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Abstract

Science, Technology, Engineering and Mathematics (STEM) is dominating industry as we become more
technology-dependent and the workplace evolves. Consequently, engaging industry professionals in STEM
education continues to be a priority in the Organisation for Economic Co-operation and Development (OECD)
countries, as industry look to invest in students who will become future innovators. While industry partnerships
with schools can help to drive authentic education in STEM, there needs to be a mutually respectful approach that
capitalises on the expertise of each partner; that is, the deep discipline knowledge of industry and the pedagogical
knowledge of educators. This research partnered industry scientists with early career science teachers to explore
the implications of industry-school partnerships. Data were collected through interviews and focus groups with
15 participants. The qualitative data were inductively coded and triangulation occurred between different focus
groups for dependability. The advice from industry scientists to educators focused on making science practical
and authentic, while educators sought to engage industry partnerships to support the development of content
knowledge and to overcome resourcing issues. In addition, the conversations between scientists and science
educators illuminated a number of barriers to partnering, including what type of STEM careers to introduce to
students and the appropriate age groups to target to ensure successful partnerships.

Introduction

The recent Optimising STEM industry-school partnerships: Inspiring Australia’s next
generation report outlines a decline in students’ outcomes and engagement in STEM education
while industry demands for STEM graduates increase (Education Council, 2018).
Consequently, governments and industry are looking for opportunities to engage with the next
generation through education in order to improve STEM capacity in students (Education
Council, 2018; Gamse, Martinez, & Bozzi, 2017). However, any engagement with education
must acknowledge the pivotal role played by teachers. Hattie (2009, 2012) consistently
reinforces that teachers significantly impact both students’ attitudes towards learning, and
learning itself. Consequently, interventions into STEM education need to meaningfully partner
industry and educators to ensure that deep student learning occurs and that the type of learning
is beneficial to the future workforce.

While these discussions are being had at senior levels of government and policy making,
valuable insights into what teachers and industry would like from partnering can be found from
engaging directly with individuals in these professions. This exploratory research sought to
involve active industry scientists from within a large national STEM company and early career
science teachers in a conversation about STEM industry-school partnerships. Specifically, the
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researchers sought to answer the questions: How do industry professionals and teachers view
each other’s role in improving STEM education? What are the possible implications of
industry-school partnerships for STEM education in schools?

The aim of the dialogue was to ‘bridge differing contexts and language’ (Education Council,
2018, p. 9) between industry and education, with each group sharing advice about how they
thought STEM education could be supported through partnership. In response to the second
research question, the participants began to share some of the challenges to establishing a
STEM industry-school partnership. Extending this dialogue beyond policy is essential in
providing practical strategies to enhance authentic STEM learning that are accessible and
achievable for schools.

Authentic STEM education

Secondary students tend to resist traditional didactic teaching approaches to STEM Education,
preferring authentic inquiry-based learning experiences (Tytler, 2007; Tytler, Osborne,
Williams, Tytler, & Cripps Clark, 2008). Authentic STEM opportunities aim to show the
interconnectedness of science, technology, engineering and mathematics in everyday life
(Akerson et al., 2018; Means et al., 2017; Parker, Pillai, & Roschelle, 2016) and teach STEM
concepts in context (Bybee, 2014). These learning experiences often use inquiry or problem-
based pedagogies that are student-centred and collaborative (Chiu, Price, & Ovrahim, 2015).
When STEM education requires active engagement and links content to real-world issues it is
more likely to positively affect students” STEM dispositions and their interest in STEM careers
(Christenson, Knezek, & Tyler-Wood, 2015). Furthermore, using inquiry-based pedagogy has
been shown to improve student engagement with STEM content along with the development
of higher order thinking skills (Johnson, Peters-Burton, & Moore, 2015).

