness, possibilities and participation” (p. 175). Therein lies an
opportunity for co-creation of learning environments where students and teachers play
to learn, alongside each other, bringing different skill sets to the learning ecosystem.

Creating cultures of innovation in teaching and learning require non-linear
thinking. Wagner (2012) asks: “how to teach, recruit, and reward the flexible, creative,
non-linear thinking that is required?” (p. 231). Support for the question relies on the
view that it is no longer enough to increase teacher professional development without
considering re-structure of curriculum design (Taylor, 2016). As Wagner (2012)
indicates, we must present a different education and not simply supply more education,
promoting the evolution of a more collaborative and reflective kind of leading educator,
in an environment where forms of accountability are more face-to-face, reciprocal and
relational.

Authority still matters for successful innovation, but it is not the authority
that comes with a position or title. It is the authority that comes with having
some expertise, but it also comes from the ability to listen well and
empathically, to ask good questions, to model good values, to help an
individual more fully realise his or her talents — and to create a shared vision
and collective accountability for its realisation. It is the authority that
empowers teams to discover better solutions to new problems. (Wagner,
2012, p. 241)

Previous studies have shown that innovative teachers grow in confidence when they
find and are supported by those who share the same unconventional perspective. They
form a team (Hattie, 2012; Tait & Faulkner, 2016). Stinson (2013) found that the team
has its roots in the notion of relational pedagogy, where understanding what it is to be
human prescribes learning experiences as a natural evolution of our relationship with
the business of living. Dweck (2008), Wagner (2012), and Tait and Faulkner (2016) have

considered self-reflection crucial to enacting innovative collaborations, enabling
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innovative teachers to make wise decisions based on collective and individual
discernment rather than external influence. Wagner (2012) reminds us to not “give in
to the temptation that you can do this thing you want to do all by yourself. You can’t”
(p. 245). Studies on the power of integrative forces in learning (e.g. Barniskis (2014) and
Ritchhart (2015)), point to modelling as an almost hidden dimension of teaching, where
teaching is not just demonstrating, but a continuum of explicit to implicit sharing of
“who we are as thinkers and learners” (Ritchhart, 2015, p. 125). Creating innovative
learning and teaching cultures through transdisciplinary STEAM is dependent on such
integrative forces, made powerful by acknowledging the valid input of varied content
from individually skilled educators. Ritchhart (2015) and Wagner (2012) view this type
of transdisciplinary modelling as non-linear creative inquiry and problem solving in
which the embodiment of such learning characteristics leads to a motivated, innovative
thinking culture.

Many educators consider STEM to be unequivocal inquiry-based learning. The
transition to STEAM shifts and expands the context into inquiry-based and problem-
based learning, underpinned by creative practical methods, and enacted by enthusiastic
teachers. The existing literature related to developing such capacities in teachers
(Collard & Looney, 2014; Ritchhart, 2015; Wagner, 2012), affords the contribution of
new challenges to be viewed as permission for teachers to ask more questions beginning
with what if? That is, questions, leading to the concept of what do you do with what you
know and what you don’t know? (Craft, Chappell, Rolf, & Jobbins, 2012; Wagner, 2012).
Placed in the context of STEAM co-creation, there is little difference between the two in
terms of how humans acquire knowledge and make sense of the world (Paavola et al.,
2004) STEAM could be seen as focussing on the ethnography of teacher practice,
including idiosyncratic interactive modelling (Ritchhart, 2015), liminal states (Land &
Meyer, 2005), “troublesome and unsafe journeys” (Meyer & Turner, 2006, p. 374),
growth mindsets (Dweck, 2008), and the collective construction of knowledge “leading
to the reality of ‘innovation’ being a label to what we were actually doing” (Paavola et
al., 2004, p. 557) Research establishing the importance of creating new knowledge and
experiences to solve problems (Taylor, 2016; Wagner, 2012), supports the notion that

“what you know is far less important than what you can do with what you know”
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(Wagner, 2012, p. 42), foregrounding knowledge through inquiry as collectively
powerful in the enactment of innovative transdisciplinarity STEAM learning.
Manifesting a culture of innovation within a school relies on three elements of
creativity. According to Amabile (1997), these elements are expertise, creative thinking
skills and motivation, driven by curiosity and a desire to enquire. Figure 2.2
demonstrates how Wagner (2012) adapted and revised Amabile’s innovation
framework to include the constructivist view of the surrounding environment, the
culture of the learning environment, it’s values, beliefs and behaviours, being deeply
influential to “how expertise and creative-thinking skills are acquired and how

motivation is developed” (Wagner, 2012, p. 58).
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Figure 2.2: Revised framework for developing innovative capacities (Amabile, 1997, in Wagner, 2012, p. 58)

Expanding on Amabile’s potentially disruptive interpretation of creativity, is the way
Wagner (2012) has viewed motivation to be crucial to the development of innovative
education practice:

