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2 MARSHMAN ET AL.
Abstract

Developing a country’s STEM capacity is vital for economic growth, technological
innovation, and addressing complex global environmental and healthcare challenges.
Individuals also need STEM capacity to function as informed citizens in modern soci-
ety. However, there is misalignment between rhetoric and reality of sTEM education
in both schools and initial teacher education policy and practice. Through an analysis )
of curriculum documents for both schools and'{Ihitial(:I‘éacher(E]clucation, resources, ¢/
and policy documents, an understanding of how integrated sTEM education is docu-
mented in various jurisdictions was established. There were substantial differences
between what the overarching policies and frameworks provided to schools as well

as for initial teacher education accreditation. As students are making decisions about

future directions in primary school, the authors argue that preservice teachers need a

critical understanding of the purposes and pedagogies of ‘sTEM’ education to teach
interdisciplinary STEM on graduation and provide recommendations for future policy

and research.

Keywords

primary initial teacher education —~ STEM education - integrated STEM — primary
schooling

1 Introduction

Developing STEM (science, technology, engineering, and mathematics) capac-
ity in schools is widely acknowledged as vital for a country’s economic growth
and competition, technological and research innovation, and addressing com-
plex global environmental and healthcare challenges (Australian Government,
2023; Office of the Chief Scientist, 2023). Individuals also need sTEM capac-
ity to function as informed citizens in modern society. Globally, policy gov-
erning science and mathematics education at both school and tertiary levels
and research in the sTEM disciplines has moved towards a focus on STEM
(Freeman et al, 2019). In Australia, for example, The National sSTEM School
Education Strategy (NSSES) 2016-2026 (Department of Education, Skills and
Employment [DESE], 2015) was developed with two goals: ensuring students
have strong sTEM knowledge and skills when they finish school; and encour-
aging students to study challenging STEM subjects (Department of Education,
Skills and Employment [DESE], 2015). NSSES was designed to assist Australian
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EXAMINING STEM EDUCATION POLICY 3

schools to deliver high quality STEM initiatives promoting the development
of mathematical, scientific, digital literacy, problem solving, critical analysis
and creative thinking skills (DESE, 2015; Queensland Curriculum Assessment
Authority [QcaA], 2017).

NSSES (DESE, 2015) suggested strategies to improve initial teacher education
(1TE) by supporting teacher confidence and STEM content expertise through
implementation of a national literacy and numeracy test for preservice teach-
ers, and recommendations for mandatory content requirements within I1TE
programs (DESE, 2015). While the plan’s end date is fast approaching, the sec-
ond action remains unmet, with no clarity surrounding this mandatory con-
tent. Subsequent policy initiatives have remained silent on the action. For
example, the recent Teacher Educational Expert Panel (TEEP) (Department of
Education, 2023) recommendations established by the Australian Government
to provide direction to improve ITE in Australia offer no guidance for consider-
ations of mandatory content within ITE programs regarding STEM education
(Department of Education, 2023).

Barriers faced by primary preservice and in-service teachers when devel-
oping and delivering integrated STEM education, include lack of exposure to
the theory and practice of integrated sSTEM education during I1TE, low con-
fidence in designing STEM-based learning experiences, and reticence from
schools (Kurup et al., 2019; Wan et al., 2023). Until the education community
better understands the nature of STEM integration within formal learning, i¢s
implementation may be unsuccessful (Dare, 2021). The Australian Curriculum
(Australian Curriculum Assessment and Reporting Authority [ACARA], 2024)
organises the STEM subjects (mathematics, science, and technologies) as dis-
crete learning areas, each with their own set of curriculum descriptions and
assessment standards adds to the challenge.

Primary schools are important for sTEM education, with research highlight-
ing that positive STEM experiences and exposure lead to improved engagement
and achievement in later education (McMaster et al., 2023; Wan et al,, 2023).
Although some recommend placing specialist STEM teachers into primary
schools (e.g. Prinsley and Johnston, 2015; State of Queensland Department of
Education, 2016), Timms et al. (2018) warns that this is not the answer, calling
for professional development that enables all primary teachers to build the
confidence to translate the theory of integrated STEM education into concrete
classroom activities and teaching concepts. However, there is little research
on STEM education within 1TE and how this could advance Australian STEM
education. By analysing policy and curriculum documents and resources for
both schools and initial teacher education our project aimed to explore how
integrated sSTEM education is documented in various jurisdictions.
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4 . W)‘ MARSHMAN ET AL.

Ourresearch found that opportunities for pre-service and in-service primary
teachers to develop STEM education capacity are limited. We argue that there
is a pressing need for integrated sSTEM leadership, a unified understanding of
STEM education, and improved coverage of integrated STEM education within
ITE programmes. Equipping future primary teachers with the skills and con-
fidence to design and deliver integrated STEM learning through 1TE programs
will better prepare both teachers and their students to meet the demands of a
sTEM-focused future.

