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Abstract

Over the past two decades, there has been an increased focus on designing STEM
learning experiences for primary and second-level students. We posit that for teach-
ers to design rich learning experiences for their students, they must first have the
opportunity to develop their own STEM knowledge and competences, either dur-
ing their pre-service teacher education or as part of their professional learning as
in-service teachers. This systematic review of literature examines programmes
which offer either pre-service or in-service teachers immersive learning experiences
through placements in STEM roles in business or industry. A total of nine papers
were identified in this review, featuring three unique programmes—one in the UK
for pre-service teachers, and two in the USA involving in-service teachers. The find-
ings indicate a variation in motivation and structures across the three programmes.
The influence on teachers’ personal and professional development, and their inten-
tions to change their classroom practices or behaviours to incorporate more ‘real-
world’ contexts into their STEM learning activities, inspired by their experiences
in industry, is discussed. This study presents recommendations for the design and
implementation of immersive learning placements in industry to support STEM
teacher professional learning, as well as suggestions for further studies to examine
the influence on their classroom practice.
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Introduction

As we prepare learners to live and work in a complex and connected society, it is
becoming increasingly apparent that education should not be confined to single
subject disciplines, and happen only within the school walls, but rather reflect the
entangled and dispersed nature of "real-world’ challenges. STEM (Science, Technol-
ogy, Engineering, Mathematics) education and STEM literacy have been increas-
ing in prominence in scholarly research since the beginning of this century, as dis-
cussed by Li et al. (2020) in a review of trends in STEM education research between
the years of 2000 and 2018. Likewise, STEM education has been widely adopted
in educational policy worldwide (Anderson, 2020), although as noted by Freeman
et al. (2014) the ‘discipline grouping, and the term itself, are not used uniformly in
international educational policy or practice’ (p. 3).

Towards Integrated STEM Education

The purpose of STEM education in schools has been challenged by various schol-
ars. Weinstein et al. (2016) argue that the STEM discourse can ‘reinforce and legiti-
mize a neoliberal hegemony of global competition and capitalist expansionism’ (p.
201). Hallstrom and Schonborn (2019) posit that ‘authenticity must be viewed as a
cornerstone of STEM literacy’ (p. 1), while Pitt (2009) and Williams (2011) cau-
tion that authentic STEM education should push against the so-called STEM crisis
discourse and shift the focus away from the economic notion of STEM in service of
international competitiveness towards one of an interdisciplinary way of learning.
Andrée and Hansson (2020) also discuss the problematic ‘STEM crisis’ discourse
and suggest that it is fuelled by frequently used terms like ‘leaky talent pipeline’,
and the narrative of STEM progress with respect to competition between nations for
economic advantage. Moving beyond solely focusing on the economic imperative,
European Schoolnet (Nistor et al., 2018, p.14) suggests that the aims of promoting
STEM initiatives are to:

popularise sciences (increase STEM literacy),

increase STEM uptake by promoting STEM careers,

engage the gifted and talented with challenging STEM initiatives,
reduce the gender gap in STEM.

Consensus on the definition of the term ‘STEM education’ has still not been
reached within academic spheres (Bybee, 2013; McLoughlin et al., 2020). Indeed,
many issues remain unresolved—for example, implementation of a coherent
approach to STEM education continues to be vague (Granshaw, 2016). Moore and
Smith (2014) also emphasise the importance of authentic contexts in their definition
of STEM education, highlighting the need for ‘an effort to combine some or all of
the four disciplines of science, technology, engineering and mathematics into one
class, unit or lesson that is based on connections between the subjects and real-world
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problems’ (p. 5). Martin-Paez et al. (2019) states that ‘using real-world examples
improves STEM learning’ (p. 813) and suggests that an authentic context is crucial
when designing and implementing a STEM-focused educational intervention. How-
ever, research continues to point to the failure of educational systems in supporting
students to understand how to solve real-world problems using knowledge gained
through STEM disciplines (Bybee, 2013; Ritz & Fan, 2015). Such observations may
be attributed to the lack of a clear understanding of what is understood by STEM
education in practice.

