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Abstract: Understanding teachers’ conceptions surrounding integrated STEM education is vital to
the successful implementation of integrated STEM curricula in K-12 classrooms. Of particular interest
is understanding how teachers conceptualize the role of the STEM disciplines within their integrated
STEM teaching. Further, despite knowing that content-agnostic characteristics of integrated STEM
education are important, little is known about how teachers conceptualize the real-world problems,
21st century skills, and the promotion of STEM careers in their integrated STEM instruction. This
study used an exploratory case study design to investigate conceptions of 19 K-12 science teachers
after participating in an integrated STEM-focused professional development and implementing
integrated STEM lessons into their classrooms. Our findings show that all teacher participants
viewed STEM education from an integrative perspective that fosters the development of 21st century
skills, using real-world problems to motivate students. Our findings also reveal that teachers have
varying ideas related to the STEM disciplines within integrated STEM instruction, which could assist
teacher educators in preparing high-quality professional development experiences. Findings related
to real-world problems, 21st century skills, and STEM careers provide a window into how to best
support teachers to include these characteristics into their teaching more explicitly.

Keywords: STEM education; professional development; qualitative; case study; teacher conceptions

1. Introduction

Over the past few decades, K-12 education has seen an increased focus on teaching
science, technology, engineering, and mathematics (STEM) to prepare students to meet
the needs of today’s society. In some countries, this focus has been targeted towards an
integrated approach to teaching the STEM disciplines, often referred to as integrated STEM
education. In the United States, A Framework for K-12 Science Education [1] and the Next
Generation Science Standards [2] explicitly call for the inclusion of engineering, along with
mathematical and computational thinking as part of science and engineering practices, into
K-12 science education. This inclusion of engineering and an awareness of the intimate
relationship among STEM disciplines signifies a shift towards more application-oriented
settings of science that provide relevant contexts inspired by real-world problems and an
emphasis on developing 21st century skills [1], a set of skills that help individuals meet the
needs of our increasingly technological society. This type of integrated STEM learning has
the potential to increase students’ interest and motivation in learning STEM concepts and
practices, better positioning them to consider a future STEM career [3,4].

Unfortunately, research that attends to these concerns related to student outcomes
may not be fruitful until the education community better understands the nature of STEM
integration within K-12 classrooms. Adding to this complexity, there is a distinct lack of
consensus surrounding how STEM is conceptualized among stakeholders [5–9], making it
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challenging for teachers to know what to do in their classrooms and for teacher educators
to know how to support teachers’ professional learning [10–12]. Although certain charac-
teristics of STEM education are shared within the broader community, such as the need
to include authentic real-world problems, help students develop 21st century skills, and
promote STEM careers [1,13–15], others are less well-defined. For instance, although most
of the literature agrees that at minimum, two disciplines should be present, determining the
exact nature of integration has been a challenge, as there are “difference[s] in how scholars
conceptualize the role of each discipline” [14] (p. 4). In short, there is still debate over how
many disciplines are required in order to label instruction as “integrated STEM”, and the
presence, priority, and role of each discipline varies depending on who you ask [11,14].
Similarly, despite agreement about the need to include content-agnostic aspects such as
real-world problems, 21st century skills, and STEM careers [9,10,13], there is a lack of re-
search that explores how teachers conceptualize these components within their instruction.
Although some, such as Bybee [7] and Breiner and colleagues [6] caution against having
one definition for STEM education, there is a need to refine what it looks like in K-12
classrooms to help teacher educators better design professional learning opportunities to
support those interested in implementing integrated STEM education.

Issues concerning the variety of conceptions surrounding the nature of STEM inte-
gration highlight the complexity of teachers’ own conceptions of STEM and their imple-
mentation of such teaching practice. Because teachers’ conceptions play a role in their
teaching practice [16,17], there is much to learn about teachers’ conceptions of integrated
STEM to make sense of the instructional decisions they make in the classroom and to better
support their work. As such, the purpose of this study is to examine teachers’ concep-
tions related to specific components. As noted above, the literature agrees that multiple
disciplines are required, but determining how teachers conceptualize the role of each
discipline and the connections between them has yet to be explored in depth. Similarly, the
literature agrees that real-world problems, 21st century skills, and promoting STEM careers
are important for student learning in integrated STEM education, but it is unclear how
these content-agnostic characteristics are conceptualized by teachers; prior research only
points to teachers’ acknowledgement that they are important to include [10]. Given the
uncertainty surrounding conceptions of STEM integration related to these areas, this study
sought to address the following research questions: (1) How do teachers conceptualize the role
of science, technology, engineering, and mathematics within integrated STEM education? and (2)
In what ways do teachers conceptualize real-world problems, 21st century skills, and promotion of
STEM career awareness within integrated STEM instruction?

1.1. Literature Review
1.1.1. Teacher Conceptions of STEM Education

The lack of a clear definition of STEM education is unsurprisingly reflected in the abun-
dance of K-12 teachers’ conceptions of STEM education [9,11,12,18]. Although variations
exist, we [5] found that science teachers preferred models that address the interconnection
of STEM disciplines, are science-centric, and allow students to make connections between
what they do in school and what happens in the “real-world”. One common theme in K-12
spaces is that the term “STEM education” equates to “integrated STEM education” [5,18].
It is also clear that K-12 teachers recognize STEM education as more than teaching multi-
ple disciplines simultaneously, even if pre- and in-service teachers struggle to articulate
how many disciplines are needed [11] or neglect to describe how it should be enacted in
the classroom [12]. These problems reflect those found across different definitions and
conceptual frameworks for STEM [14].

Currently, professional development opportunities related to integrated STEM ed-
ucation are limited and include wide variations in how integrated STEM instruction is
promoted [19]. However, the literature has noted the importance of professional develop-
ment in helping teachers develop and refine their own conceptions of STEM education
and transform their practice towards a more integrated approach [10,18,20–23]. Du and



Educ. Sci. 2021, 11, 737 3 of 22

colleagues [21] noted the positive effect professional development had on teachers’ per-
ceptions of STEM education, which also made them aware of what support they needed
for implementation. After participating in a year-long professional development experi-
ence, Wang and colleagues [24] found that teachers from different disciplines held various
conceptions of STEM education, which was reflected in their practice. Similarly, we [10]
found that after participating in professional development, teachers’ conceptions of STEM
education translated directly into their written curriculum. This included conceptions re-
lated to the degree of integration, such as connecting the disciplines, balancing science and
engineering, and science- or engineering-focused. Although this work did not explore the
role of each STEM discipline explicitly, these themes elucidate the fact that teachers make
some decisions related to the role of each discipline. This is most prominently reflected in
the finding that teachers often positioned mathematics and technology as tools/supports
in STEM [10,18].