However, teachers often report that there are barriers preventing them from undertaking
authentic science in the classroom with their students (Burke et al., 2016; Fitzgerald et al.,
2019; Tytler, et al., 2008). Not least of these are the significant barriers teachers may encounter
in attempting to leverage networking opportunities with STEM initiatives and expertise,
particularly if the teacher is to teach in rural or remote schools (e.g. Taylor & Govan, 2017,
Townsend et al., 2016) or in indigenous contexts (Donovan, 2018). As the first step, helping
teachers to understand what authentic science actually is and how it can be implemented in the
classroom is a priority (Lowrie, Downes, & Leonard, 2017) and can be enhanced by
collaboration between teachers, students and university academics (Lang et al., 2018). If
teachers have not had an authentic experience themselves, they may lack a ‘framework for
action’ that is responsive to their students’ needs and the local community (Lowrie, et al.,
2017). Integrating real-world experiences that are relatable for students is a core component of
authentic STEM education (Morris et al., 2019; Tytler, et al., 2008).

Industry engagement with STEM education

Industry engagement with education is one strategy used to support teachers to deliver
authentic STEM learning experiences. Internationally, engagement between industry and
STEM educators is a priority (Gamse, et al., 2017) and has been shown to enhance learning
outcomes (Bacharach, Manning, & Goodman, 2010; Hirsch, Carpinelli, Kimmel, Rockland, &
Bloom, 2007; Karp, Gale, Lowe, Medina, & Beutlich, 2010). Australia is no exception and in
December 2015, the Education Council of Australia presented the National STEM School
Education Strategy (2016-2026) so that STEM education activities could be coordinated to
improve national outcomes (Education Council, 2015). With this mandate comes interventions
to integrate industry with education. Rennie and Howitt (2009) found that mentoring on behalf
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of professionals involved in the Scientists in Schools (SiS) project inspired and motivated both
parties, as teaching and learning with scientists enhanced the teachers’ knowledge of scientific
practices and the scientists enjoyed mentoring the students. An additional finding was that
students understood scientists as real people working in interesting and rewarding careers,
providing them with concrete experiences to aspire to long-term STEM careers (Rennie &
Howitt, 2009). The SiS project was extended into mathematics, and three strengths of the
industry-school partnerships were found: (1) the collaborative nature of the one-on-one
relationships between teacher and scientist or mathematician, (2) the flexibility of the model to
adapt to meet local needs, and (3) sustainability that allows a longitudinal relationship between
school and STEM professionals (Tytler et al., 2015).

While there are examples of positive industry engagement in education, there is more to be
done. In exploring the Western Australian context (the context of this study), Hackling, Murcia,
West and Anderson (2014) found that industry identified a lack of curriculum understanding
as a barrier to participating in STEM education initiatives based on a lack of contemporary
education approaches. The research underscored a need to address the disconnect between the
wants, needs and possibilities of STEM teachers, industries and education service providers
wanting to invest in STEM education (Hackling, et al., 2014). Furthermore, there needs to be
acknowledgement that industry and STEM education partnerships exist across diverse
contexts, including school-based programs, mentoring, excursions and extracurricular
activities (Gamse, et al., 2017). Hackling et al. (2014) note that while extracurricular activities
encourage positive engagement in STEM for participants (Stoeger et al., 2016) they do not
provide all students with the opportunity to engage with authentic STEM education.

Demands on teachers

A strong relationship between industry and STEM educators depends on time to cultivate a
positive working relationship that is mutually beneficial (Rennie & Howitt, 2009; Tytler, et al.,
2015). However, lack of time is a commonly cited issue for teachers (Fetherston & Lummis,
2012; Le Cornu, 2013), leading to strain and burnout (Hultell, 2011). The dynamic nature of
STEM advances requires that teachers have time to maintain current knowledge (Prinsley &
Johnston, 2015).

At a school and systemic level, there are broader issues of curriculum crowding and resourcing.
The challenge of fitting STEM into an already crowded curriculum is significant (Lloyd, 2013),
while also giving time for students to explore multiple sub-disciplines within each subject as
well as interconnections between subjects (Timms, Moyle, Weldon, & Mitchell, 2018). Other
issues to delivering quality STEM education includes skilled educators and establishing a
continuum of STEM learning across a students’ school-life (Murphy, MacDonald, Danaia, &
Wang, 2018). Additional resourcing issues are access to specialist equipment and technologies
used in authentic STEM contexts (Prinsley & Johnston, 2015), as these have cost and training
implications for schools.