Expertise and creative thinking are an individual’s raw materials — his or her
own natural resources, if you will. But a third factor — motivation —
determines what people will actually do. (Wagner, 2012, p. 24)

One could substitute ‘transdisciplinary STEAM’ for ‘innovation’ and the framework for

developing innovation capacities would remain the same.
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2.1.3 Considering STEAM as authentic transdisciplinarity

Authentic transdisciplinarity requires bringing ourselves to our teaching and sharing
what we do well as well as where we struggle. Ritchhart (2015) says to the educator:
“allow yourself to be authentic. Look for opportunities to share your struggles as a
thinker and learner” (Ritchhart, 2015, p. 138). In STEAM professional learning (PL),
removing the teacher from a position of absolute authority, requires continual
consideration of a teacher’s input to a collective culture of thinking, where modelling
self-reflection becomes a vehicle to courageous learning.

If we value being a thinker, we would talk differently as well as changing the
way we listen to one another. We would probably pause before responding
and take some time to reflect on how effective our interactions are... We
would hold ourselves accountable to the same expectations we have of our
students. And we would create our own productive struggles to engage in.
(Ritchhart, 2015, p. 285)

Such views have epitomised UNESCQ’s (2017) evaluation of accountability in education.
Similarly, Wagner (2012) has considered intrinsic teacher motivation as comprised of
more than passion and interest, in that motivation is also fashioned from interrelated
elements of play, curiosity, fearlessness, and purpose. Studies related to curiosity (L.
Campbell, 2018; Housen, 2002; Manguel, 2015; Soh, 2017) and fearlessness (Bereczkia
& Karpatib, 2018; Schleicher, 2018; Soh, 2017) have offered a very human contribution
to learning in STEAM. Curiosity and fearlessness coexist emotionally with explorations
of personal and professional identity and agency, self-perceived levels of creativity, and
the ambiguous notion of who owns the learning? However, the question really being
asked of transdisciplinary STEAM is how can the learning be sustained? Ritchhart (2015)
views the efforts in defining a culture of thinking, as simple as asking the question “Can
teachers teach thinking if they are not thinkers themselves?” (p. 284). Transdisciplinarity
offers appealing influence for teachers to ‘think’ laterally and activate the possibility of
connecting their thinking in authentic real-world terms, for themselves and for their

students.

2.2 Activity Emotions

Darwin saw every emotion as a predisposition to act in a unigune way: fear, to freege or flee;
anger, to fight; joy, to embrace; and so on. Brain imaging studies now show that at the nenral
level he was right. Lo feel any emotion stirs the related urge to act. (Goleman, 2006, p. 61)
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Chronicles of the teacher, girl-crushing on her new math curriculum: Week 2, Lesson 1! I was
emotional at the end of the lesson. 1t was by far the best math discussion I've ever had on the
first day. (Tweet from @I1llustrateMath, 2018)

This section of the literature review weaves a path between innovation attributes and
activity emotions, as personal learning attributes emerge dialectically through felt
experiences. Research in the affective sciences agree that human emotions are
coordinated subsystems of mind and behaviour, resulting in a multicomponent system
that conveys indefinable subjective impact throughout our entire lives (Pallasmaa, 2016;
Schulz & Pekrun, 2007). Situating such multicomponent systems in the context of
teacher identity development prescribes experiencing emotions as reflective and
relational, influenced by positive and negative factors. Above all, “the self of the person
stands in the centre of the emotions that are experienced” (Woods & Carlyle, 2002, p.
170).

Face to face interactions between people in learning situations fire multiple
parallel neural circuits in each person’s brain. “These systems for emotional contagion
cause traffic in the entire range of feeling, from sadness and anxiety to joy” (Dweck,
2008, p. 51), adding value to “sentient thinking functions” (Takeuchi, (2010), in Sousa &
Pilecki, 2013). The consequent link to action spreads the emotion further. “To feel any
emotion stirs the related urge to act” (Goleman, 2006, p. 39), and when we see specific
expression of emotions in others, similar neural activity is activated in our own brains
(p. 61). Csikszentmihalyi, in Flow, the Psychology of Optimal Experience (1990), supports
the evidence of contagious neural activity potentially leading to moments of total
absorption, or flow. What is trying to be achieved through transdisciplinary STEAM
learning is increased emotional and intellectual contagion where more people are
responsive to the rewards of discovery (Csikszentmihalyi, 1990; Dweck, 2008; Goleman,
2006) and less prone to being frazzled (Arnsten, 1998).

Calling this the ‘sweet spot for achievement’, Goleman (2006) proposes inspired
moments of learning to be “a potent combination of full attention, enthusiastic interest,
and positive emotional intensity” (p. 269). Thus, it would be impossible to conduct
research on innovative integrated models of STEAM learning without considering
emotions as a significant contributor to the learning experience. Using experience
sampling to capture some of the teacher emotions was based on the fact that
experience sampling methodologies (ESM) “have not been widely harnessed in
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education research” (Zirkel, Garcia, & Murphy, 2015, p. 7). ESM feeds into the concept,
and indeed, the action of play, which in STEAM learning, invites teachers to learn by
doing and apply problem-solving approaches to lifelong learning. Therefore, this is
where the literature surrounding activity emotions begins, with play.