What is important to emphasize within these few studies examining teachers’ con-
ceptions of integrated STEM is that the shift towards some model of integrated STEM
instruction goes beyond content integration. For example, in addition to the themes
mentioned above, we [10] noted two content-agnostic aspects within their conceptions
and written curriculum related to the importance of including 21st century skills and
connections to the real-world. This emphasis on the inclusion of 21st century skills and
connections to the real-world includes opportunities for students to learn about STEM
careers [5,10]. It is these components of STEM education that allow teachers to focus on
preparing their students for future success by arming them with the necessary skills [9].
However, in-depth exploration of these areas within integrated STEM teaching and learn-
ing has not been the focus of much research. Exploration in these areas is needed to better
understand the needs of teachers and students as they engage in integrated STEM teaching
and learning.

1.1.2. Beyond Content in Integrated STEM Education

The literature related to STEM education consistently includes several characteristics
that differentiate integrated STEM from a more traditional teaching approach: real-world
problems, 21st century skills, and STEM careers [1,14,15]. First, the use of real-world
problems reflects the need to increase diversity in STEM fields [25,26]. Engaging students
in developing solutions to real-world problems helps to motivate and contextualize learn-
ing [27], while also allowing students to draw from their knowledge of multiple STEM
disciplines [28]. These problems should connect to students’ lives to enhance engagement
and increase the relevance of learning [29–31]. While the use of real-world problems is in-
cluded in the literature as important, and previous research has noted teachers’ awareness
of this need [5,10], it is yet unknown how teachers approach this aspect in their conceptions
and practice.

Second, one of the main goals of K-12 STEM education is to support learners’ devel-
opment of skills needed to succeed in their pursuit of STEM careers and in their adult
lives [1,32,33]. These skills have been commonly referred to as 21st century skills, which
are sought after by employer [4] and play an essential role in meeting the goals of inte-
grated STEM education [33–36]. With rapid advancements in technology and globalization,
future STEM professionals need to be adept in critical thinking and creativity to solve
problems, be able to work productively in teams, and communicate effectively [33,37,38].
Communication, collaboration, creativity, and critical thinking (the 4-Cs) are deemed as
core 21st century skills for higher education, the job market, and society in general [33]
(Table 1). They are also seen as vital skills needed in innovation and design-focused envi-
ronments [39]. The 4-Cs empower students to search, learn, and apply content knowledge
to solve problems, which are crucial skills for young learners [40]. Despite agreement that
these skills are pivotal for students’ success, it is unclear how these skills fit into teachers’
conceptions of integrated STEM education.
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Table 1. Description of the 4-Cs.

4-Cs Short Description

Critical Thinking

Critical thinking is the ability to look for evidence to support
claims and beliefs [41] and ask and answer critical questions
[42]. It encompasses effective reasoning, systems thinking,

making judgments and decisions, and problem solving [39].

Creativity

Creativity is a multifaceted skill [43] that leads to innovation
and effective problem solving. It comprises generation of

multiple ideas and solutions to problems and making
associations between remote concepts [44].

Collaboration

Collaboration is an essential skill in problem solving and the
construction of knowledge. It is manifested when members

communicate with each other, reflect as a group, make
decisions collectively, build trust, manage conflicts,

maximize collective knowledge, and take turns assuming
leadership roles [45,46].

Communication

Communication comprises information delivery,
interpersonal skills, interactive communication, and even
teamwork, among others [47]. With the emergence of new
technologies, communication becomes coupled with the

increased use of information and communications
technology (ICT) that allows learners to acquire information
more efficiently, communicate faster and more effectively,

and maximize learning, overall [48].

Finally, the inclusion of 21st century skills within integrated STEM education connects
what happens during instruction to the types of practices and skills used by STEM profes-
sionals. This is one way to help introduce students to STEM careers and potentially increase
diversity within STEM fields [1,37,49]. Since teachers play an important role in shaping
students’ perceptions of and introducing students to actual STEM professionals [50,51],
introducing STEM careers can be done by making explicit connections to and promoting
awareness of STEM careers. This can empower students to pursue careers in STEM and
fill the increasing societal need for STEM workers [1], especially in terms of increasing
historically marginalized students’ engagement and interests in STEM [26,52–54]. Inte-
grated STEM education, then, can be a means for historically underrepresented students in
STEM to push back against social injustices. However, little is known about how teachers
conceptualize or accomplish this in their integrated STEM teaching. Some note that this
may be challenging for teachers who have little knowledge of STEM careers [55], and that
they could benefit from professional development that includes STEM professionals as
guest speakers [56].

Because little is known about the specifics of teachers’ conceptions of integrated STEM
education with respect to areas such as real-world problems, 21st century skills, and STEM
career awareness, there is a need to conduct research in this area. It is clear that these
components are valuable to teachers [5,10], but better understanding how they frame these
components in the broader context of their conceptions of integrated STEM education may
help teacher educators better support them in their professional learning. What is clear is
that teaching integrated STEM is more than just teaching multiple disciplines, but research
related to teachers’ conceptions must go beyond counting disciplines to better examine the
nature of disciplinary relationships and exploring critical content-agnostic characteristics
of integrated STEM education.

2. Materials and Methods
2.1. Research Design

This study utilizes an exploratory case study design [57,58] to explore teachers’ con-
ceptions of integrated STEM education, focusing on the role of each STEM discipline and
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how real-world problems, 21st century skills, and STEM careers fit into their conceptions
of STEM education. This choice of design reflects the need to study a phenomenon that is
underexplored [57,58]. As noted above, there are limitations in the research community’s
understanding of the role of STEM disciplines within conceptions of STEM education. To
our knowledge, none of the studies have attended in detail to the specifics of conceptions
of each STEM discipline and other aspects of integrated STEM education that go beyond
an examination of disciplinary content.

2.2. Conceptual Framework

The work presented here was conducted as part of a larger project that required the
development of a new conceptual framework for integrated STEM education. It focuses on
practical characteristics to be included as part of K-12 integrated STEM curricula and prac-
tice [13]. We initially drew from the broad definition provided by Kelley and Knowles [59]
wherein STEM education is “the approach to teaching the STEM content of two or more
STEM domains, bound by STEM practices within an authentic context for the purpose
of connecting these subjects to enhance student learning” (p. 3). We expand upon this
definition to include seven central characteristics that should be incorporated as part of
K-12 integrated STEM curricula and practice: (1) engineering design, (2) real-world prob-
lems, (3) context integration, (4) content integration, (5) authentic STEM practices, (6) 21st
century skills, and (7) STEM career awareness [13]. This particular conceptual framework
is grounded in the notion that integrated STEM education is more than presenting students
with content from multiple disciplines. Rather, it presents such content in a way that
authentically represents the work of STEM professionals. Of particular importance is the
emphasis on engineering design, which is contextualized by a real-world problem and
engages students in the use of authentic STEM practices and 21st century skills. Above all
else, this framework of integrated STEM is geared towards the inclusion of a diverse group
of students and calls for explicit connections to both students’ lives and STEM careers.