3 Background

2.1 Definitions of STEM Education

Despite widespread agreement regarding the economic and social imperative
of a sTEM-skilled workforce (Department of Education, Skills and Employ-
ment, 2015), definitions of STEM and integrated sTEM education remain
contested (Kelley & Knowles, 2016; Bentley et al., 2022). sTEM, introduced by
the National Science Foundation in the late 19g0s (Blackley & Howell, 2015),
attracted increasing political focus as globalisation and the rise of technologi-
cal innovation made the demand for a sTEM-skilled workforce an economic
imperative. In the past two decades, however, the meaning and focus of STEM
has shifted. Early forms of the sTEM agenda were enacted as S.T.E.M, where
distinct discipline areas like science and mathematics were taught as siloed
and separate subject areas (Moore & Smith, 2014). Later attempts to focus
on integration of the distinct disciplines were conceptualised as s.T.E.M, or
the integration of science and mathematics, largely ignoring technology and
engineering (Strimel & Grubbs, 2016). From a national perspective, Australia’s
government policy refers to STEM education as “a broad field of distinct and
complementary approaches to knowledge”, (Office of the Chief Scientist, 2014,
p. 5). However, this fails to offer a clear framework for sTEM education goals
and teaching methodologies.

There is debate in the literature about what sTEM education involves (see
for example, Erduran, 2020; English, 2017). Many definitions centre on some
form of integration of the four STEM areas, rather than teaching or learning
associated with a single discipline (e.g., science or mathematics). Honey et al.
(2014) suggested the definition of “working in the context of complex phenom-
ena or situations on tasks that require students to use knowledge and skills
from multiple disciplines” (p. 52). Shaughnessy (2013) is more specific with
their definition that “sTEM education refers to solving problems that draw on
concepts and procedures from mathematics and science while incorporating
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EXAMINING STEM EDUCATION POLICY 5

the teamwork and design methodology of engineering and using appropriate
technology” (p. 324). Bryan et al. (2015) believed that STEM integration needed
to be specific and intentional identifying three forms of STEM integration:
(a) learning experiences with multiple STEM learning objectives for the inte-
grated content, (b) the learning objectives of the main content is supported by
the integration of content from another, and (c) context integration where the
context from one discipline is used for the learning objectives from another.

Vasquez (2014) though highlights the most important aspect of STEM edu-
cation is that “[a]pplication is at the heart of sSTEM education” (p. 12) and
described STEM as fitting on an inclined plane of increasing levels of integra-
tion. At a disciplinary level, the concepts are taught separately in siloed dis-
ciplines. With the multidisciplinary level the concepts and skills are taught
separately through a common theme, whereas in the interdisciplinary level two
or more disciplines are taught together thereby drawing connections between
the knowledge and skills. In the final level, transdisciplinary students work on
real world problems or projects learning and applying knowledge and skills
from two or more disciplines (Vasquez, 2014).

Bentley et al. (2022) provides valuable insights into the ontological and epis-
temological relationships between the four sTEM disciplines in the context of
curriculum and pedagogy. While mathematics, technology, engineering, and
science each have their own distinct subject matter and teaching methods,
they share common approaches to knowledge, leaming, and understanding.
These include problem-solving, empirical and evidence-based reasoning, the
use of modelling and abstraction, critical thinking and scepticism, collabo-
ration and communication, and interdisciplinary connections. These shared
epistemological dimensions can serve to unify the disciplines and guide stu-
dents toward more effective learning and discovery. Thus, we contend that it
Y is crucial to clarify the key epistemological dimensions of STEM education in
J- (:ﬁnitial @éacher(ﬂlducation — the beliefs, processes, and strategies students use
to acquire, understand, and apply knowledge. Building on these definitions
described above, we propose that within ITE programmes, preservice teachers
need clear examples of integrated sSTEM education that have meaningful links
between disciplines, respecting their individual integrity while facilitating a
holistic understanding of complex concepts and challenges.

2.2 International Perspectives

sTEM education is widely recognised as essential for a nation’s prosperity
and security (Li, 2014). However, recent studies indicate that by 2030, there
will be a significant global shortage of workers in STEM fields (OECD, 2024).
This challenge is compounded by the environmental and social issues of the
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6 MARSHMAN ET AL.

twenty-first century, as well as a decline in STEM engagement in secondary
and tertiary education in many Western countries (Australian Industry Group,
2015). Also, to successfully function in society individuals need sTEM capabil-
ity. As a result, there has been growing momentum for sTEM education reform
on a global scale.

In the USA, sTEM education has been extensively supported with national
policy and government funding to develop sTEM focus and skills (Committee
on STEM Education of the National Science and Technology Council, 2018),
with a refreshed sTEM education strategic plan outlining the importance of
STEM teaching and learning addressing the need to prepare learners with the
sTEM skills to contribute to the wellbeing of their communities and secure
desired STEM career opportunities (National Science and Technology Council,
2024). A recent study in USA calls for a more justice-centred’ sTEM education
which aims to engage all students in multiple sTEM subjects, focusing on their
ability to explain and design solutions to pressing social challenges and their
disproportionate impact on minoritised groups (Grapin et al., 2023).

In 2022, Europe also developed an integrated sTEM teaching framework,
with the incorporation of non-sTEM subjects, supporting a ‘holistic and sys-
temic approach to education’ (European Schoolnet, 2022, p. 17). A sTEM
Education Implementation Plan in Ireland (Department of Education, 2023)
emphasised the importance of sTEM education being an integral part of Early
Childhood learning and recommended a mandatory module on integrated
STEM education for all initial teacher education courses and for all Early Years
Education and Primary Teachers as part of their continuous professional
development by 2026.