2.2.1 Play

PLAY. It is an activity which proceeds within certain limits of time and space, in a visible
order, according to rules freely accepted, and outside the sphere of necessity or material utility.
The play-mood is one of rapture and enthusiasm, and is sacred or festive in accordance with the

occasion. A feeling of exaltation and tension accompanies the action. Homo Ludens (Huizinga,
1955, p. 132)

Creativity, measured often through the action of play, is frequently located in the
literature adjacent to competencies such as problem solving, collaboration, critical
thinking and innovation; a standard position in most agency reports (ACARA, 2014c;
Ferris, 2017; Finkel, 2016). The literature has demonstrated how teachers may benefit
from the opportunity to understand the subtle nuances of play in terms of learning,
proposing that teachers must give themselves permission to play in their world as well
as the world of their students. Golden (2018) contests that such permission is frequently
obstructed within an education environment increasingly overtaken by market driven
acronyms and top-down reform. Play is an important STEAM attribute, often requiring
a learner to make and fail, and make again.

Congruent with the concept of play being open to toying with ideas and exploring
new possibilities, are other more literal interpretations of the word; that is, creating and
making, experimenting, trying new ways of ideation, or crafting learning ecologies that
foster imagination and creativity (Craft, 2015; Soh, 2017). Play is also a characteristic of
material form, say of timber, paper or fabric. In this case play appears synonymous to
flexibility, or transformation. Play is not rigid. Wade-Leeuwen (2016) suggests the ‘spirit
of play’ is integral to pre-service teacher training. Play represents a method of
spontaneous self-expression influenced by the importance of Vygotsky’s (1978)
interpretation of interactive learning. Previous research shows how playful capacity-
building strategies in conjunction with harnessing the power of visual and creative arts
contribute to understanding STEM concepts, suggesting “without toying with

possibilities, new ones cannot be opened up” (Craft, 2015, p. 54; Wade-Leeuwen, 2016).
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One might say, teachers toying with possibilities is underwritten by granting oneself
‘permission to play’.

Hands-on, experiential and imaginative learning are considered paramount to
the construction and retention of knowledge (Burnard, Craft, & Grainger, 2006; Soh,
2017). A teacher may prefer using certain creative techniques through the use of
different media across arts, mathematics, literature, language, sport and science,
according to their level of expertise, training and comfort zone. However the spirit of
play, deep play, “is spontaneity, discovery and being open to new challenges”
(Ackerman, 2000, p. 38). Campbell (2018) in research exploring the culture of creative
professionalism, has suggested teacher agency is made of a type of ‘pedagogical
bricolage’ (p. 3). In this situation, the bricoleur searches for practical methods to solve
problems making use of available resources or those ready to hand. In STEAM, the
teacher bricoleur develops strategies, adapts materials and creatively interprets a
possible outcome from the “heterogeneous objects of which their treasury is
composed” (Levi Strauss, 1966, in L. Campbell, 2018, p. 3). They play; with ideas,
materials, tools, and with each other. Through play, it is possible to motivate teachers
with low self-efficacy by engaging in collective activity grounded in a high level of
coordinated collaboration (Ninkovic & Floric, 2018). Bandura’s (1997) social cognitive
theory has affirmed “that members of the group judge the group efficacy on the basis
of self-assessment of personal abilities” (p. 53). This would imply that for teachers to
explore their pedagogical treasury and to play around with ideas requires choice as well
as freedom (Ackerman, 2000). “Freedom alone doesn’t ensure a playful result; people
often choose the work they do, and not everyone is lucky enough to regard their work
as play” (p. 7). Conversely, play might be regarded as simply make-believe situations,
inventing substitute worlds, creating ‘what if’ scenarios. Paradoxically, Craft’s (2015)
research has identified play through the same lens as possibility thinking, simply
considering playfulness to be a key feature of an inclusive learning environment. Craft
(2015) has suggested the playfulness of teachers may be enacted via finding inventive
and flexible ways of applying their philosophies and methodologies into learning
contexts.

Viewed from a Visual Arts and Design perspective, play in the traditional sense

of the word might be considered drawing, sketching, sculpting, designing and making.
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Such forms of visual representation are equally useful in solving mathematical problems.
Yakman (2008) has informed us that mathematical modelling is used in a variety of
playful tangible scenarios that describe and analyse situations enabling understanding
of how STEM is applied in the real world. Viewed from the Arts perspectives, specifically
visual arts, design, dance, drama and music, modelling STEM concepts can also be
achieved by embodiment, use of space, movement and a wide range of materials and
tools, including ICT (Bereczkia & Karpatib, 2018; Fenyvesi et al., 2020). Play is not
dependent on dedicated STEAM learning environments, yet is most often dependent on
integrating the personal abilities of a group.