2.3. Study Context and Participants

The boundary of this case study is three 1-week professional development (PD) work-
shops focused on integrated STEM education offered to K-12 science teachers [60]; one of
these workshops took place in an urban Southeast region of the United States and the other
two workshops took place at the same site in the Midwest (separated by elementary and
secondary teachers). These workshops provided teachers with a foundational knowledge
of integrated STEM education as defined by our conceptual framework [13], examples of
integrated STEM activities, lessons, and units, and dedicated time to modify or develop
their own curriculum materials for classroom use. All workshops included a series of
activities to elicit and support the development of teachers’ conceptions of integrated
STEM education [60]. On the first day, teachers sketched out their conceptions of STEM
education, which provided a visual tool from which they could work; this visual was
meant to encourage reflection of teachers’ conceptions of STEM, including opportunities
to refine their conceptions. While the full details of these activities can be found in [60],
Table 2 provides a summary.

It is important to note that a prescriptive set of guidelines related to integrated STEM
education was not shared with the teachers to encourage them to develop their own
understanding that would work within their school context. This is especially important
given that “PD programs have the best chance of impact on teacher and student outcomes
when the goals of the PD program are aligned with policies at the school, district, and
state levels, as well as existing teacher beliefs regarding STEM” [22] (p. 204). Rather than
sharing a strict set of guidelines or a step-by-step recipe for implementing integrated STEM
education, we presented integrated STEM education as four categories with a total of
13 elements (see Figure 1). These elements arose out of the conceptual framework [13],
but it should be noted that one category (STEM pedagogies) was viewed as separate from
the conceptual framework as it focused on quality of good teaching practice. Each of
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the sample integrated STEM activities was designed to highlight one or more of these
elements. After teachers completed an activity as a student would, they engaged in
prompted reflective discussions related to the targeted elements. The purpose of these
discussions was to help teachers better understand and internalize these elements for
inclusion in their own curriculum materials they were working on. After participating in
the workshops, teachers were expected to implement their own lessons or lessons shared
in the PD in their classrooms the following school year, during which a member of the
project team observed and video-recorded the lesson(s).

Table 2. Summary of professional development workshop activities related to eliciting teachers’
conceptions of STEM education [60].

Day 1: Eliciting STEM Conceptions
All teachers were asked to draw a model of

STEM education that best represents how they
currently understand STEM education.

Day 1: Sharing STEM Conceptions

Teachers met in small teams to discuss their
models and then met as a large group to

discuss if they would make changes to their
model based on what they saw.

Day 1: The Role of S, T, E, and M

Teachers worked in small teams to consider the
role of science, technology, engineering, and

mathematics, using small sticky notes to
describe the role of each in integrated STEM.
These small sticky notes were then placed on

large poster paper corresponding to each
discipline and grouped by the teachers.

Day 5: Revisiting Eliciting STEM Conceptions

Similar to Day 1, all teachers were asked to
draw a model of STEM education that best
represents their current understanding of

STEM education.
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A total of 106 elementary, middle, and high school teachers participated in the three
workshops. Although interviews were planned with all teachers as part of their participa-
tion in the overall project, the abrupt shift to remote teaching as a result of the COVID-19
pandemic hindered our ability to interview all participants. Instead, teachers were re-
cruited to participate via email requests sent out by the research team. This resulted in
17 secondary science teachers (10 high school and seven middle school) and two general
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elementary teachers agreeing to participate in interviews (Table 3). All participants modi-
fied or designed their own integrated STEM lesson(s) and had implemented at least one
integrated STEM lesson in the 2019–2020 academic year prior to US schools transitioning
to remote teaching.

Table 3. Teacher participants.

Site Grade Band Teacher Names
(Pseudonyms)

Site 1
High School

Antonio (Physics), Christine (Biology),
Jason (Marine biology, Physical science),

Jocelyn (Biology), Liliana (Chemistry)

Middle School Clara, Darma, Edith, Pablo, Rose (all
general science)

Site 2

High School
John (Physics), Elijah (Chemistry), Kyle

(Physical science), Stacey (Environmental
science), Tim (Physical science)

Middle School Alina, Mike (all general science)

Elementary Macy (3rd–5th grade), Marianna (5th
grade) (all general elementary)

2.4. Data Collection and Analysis

Each interview took place via video conferencing, was recorded, and typically lasted
45–60 min. Prior to their interview, participants were asked to draw their current conception
of STEM education and email it to the interviewer ahead of time. The purposes were to
“prime” the teachers for the interview and to provide the interviewer with a point of
reference. The interview protocol was organized to elicit teachers’ conceptions surrounding
integrated STEM education as a whole, the role or purpose of each STEM discipline within
integrated STEM education, how real-world problems fit into in their conceptions, how
21st century skills were included in their conceptions and teaching, and how teachers
conceptualized promoting STEM career awareness in their classrooms. These interviews
were not designed to measure the effect or impact of the PD on teachers, but rather to
explore teachers’ conceptions after having implemented one or more integrated STEM
lessons in their classrooms.

All interviews were transcribed verbatim prior to coding and analysis. The four-
member research team first selected one transcribed interview to create a list of provisional
codes as part of preliminary analysis [61]. Coding focused on teachers’ overall conception of
STEM education, the role of each STEM discipline, the inclusion of real-world problems, the
role of 21st century skills, and the promotion of STEM career awareness. After individually
coding this selected interview and discussing codes as a group, the team refined the
utilized codes and created a codebook. With a second pass through the same interview, all
researchers used the codebook to recode the transcript. After a second discussion in which
consensus was reached on codes and code placements, the codes were refined before coding
additional transcripts. Each researcher coded all transcripts, adding additional codes as
needed. Credibility and confirmability of these codes were established through coming
to consensus through discussion. Once all transcripts had been coded and discussed, we
grouped and organized the codes in a table to facilitate collapsing of the codes where
similar codes overlapped. This visual display of codes allowed us to identify patterns
across the interviews using thematic analysis [62]. This helped us focus on key features
that aligned with our research questions. In looking across these patterns, we identified
themes across our pre-selected categories (i.e., the research questions) that were common
across teachers’ shared conceptions, which are described in the findings below.
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3. Results
3.1. Overall Conception of Integrated STEM Education

We first examined teachers’ overall conceptions of integrated STEM education to assess
if this group of teachers’ conceptions aligned to what previous research has found. In doing
so, we identified five major themes: interconnection between disciplines, student-centered
pedagogy, development of 21st century skills, STEM for all, and relevant and based in the
real-world. These themes are described in Table 4, alongside sample quotes from teacher
participants, and were determined to be consistent with the literature [5,10,14,18]. This
initial analysis helped us to confirm that, in general, teachers’ overall conceptions of STEM
were consistent with previous findings, but our focused work dug deeper into the various
elements of integrated STEM education.