A framework from UK’s department of science and technology (UK Gov-
ernment, 2023) focuses recommendations on fostering an inclusive, diverse,
and welcoming environment in STEM education to meet the demand for sTEM
skills and to ensure equal opportunities to pursue STEM careers and equip the
future workforce for the demands of the digital age. The framework highlights
the action to understand which science and technology skills to prioritise
within education, and to pursue the ambition for all young people to study
Mathematics to 18 years of age. Finally, Scottish Schools Education Research
Centre (SSERC), as identified in the latest STEM education training strategy
(Scottish Government, 2022) highlights the successful provision of profes-
sional learning courses for Early Years practitioners and primary teachers with
a focus on curriculum design, including digital skills and computing science,
to support high-quality, relevant and contextualised sTEM learning, teaching,
and assessment, with a future action to use sTEM education to refresh and
strengthen Scotland’s approach to Learning for Sustainability and Climate
Education in educational settings.
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While debates about what sTEM education means in practice has contin-
ued to grow internationally, limited research exists on the professional devel-
opment of STEM pedagogy and practice in teacher education (Hamilton, 2021).
This, as Hamilton (2021) suggests, is because of the continued debate around
the nature, pedagogies, and hierarchy of disciplines within sSTEM education.
From this brief overview of the international climate of STEM education, there
is a universal demand for STEM education in initial teacher education to sup-
port future teachers in their understanding of the purpose and approaches
to STEM to carry them out effectively. Given that confidence in STEM teach-
ing and learning significantly influences student engagement, aspiration, and
achievement, as well as teacher efficacy and well-being (e.g., Pozo-Rico et al.,
2024), it is crucial to explore the role of ITE in bridging the gap between STEM
education policies (both international and national) and their practical imple-
mentation in the classroom.

2.3 STEM in Primary Education
Research shows that early exposure to STEM education, beginning in the early
years of formal education and supported by knowledgeable teachers, can
significantly strengthen foundational sTEM knowledge and cultivate lasting
interest and positive attitudes toward STEM (e.g.,, Nesmith & Cooper, 2019).
Students begin making choices about their future in primary school hence
it's important that primary preservice and in-service teachers understand
the nature and practice of STEM education. While primary teachers play a
critical role in STEM implementation (Margot & Kettler, 2019), factors such as
the complex knowledge demands, limited class time for sTEM, and a lack of
accountability (e.g., no reporting requirements) contribute to teachers feeling
unprepared to deliver integrated STEM experiences in the primary classroom.
While there is some consensus internationally of the advantages of inter-
disciplinary STEM tasks in developing generic learning skills and personal
dispositions such as communication, critical thinking, creative problem solv-
ing, resilience and self-efficacy (Hatisaru et al., 2023), the powerful influence
of subject-based, ‘high stakes’ assessments and reporting, has a major influ-
ence on how STEM education is implemented within formal curricalum
design. Other research conveys concerns about the importance of maintaining
the integrity of individual disciplines ensuring students first build disciplin-
ary understandings within primary settings, before applying discipline-based
understandings to integrated STEM contexts (Hourigan et al., 2021). This con-
cern is supported by Hatisaru et al. (2023) advocating that any approach to
STEM education (whether subject based or interdisciplinary) should give pri-
ority to the mastery of disciplinary knowledge. We contend that 1TE should pri-
oritise developing educators’ comprehensive understanding of how concepts
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8 MARSHMAN ET AL.

and skills from each sTEM learning area (as outlined in National Curriculum
documents) reinforce and enhance one another, which would effectively elim-
inate this concern.

Further to this, a significant concern internationally, is the unequal rep-
resentation of disciplines in STEM education with science tending to domi-
nate STEM projects (English, 2017). Despite mathematics being a language
that that underpins the other sTEM disciplines through logical reasoning,
problem-solving, and spatial thinking (Ferme, 2014) it is rarely the focus of
STEM activities (English, 2016). Mathematics is arguably the most important
component of STEM learning (Easton et al., 2020) and the challenge is for
teachers to have the expertise to transfer subject content knowledge and skills,
such as those identified in mathematics, into integrated sSTEM learning experi-
ences (Al-Mutawah et al,, 2022) as integrating curriculum is generally complex
(Kneen et al,, 2020; Venville et al., 2002) and time consuming (Naylor, 2014).

Primary teachers, therefore, need to be supported to develop secure knowl-
edge of the nature and limitation of each subject discipline (in line with how
each subject is conceptualised in the curriculum). Hatisaru et al. (2023) there-
fore advocates for further research into how these perceptions contribute to
the ways in which different aspects of STEM curricula and pedagogy are pri-
oritised and explored within teacher education. Using the state of Queensland
in Australia as a case study, to address this gap our research question is: How is
STEM education portrayed in the National agenda and primary level education
policy and curriculum for both schools and initial teacher education?