Methodology

This paper presents the findings of the qualitative component of a case study conducted at one
Australian university. While the overarching single case study (Yin, 2014) sought to explore
how a partnership between industry and the university could support improved STEM content
knowledge and self-efficacy for early career teachers, the qualitative data presented here
address the two aforementioned research questions: How do industry professionals and

48



International Journal of Innovation in Science and Mathematics Education, 29(1), 46-57, 2021

teachers view each other’s role in improving STEM education? What are the possible
implications of industry-school partnerships for STEM education in schools?

Participants and Research Context

The research study took place in one Australian university. While the research team recognised
that teacher development occurs over the span of a teachers’ career, early career teachers
formed the basis of the sample as these teachers are entering the workforce at a time when
STEM education is a priority with the potential to impact on the next generation of secondary
students. A total of 81 Western Australian early career teachers participated in the study, of
which 11 participated in the interviews or focus groups. In addition to the early career teachers,
four STEM industry professionals from the partner organisation participated in the study,
including engineers and chemists. All four of these individuals participated in interviews or
focus groups. The industry partner was a major STEM-driven organisation in Australia, who
jointly funded the study with the university in order to invest in STEM education that would
promote increased engagement between the organisation and local schools.

Research Design

Qualitative data were collected from the participants at the end of two professional learning
days, co-hosted by the university and industry partner. Follow-up interviews were also
conducted with individuals who wished to give further information but could not stay after the
events. The focus groups lasted approximately 25 minutes each. Participants were given
approximately 20 minutes to reflect on their STEM learning experiences individually before
participating in the focus group. This allowed the participants to reflect on their internal voice
prior to entering the group situation. The focus groups were situated at the conclusion of the
day so that participants’ experiences were recent and they could talk in depth about their lived
experience over the course of the day.

The focus groups were semi-structured, allowing for each participant to share their views on a
range of topics including: participation in the professional learning day, their perceptions of
STEM education, their personal experiences of STEM education, and their perceptions of
engaging in STEM industry-school partnerships.

Analysis

The focus group data were collected until saturation was reached to ensure sampling
sufficiency (Janesick, 2000). The qualitative data were then analysed using inductive coding
after an external transcription agency returned verbatim transcripts of recordings of the focus
groups. One researcher initially coded the data using a thematic approach that generated codes
based on a reading of the full dataset (Miles & Huberman, 1994). The initial codes were then
compared over time and multiple readings of the data. Triangulation occurred between
investigators, as the research team worked both separately and collaboratively on the data
collection and analyses. This approach allowed for triangulation between the different focus
groups in order to ensure dependability (Cohen, Manion, & Morrison, 2011).

Findings

Advice from industry to early career STEM teachers

The industry STEM professionals had two main pieces of advice for teachers to improve STEM
education. The first related to making STEM an active learning experience through practical
tasks, and the second was to explicitly show students how STEM relates to their everyday lives
and futures.
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In discussing STEM education, the industry professionals focused on how STEM is engaging
when it encompasses all the senses. They explained how they felt it was important for teachers
to:

... inspire kids to really get in there and show them what Science does. Make
it very visual; make it so they can touch, feel and experience Science first-
hand before getting too far into all the technical stuff, so really engage them
in the process of Science through the demonstrations.

All of the STEM professionals spoke about making science and STEM visual and stated that
they could offer that support by working with schools and sharing their daily work experiences.
In extending this discussion, they acknowledged how important it is to start with practical
observations of STEM before moving into theoretical work:

You’ve got to make it exciting, you've got to give the kids something visual,
something they can relate to because they won't relate to the theoretical,
they won't relate to the mathematical; they will relate to something they can
see, they relate to something they can do hands-on. If you can get them to
actually physically do stuff and then explain to them the scientific process
behind what they’ve just done, it’ll sink in a lot more with the kids. If you
just try to tell them about stuff; it won 't go in.

The industry professionals also spoke about how STEM helps students to discover the world
around them. Speaking of their own experience as a student, one industry professional
remarked: ‘I enjoyed all the practical lessons, Science in practice, to show how things actually
worked in real life and I also enjoyed solving problems.’