In broad-ranging reviews spanning the burgeoning field of STEM educa-
tional research, Li and colleagues caution that while STEM education offers
new opportunities for teaching and learning, there is no widespread consensus
on the limits of what this compound discipline should encompass (Li & Xiao,
2022; Li et al., 2020, 2022). Several authors have carried out reviews of the
various definitions and understandings of STEM education and have found that
they span a range of levels of integration across and between the individual sub-
ject disciplines, from educational approaches which combine any number of the
four disciplines, to those which integrate all four disciplines in an authentic,
real-world context (Bybee, 2013; Martin-Paez et al., 2019; McLoughlin et al.,
2020; Thomas & Watters, 2015). A central theme in integrated STEM education
research (e.g. Martin-Péez et al., 2019; McLoughlin et al., 2020) is the value of
using real-world contexts as a basis for designing ‘authentic’ STEM learning
opportunities in the classroom. However, connecting ideas across disciplines is
challenging when students have little or no understanding of the relevant ideas
in the individual disciplines. A systematic literature review by McLoughlin et al.
(2020) identified seven characteristics of integrated STEM education: (1) Key
STEM Competences'; (2) Problem Solving Design and Approaches; (3) Disci-
plinary and Interdisciplinary Knowledge; (4) Engineering Design and Practices;
(5) Appropriate Use and Application of Technology; (6) Real World Contexts;
and (7) Appropriate Pedagogical Practices. Designing integrated learning expe-
riences providing intentional and explicit support for students is important to
build knowledge and competences both within and across disciplines. The use of
appropriate resources (including use of digital tools and resources), innovative
pedagogies and curriculum innovation, are particularly important in facilitat-
ing an integrated approach to STEM education. Teachers can be supported with
resources and introduced to innovative pedagogies through appropriate profes-
sional learning opportunities (Butler et al., 2020).

In their systematic review of the literature relating to teachers’ perceptions of
STEM integration and education, Margot and Kettler (2019) state that ‘the peda-
gogical strategies associated with STEM must be explicitly taught to teachers and
modelled in order to improve fidelity of programming’ (p. 14). Butler et al. (2020)
highlight the need for teachers to be engaged in professional learning experiences and
collaborative opportunities across disciplines to enable them to identify crosscutting

! The terms ‘competences’ and ‘competencies’ are both common in recent educational literature; for
consistency and coherence, we select the term ‘competences’ in this manuscript, to align with recent
publications from the European Commission.
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knowledge and/or skills, and become familiar with the current practices of an inter-
disciplinary STEM curriculum. Ryu et al. (2019) also highlight the importance of
role models for teachers themselves, many of whom may not have been introduced
to integrated STEM learning within their own school experiences. To support teach-
ers in designing integrated STEM learning opportunities, teacher educators need
to model appropriate pedagogical practices that integrate STEM disciplines in the
programmes they design and facilitate for teacher education. In addition, providing
teachers with opportunities to participate and engage in professional learning com-
munities with experienced STEM teachers is beneficial. However, as there are lim-
ited examples of appropriate tools and strategies that can be used by teachers in the
STEM classroom, this highlights the need to support teachers’ in developing their
own pedagogical and assessment practices for designing integrated STEM learning
(Butler et al., 2020).

Teacher Professional Learning

Teacher professional placements during initial teacher education are often limited to
school-based placements in which pre-service teachers observe practising teachers and
begin to develop their own classroom practice (Allen & Wright, 2014; Darling-Ham-
mond, 2006). Some teacher education programmes offer ‘alternative’ practicum place-
ments for teachers, which introduce teachers to workplaces other than the classroom
(Larsen & Searle, 2017; Purdy & Gibson, 2008), to ameliorate the case that it is entirely
possible for a young person to move from the role of school student to university stu-
dent, and then back into a school as a teacher, without experiencing any other working
environments. A crucial role for teachers is to support their students as they consider
the range of future learning and career pathways they may choose to explore. However,
STEM subjects, as studied in the school or even university classroom, very rarely mirror
the everyday practices in the range of roles related to STEM. Kyndt et al. (2021) propose
a rethinking of the traditional boundaries between education and employment, stating:
‘Future-oriented education needs to invest in the connectivity between learning and work-
ing in order to realise its full potential’ (p.i).