One of the determinants in defining play is trying new ways of doing something,
currently heavily promoted in education innovation literature (Tait & Faulkner, 2016;
Craft, 2015). “Our culture thrives on play’ (Ackerman, 2000, p. 4). Play assists ways of
knowing more than just knowledge of how to demonstrate abstract ideas, mimic
situations or represent physical objects. Playing supplies the capacity to understand how
things work together, how systems operate to achieve their purpose (Campbell &
Jobling, 2012). Ackerman (2000) has declared “ideas are playful reverberations of the
mind” and together with collaborative reasoning, play can be acknowledged as a tacit
system (p. 47). Tacit knowledge applied in STEAM contexts, is understanding how
interdisciplinary components work together to achieve a purpose, solve a problem or
address an issue. Playing and making encourage the development of critical thinking
skills and Maeda’s (2012) call for makers to broadcast their proficiencies in problem-
solving, fearlessness and critical thinking replicates the demand for deep play in
learning.

The product of deep play in STEAM is generally perceived to be the visible
artefact. However, STEAM learning may also be visceral. Ackerman (2000) has said
“deep play is the ecstatic form of play” (p. 12), and at its peak, all elements are visible
and intense. Not unlike the personal aesthetic experience valued by Hirsh-Pasek, Zosh,
Michnick Golinkoff ,Gray, Robb, & Kaufman, (2015), Robinson (2010), and
Csikszentmihalyi (1990), as an experience of flow, in which a person loses a sense of
time while completely engaged in an activity. “Thus, deep play should really be classified
by mood, not activity. It testifies to how something happens, not what happens”

(Ackerman, 2000, p. 12). The idea of how something happens suggests that the action
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of learning in STEAM far outweighs the output of the physical/virtual product. The
literature on play has foregrounded exploration and discovery as central to the notion
of play. To be swept up in a deep state of play, immersed, engaged, oblivious to the
surrounding environment, incites feelings of balance, focus, creativity, challenge and
possibility (Ackerman, 2000; Burnard et al., 2018; Craft, 2015; Holdener, 2016). Finding
oneself immersed in STEAM learning may depend on maintaining curiosity and
perseverance, with acute awareness of how these states are embodied as feelings.

2.2.2 Curiosity

I can appreciate the beauty of a flower. At the same time, 1 see much more about the flower that
he sees. 1 conld imagine the cells in there, the complicated actions inside which also have a beanty.
I mean, it's not just beanty at this dimension of one centimeter: there is also beauty at a smaller
dimension, the inner structure... also the processes. The fact that the colors in the flower are
evolved in order to attract insects to pollinate it is interesting - it means that insects can see the
color. It adds a question - does this aesthetic sense also exist in the lower forms that are... why
is it aesthetic, all kinds of interesting questions which a science knowledge only adds to the
exccitement and mystery and the awe of a flower. It only adds. I don't understand how it subtracts.
(Eeynman, in the Pleasure of Finding Things Out, 1981)

Acknowledged from a scientific perspective, 1965 Physics Nobel Laureate, Richard
Feynman, has proposed curiosity lies at the core of intrinsic learning. Curiosity asks
“why” then really “why?” (Anderson & Jefferson, 2016, p. 161). Similarly, Manguel
(2015) has asked “perhaps all curiosity can be summed up in Michael de Montaigne’s
famous question “Que sais-je?”: What do | know?” (p. 2). The question of course is
derived from the Socratic Know thyself, but Manguel suggests,

It becomes not an existentialist assertion of the need to know who we are but

rather a continuous state of questioning of the territory through which our

mind is advancing (or has already advanced) and of the uncharted country

ahead. (Manguel, 2015, p. 2)
In similar literature, Ritchhart (2015) has asked educators to share curiosity moments,
affirming that “curiosity is a highly valued disposition as a driver of new learning” (p.
138), while Rahm (2016) views shared conversations and personal comments as
meaningful activators of peer curiosity, blending learning with other life contexts.

Studies investigating the idea or concept of curiosity from the perspective of
emotions felt during STEAM learning, have revealed critical imbricating ideas related to
creativity, perseverance and the action of risk taking (Duckworth, 2016; Goodwin, 2012;
Timm, Mosquera, & Stobaus, 2016). Goodwin (2012) has suggested problem finding, in

addition to problem solving, is characterised by insight, vision, curiosity and challenge,
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while simultaneously posing risk, stirring feelings of anxiety and doubt. While curiosity
might be considered a child-centred action, to be curious is presented as extremely
useful in co-creating opportunities to learn in STEAM settings. Bequette and Bequette
(2012) have promoted curiosity as a key disposition of both artists and scientists.
Encouraging creative classroom ecology however, may be dependent on teachers
embracing their own curiosity and modelling the way such curiosity manifests in all its
forms.