While making learning an active experience of STEM was considered an important part of
STEM education for the industry professionals, they also spoke about how STEM educators
could do more to make STEM relatable for students and capitalise on their intrinsic
motivations. They explained:

I guess in terms of being a teacher, whether it’s a primary school teacher
or a high school teacher, inspiring students to get into STEM, Science,
whether it’s Maths or whatever, to me showing them as many different
things about as many different jobs as possible [is important] ... I guess
[that] would speak to me because I simply would have had no idea what a
cartographer did; 1 would have had no idea what a statistician did; | would
have had no idea what a physicist did. | mean in some respects, | probably
still don’t have a full grasp understanding of that but in saying that, you
never know what it is that will speak to one particular child.

The industry professionals also explained how they had different motivations for continuing
their own STEM education. For example, one professional enjoyed understanding real-world
science, but ‘when it came to studying ... Mathematics I enjoyed getting correct answers ... SO
| enjoyed getting the right answer and also where those answers were related to real life, |
found it much easier to learn.” The professionals emphasised that understanding what motivates
students to achieve in each subject was important, and that these motivations might differ
between the STEM subjects.
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Advice from early career teachers to STEM industries looking to partner

While the STEM professionals focussed on how STEM can be more engaging in schools
through relatable content and active, authentic learning experiences, the early career teachers
also felt there were ways that industry could meaningfully engage with education. Three main
themes emerged from the early career teacher data: (1) that industry can support the
development of discipline content knowledge, (2) that industry can support teachers with
technical or equipment support, and (3) that industry partnerships can overcome resourcing
issues for STEM education.

The early career science teachers in this sample were concerned about their content knowledge,
as most had a deeper interest in one or more areas of science but did not feel they had deep
content knowledge across all sub-disciplines of science. They discussed how industry
professionals could help them to overcome this challenge, as they could seek advice from
specialists in the field when teaching in a specific sub-discipline. A graduate teacher explained:

... any assistance that industry experts can provide teachers would just be
fantastic because one of my observation from [practicum] ... was that
there’s no time. You do not have time to really go digging. If you can just
ask someone a question you can get a lot of information just like that and
that would be wonderful if there were people willing to answer technical
questions.

One step beyond content knowledge was local knowledge, as teachers explained how STEM
professionals working in local industries could support authentic learning experiences for
students:

Particularly with the local content [because] there’s online physics forums
which are really wonderful but with things like, you know, if there’s
somewhere we could run a field trip or [some way we could] go about
getting our students some real examples of where this kind of chemistry is
used locally, [it would be something] that they could actually relate it to.

In addition to deepening content knowledge, teachers also felt that industry professionals could
offer support when they were using specialist equipment or technology in the classroom.
Teachers explained that they had difficulty ‘when it comes to trying to connect to those
telescopes and things’ and that any support from experts would be greatly appreciated as it
would save time and build teachers’ confidence in using the equipment. Furthermore, they
explained how an ongoing partnership would allow for this support to occur over time; this
was a distinct advantage over having a one-off professional learning experience:

They [PL providers] often give you opportunity to provide them with
feedback but not necessarily ongoing support and things. Like in a day they
want to know what you got out of it or how you rated it in terms of marketing
and doing a better job of it. An industry partnership is long term.

The third theme from the teachers’ responses was related to resourcing issues. The participant
who spoke about taking students on field trips alluded to how industry-school partnerships
could support teachers to undertake meaningful excursions and gain access to information on
local STEM activities, and they also explicitly raised the issue of time to gather information
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themselves. However, the teachers also spoke about funding issues, and how it is challenging
to provide authentic experiences for students.

Implications for STEM industry-school partnerships

While industry professionals and early career teachers spoke about how each other could
promote the engagement of students in STEM through quality industry-school partnerships,
both groups spoke about some of the challenges and implications when it came to establishing
positive partnerships. Three main themes emerged from this discussion: (1) including what
type of STEM careers and experiences to introduce to students, (2) the appropriate age groups
to target to ensure successful partnerships and impact on student engagement, and (3) ensuring
transparency of motives and goals for the partnership.