A significant body of research exists in relation to teacher professional learning
(e.g. Darling-Hammond et al., 2017; Guskey, 2002) and development of teach-
ers’ pedagogical content knowledge (Shulman, 1986; Uzzo et al., 2018). How-
ever, there is limited focus on professional learning opportunities for teachers
in industry or other non-school based placements (Perry & Ball, 1998; Zaid &
Champy-Remoussenard, 2015). According to White et al. (2018), school-indus-
try engagements offer increased authentic learning opportunities, and can enable
school-to-work transitions. Margot and Kettler (2019) emphasise the demand for
extended professional learning opportunities to develop teacher confidence and
competence with STEM education, stating that ‘the most often mentioned support
that would increase the effectiveness of STEM education was learning opportuni-
ties for teachers to increase their ability to effectively integrate STEM content into
their curriculum’ (p. 14).
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According to ‘situated learning theory’ (Lave & Wenger, 1991), learning hap-
pens through legitimate participation in real-world activity, rather than out of con-
text. Collaboration is key and learning progresses through social interactions with
experienced peers, and apprenticeships as a member of a community of professional
practice. Teachers may better prepare students for the future by enriching their own
education through participation in situated learning opportunities, and developing
relevant skills within the workplace context. Holvoet and Wante (2021) discuss situ-
ated learning for teachers through practical experience in workplaces relevant to the
subjects that they teach, and state that to ‘be able to create authentic learning environ-
ments in education, teachers need to obtain relevant and up-to-date experiences in the
workplace’ (p. 51). They present a study of five higher education teachers who under-
took a month-long placement (called an externship) in an industry setting related to
their teaching discipline—these included healthcare, business, education, psychology
and engineering (Holvoet & Wante, 2021). The research design probed the hopes and
aspirations of the participating teachers in advance of the externship. The teachers
indicated that they hoped to expand their content knowledge about industry practices,
as well as their pedagogical content knowledge. The findings from a post-placement
follow up indicate that as a result of participating in these externships, these goals
were met in most cases, and several participating teachers also reported positive
personal outcomes such as an increased passion for teaching or increased self-confi-
dence. However, the authors (Holvoet & Wante, 2021) caution that there are limited
research findings that corroborate the relationship between the design of a workplace
immersion experience for teachers and associated teacher learning. A potentially use-
ful tool for teachers in translating their industry experiences into authentic real-world
classroom learning experiences is the concept of ‘Industrial Content Knowledge’
(Finlayson et al., 2020), that supports teachers in using real-world industrial contexts
in their inquiry-based science lessons.

Teacher Placements in STEM Roles in Industry

The means to support teachers, and hence learners, to make connections between
STEM disciplines in the classroom could be facilitated by enabling teachers to per-
sonally experience STEM roles in the workplace. Such opportunities could support
teachers in designing STEM teaching and learning activities that are aligned with
school/subject curricula and promote STEM learning experiences rooted in real-
world contexts. Several innovative programmes are emerging worldwide, which
offer teachers immersive experiences in STEM industry or research settings, ena-
bling them to gain first-hand experience of ‘real-world’, or authentic STEM con-
texts that they could then translate into appropriate learning experiences for their
students. Two of the authors of this review (Butler & McLoughlin) lead such a pro-
gramme in Ireland that aims to provide immersive STEM learning experiences for
pre-service primary and secondary teachers through a 12-week paid internship in a
STEM role in industry (Hurley et al., 2021). The ambition to inform the design of
this programme in line with international examples, and to capture the impact of the
programme through rigorous research and evaluation, has provided the impetus for
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this review. The authors posit that internships in industry can offer teachers unparal-
leled access to authentic, real-world STEM contexts, that can deepen and/or extend
their content knowledge and awareness of STEM subjects, careers, and diverse
STEM role models. The authors believe that these internship experiences provide
invaluable support for pre-service and early-career teachers in designing integrated
STEM learning experiences for their students in the classroom.