Considering balanced transdisciplinary approaches to learning, educational
philosopher John Dewey’s (1938) emphasis on the scientific nature of curious and keen
observation to determine meaning in art, sees potential transference to STEAM.
Integrated education research has attempted to meld the transfer potential between
foregrounding maths and science practices, to the development of critical capacities
through art (Glass & Wilson, 2016; Housen, 2002). Such capacities are attainable “when
it is framed with the right kind of pedagogical process” (Housen, 2002, p. 121).
Transdisciplinary learning environments aim to create a place to think and be curious.
STEAM locates making the artefact, whether visual, performative or time based, in a
composite experience within which all questions bind (Manguel, 2015), and where
“affirmations tend to isolate” (p. 2). Congruent with French philosopher Simone Wiel’s
views on culture, Manguel, in Curiosity (2015), has primed us to perceive STEAM as “the
formation of attention” (p. 50) or, a place to think. Manguel (2015) has positioned
teachers as those who can:

...help students discover unknown territories, provide them with specialised

information, help create for themselves an intellectual discipline, but above

all, he or she must establish for them a place of mental freedom in which they

can exercise their imagination and their curiosity, a place in which they can

learn to think. (Manguel, 2015, p. 50)
STEAM offers dual conditions to think and to make. Thinking made visible, or visible
thinking, Harvard’s framework aimed at developing thinking skills and characteristics
related to deep learning (Kalbstein, 2015), “includes but is not limited to curiosity,
creativity and being skilled at, alert to and eager to take thinking and learning
opportunities” (Kalbstein, 2015, p. 29). Pedagogical skills that support making as

knowledge building include providing opportunities for teachers to experience

innovative learning activities alongside their students (Vossoughi, Hooper, & Escudé,

40



2016). There is much transferral of knowledge between domains when physical activity
is combined with theoretical content in STEAM.

Questioning how and why a task is to be done frequently requires an algorithmic,
or step by step approach (Sterling, 2015), regularly employing analogue tools such as
pencil and paper to solve problems (Freeman et al., 2015). The computational thinking
perspective of expressing begins with curiosity before embedding itself within the
language of visible thinking. Sterling (2015) has suggested algorithmic thinking pertains
to creating and making:

The computational thinking perspective of 'questioning', which entails

guestioning the world, connects seamlessly with the visible thinking move of

wondering and asking questions as well as the link between questioning and

curiosity and learning. (Sterling, 2015, p. 29)

Bricolage, or intermixed traits inherent in STEAM learning warrant curiosity to be
expressed through the ability to think and communicate as part of a team, handle
uncertainty, unfold experience based on inquiry, and tolerate ambiguity without losing
sight of the big picture (Bequette & Bequette, 2012; Housen, 2002; Soh, 2017).
Campbell’s (2018) suggestion of visualising teacher professionalism as bricolage, made
up of diverse talents and experience, asks that the artisan quality of teachers’ practice
be reframed as agents of creative and transformative learning, driven by curiosity. In
contrast to curiosity, predictability is less emotionally labour intensive. Predictability
saves energy (Eagleman & Brandt, 2017). There is appeal in predictability and repetition.

The existence of predictability in schools exposes the reality that teachers and
their leaders face many issues and shifting priorities, and face constant pressure from
community, political timing, research reports and tertiary agencies (Tait & Faulkner,
2016). Finding direct correlation between innovative or transformational learning
frameworks and the factors affecting change in schools requires viewing knowledge
creation as purposefully curious, integrative, collective and individual. Koeslag-Kreunun
et al. (2017) have defined innovative tasks as “highly novel, complex, and low-
structured” (p. 192). Such research has placed importance on the combination of
multiple inputs and developing ownership of the design, implementation and evaluation
of innovative educational development, characterised by professional interdependence

and shared responsibility (Koeslag-Kreunen, Klink, Bossche, & Gijselaers, 2017).
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Adopting curiosity as collaborative transdisciplinary practice serves to address the
social, economic, technological and environmental demand to increase teachers’
creative capacity by generating novelty, surprise, interconnected knowledge and
acceptance of change (Eagleman & Brandt, 2017; Koeslag-Kreunen et al., 2017;
Schleicher, 2018). Drawn from epistemological and ontological comparisons, STEAM
learning is at best, embodied curiosity, enacting both algorithmic and serendipitous
methods of learning and being. Bereczkia & Karpatib (2018) have viewed curiosity as
divergence. And divergent pedagogy requires passion and fearlessness.