Table 4. Summary of overall conceptions of integrated STEM education.

Theme Brief Description Example Quote

Interconnection between
disciplines

An interconnection between
STEM disciplines wherein the
number of STEM disciplines
are fluid and dynamic. When
multiple disciplines are
present, they should be
connected in some way.

“kind of like a circle where
we’re going to be including all
of this [STEM] all of the time
or portions of this [STEM]
some of the time”. (Clara)

Student-centered pedagogy

Includes hand-on activities
that could resemble
project-based learning, which
engages and excites students
to learn STEM content.

“It’s a way to implement steps
you take, you know...some
science and engineering. And
then you come up with a
project based on that. Or you
take some math and you take
some technology and you
make a project based on that”.
(Mike)

Development of important
skills

Integrated STEM education is
a vehicle by which students
could develop important
skills in preparation for future
success. These skills transcend
different disciplines, including
non-STEM disciplines.

“a good, strong, integrated
STEM unit would be
developing those, those skills,
those life skills, um, for
students, um, whether or not
they go into the STEM field or
not”. (Stacy)

STEM for all

Integrated STEM should
encourage and improve
minoritized students’ access
to integrated STEM, including
those from underrepresented
racial and ethnic groups,
women, and students with
cognitive disabilities.

“You want to make sure that
they are inclusive to all our
learning disabled, our English
language learners, our gifted”.
(Clara)

Relevant and based in the
real-world

Integrated STEM education
should utilize relevant and
real-word problems that
students can relate to. This
should also allow students to
connect between what they do
in school with what STEM
professionals do.

“You need to be more
purposeful when you’re
designing what you’re doing
to make it, that the kids are
actually doing the things that
they do in STEM and being
scientists and engineers”.
(Kyle)
“That is the most important
thing, is that solving problems
that is relevant to real world
issues”. (Elijah)



Educ. Sci. 2021, 11, 737 9 of 22

3.2. Conceptualizing the Role of S, T, E, and M in Integrated STEM Education

We specifically asked teachers about the role of each STEM discipline within their
conception of integrated STEM education, allowing them an opportunity to expand upon
their overall conceptions. The sections below attend to this, summarized in Table 5.
Included in these findings is our interpretation of how teachers positioned each discipline
in relation to the others.

Table 5. Summary of themes describing the role of each STEM discipline.

Discipline Themes

Science
• Epistemological construct
• A central feature in STEM
• Relationship of science to other STEM disciplines

Technology

• Tools to engage in STEM
• Digital tools
• A product of engineering
• Relationship of technology to other STEM disciplines

Engineering
• Design-focused
• Solving problems
• Relationship of engineering to other STEM disciplines

Mathematics
• Tools and practices
• Epistemological construct
• Relationship of mathematics to other STEM disciplines

3.2.1. The Role of Science in Integrated STEM Education

Teacher’s conceptions of science within integrated STME education focused on: (1) sci-
ence as an epistemological construct and (2) science as central.

Epistemological Construct

Teacher participants described science as a body of knowledge to understand the
world, a means to explore natural phenomena, or a discipline devoid of human input. For
instance, Kyle mentioned that in science “we study the natural world, try to figure out how
things work out there, have questions, do experiments to answer”, supporting the idea
that science is a means to explore natural phenomena through asking questions and con-
ducting experiments. Stacy further noted, “...science being kind of the, the knowledge, the
understanding of how the world works”. This role of science as a body of knowledge and
a way to learn about the world reflects positivist notions that science has correct answers.

A Central Feature in STEM

Teachers also described science as central to integrated STEM education and that
without it, integrated STEM education would not exist. Subsequently, several teachers
noted how science standards were the driver for STEM curricula. For instance, Kyle
noted, “The science we learn—engineers can use those concepts into what they’re making,
designing, building, problem solving”. Similarly, Stacy described how her integrated
STEM unit planning begins with science before finding an appropriate engineering design
challenge, centralizing the role of scientific content. Kyle even highlighted the importance
of science beyond simply pursuing a science-related career, stating, “science opens lots
of doors out there in the world”. It is clear that teachers prioritized science in their
understanding of integrated STEM education, which is not surprising given their position
as science teachers.

Relationship of Science to Other STEM Disciplines

Teachers’ positioning of science as their “starting place” when conceptualizing in-
tegrated STEM education reflects previous findings [10,19]. As science teachers, their
perceived responsibility was in assuring that content was learned and standards were
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met. Beyond this, teachers noted the process of scientific discovery to understand the
natural world, and suggests that that knowledge gained could be used by engineers to
solve problems. In this vein, it appears that teachers readily saw connections between
science and engineering, with only one teacher (Darma) commenting on the inseparable
nature of science and mathematics.

3.2.2. The Role of Technology in STEM Education

Teacher participants described technology’s role in STEM education in multiple ways.
While not mutually exclusive, we identified three themes: (1) technology as tools to engage
in STEM, (2) technology as digital tools, and (3) technology as a product of engineering.

Tools to Engage in STEM

Technology was most commonly discussed by teachers as a tool used to “do STEM”
(i.e., tools used by students to complete tasks) or to teach STEM (i.e., tools for pedagogy).
Some teachers considered technology as tools and equipment to facilitate engagement in
STEM practices such as data collection, representation, and analysis, affording students
the ability to engage in STEM learning by engaging in (or “doing”) STEM practices. Stacy
mentioned probeware (e.g., Vernier equipment) as an example of technology used in
monitoring water in one of her STEM activities, noting “technology—I see as the tools,
the things that we use, um, hopefully to make our lives a little bit easier”. Teachers also
described technology as tools for pedagogy, often as a means of communication among
students. For instance, Allina saw technology as tools that “make it easier to share data. It
[technology] makes it easier to analyze data. It [technology] makes it easier to collaborate”.
Further, Liliana emoted the complexity of technology, “a technology is not only for the
presentation of the research. They [students] can also use it to create things, they can
actually try to find ways to solve problems and create things with technology tools that
they have available”. The duality of engaging students either through their direct use of
technology or through the teacher’s pedagogical choices was seen as positive in nature
as it facilitated students’ accomplishment of tasks, which could not be done without
the technology.