3 Methods

In this study, qualitative document analysis (Bowen, 2009) methods were
employed to examine Australian school and ITE curriculum policy documen-
tation to determine how integrated sTEM is documented in various jurisdic-
tions and sectors. In recognition of the ‘Intent, ‘Tmplementation), ‘Impact’
framework, which has been the cornerstone of evaluating educational quality
in schools (Ofsted, 2023), our study focused on the analysis of policy docu-
mentation reflecting the ‘intent’ of STEM education delivery. This is the first
part of the process of effective STEM education enactment. All documentation
analysed were in the public domain and was accessed via internet searches
during the year of 2023. The following four document categories were selected
for analysis relevant for the Australian school and tertiary education sector:
1. Curriculum and education policy documents for schools (including the
Australian Curriculum (Ac) (AcARA) and the resources developed to
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EXAMINING STEM EDUCATION POLICY 9

support the curriculum (Scootle documentation, AITSL resources) and
statements from the Office of the Chief Scientist

2. Relevant Queensland curriculum authority and jurisdictional websites
policies and guidelines (including the Queensland Curriculum and
Assessment Authority, Department of Education, Independent Schools
Queensland, Catholic Education Queensland)

3. Curriculum/syllabus documentation for tertiary-level initial teacher
education programs (including eight Queensland university course out-
lines/syllabus for 4-year undergraduate Bachelor of Primary Education
programs)

4. National accreditation standards of primary ITE programs from the
Australian Institute for Teaching and School Leadership (A1TsL) website
and the extra Queensland College of Teachers accreditation requirements.

Any documentation that did not fit into the above four criteria was excluded

from the analysis and not examined. For example, the Australian Academy of

Science developed teaching resources and teacher professional development,

reSolve (www.resolve.edu.au) for the ac: Mathematics and Primary Connec-

tions (www.primaryconnections.org.au) and Science by Doing (www.science
bydoing.edu.au) for Ac: Science updated for the latest version of the curricu-
lum (version g), but while many of these activities include integrated activities
they have not been mapped to the other curriculum areas. Once the relevant
online documentation was selected based on the above criteria, members of
the research team completed separate document analysis of the above texts to
identify that nature and extent of alignment with the integration of STEM in
education settings. The conceptual framework in Figure 1 was utilised to guide
the documentation analysis and discussion of findings.

A content analysis (Krippendorff, 2012) was used to make replicable and
valid inferences from data in each of the document categories.

Four categories of Identification ‘Reporting of
documentation and analysis ‘how

- Curriculum and of relevant llltEgCit‘Cd
education policy documen- STEM i3
- National and state- tation documented

based accreditation

ation Course
Outlines
- Curriculum
Authority and
jurisdiction websites

FIGURE1 Conceptual framework for documentation analysis
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1. For the Australian Curriculum we searched for any mention of STEM in
Ac: Science, Ac: Technologies, and Ac: Mathematics and compared the
sentences in which STEM was mentioned to identify the intent and simi-
larities and differences between curriculum documents. For the teaching
resources to support the Australian Curriculum F-10 (Scootle documenta-
tion, AITSL resources) we searched for those resources that were clas-
sified as STEM. We then classified each of the g4 documents retrieved
using either a teaching activity, resource, or teacher professional develop-
ment and then identified the disciplinary content from the curriculum
descriptors that are addressed: STEM (for 2 or more of the STEM subjects)
or individual disciplines. For statements from the Office of the Chief
Scientist we identified where STEM was mentioned and identified the
intent of the paragraph.

2. Aswe are a Queensland based research team and believe that the picture
in Queensland is similar to all other Australian states, we chose to anal-
yse Queensland documents by searching jurisdictional websites for any
mention of STEM as well as downloading and searching any document
that we thought could potentially include sTEM. The intent or policy

direction of each of these ‘sTEM’ documents was determined. 'f‘t)/a‘étéf-‘]' ‘

[ mine where

3.\ STEM is taught in primary ITE we analysed each curriculum/syllabus
document in each of the 4-year undergraduate Bachelor of Primary
Education programs at each of the eight public universities in Queensland
that teach ITE to identify where STEM is taught.

4. Finally, we analysed the National accreditation standards for primary
ITE programs from the Australian Institute for Teaching and School
Leadership (A1TsL) website and the extra Queensland College of Teachers
accreditation requirements to determine where STEM was mentioned to
enable us to document the accreditation requirements.

4 Results

41 The Australian Curriculum -
The Australian Curriculum is specified in two phases: the Foundation -io
(Schooling sector up to and including Year 10) and Senior Secondary (Years
and 12). The Foundation -0 curriculum, being considered here, is speci-
fied as nine separate learning areas (www.australiancurriculum.edu.au/f-10

-curriculum/learning-areas).
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At the primary level, STEM is explicitly mentioned in the Rationale of each
of Science, Technologies, and Mathematics. The rationale for Ac: Technologies
states that STEM learning requires “explicit teaching of knowledge and skills
in each learning area: Science, Technologies and Mathematics.” Ac: Science
and Ac: Technologies describe a transdisciplinary approach to sTEm whilst ac:
Mathematics describes that an interdisciplinary approach, “can enhance stu-
dents’ scientific and mathematical literacy, design and computational think-
ing, problem-solving and collaboration skills.” All three curricula identify the
contribution of each to “a diverse and capable science, technology, engineering
and mathematics (STEM) workforce.” that “supports students to access further
study and a variety of careers and jobs” either in STEM or outside of sSTEM fields
(ac: Science/@néf Ac: Tec/molog[eslxa:' Mathematics). Both Ac: Science and Ac:
Technologies states that “[d]eveloping STEM competencies enables students to
develop, model, analyse and improve solutions to real-world problems.” Whilst
there are these multiple references to STEM in the Rationale of the curriculum,
STEM is not mentioned within the rest of the curriculum documents at the
primary level. Ac: Mathematics has one reference to STEM in the Elaborations
for statistical investigations (ACgM7STo3) at Year 7.