2.2.3 Passion

Mathematics which comes from the inside while at the same time describing something on the
outside, is the only science in which one is able to find the truth... by looking inside oneself.
(Zagier, 2011, pp. 96-97)

The truth described by Zagier in A Passion for Mathematics (2011) may well describe the
discovery moments experienced in STEAM learning. Similar sentiment may also describe
the methods used to manufacture an environment where people are comfortable being
creative (Tait & Faulkner, 2016). Using Eisner’s (2006) argument that if the notion of
artistic intelligences is to be taken seriously, the concept of understanding mathematics
might be considered in the same light. The literature related to transdisciplinarity has
found passion to be expressed as a desire for mastery, to explore novel ideas, learn
something new, and understand something more deeply (Ruiz-Alfonso & Leon, 2016;
Vallerand, 2015; Wagner, 2012). The sensation of passion in terms of play and purpose,
according to Ackerman (2000), renders it difficult not to brood, not to extrapolate, not
to analyse, not to cling to some thing when we think. When we are passionate about
discovering something new, the novelty, by virtue of its nature of newness, is exciting.

Our basic curiosity, as well as our passion for mysteries, exploration, and

adventure may spring from the orienting reflex, the body’s mindless response

to novelty or change. (Ackerman, 2000, p. 93).

Previous studies have suggested perseverance as key contributor to the notion
of passion as motivator. In more than one hundred and fifty interviews for his book
Creating Innovators, Wagner (2012) identifies that passion was the most frequently
recurring word. Passion is also related to self-identity and self-belief, demonstrated in
how one behaves and how one teaches with a view to adding value to the lives of

students (Vallerand, 2015). Vallerand’s (2015) research has positioned passion in the
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education lexicon as a conduit to job satisfaction, positive attitudes towards pedagogical
context, possibilities for enhanced collaboration and the maintenance of strong collegial
connections. It has been noticed that such connections, in turn, influence student
academic performance and school experience (Phelps & Benson, 2012), frequently
expressed through emotions.

The literature has expressed “Epistemic emotions are emotions triggered by
cognitive problems” (Pekrun, 2014, p. 8). Feeling surprise about a new task, being
curious, or confused and frustrated are all elements of experiencing epistemic emotions,
usually culminating in delight when the problem is solved. Haptic sensations are often
relegated to a secondary reactive or emotional perception (Fiorilli, Gabola, Pepe,
Maylan, Curchod-Ruedi, Albanese, & Doudin, 2015; Liu, Song, & Miao, 2018). Yet the
importance of feeling and mood, identified as haptic sensations by Fiorilli et al. (2015),
are immediately identifiable in STEAM learning, particularly in situations where thinking
hands (Pallasmaa, 2009), meet productive persistence. The combination of passion and
persistence is considered to be extremely valuable in predicting individual success and
increased professional self-efficacy (Duckworth, 2016; Sousa & Pilecki, 2013).
Synonymous with grit, perseverance, according to Duckworth (2016), is measurable.
Duckworth has developed a scale to measure an individual’s grit, finding that grit, or
perseverance, can offset talent in that those with high levels of perseverance but self-
perceived average talent can achieve greater creative success than those with self-
perceived high talent and little grit. “That is because the latter tend to give up when
faced with obstacles while the former persevere to finish the task” (in Sousa & Pilecki,
2013, p. 154). STEAM learning topologically stretches such passionate philosophies and
beliefs. Hence the developmental, innovative and transformational aspects of STEAM
learning may be seen as a social process focused on phenomena over time, including
mapping ways in which people experience (Marton, 1988; Pressick-Kilborn, Sainsbury,
& Walker, 2005). Hattie (2012) has related the notion of passion to the demonstration
of apparent care and commitment to peers and students, reminding us that we are all
learners and we are all human. And the literature has stressed that to innovate is human
(Pink, 2018; Wagner, 2012). However, to innovate in education is not easy. Wagner
(2012) has agreed with Pink’s (2009) comments that passion alone, cannot sustain the

motivation and perseverance to do difficult things, proposing “the importance of
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autonomy, mastery, and purpose as essential human motivations” (Wagner, 2012, p.
29). Passion is felt. It is driven by emotions and is for the best part, fleeting.

Two types of passion proposed by Vallerand (2015) are evident in education
settings: harmonious passion, where people participate in an activity because they
believe the activity to be consistent with their values and intentions; and obsessive
passion, a controlled internalised passion originating from external pressure (Vallerand,
2015). The dualistic model of passion defined by Vallerand (2015) is “a strong inclination
toward a self-defining activity that one likes (or loves), finds important, and in which one
invests a significant amount of time and energy” (p. 174). Harmonious passion, as the
label suggests, affects the individual in terms of autonomy, freedom and experience
aligned with choices made in life; while obsessive passion, conversely, is controlled less
by choice and more by the social environment comprised of external factors related to
feelings of self-esteem or social acceptance. Further evaluation of passion in the
literature has exposed that “when teachers perceive the powerful effect they have on
their pupils, their sense of passion persists” (Ruiz-Alfonso & Leon, 2016, p. 184).
Innervating contemporary STEM and STEAM learning, may generate situations where
the dualistic nature of passion is fervently exposed. Bonneville-Roussy, Vallerand, &
Bouffard, (2013) have observed that students who perceived their teachers as
collectively passionate and autonomy supportive, experienced similar positive
emotions, flow or concentration, influencing both teacher and student subjective well-
being and life satisfaction. The same study showed barriers to sustaining teacher passion
were primarily recorded as time. That is, time spent engaged in administrative
“paperwork” tasks (Phelps & Benson, 2012, p. 72). Nevertheless, energy-intensive
curriculum development views the dualistic nature of passion as potentially
empowering, motivating STEAM teachers to engage with a certain level of fearlessness.