Digital Tools

In describing technology, more than half (11 out of 19) of the teachers described
technology only in digital forms. In particular, Clara talked about her use of iPads to present
course material, but also as a tool for students to develop and present their engineering
designs. Likewise, Jocelyn mentioned digital spreadsheets as an example of technology
that students used to organize and analyze data. While acknowledging the benefits of
technology, teachers such as Jocelyn, Clara, Pablo, and Mike pointed out negative effects,
with Mike stating, “I think there’s a big danger in that it could be a distraction. You’ve got
technology for technology’s sake, it’s not really helping anybody, but it sure looks cool”.
This focus on digital technology was sometimes viewed as a negative factor when it came
to student learning. For example, Clara mentioned students being overly reliant on online
tools to search for answers to problems, preventing students from exploring the questions
and solving problems by themselves. She mentioned that “this quick access of getting
answers [via technology] has caused them to be a little lazy”. Some tension about the use
of digital technology appears to exist within teachers’ conceptions

A Product of Engineering

Five teachers explicitly described technology as the product of engineering, noting the
connection between what is done within the engineering field and the tools that students
use in class. Stacy noted, “That line between technology and engineering is very fuzzy
because you’re engineering a new technology”. She expanded this by noting, “You know,
scientists need a new technology to be able to find a new way to measure something or they
need to invent something so that they can measure it”. This can be thought of as a cyclical
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understanding of technology such that there are multiple access points for technology
usage in the classroom.

Relationship of Technology to Other STEM Disciplines

Even though most teachers described technology as tools to engage in STEM learning,
this could not be fully separated from the idea that technology is something akin to the
binding agent between the other disciplines. This is made clear by Mike who shared, “so
the technology piece is a little bit of the glue that brings a lot of those...have the science,
the engineering, and the math together”. Rose also considered technology as the “key”
to STEM toward creating “more effective solutions” to engineering problems. Stacy’s
comments above about technology being a product of engineering demonstrates her belief
that technology is an inherent part of science and engineering; further, this relationship
is bidirectional. Although mathematics was not called out directly, teachers noted the
importance of technology in performing tasks such as organizing and analyzing data.

3.2.3. The Role of Engineering in STEM Education

Teachers’ views of engineering within STEM education spanned two broad themes,
which were not mutually exclusive from one another: (1) design-focused and (2) solv-
ing problems.

Design-Focused

All but five teachers focused their conceptions of engineering on the engineering
design process. They described engineering as a cyclical, iterative design process used
in the development of products or solutions to real-world problems or design challenges.
According to Clara, this included “re-visiting original designs, fine-tuning them, going back,
testing, and then making adjustments accordingly”. For Jason, engineering is “the process
that they [students] have to use when they’re performing the tasks with the plan, design,
model, test, evaluate, redesign, so forth”. Teachers such as Antonio noted the similarity
between the scientific method and engineering, “It’s like a basic scientific method. All the
steps. If you decide it’s not effective, you have to redesign it and that’s it—that is the way
to do it”. Within this focus on the design process, teachers were conscious of including
evaluation and redesign.

Solving Problems

In addition to the focus on the steps of the engineering design process, teachers
described engineering as a context or vehicle to solve problems or develop products; this
included general problem solving and solving contextualized, real-world problems. For
instance, Kyle noted, “I think what engineers do is more of a problem solving-like, you’re
given, ‘I need to accomplish this. How can we do it?’” Marianne noted that her students
“understood the difference between the scientific method and the purpose of that—to
answer questions... and engineering to come up with something to solve a problem”. Macy
also noted the connection between designing and problem solving where her students
“look at designs, improve designs, and use what they have already learned and what they
know from previous experiences to improve or be able to solve their problems better”.

Relationship of Engineering to Other STEM Disciplines

The relationship between engineering and other STEM disciplines appeared to vary
across teacher participants. Some conceptualized the role of engineering as both the
creation of technology and application of scientific knowledge; for example, “engineers
invent technology to do science” (Stacy) and that the “engineering design process goes hand
in hand with science” (Clara). Engineering was also described as the integrator to provide
a context to learn STEM content through a real-world problem, a theme that cuts across
the previously mentioned themes related to engineering. Three biology teachers (Jason,
Christine, and Jocelyn) noted the importance of engineering in integrated STEM education,
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but noted the challenges within biology courses due to cost and time. This relationship
between engineering and the other disciplines was made the clearest with respect to science
and technology; notably the connection to mathematics was not vocalized.

3.2.4. The Role of Mathematics in STEM Education

When asked to describe the role of mathematics within integrated STEM education,
teachers’ responses covered two related themes: (1) mathematics as tools and practices and
(2) mathematics as an epistemological construct.

Tools and Practices

Similar to technology, mathematics was typically viewed as a set of tools or practices
used to “do STEM”. An overwhelming fourteen teachers viewed mathematics as a set of
practices related to data analysis to answer scientific questions and/or to test engineer-
ing designs. Stacy noted how mathematics allows scientists to do their work, stating,
“Newton’s a perfect example of how the math and the science came together to be able
to describe the world and how objects move with gravity. He needed to invent calculus
to better describe mathematically his scientific principles”. Mathematics as data analysis
was described by Tim as, “you know math and data analysis and graphing and making
decisions based on data is essential to STEM”. Eleven teachers described mathematics as a
set of tools. Liliana explained, “You need math for every calculation. So they need math
for the formulas, they need math for the experiments”. Jocelyn described how she and
her students used math “to ultimately perform the engineering” through “working on
statistics” using spreadsheets. She also related how her students “get the conceptual idea
in their math class, but in the science world they’re actually learning how to put formulas
into spreadsheets or how to use math to describe populations and using math as a tool to
describe patterns”. As part of this, mathematics was described as data representational
tools mostly through data graphing and visualization. Rose shared how, in her lessons,
“the math part was the graphs, interpreting the graphs”. It is clear that mathematics plays
a vital role in integrated STEM instruction, especially when it comes to data analysis.

Epistemological Construct

Six teachers viewed mathematics as a body of knowledge within STEM education
and provided examples of mathematics content knowledge used in their integrated STEM
lessons, moving away from a vision of mathematics as primarily data analysis. For exam-
ple, Rose described how she taught students to use the concept of ratio in their budget
calculation for an integrated STEM project. As alluded to above, teachers also viewed
mathematics as essential to integrated STEM, especially with respect to science, as students
needed to be math literate. Simultaneous to with this, five teachers viewed mathematics as
a barrier such that they viewed their students as lacking necessary mathematics knowledge
and skills to solve problems. They described the mathematics within their STEM curricula
as the basic knowledge and skills that every student should have, but were lacking. Pablo
shared, “I think that the students don’t have the background that they need to understand
how to present data when they collect data in an experiment,” which caused anxiety for
him to implement integrated STEM lessons in his classroom. Tim pointed out that his
students “don’t even have the skills to do some of the stuff that we do on a regular basis
with calculations”.

Relationship of Mathematics to Other STEM Disciplines

In considering teachers’ responses about the different ways in which mathematics
can be used within integrated STEM education, the relationship is quite unclear. However,
ten teachers noted how mathematics was central to STEM with Darma noting the critical
connection between mathematics and science, “so without math, you can’t do science”. To
some, mathematics was more of a supporting feature—used as tools or a set of practices
(e.g., data analysis)—and it was seen by fewer teachers to be an isolated body of knowledge
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or central to STEM. Similar to technology, mathematics appears to be an area of STEM
education that is not well-defined for science teachers; however, it should be noted that
while the importance of mathematics was clear, its purpose varied.