4.2 Teaching Resources to Support the Australian Curriculum F-10

A website of resources aligned with the curriculum is provided to support
teachers — Scootle (www.scootle.edu.au/ec/p/home). These resources were
developed and updated for version 8.4 of the curriculum but had not been
updated for version 9 when conducting this research but are still available
for teachers to use. The documents include both classroom tasks as well as
teaching resources (videos and photographs) for classroom use, and teacher
professional development. Our analysis classified each of the 94 documents
retrieved using a “STEM” search as a teaching activity, resource, or teacher
professional development and then identified the disciplinary content: STEM
(2 or more of the STEM subjects, as per Vasquez, 2014) or individual disciplines.
The results for the number of primary level documents in each category are
given in Tables 2 and 3 and show that the largest categories were six technology
tasks compared with three integrated STEM tasks (Table 1) and six technology
teacher professional development materials compared with four STEM videos
(Table 2).

The Australian Institute for Teaching and School Leadership’ (A1TsL)
(www.aitsl.edu.au/tools-resources) also provide useful resources on their
website with three illustration of practice videos and links to STEM activities
for families.
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12 MARSHMAN ET AL.

TABLE 1 Actual content of primary STEM tasks in the Scootle resources provided to support Australian
Curriculum to version 8.4

Integrated Technology Individual Mathematics Technology & Mathematics and
STEM task  task or Science task another learning HASS* integrated
area integrated task  task

3 6 2 3 1
20% 40% 13% 20% 7%

* HASS = HUMANITIES AND SOCIAL SCIENCES

TABLE 2 Actual content of other primary STEM resources and teacher professional development in the
Scootle resources provided to support Australian Curriculum to version 8.4

STEM Technology Mathematics or Indigenous picture  Technology teacher
video video science video or c1817 professional
picture development
4 1 2 5 6
22% 6% 11% 28% 33%

4.3 The Office of the Chief Scientist

The previous Australian Chief Scientist, Professor Alan Chubb, expressed frus-
tration with the “small-scale projects, with short-term goals and no recurrent
funding. ... and too little appreciation is afforded to the demanding task of
teaching STEM as it is practiced — as a dynamic and exciting human endeav-
our” (Australia’s Chief Scienti May 2015) in the collaborations between indus-
try and schools. At the releas of the NssEs Chub (Australia’s Chief Scientist,
December 2015) bé called for support to

increase STEM teaching quality by lifting the standard of STEM content
in ITE as well as improving pathways and in-service support for teach-
ers, sharing that confident, well-prepared STEM teachers are the ones
who can inspire students and sustain their natural curiosity in the world
around them. n \ ‘
/
The current Australian Chief Scientist, Dr/Finkel, stated that “nothing is more
important than mathematics — the language of science. And the fundamentals
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EXAMINING STEM EDUCATION POLICY 13

need to be taught well, because the quality of STEM education is as important
as the number of students enrolled.” (Australia’s Chief Scientist, April 2018,
www.chiefscientist.gov.au/2018/04/opinion-how-we-can-spread-the-stem
-message-in-schools). To achieve this, he argued for

STEM teachers need to be up-to-date in their knowledge and equipped

to teach sTEM. If we expect it, we need to resource it: it’s that simple.

Industry can assist with information on how STEM is being harnessed.

But education authorities have to make it a priority and take the lead.
AUSTRALIA’S CHIEF SCIENTIST, April 2018

Advocated for STEM teaching in schools Finkel cited that “students need deep
discipline knowledge. ... a deep understanding for and respect of the social
impact of these technologies.” (Australia’s Chief Scientist, 14 June, 2018).

4.4 Queensland Curriculum Authority and Jurisdictional Websites
Primary and Junior Secondary Only

Considering Queensland as case study, the Queensland Curriculum and

Assessment Authority website as well as the policies and guidelines from the

websites of each of the three jurisdictions that oversee Queensland schools,

the Department of Education, Independent Schools Queensland, and Catholic

Education Queensland were analysed. See Table 3.

TABLE 3 Where STEM was identified on the jurisdictional websites

Jurisdictional websites STEM Reference

Queensland Curriculum Within the summary of changes to Ac: Science, Ac: Technologies,
and Assessment Authority ~ and ac: Mathematics the statement: “reviewed to include an
enhanced reference to STEM”

The STEM in QLD schools states “Why STEM education benefits
students and society, why schools should invest in STEM educa-
tion, how schools can support STEM education, how it can be
incorporated into learning plans”

STEM research annotated bibliography 2018

Agricultural Education resources linking Ac: Science and Ac:

Digital technologies and Ac: Design and Technologies
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14 MARSHMAN ET AL.