2.2.4 Fearlessness

What gives value to travel is fear. 1t is the fact that at a certain moment, when we are so far
from our own country. .. we are seized by a vague fear, and an instinctive desire to go back to
the protection of old habits. ... At that moment, we are feverish but also porous, so that the

slightest tonch makes us quiver to the depths of our being. We come across a cascade of light,
and there is eternity. (Albert Cammus in Notebooks, 1935-1942, 1996, pp. 13-14)

Such poetic description of the psychological effects of fearlessness provides a metaphor

for STEAM learning. Palmer (1998) has viewed fear as enhancing education, where it is
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possible to acknowledge that fear “makes people porous to real learning” (1998, p. 39),
and reminds us that it is important to remember that fear can be healthy. “Some fears
can help us survive, even learn and grow — if we know how to decode them” (Palmer,
1998, p. 39). In the Courage to Teach, Palmer has reframed teachers’ personal and public
fear as an insightful positive force, and proposes insight as the dominant norm rather
than specific training, structural reform or acceptance (of fear). Palmer has argued that
insight can release the pathological fears inherent in most human lives. Interestingly,
insight through play is also possible: “One can create mildly. One can live at a low flame.
Most people do. We're afraid to look foolish, or feel too extravagantly, or make a
mistake” (Ackerman, 2000, p. 196). Conversely, May (1975), in The Courage to Create,
has suggested creativity incites anxiety, felt as disorientation or “temporary
rootlessness” (p. 93). May (1975) in scholarly work related to the nature of creativity,
has wedded the notion of ecstasy with anxiety. May has used Maslow’s description of
ecstasy as ‘peak experience’, and anxiety as ‘the fear and trembling’ of people in their
moments of creative encounter. Fundamentally, Palmer (1998) and May (1975) have
agreed that fear is closely linked to identity.

Other studies in this area have found that teachers’ experiences are modulated
through conscious goal-directed thoughts, emotion and action, swerving directly into
iterative paths characterised by deliberate self-regulation, reflection and reaction
(Zelazo, 2015). When travelled, such paths require liberation from fear. Fear impacts a
person’s sense of self (Kahneman, 2011; Tait & Faulkner, 2016). Fear of failure parallels
the notion of a fixed mindset (Dweck, 2008). The key element to achieving a successful
common objective set by the criteria based collaborative challenge, is active information
sharing and releasing the fear of failure (Romero, Hyvonen, & Barbera, 2012). ‘l can’t’ is
a perceived response based on engagement with negative suggestions, often made by
the self (Maltz, 2015). Countering fear, Dweck has argued that a growth mindset would
allow a person the “luxury of becoming” (Dweck, 2008, p. 25), or in the words of Greene
(in Pinar, 1998), “l am...not yet” (p. 81).

In the context of STEAM education, fear can be viewed as encounters that
challenge and “enlarge our thinking, our identity, our lives — the fear that lets us know
we are on the brink of real learning” (Palmer, 1998, p. 39). In discourse related to the

vocation of teaching, Schleicher (2018) OECD Director for Education, has supported
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fearlessness in the development of an informed profession, encouraging abandonment
of former prescriptive behaviours. In efforts to scale up innovation in education,
collaborative working norms might “replace the industrial work organisation, with its
administrative control and accountability” (Schleicher, 2018, p. 3). Certainly a new sense
of professionalism, one that embraces risk, change and the anxiety accompanying “a
world not as we experienced it before” (May, 1975, p. 93) exists in STEAM learning.

STEAM curricula requires collaborators to embrace a level of fearlessness when
facing a dive into the deep end of learning (Wagner, 2012). Creative educators, in the
face of unidentified efficacious qualities are able to live with the anxiety of change (May,
1975) and perhaps undertake personal risks to play, invite whimsy and organised chaos
into their learning and teaching. In this way, they are encouraged to accept a correlated
version of themselves, no longer what they were before, activating what May (1975) has
described as “past, present and future to form a new Gestalt” (p. 93). While
simultaneously, as Wagner (2012) has indicated, it is important to be having fun.
Learners having fun are characteristically operating by intrinsic motivation. Wagner’s
interpretation of whimsy in innovation has incorporated the “intrinsic incentives of
exploration, empowerment, and play” (p. 57), further purporting that the academic
content of a whimsical experience must be learning in context.