Given the perceived importance of ‘real-world’ contexts in integrated STEM
education (McLoughlin et al., 2020), and the need for teacher professional learning
opportunities for STEM education (Margot & Kettler, 2019), the aim of this system-
atic review is to examine existing literature to determine the prevalence, objectives,
and outcomes of programmes in which pre-service or in-service teachers spend an
extended period on a STEM-related industry placement. The term ‘industry’ is used
to refer to organisations that are distinct from higher education, and in general are
for-profit entities. This review concerns teachers developing their understanding of
STEM roles, either within traditional STEM industries such as technology, engi-
neering or pharmaceutical sectors or industries which have STEM-related roles (e.g.
within consulting firms).

This study aims to examine the opportunities that exist internationally for teach-
ers to complete a placement programme in industry, the experiences of these partici-
pating teachers and the influences on their classroom practices. Based on these aims,
the research questions of this systematic review are:

1. What are the purposes and objectives of STEM-related teacher placement pro-
grammes in industry?

2. Does the experience of undertaking placements in STEM-related workplaces
influence teachers’ behaviours and intentions towards STEM education?

Methods

This systematic literature review attempts to answer the research questions outlined
above, following the steps used by Goos et al. (2020) for a systematic review on a
related topic. A web-based tool named Covidence (www.covidence.org), which sup-
ports systematic literature reviewing, was utilised. Covidence allows researchers to
import and screen citations, titles and abstracts as well as full-text articles, and to
extract data using customisable forms. Covidence tracks decisions made by multiple
reviewers and has a function to track conflicts until the review team resolves them
and allows the review team to export results in various formats.

Data Sources and Searching

The protocol for specifying inclusion/exclusion criteria and eligibility and the search
strategy was defined by the researchers in collaboration with the Dublin City Uni-
versity Institute of Education specialist subject librarian. The following electronic
databases covering the areas of education and social science were searched: EBSCO
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Education Research Complete, Scopus, ERIC International (which covers ERIC and
the Australian Education Index), Taylor and Francis, Wiley and Web of Science. All
searches were initially carried out in April-May 2022 and updated in September
2022. All searches were limited to those articles published after 1st January 1998,
as the term ‘STEM’ entered the educational lexicon after this date. Articles were
searched by title, abstract and keywords, and limited to English language publica-
tions. The search terms were refined initially in EBSCO Education Research Com-
plete using the thesaurus function, and keyword searching was used in all databases,
except for Taylor & Francis, in which the term ‘world of work’ was removed as it
resulted in too many unrelated hits. The searches in the Wiley and the Taylor and
Francis databases were limited to journals classified as ‘education’. The results of the
initial search are presented in Table 1.

A search was also conducted using Google Scholar for the same period.
While Google Scholar does not have the same advanced search capabili-
ties as the other databases, the search string ‘teacher’ ‘STEM’ industry OR
or OR externship OR or OR internship was used (i.e. with all of the words
‘teacher’ and ‘STEM’, and with at least one of the words ‘industry’ or ‘extern-
ship’ or ‘internship’). Following the suggestion of Haddaway et al. (2015), the
first~200 titles in the Google Scholar results were screened to identify any
potential omissions. Nine potentially relevant publications were located which
had not shown up in the other database searches, and these were selected and
imported into Covidence for title and abstract screening.

A hand search was also conducted following the full text-screening phase, examin-
ing the literature cited in the publications that were retrieved. The researchers also
engaged in private communication with an author whose publication was identified
as relevant during the full-text screening stage, to discuss whether there were any
identifiable gaps in the search. These additional methods resulted in the discovery of
six further publications.