TABLE 3 Where sTEM was identified on the jurisdictional websites (cont.)

Jurisdictional websites STEM Reference

2
ol

Department of Education The aims},(l strategy for STEM in Queensland state schools (State of

Queensland Department of Education, 2016) are: 3

- lift participation of students including girls and Aboriginal
and Torres Strait Islander students

—  give every state school access to a specialist STEM teacher

— ensure every state school offers the Digital Technologies cur-
riculum, including coding and robotics.

Achieved through:
1. Building teacher capability to transform sTEM learning creat-
ing opportunities for professional learning for teachers in

STEM through the sSTEM Hub, Queensland Coding Acaderty ;
and practical resources to support classroom practice

2. Achieving excellence in STEM promoting targeted initiatives
to lift student performance in STEM, including scientific
and mathematical literacy and opportunities for Indigenous
students

Review of STEM education in Queensland state schools 2015-2417? /
Final Report (State of Queensland Department of Education,
2019) calls for a shared vision and direction and a greater empha-
sis on teacher capability in STEM, improving student participa-
tion and achievement in STEM disciplines.
Queensland Catholic Foundation to Year Two expansion of the Early Learning STEM
Education Australia (ELSA) program and STEM Professionals in Schools
program, Let's Count program, Little Scientists program, Artificial
Intelligence in Schools, online Mathematics Hub, Curious Minds
(STEM Summer Schools for Girls).

4.5 Initial Teacher Education Ji ZLQ/

Though pockets of good practice exist, such as Real-World Integrated sTEm
education course offered at Queensland University of Technology, integrated
STEM education in primary ITE courses was not consistent. Considering
Queensland as a representative example (selected for the authors’ geographi-
cal location), we explored the course outlines (syllabus) for all courses in
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TABLE 4  Reference to STEM in course outlines (syllabus) of four-year undergraduate Bachelor of
Primary Education program of eight Queensland Universities

Integration of STEM University Details
No explicit reference to Australian Catholic University =~ NA
STEM in course outlines James Cook University NA
University of Southern NA
Queensland
Griffith University NA
Limited reference to University of the Sunshine EDU204 Teaching Technologies:
STEM Coast Curriculum and Pedagogy

in course outlines

Southern Cross University

STEM-related course Queensland University of
offerings Technology
University of Queensland

EDU400 Teaching Primary

School Mathematics

EDUC1006 Interdisciplinary
Studies: Crossing the Line

EDUC2020 Education and 1CT:

Digital Disruptions

EDUC3012 Mathematics

Education: Curriculum and

Pedagogy

EUBO010 Real World Integrated

STEM Education

EDUC4730 Digital Technologies:

sTEM Connections

the four-year undergraduate Bachelor of Primary Education at the eight
major Queensland universities for references to sTEM. These eight major
Queensland universities demonstrated disparity in preservice teachers’ expo-
sure to integrated STEM in teacher preparation. Only two of the eight universi-
ties (Queensland University of Technology and University of Queensland) had
sTEM focused assessments within the primary ITE degree. Two universities
(Southern Cross University and University of the Sunshine Coast) had some
reference to STEM in course outlines. This variation of offerings demonstrate
that many Queensland preservice teachers are unlikely to develop expertise in
sTEM and STEM integrated teaching and learning during their teacher educa-

tion as shown in Table 4.
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All Australian ITE programs need to indicate how they will satisfy the 37
Australian Professional Standards for Teachers (A1TSL, 2022) to be accredited
by ArTsL and this process is overseen by the Queensland College of Teachers
(Qct) which has extra requirements included in Template D. None of the
accreditation requirements by AITsL and QcCT include any mention of STEM.

5 Discussion

Within each of the three STEM curriculums Science, Technologies, and
Mathematics, there is mention of the importance of sSTEM and the value of
using either an interdisciplinary or transdisciplinary approach in the Rationale.
However, at the primary level there are no other mentions of sSTEM within the
curriculum documents, including the elaborations that support teachers to
implement the curriculum.

While the curriculum aligned resources that support implementation of
the Australian Curriculum were not updated for the latest version at the point
of analysis, they are still useful. A document analysis of the STEM tasks, only
20% were an integrated STEM (two or more subjects included) whilst 40%
were technology only and another 20% were an integrated technology and
anon-sTEM subject. For the other primary STEM resources and teacher pro-
fessional development only 22% was sSTEM whilst 39% was technology only.
AITSL provided some useful resources on their website with three illustration
of practice videos and links to STEM activities. However, we see a mismatch
here between the rhetoric of the Rationale of the individual sTEM subject cur-
riculums where STEM is encouraged as part of the reason for learning the indi-
vidual STEM subjects but there are no explicit examples of integrated STEM
activities for teachers to include in their teaching. Also, many of the resources
available to support teachers are mislabelled technologies activities. We
assert that in the absence of clear policy guidelines mandating the design and
implementation of integrated STEM learning experiences — which highlight
crucial connections between disciplines and practical applications of subject-
specific knowledge and skills — the successful implementation of integrated
STEM education will rely entirely on individual teachers’ knowledge, skﬂ@
and confidence.