3.3. Conceptualizing STEM beyond Content Integration

In addition to understanding how each STEM discipline is conceptualized within inte-
grated STEM education, we further explored how teachers conceptualized and approached
some of the content-agnostic aspects of integrated STEM education—real-world problems,
21st century skills, and promotion of STEM career awareness. By examining these areas,
our hope was to better understand how science teachers shift from teaching science to
teaching integrated STEM. Table 6 provides an overview of the final themes in each of
these areas.

Table 6. Summary of themes describing real-world problems, 21st century skills, and promoting
STEM career awareness.

Aspect of STEM Themes

Real-World Problems
• Real-world problem as context
• Relevance of the real-world problem

21st Century Skills
• 21st century skills are a pedagogical choice
• 21st century skills need to be developed
• 21st century skills relate to technology

Promoting STEM Career Awareness
• Promotion of STEM careers through curricula
• Promotion of STEM careers through partnerships
• Diversity-oriented promotion of STEM careers

3.3.1. Real-World Problems

Interviews revealed two main themes related to the use of real-world problems within
integrated STEM education: (1) real-world problems as context and (2) relevance of the
real-world problems. Three teachers noted that they faced challenges in incorporating
or choosing appropriate real-world problems into their teaching with one teacher (Rose)
noting the importance of needing a partnership to realistically include a real-world problem.

3.3.2. Real-World Problems as Context

Nine teachers described how they used real-world problems as a context for their
integrated STEM instruction, which, according to Stacy and Allina, could foster long-term
learning and deeper understanding of a given topic. Stacy noted, “I think that that comes
right at the beginning with the teacher being explicit about “here’s a real-world problem
that we need to work with”. Rose described how her integrated STEM lessons were
grounded in real-world problems, describing an activity that involved creating unobtrusive
weather stations. In particular, she noted the importance of partnerships to boost the
authenticity of the problems, sharing “I believe that partnerships are incredibly important
if you’re really going to teach the kids to tackle real life problems”.

3.3.3. Relevance of the Real-World Problem

In some cases, there was an overlap with using a real-world problem as a context for
learning, but in other cases, teachers referred to general problems that were relevant to
students. For Marianne, she believed that “if you create those real-world experiences, that
creates the relevance. That creates the excitement. That creates the empowerment”. This
was done either by selecting real-world problems directly related to students’ lives or to
global issues. For example, Edith noted how she wanted her students to make a connection
to their local environment for an integrated STEM unit related to recycling, “We took them
in the context of the real world. I mean, we live in [our state]. We’re surrounded by water.
There’re lakes. There’s the canal. There’s the Gulf and there’s the Atlantic”. Christine
described how she connects her biology work with plants to measuring students’ carbon
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footprint, making strong connections to issues of global climate change. One particular
example that shows this overlap was described by Darma, who discussed a way to bring the
current COVID-19 pandemic into play, having her students explore viruses and materials
to design and create facemasks. Conceptualizing real-world problems in these relevant
ways appeared to motivate these teachers to bring integrated STEM to their students.

3.3.4. 21st Century Skills

In their overall conceptions, teacher participants described integrated STEM education
as a way to help students develop skills for their current and future lives, but these skills
were not described in detail until explicitly asked. Within teachers’ responses related to
21st century skills, we identified three themes: (1) 21st century skills are a pedagogical
choice, (2) 21st century skills need to be developed, and (3) 21st century skills relate to
technology.

3.3.5. 21st Century Skills Are a Pedagogical Choice

Teacher participants viewed 21st century skills as part of their pedagogical choices.
This centered primarily on the use of collaborative student groups, while some teachers also
incorporated communication. Collaboration and communication were seen as necessary
to enhance their use of integrated STEM education such that teachers required students
to work in groups and used a variety of tools to encourage student communication of
ideas. Elijah described, “We have to monitor and make sure that everybody’s input is
considered and make sure that everybody is participating”. For communication, teachers
also required their students to share their learning with others, often through technological
affordances (e.g., PowerPoint, Excel). In some cases, such as Jason, communication was
expected as an end product. He highlighted how “they [students] also communicate at the
end–usually some type of presentation to your classmates”. In this sense, both collaboration
and communication were viewed as outcomes within a broader conception of integrated
STEM education.

3.3.6. 21st Century Skills Need to Be Developed

Most teacher participants (17 out of 19) additionally noted the 4 Cs as a set of skills
that K-12 students need to develop, and they were described as incorporated into typical
classroom practice. This was done to provide students with, “tools or skills that they will
be able to use not only in high school, but in their future” (Pablo). Although the general
consensus was that these 4 Cs need to be developed, each skill was attended to in different
ways. Collaboration was commonly noted as a set of skills that could and should be taught
explicitly in classrooms. As Stacy noted, “collaboration just doesn’t come naturally in a
classroom. It needs to be explicitly taught, so much so that I actually have a rubric on
teamwork”. Teachers also described collaboration as a means to provide students with
different perspectives, noting various benefits to working in small groups. Lilliana shared:
“Collaboration is extremely important because they [students] learned that when they try
to do things by themselves, sometimes they don’t find a solution that they want, but when
they work together, someone can come up with a different idea, come up with a different
approach, and then they can just try to put this together”.

Similar to the theme above, developing communication skills in the classroom was
often intertwined with collaboration; oddly, those who described communication as ped-
agogy did not also describe it as a set of skills that need to be developed. Nonetheless,
teachers recognized the importance of developing communication skills, citing their obser-
vations of miscommunications between students in a group during an integrated STEM
lesson. Rose explained: “I remember having a group who had a hard time communicating
and you could see it at the end and their prototype. They were fighting over, ‘Yo, I want to
use this material’, ‘No, this is better’, ‘No, this is better’... And again, they were wasting
their time because they did not know how to communicate. So that is extremely important”.
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Rose went on to describe how some students communicate better with different modes
of communication (e.g., email versus oral skills). Curiously, when describing the need
for communication when students work in groups, teachers only provided examples of
failed communication and did not note what successful communication would look like in
their classrooms. These communication skills were also described in the context of STEM
professionals with Allina describing how engineering is not just about an end product, but
rather about sharing information with others.

Creativity was also described as a set of general skills, but teachers additionally
highlighted the importance of creativity in solving problems in particular and as important
for future careers in STEM fields and beyond. Twelve teachers described creativity as
developing multiple ways to solve problems, which would help students think divergently.
Antonio noted, “They have to create their own steps and I don’t like to give you steps. They
have to be creative. They have to innovate. They have to design”. Macy described, “When
I was teaching STEM, and really any subject area, I really tried to activate my students’
creativity and allow them to come up with their own ideas and build and solve problems
using their imagination”. Four teachers addressed the importance of creativity in career
aspects in particular. They viewed developing creativity for future careers as one of the
purposes of integrated STEM education, even for students not pursuing a STEM career.
Allina noted that “in order to be a productive part of whatever they do in society—whatever
job—they have to be able to innovate”.