Presenting diversity in STEM was an issue raised by the industry professionals. While they
spoke about presenting diversity in terms of motivating students, they also spoke about how
some jobs might look boring to some students and that would be an issue when motivating
students to sustain STEM education:

1 guess chemical engineering and things like that, it’s probably difficult to have
a Year 11 [student] come through or even go and talk to a Year 11 [class],
because if you look at what a chemical engineer does say on a day-to-day basis,
you would show him twenty spreadsheets that you maintain ... it’s probably just
boring to them.

Part of the discussion on vocations also included pathways into STEM employment. The
industry professionals explained that there were many options for students to become involved
in a STEM career, not just through a university degree pathway. They shared how their
company does ‘quite a bit of work with a lot of the local communities, some colleges ... we’ve
got a graduate program and a cadetship as well so for cadetships we take on students over
summer for two months.” The industry professionals stressed that offering diverse experiences
could occur through placements directly with industry beyond school hours.

Second, the teachers and industry professionals discussed the timing of STEM interventions in
schools. While the teachers in the sample were secondary trained, they spoke about how it was
essential for STEM education interventions to occur prior to senior secondary schooling:

It would have been great to see some more industry contact in the lower years
because by the time [students] get to the end of Year 10 most of them were going
off, they weren’t continuing with the science. It was like ... because the
community was very strongly headed in the vocational training direction and
most of the kids had kind of been subconsciously channelled that way before
they even got to Year 11. So ... not many of them would stay on and do those
science, engineering, maths type subjects; they were very small classes and in
the younger years [it would be great] if they could see their local industry
workers leading the way, they might see the kinds of jobs that might be out there.

The final challenge discussed by teachers and professionals was the need to establish clear
motives and goals for industry-school partnerships, especially when professional learning was
involved. One teacher conveyed cynicism about the motives of industry-sponsored
professional learning or partnership invitations:
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| was part of [another university] for a while and they have a big industry
program in Geology. I think, it can work very well, [but] I was probably a little
bit cynical about the motives; it was a petroleum thing and there was a lot of
money being pushed into how to dispose of carbon dioxide.

In addition to understanding each other’s motives to engage in the partnership, teachers stressed
the importance of developing mutually beneficial goals for the partnership, saying: ‘there [can
be] a very strong industry push towards what they wanted researchers to do, but with teaching
it’s probably not going to happen because you’ve got a set curriculum.” The teachers
emphasised the importance of flexibility to align authentic research and field work experiences
with the set curriculum to ensure that the partnership benefitted everyone involved.

Discussion

The qualitative data revealed a number of ways for teachers and STEM industry professionals
to improve STEM learning in schools. The conversations emphasised authentic and active
learning as a priority, with teachers highlighting opportunities for industry professionals to
provide specialist content knowledge that was relevant to local issues. Furthermore, the
teachers identified industry professionals as support providers when engaging with specialist
equipment or technology that was beyond the expertise of the teacher. The emphasis placed on
authentic inquiry-based learning by the industry professionals as the type of learning that was
most engaging for them is consistent with current students’ perceptions of engaging science
education (Tytler, 2007; Tytler, et al., 2008). Similarly, the industry professionals raised the
importance of making connections to local knowledge and activities as this makes learning
relevant for students, showing them the interconnectedness of STEM in the context of everyday
life (Akerson, et al., 2018; Bybee, 2014; Means, et al., 2017; Parker, et al., 2016).

While the benefits of authentic, inquiry-based learning linked to students’ everyday
experiences include more positive STEM dispositions and sustained interest in STEM learning
and careers (Christenson, et al., 2015), teachers explained some of the barriers to engaging in
STEM. The early career teachers noted demands on time and resourcing issues as core iSsues,
similar to the literature (Buchanan, et al., 2013; Fetherston & Lummis, 2012; Le Cornu, 2013).
These issues are heightened in STEM, as the dynamic nature of STEM advancements requires
teachers to continually be revising their content knowledge and practices (Prinsley & Johnston,
2015). However, industry professionals could support teachers to provide a ‘framework for
action’ that is responsive to student and community needs (Lowrie, etal., 2017, p. 22). Industry
professionals spoke about supporting teachers through demonstrations of work, and teachers
conveyed similar wishes when discussing how industry professionals could offer specialist
support in content knowledge and STEM practices when teachers did not feel confident in the
area. Through this conversation, the industry professionals and teachers began to explain a
potential for partnership that has mutual benefit, whereby industry professionals could provide
a layer of support beyond their immediate school context resulting in reciprocal mentoring
benefits (Tytler, et al., 2015).