Australian Chief Scientists have made calls for upskilling both in-service
teachers and preservice teachers so that they have both the content knowledge
and pedagogical knowledge to inspire students in STEM and be capable of
“teaching STEM as it is practiced — as a dynamic and exciting human endeav-
our” (Australia’s Chief scientist, May 2015). The Queensland Government's
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A strategy for STEM in Queensland state schools (State of Queensland Depart-
ment of Education, 2016) aimed to provide every state school (state govern-
ment funded school) a specialist STEM teacher and ensured that every state
school offered ac: Digital Technologies. It is possible that it will be the specialist
STEM teacher who is teaching digital technologies, and this may lead to some
of the confusion between sTEM and Technologies. The Qcaa provides a sum-
mary of why it is beneficial to teach STEM and provides the link to National
STEM school education strategy 20162026 (Education Council, 2015). The other
jurisdictional websites generally provide guidance for schools by providing
links to useful websites and documents.

Only two universities Queensland University of Technology and University
of Queensland provide a dedicated STEM course in their initial teacher
education and two others Southern Cross University and University of the
Sunshine Coast include STEM within course outlines. This may be that none
of the accreditation requirements mandated by AITSL and the QCT mention
sTEM. This leaves a misalignment between the rhetoric of the need for STEM
Education and the reality in initial teacher education and schools.

Teachers are key for integrated sTEM education (Wan et al., 2023) and the
demand for proficient teachers continues to rise (Tytler, 2020). Universities
can play a critical role in the development of both preservice and in-service
teachers understanding of interdisciplinary STEM teaching via their 1TE offer-
ings, research, and engagement with schools, communities, and partnerships
with business and industry. Universities can position themselves at the fore-
front of educational change, actively shaping the trajectory of sSTEM peda-
gogical approaches and curriculum design through their ITE programs and
professional development delivered in schools. sSTEM education is multidisci-
plinary, and a key strength of universities is access to diverse expertise across
disciplines providing valuable insights into how subjects can be integrated
to create authentic and meaningful STEM learning experiences for students,
whilst addressing mandated curriculum and assessment. Preservice teachers
also need support to prepare integrated lesson plans, translating theory into
practical application.

Generally, preservice teachers are introduced to the Australian Curriculum
(ACARA, 2024) in first year and as they proceed into their second- and third-year
subjects, curriculum knowledge increases, opening opportunities to explore
interdisciplinary approaches to sSTEM education. While these opportunities
exist, most ITE curricula is discipline based (Wan et al., 2023) aligned to the
learning areas of the Australian Curriculum. Teacher educators can collabo-
rate with other teacher educators and academics across disciplines and design
curriculum for STEM integrated learning and assessment tasks which include
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authentic STEM projects (Anderson et al., 2022). As pedagogical experts,
teacher educators can use a range of teaching strategies to develop preservice
teachers’ capacity to navigate knowledge, understanding, and skills across dis-
cipline boundaries (Anderson et al., 2022).

Whilst currently there is no national STEM ITE accreditation requirements
(AITSL, 2023), which is potentially a barrier, universities can review and evalu-
ate their programs to strengthen integrated STEM learning while meeting 1TE
accreditation requirements. Universities can redesign ITE programs to offer
a STEM specialisation with mapped teaching and assessment which also
includes subjects from outside the education discipline. Preservice teachers
could experience content that can provide innovative and contemporary STEM
contexts, such as first year engineering and technology courses. A dedicated
STEM education course could be designed and implemented which explores
STEM pedagogies and engages preservice teachers with real community proj-
ects. These 1TE additions could provide the agency preservice teachers need to
lead best-practice STEM education in their future schools.

Universities are positioned to ensure that STEM education content and
pedagogies are research-informed and prepare young people for their future.
For example, the MindSET-do STEM engagement project at the University of
the Sunshine Coast, is a collaboration between universities, schools, teach-
ers, community, business and industry which provides: hands-on career and
technical education lessons in schools with Years 4-10; teacher professional
development workshops; campus and community events/workshops; and
a Uni STEM club designed to support students entering STEM programs and
pathways into employment in STEM careers (McMaster et al., 2023). The proj-
ect positively influenced students from as young as Year 6 in their enjoyment,
confidence in coding and STEM activities, and intentions to pursue STEM sub-
jects and careers (McMaster et al., 2023). MindSET-do provides an interdis-
ciplinary model engaging school students and developing transferable skills
of STEM learning, such as critical thinking, creative problem solving, design
thinking, and collaborative teamwork, and opportunities for preservice teach-
ers to develop their STEM pedagogy.

Within initial teacher education, traditional representation and forms of
STEM content must be challenged, and sustainable STEM practices promoted
(Anderson et al., 2022). The STEM Academy at University of Sydney provides
ongoing cross-disciplinary STEM professional development to teaching teams
from secondary schools. Teachers attend multiple-day workshops where they
planned integrated STEM projects to engage and motivate their students.
Teachers implemented their projects in their schools and reported back on
progress with further time for collaboration and sharing ideas. Teachers valued
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the opportunity to work in cross-disciplinary teams, share projects across
schools, and hear about other schools’ successful integrated STEM projects
(Anderson et al.,, 2022).