Of the 4-Cs, developing critical thinking skills was addressed to a lesser extent, al-
though when it was mentioned, teachers related it to problem solving. For example, Mike
noted, “I see lots of natural alignments between STEM and critical thinking. It’s not just
learning so that you can become faster at information and processes. It’s more about,
you know, we need people to solve problems”. This clear, explicit connection that Mike
shared addresses how critical thinking is a part of problem solving within integrated STEM
education. Six other teachers acknowledged the importance of developing critical thinking
skills, but did not provide examples of how this was done in their classrooms.

3.3.7. 21st Century Skills Relate to Technology

As noted above, teachers often related technology with students’ ability to communi-
cate with others, especially as a physical, digital tool (e.g., tablet, laptop). In addition to
connections to the 4-Cs as part of 21st century skills, teachers also described other skills
beneficial to students, such as technology literacy and digital technological skills (e.g., data
analysis and computer programming skills). Teachers were clearly aware of the growing
reliance on technology that students would need for their futures, independent of career
choice. Teachers such as Clara noted, “We want to make sure that these students are
prepared for the 21st century, that they are getting coding—that they’re getting the robotics,
that they’re getting the engineering design principles”.

3.3.8. Promoting STEM Career Awareness

We identified three themes related to how teachers promoted STEM career awareness
in their classrooms: (1) promotion of STEM careers through curricula, (2) promotion of
STEM careers through partnerships, and (3) diversity-oriented promotion of STEM careers.
These three methods of raising STEM career awareness were not mutually exclusive, but
often overlapped with one another.

3.3.9. Promotion of STEM Careers through Curricula

Eleven teachers explicitly described their implementation of integrated STEM ed-
ucation as a vehicle to promote students’ STEM career awareness, with Antonio firmly
establishing, “I think the main purpose of STEM education [is to] provoke students’ interest
to participate in STEM careers”. Seven teachers also sparked students’ awareness of STEM
careers by explicitly sharing that the practices they engaged in during class simulated
authentic STEM practices used by STEM practitioners. Teachers such as Allina, Jocelyn,
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and Rose talked about the benefits of using real, scientific data, allowing students to better
see and understand what STEM professionals do. Rose noted, “we have to start teaching
the kids how the real-world is out there because they graduate and they know nothing”.
Additionally, five teachers described how they incorporated STEM careers into their STEM
lessons to provide context and meaning to student learning. For example, Stacy mentioned
that she talked about a specific STEM career during the introduction to one of her STEM
lessons, noting the connection between the career and the topic of study.

3.3.10. Promotion of STEM Careers through Partnerships

Ten teacher participants described events such as inviting guest speakers to their
classrooms and/or establishing partnerships with organizations, universities, and compa-
nies. Clara mentioned a partnership with a local university, which she leveraged to invite
college students to speak to her middle school students, who she felt they would relate
to better, “And so when a college student is telling a middle school student, ‘Hey, you’re
going to need this, you know, this is going to help you,’ they kind of pay attention a little
bit more”. Allina noted that her students were engaged in the authentic practices of STEM
professionals via partnerships, which opened a new world to students about what they
could do in STEM careers. She shared, “And it’s like, I think it’s really important for kids
to see not just, okay, we’re in class with this person, and they’re saying this is cool. It’s
like, here’s the newest stuff that people are doing”. Having real STEM professionals talk to
students helped teachers such as Allina showcase different STEM careers in an authentic
and meaningful way.

3.3.11. Diversity-Oriented Promotion of STEM Careers

As part of promoting STEM career awareness, four teachers focused on highlighting
diversity. This was done through both curricula and partnerships, representing a cross-
cutting theme for implementing integrated STEM. Darma noted, “every lesson has one
[STEM] career and then they all have one known Hispanic or African American showing
us going in there [that career]. And then I pull up, you know, people who are other race
background”. She explicitly showed her students that people from diverse backgrounds
could be STEM professionals. Stacy embedded some of her teaching within a global
context to highlight non-white scientists in Africa working on aquaponics. Allina and
Clara described how their female guest speakers engaged students in discussions related to
gender equity with Clara sharing, “They incorporate a lot of young women talking about
the need for women in coding, women in science, women in engineering. I really tried
to include the girls and let them know that there is a need for them in the future in these
areas, if they learn these skills.

Clara and Darma also mentioned how their demographic of students, which included
low-socioeconomic-status students, were more engaged when guest speakers talked about
chances of going to college for free when pursuing STEM degrees. Interestingly, all four
teachers who addressed diversity in STEM careers were women.

4. Discussion

Our findings reflect much of what has previously been found in the literature related to
STEM conceptions and what STEM education entails [10,14]. This is not entirely surprising
given the consensus surrounding aspects such as developing skills and including real-
world connections, all while encouraging student-centered pedagogies and the integration
of content from multiple disciplines [14]. Additionally, since professional development
can play a role in teachers’ conceptions of integrated STEM education [10,21], it is also not
surprising that teachers’ conceptions reflected much of what they learned in their respective
workshops. Because we chose not to provide a “cookbook” approach to integrated STEM
education in the workshops, teachers took the framework we presented and made it their
own. Most importantly, they did this with respect to the elements explored in this study
as we provided no “correct” or one way to approach content integration or the content-
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agnostic elements discussed in this work. Because of this, our study adds to the literature in
several ways that unpack how teachers view the contribution of each discipline within inte-
grated STEM education, how real-world problems are used to contextualize learning, how
21st century skills are included, and how STEM careers are promoted in their classrooms.
The following discussion addresses how our findings may lead to a better understanding
of STEM education and how to improve professional development opportunities.

4.1. The Multiplicity of Conceptions and Connections

In attending to our first research question, we found that, similar to the literature [14],
teachers held multiple conceptions concerning the role of each STEM discipline within
integrated STEM instruction. This did not always include clear, definitive connections
among the disciplines, but included multiple avenues for the disciplines to be leveraged.
For instance, in some cases, technology may relate to science as a tool to collect data, but
on other occasions, as a product of an engineering design task; these two conceptions
do not interfere with one another but could be complementary. This reflects the ongoing
tension in the literature related to technology and its place and purpose within integrated
STEM education [63,64], although it must be noted that teachers focused primarily on
students’ use of technology. Knowing that these connections were not always clear and
teachers could potentially hold contrasting, yet complementary, conceptions of a given
disciplines suggests that the nature of integration across disciplines may very well vary
among classrooms and even across different activities or lessons. This is likely why having
a clear vision of integrated STEM education when it comes to the number of disciplines
and how disciplines are used has been challenging [14].