The second piece of advice from STEM professionals related to motivating students to engage
in STEM. From their own learning experiences, motivation was also linked back to authentic,
real-world issues with a particular emphasis on problem solving. For some of the professionals
there was also motivation in getting the answer right, broadening their understanding of STEM
concepts. For teachers, this discussion extended ideas about having industry professionals
engage with students. Similar to Rennie and Howitt (2009), both industry professionals and
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teachers were inspired and motivated by the thought of having industry engage directly with
school students. There was discussion about how motivation can be enhanced through exposing
students to diverse STEM careers and specialisations, so that students would come to
understand STEM professionals as real people working in interesting and rewarding careers
(Rennie & Howitt, 2009).

The initial discussions about improving STEM education began to touch on a number of
implications for how STEM industry-school partnerships could be enacted in schools. The two
primary themes were needing to enter a partnership with time to plan experiences towards
shared goals, and to intervene early in students’ school-life so that they can be afforded a range
of STEM experiences. In terms of partnering, it was evident that there needed to be effective
integration of STEM professionals’ content knowledge and experience with teachers’
curriculum and assessment requirements, a view shared by Hackling et al. (2014). In achieving
this, time is needed to plan shared learning experiences that are flexible to the needs of both
parties (Rennie & Howitt, 2009; Tytler, et al., 2015) and acknowledge the crowded curriculum
demands of contemporary schools (Lloyd, 2013).

The second theme was about when and how to intervene in STEM education. Both teachers
and industry professionals noted that education often leaves it too late to show students a range
of careers in STEM, and this negatively effects senior school enrolment of students in STEM
subjects (Education Council, 2018). Industry professionals explained how students will not
know what they want to pursue or are interested in if they don’t know the range of specialist
fields that exist and they’ve never experienced them. Consequently, industry and schools can
partner to give students experience in a range of STEM activities that begin to illuminate
potential pathways in STEM and this could be done both within and beyond school activities.
The industry professionals who participated in the research highlighted opportunities for
students to engage with industry through cadetship programs, raising the importance of
alternative pathways into STEM careers beyond university study and in addition to school-
based experiences. Similar to the evaluation on the Scientists and Mathematicians in Schools
project (Tytler, et al., 2015), the industry professionals and teachers in this study discussed
partnerships as longitudinal relationships that would allow for diverse experiences to be offered
over time. This type of partnership promotes the exploration of multiple sub-disciplines within
each STEM subject as well as the interconnections between subjects (Timms, et al., 2018).
Facilitating further conversations and research between school teachers, industry and the
university academics that are tasked to prepare teachers to further uncover ways and means to
engage STEM education with authentic STEM practices will be an indispensable aid to the
field. In particular, bringing in the knowledge of in-service teachers and their expertise and
experience and a wider sample of potential partner industries would be invaluable in this
endeavour.

Conclusion

This small-scale exploratory study brought together STEM industry professionals and early
career teachers to discuss STEM education and how industry-school partnerships could
promote engagement in STEM. While industry-school partnerships have proved successful in
the past (Rennie & Howitt, 2009; Tytler, et al., 2015), it is essential that the conversation
between industry and education practitioners remains open. The participants in this study all
advocated for sustainable, longitudinal relationships between industry and schools. STEM
industry professionals were viewed as a reliable source of specialist content knowledge and
skills that could support authentic STEM learning. Importantly, having STEM professionals
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engage directly with students was emphasised as being beneficial to both teachers’ professional
learning and in motivating students’ engagement with authentic learning experiences. An
interesting finding from the industry professionals was the diversity of experiences they could
offer students, including cadetship pathways that would support students’ direct engagement
with STEM industries in addition to school-based learning experiences. However, it is
important that industry-school partnerships are carefully managed so that they capitalise on
each parties’ strengths, and are flexible to each parties’ needs. With open communication
between education and industry there is potential to introduce diverse, authentic STEM
learning experiences for students that raise STEM engagement and promote sustained
engagement with future-focussed industries.
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