Study Selection

This review focussed on pre-service or in-service teachers of STEM subjects at
either primary or secondary level (students aged 5—18 years approximately). Stud-
ies only referring to pre-school (i.e. 0-5 years), higher or vocational education
were excluded. Studies that reported on teacher placements in business or industry
of less than 20 hours were excluded, as this was deemed to be the minimal dura-
tion for effective teacher professional development (Guskey & Yoon, 2009; Yoon
et al., 2007). Studies that did not involve in industry placement were excluded.
Following the removal of duplicates, the initial screening process involved review-
ing the title and abstract of the remaining 423 articles against these eligibility cri-
teria. Following this initial screening, 33 articles were retained for full-text review.
Articles were retained for full-text review if it was not clear from the title and
abstract whether any exclusion criterion had been met.
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After full text review of the retained articles, an additional twenty-four arti-
cles were deemed to be excluded (exclusion criteria indicated in Fig. 1), leav-
ing nine in the final sample, of which six are conference proceedings and three
are journal articles, as shown in Fig. 1. Studies that referred to placements in
research or academia only were excluded, but studies in which placements were
hosted in either industry or research/academia were retained. Articles were also
excluded if they were not peer reviewed, or had no specific mention of STEM
disciplines.

Evaluation and Data Extraction

A quality assessment rubric was used to evaluate the suitability of the included
literature, adapted from Margot and Kettler (2019). The nine studies met or
exceeded standards in all five criterion categories: objectives and purposes,
participants, methods, results and conclusions and significance.

From the nine selected articles, the following information was extracted: (a)
country, (b) programme name and location, (c) placement duration, (d) participant
information, e.g. primary/secondary teacher or grades taught, subjects taught, pre-
service/in-service, (e) programme eligibility criteria, e.g. minimum number of years
teaching experience, (f) programme funding sources, (g) study design and method-
ology, (h) number of participants and (i) key findings. These findings are summa-
rised in Table 2.

Data Analysis

The literature was analysed following the thematic analysis approach of Braun
and Clarke (2006), to identify repeated patterns of meaning. An inductive or
bottom-up approach was primarily adopted, reading the literature and assign-
ing codes to segments of the texts rather than imposing codes based on exist-
ing theoretical or conceptual frameworks. However, we did search for specific
instances of ‘core STEM competences’ (McLoughlin et al., 2020) and coded for
these: collaboration, problem-solving, innovation and creativity, critical think-
ing, disciplinary skills and competences, self-regulation, communication and
metacognitive skills.

Limitations

The aim of this paper was to explore findings from literature on the opportuni-
ties and impact of industry-based professional learning for primary and second-
level teachers of STEM subjects. Hence, the focus of the study was limited spe-
cifically to teacher professional learning interventions within industry settings.
Within this relatively small subfield, our search was refined further to examine
only those interventions within STEM industries. Furthermore, studies that exam-
ined placements of less than 20 hours, or placements involving higher-education
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or vocational teachers, were also excluded. The use of this stringent search cri-
teria means that the relatively small amount of literature uncovered amounts to
evidence from only three unique programmes in total. Due to the small sample
size, generalisations cannot be inferred about the merit of this approach to teacher
education or professional learning. However, it also indicates the dearth of peer-
reviewed research relating to this approach, and this study may serve as a starting
point for further development and research in this area.

Findings

Table 2 presents an overview of the key findings of these nine articles, which are
related to three distinct programmes. One of the retained articles reported on a
5-day placement experience for pre-service teachers in Northern Ireland, UK (Gib-
son, 2013). Two articles refer to the Georgia Intern Fellowships for Teachers (GIFT)
program. GIFT, offered to in-service teachers, has a 7-8-week duration. Six articles
from 2013 to 2020 refer to the evolution of the programme Teachers in Industry:
K-12 Teacher Internships in North Dakota, which had a duration of 4 weeks. This
was initially only available to in-service teachers, but later was extended to include
other school educators such as librarians or guidance counsellors, at which point
the programme was rebranded ‘Educators in Industry: K-12 Externships’. It is not
clear from the literature what prompted the change from the term ‘internships’ to
‘externships’ or what the authors consider the difference between the two.