Whilst the sTEM Academy program was for secondary school teachers
Anderson et al. (2022), the program could be used with teams of primary
school teachers from across year levels in a school. Preservice teachers could
be included to contribute ideas and network with teachers and schools in their
community to learn about innovative ways teachers and schools work to over-
come barriers to integrated STEM education. Examining the key strengths in
engagement and partnership opportunities with schools, teachers, commu-
nity, industry, and business, we can identify the crucial role that universities
play in shaping the next generation of educators who are confident to meet the
demands of contemporary STEM education.

6 Conclusions

While there is a clear rhetoric advocating for the need for sTEM Education,
there remains a disconnect with this articulation and teaching and learning
in Australian and perhaps other countries’ schools. Much of the rhetoric in
the Australian Curriculum (ACARA, 2024), jurisdictional websites (e.g., Depart-
ment of Education, Independent Schools Queensland, Brisbane Catholic Edu-
cation), board of studies (e.g, Qcaa), and the Australia’s Chief Scientist refer
to the importance of STEM; however, this is not reflected in requirements for
national accreditation standards of primary initial teacher education pro-
grams (Australian Institute for Teaching and School Leadership [A1TSL], 2023).
Whilst sTEM education is not foregrounded in national ITE accreditation
requirements, it is essential that universities address this teacher workforce
need. We acknowledge that we have only considered one Australian state and
“wider analysis‘f)rovide a better picture of the Australian situation. Our recom-
mendation is for the new nNssEs policy prioritise the need for primary ITE as
a fundamental catalyst for integrated STEM education reflective of real-world
sTEM (Freeman et al,, 2019; Holmes, et al. 2018; Tytler, 2020). Empowering
primary school teachers with expertise in STEM education will develop their
agency to plan and implement authentic, integrated STEM learning experi-
ences. Underscoring the opportunity ITE and teacher education plays in the
efficacy and effectiveness of sSTEM education, this article concludes with the
following recommendations. Our analysis of exemplary ITE provision for STEM
education highlighted the value of partnerships with schools and industries.
Further recommendations include ITE being responsive to research, providing

RESEARCH IN INTEGRATED STEM EDUCATION 3 (2025) 1-25

4/2/2025 4:32:26 PM



20 MARSHMAN ET AL.

opportunities for preservice teachers to develop sTEM pedagogies, and oppor-
tunities to plan integrated STEM units linked to real community issues.

Future research should re-evaluate the purpose and place of sTEM educa-
tion in primary schools to address the potential misunderstanding that tech-
nology is STEM. Research should include ways to support teachers to plan
integrated STEM tasks aligned with the scope and sequence of the formal cur-
riculum, that promote greater engagement and application of age-appropriate
disciplinary knowledge, underpinned by authentic STEM contexts (e.g., part-
nerships with industry and local and global issues).

In future studies, it will also be beneficial to identify how subject-specific
teacher educators and subject-specific supporting resources model and sup-
port STEM pedagogies, enabling preservice teachers to critically bridge theory
and practice from the perspective of each sTEM subject. Further research is
needed to support preservice and in-service teachers with a deep epistemic
view of each discipline (the distinctive nature, aims, and values that character-
ise each subject) and how sTEM subjects interact within authentic, real-world
contexts. Understanding the value of intentional and formalised STEM learn-
ing experiences, with respect to the relationships and interdependencies
between discrete subjects, can bring the cross-curricular priorities to the fore-
front of the Australian curriculum. As identified by Kelchtermans (2019), is a
necessary step towards improved sTEM pedagogical content knowledge, skills,
efficacy, and agency in STEM curriculum design.

These recommendations may require a mindset shift for many teachers
(and teacher educators) to design rich and meaningful learning experiences
that reflect the real world of STEM, otherwise the discord between STEM edu-
cation and real-world sSTEM will remain. This proposal should be supported by
research into a STEM learning pedagogical framework embedded within 1TE.
For example, one in which the rigour, coverage, and balance of each discipline
(L.e., both substantive and disciplinary knowledge which frames each subject)
is drawn upon within relevant and meaningful contexts. A comprehensive
approach to STEM education, where primary educators, recognised as STEM
specialists, will not only focus on creating a pipeline for STEM careers starting
in early education, but also foster students with the values, knowledge, and
skills needed to tackle broader global challenges through formal learning,

STEM education remains an important focus for Australian and global
education, and with the NSSES 2016-2026 policy approaching it’s end date,
clear direction for ITE innovation in STEM, is essential to assist ITE provid-
ers enhance primary ITE programmes and establish opportunities for future
STEM education school leaders. Prioritising the research and development of
primary ITE STEM education will lead to more skilled and confident teachers

RESEARCH IN INTEGRATED STEM EDUCATION 3 (2025) 1-25

STEM_003_01_Marshman et al_proof-01.indd 20 4/2/2025 4:32:26 PM



EXAMINING STEM EDUCATION POLICY 21

with the agency and capacity to design and deliver STEM education reflective
of and responsive to the real world of sTEM, developing mathematical, scien-
tific, and digital literacy, and promoting problem solving, critical analysis, and
creative thinking skills identified in the current NSSES strategy.
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