In research specifically focussed on STEAM, McAuliffe (2016) has considered
content co-creation is vital. Input from various disciplines with focus on strategic,
balanced teamwork may produce PL situations in which fear is no longer impervious but
porous. Both Palmer (1998) and May (1971) have considered that porosity enhances
connectedness and translates potential failure as a way to learn and grow. Porosity
presents “new meaning, new forms, and discloses a reality that was literally not present
before, a reality that is not merely subjective but has a second pole which is outside
ourselves” (May, 1975, p. 91). In the same vein, ‘whimsy’ may not be the absolute
adjective, yet a proportion of whimsical play is vital to achieving the desired outcome in
STEAM. Support from the literature has speculated that what is really being defined here
is STEAM culture. Co-creation, in terms of professional relevance, notwithstanding the
demands of the system, requires serious traits of resilience, resourcefulness,
confidence, self-efficacy, capacity and motivation (L. Campbell, 2018; Lemon & Garvis,

2015; Ninkovic & Floric, 2018).
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Describing critical moments for learning among teachers, Brody and Hadar
(2018) have referred to the concept of change in the psychological sense that sees
change as dynamic transition replete with many achievement goals in relation to
professional development of in-service and pre-service teachers. Similarly, Schunk
(2011) has applied self-efficacy theory to propose that personal accomplishments,
vicarious experiences and types of persuasion are included in methods of personal self-
appraisal and “once a strong sense of efficacy is developed, a failure may not have much
impact” (p. 208). However, it is the inter and transdisciplinary disruption, driven by
evolving pedagogy and technologies, evident in current education systems that makes
it possible for fearless teachers to take risks and encourage the emergence of new ideas
(Schleicher, 2018; Tait & Faulkner, 2016; Wagner, 2012).

Considering STEAM as a current trend in education, it is apt to accept that “many
theorists believe that the current trends in school reforms call for a leader with
transformational abilities” (Ninkovic & Floric, 2018, p. 51). Teacher PL and positive
circumstantial elements associated with collective teacher efficacy, find the
responsibility of the fearless school leader to be one that permits teachers to play, adapt
to change and gain a sense of professional wellbeing (Liu et al., 2018; Ninkovic & Floric,
2018). Motivation to change may also start small. Tait and Faulkner (2016) raised the
idea of small being important in a “play by play” approach to “unleashing great ideas in
[your] school” (p. 15). Such studies suggest reducing complexity to make change, citing
Schumacher: “Any intelligent fool can make things bigger, more complex and more
violent. It takes a touch of genius — and a lot of courage to move in the opposite
direction” (Tait & Faulkner, 2016, p. 9). Likewise, research led by Craft et al. (2006; 2015;
2012) has espoused fearlessness as the inspiration that allows us to transform what is
into what might be. Burnard (2006) has promoted Craft’s positioning of the question
‘what if?” through ‘possibility thinking’ (PT):

‘what if?’ together with perspective taking and ‘as if’ thinking. [Craft] argued
that PT was evidenced in the shift from ‘what is’ to ‘what might be’ and that
this might involve questioning, imagination and play (Craft, 2000, 2001,
2002).

Fittingly, ‘what if we encourage teachers as well as students to find out more about

themselves via authorised STEAM collaborations in Australian secondary school
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settings? Thus transforming STEAM from an education trend to relatable life-learning
experiences with high possibility.

Previous research introducing the concept of ‘possibility thinking’ has provided
much evidence of enhanced learning outcomes for teachers and students (Burnard et
al., 2006; Hunter, 2015). Framed as High Possibility Classrooms (HPC) and appreciably
underpinned by technology integration, it is interesting to note that HPC concepts have
supplied potent force in teachers’ STEM and STEAM knowledge (Hunter, 2015).
Encouraging teacher creativity, unleashing playful moments, supporting differentiated
values, enablement and engagement with external audiences to showcase how the
teachers and students learn, forms a major part of engagement in possibility thinking
(Burnard et al., 2006; Hunter, 2015). Reframing possibility thinking as fearless STEAM
pedagogy, aspects of this model are disrupted by the elements of risk, play and surprise.
In like manner, such is the nature of STEAM education when supported by leaders and
teachers who are not afraid to make a mistake, or risk unnecessary pain. These are the
educators who choose to reject the act of teaching as “an exercise in moderation”
(Ackerman, 2000, p. 196). These are the fearless. They teach with purpose.

2.2.5 Purpose

Purpose in the human being is a much more complex phenomenon than what used to be called
will power. Purpose involves all levels of experience. We cannot will to have insights. We cannot
will ereativity. But we can will to give ourselves to the encounter with intensity of dedication and
commitment. The deeper aspects of awareness are activated to the extent that the person is
committed to the enconnter. (May, 1975, p. 46)

A growing body of literature has investigated the challenging and conflicting demands
of learning ethnographies that provide professional experiences steeped in purposeful
personal integration (e.g. Craft, 2015; Golden, 2018; Keane & Cimino, 2019; McAuliffe,
2016; Wagner, 2012)