An initial set of codes was developed from reviewing the nine selected articles.
These were refined into three themes, discussed in the following sections:

e Programme design—motivation and implementation
e Teacher personal and professional learning
e Teacher behaviours and intentions.

Programme Design

This theme relates to the motivation to design an industry placement programme for STEM
teachers, as well as the programme design and operation. Generally, this theme relates to
decisions made by programme directors in universities and teacher-education institutions.

Programme Design—Motivation

The three distinct programmes described in the included literature—one in the
UK and two in the USA—are all led by programme directors from universities
or teacher education institutions. The programmes claim to respond to national
STEM education policies or standards, which are based on economic demands
for more scientifically literate citizens, and the need for more people to com-
plete STEM qualifications and a more qualified STEM workforce. All three
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programmes are based on the premise that offering teachers the opportunity to
experience STEM industries first-hand will lead to improved STEM teaching and
learning in the classroom, and hence increased student attainment and interest in
STEM subjects.

In the UK programme (Gibson, 2013), the industry placement described
is part of an initial teacher education course for secondary-school teachers of
design and technology, while the remainder of the articles reviewed refer to
two programmes in the USA which are aimed at in-service teachers and educa-
tors. Interestingly, the programme discussed by Bowen and Shume (2018, 2020)
caters for STEM teachers as well as non-classroom educators, such as librarians,
career guidance counsellors and administrators. ‘Educators in Industry’ (Bowen
& Shume, 2018, 2020) has been in existence in North Dakota since 2011 and is
reported as being ‘a collaborative effort of different entities including university
faculty, local economic development corporations, education cooperatives, and
businesses’ (p. 6). The other US initiative included in this review is the GIFT
programme (Barrett & Usselman, 2005, 2006). These authors mention having
an Advisory Board composed of industry leaders; however, there is no specific
information in these articles about the initial development of the programme, or
whether it was devised in collaboration or consultation with industry partners,
or in response to the needs of industry.

With regards to the motivation for the design of these programmes, several of
the articles refer to teachers’ lack of experience in relation to STEM and suggest
that industry immersion experiences address this gap. Within the small sample
of student teachers studied by Gibson (2013), ‘all the students concerned started
their teacher education degree straight from school and therefore are without
industrial experience.” (p. 289). Bowen and Shume (2018) recognise the chal-
lenge for teachers to create authentic learning environments in the classroom
without having any knowledge of how different processes and technologies are
used in industry to solve problems. A key focus of the ‘Educators in Industry’
programme (Bowen & Shume, 2018, 2020) is to support teachers in develop-
ing their understanding of the engineering design process as a problem-solving
technique that they can use in the classroom. The programme administrators
collaborate with the host organisations during the placement planning stage to
ensure that teachers experience as many different steps of the engineering design
process as possible. Teachers observe projects in different stages of develop-
ment, which supports their understanding of the work environment, the associ-
ated career opportunities, and the skills required for such roles.

A further theme identified as a motivation for offering industry experiences to
teachers is towards preparing the next generation of learners for STEM careers.
Bowen and Shume (2020) highlight the needs of STEM industries in terms of future
employees, and the need for these workers to possess ‘workforce readiness’ skills,
including ‘problem-solving, teamwork, adaptability, innovation, leadership, time
management and design-thinking’ (p. 75). Bowen and Shume (2020) also suggest
that ‘twenty-first century skills’—collaboration, creativity, critical thinking and
communication—are important for highly effective employees. These authors claim
that immersion programmes in industry ‘provide valuable professional learning
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experiences that show teachers first-hand the skills needed to solve current techno-
logical challenges, and impact teachers’ perceptions of the need to integrate work-
force readiness skills into classroom activities’ (p. 75). The authors propose that this
positions their programme as serving national economic goals in terms of the STEM
workforce and competitiveness.

Barrett and Usselman (2006) also state that a motivation for the GIFT pro-
gramme was for corporate partners to gain a better understanding of education.
Within the small case study presented by Gibson (2013), there are references to
a number of challenges that arose due to the lack of three-way communication
between universities, industry and education. This theme also emerges within
the GIFT and Educators in Indust