Our findings indicated that within science classrooms, mathematics and technology
have been mostly relegated to supporting roles by providing a set of practices or tools for
students, reflecting previous findings [5,18]. Despite this, our findings also suggest that
teachers view these two disciplines are critical to integrated STEM education as they allow
students to better understand or represent scientific ideas, help students make engineering
design decisions, and assist students in developing important 21st century skills. Unlike
mathematics and technology, science was viewed primarily as a knowledge base or set of
facts more so than a process of learning about the world; this reflects a rather limited and
positivist view of science and suggests that the content primarily being learned through
integrated STEM is science. In other words, while science was something to be discovered,
it was also a body of knowledge to be used by others—primarily by engineers.

Engineering was seen both as a design process to create some product and as a method
to solve problems, but did not appear to include disciplinary content. The connection
between these two related but separate pathways was not always clear. Engineering
could be designing for the sake of design rather than designing solutions to a problem.
Alternatively, engineering could provide a context for a design and a problem to solve,
and additionally act as a method or process for solving that problem. In this, engineering
appears to be a way to frame science teaching and provide students with something
“new” and exciting to do in their class, focusing on the creation of products or projects
in conjunction with learning about science concepts. This conception of engineering may
reveal a rather narrow understanding, focusing primarily on the design process, that
represents more of a pedagogical shift towards the inclusion of 21st century skills rather
than truly incorporating another discipline into instruction.

4.2. Content-Agnostic Characteristics: An Emphasis on the Future

In attending to our second research question, it was no surprise that teachers viewed
STEM education in the context of preparing students for their future, adult lives (Navy et al.,
2021). Teachers’ comments stressed the importance of equipping students with 21st century
skills rather than preparing students with content knowledge, reflecting the shift in policy
documents [1] that move away from rote memorization of scientific facts towards engaging
students in STEM practices. This may suggest that science teachers have a clear separation
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between science teaching and integrated STEM teaching; in this, “science only” teaching
may focus on content delivery and context-less laboratory investigations, versus integrated
STEM teaching that focuses on a more realistic, contextualized representation of how
science and STEM are used in the real-world. In this, teachers make use of real-world
problems, including both local and global contexts that they believed would motivate
students, similar to what has been purported in the literature [29–31]. This separation may
reflect an awareness that integrated STEM is not and should not be used for all teaching as
some content needs to be taught in isolation before students are ready to engage in realistic
STEM practices [59].

Teachers related the need to solve problems—whether general problems or real-world
problems that contextualized students learning—most readily to creativity rather than
to critical thinking. Although creativity is needed in generating innovative solutions to
problems, critical thinking is necessary when using data to assess how well those solutions
address the problem. Generally, teacher comments about 21st century skills focused
primarily on collaboration and communication, which may be “easier” or more natural
to tackle in classrooms (compared to critical thinking, for example) due to their visibility
and familiarity. Even though teachers emphasized the need for data analysis, teachers
did not detail this process or elaborate on how they might guide students in interpreting
results through critical thinking. Additionally, teachers only noted their observations of
student miscommunications in group work, suggesting that they may have overlooked
groups that collaborate and communicate effectively. The authors of [65,66] have explored
the criticality of small group tasks and the work here emphasizes the need to continue to
explore this area through research, most notably to equip teachers with tools of their own
to help develop these important skills.

The split in how STEM careers were promoted suggests that teachers either had not
conceptualized integrated STEM education as a vehicle for promoting students’ STEM
career awareness or were lacking the knowledge or resources to do so. What is noteworthy
is how four teachers, all women, focused on diversity when introducing STEM careers to
their students. This suggests that teachers may need access to resources related to STEM
careers [55], especially when it comes to diversity, to make direct connections in their
curriculum and connections to those that might represent the local community. These kinds
of resources can assist teachers in unpacking what diversity entails in STEM and how it
can exclude or include certain groups of students from pursuing STEM-related careers. If
teachers engage more in the promotion of STEM careers, especially in highlighting and
encouraging diversity therein, then the STEM education community may start to actualize
the promises made in policy documents to promote STEM for all [1,3]. This may further
relate to the relevance of curriculum and the real-world problems that are selected, which
should be connected to students’ lives in some way for them to develop motivation and
interest toward STEM [29–31].

4.3. The Bigger Vision of Integrated STEM Education

Our deeper dive into teachers’ conceptions of integrated STEM education illuminates
further complexities. For one, it is clear that the relationship between the STEM disciplines
can vary, which is exacerbated by the fact that teachers conceptualize the content-agnostic
characteristics in multiple ways. Even though the inclusion of 21st century skills has been
prominently featured within the integrated STEM education literature, asserting what this
means is unclear. Does implicitly including 4-Cs into instruction “count” or must there be
explicit calls to the development of the 4-Cs? Answering this question may vary based on
grade-level, which was not explored in the current work. While teachers shared their ideas
and current approaches related to raising STEM career awareness, this characteristic was
represented to a lesser extent. This work, while attempting to better understand teachers’
current conceptions of integrated STEM education, reveals areas in which teachers may
need additional support that includes expanding the role of mathematics beyond data



Educ. Sci. 2021, 11, 737 19 of 22

analysis, informing how to explicitly address 21st century skills in their teaching, and
finding resources to promote STEM career awareness.

4.4. Limitations

Our work is limited to the small sample size and underrepresentation of elementary
teachers in particular; however, the exploratory nature of this work does not attempt to
make claims about all K-12 teachers. For instance, all participants identified themselves
as teachers of science, but our findings would likely be different if our focus was on
mathematics or computer science teachers. While the work presented here did not include
observations of teachers’ implementation of integrated STEM education in their classrooms,
teachers’ responses provided a small window into their practice based on the conceptions
they shared. There is still a need for a more thorough examination of how exactly science,
technology, engineering, and mathematics are used in the classroom and to compare this to
how teachers conceptualize the role of each discipline. With respect to 21st century skills,
teachers acknowledged the need to develop some of these skills (primarily collaboration
and communication), but it is unclear how much of this is currently done in their classrooms.
We should also note that, when first asked to describe how “21st century skills” were
used within their integrated STEM instruction, few teachers recognized the phrase and
only when the interviewer clarified with examples of the 4-Cs did teachers provide more
thorough responses.

5. Conclusions

This study provides valuable information related to conceptions of integrated STEM
education. Additionally, this work reveals approaches in which teachers conceptualize
their implementation of integrated STEM education with respect to STEM disciplines,
real-world problems, 21st century skills, and promotion of STEM career awareness. Asking
more pointed questions allowed us to better understand these areas so that as teacher
educators, we can better support teachers. For instance, many of these teachers were
new to engineering and needed support in this area; this is likely true for a large number
of science teachers who are now expected to be experts in integrated STEM education.
Moreover, these conceptions demonstrated a need to better understand how technology
and mathematics should be included in integrated STEM education and to offer models
that treat these two disciplines as more than just tools, but as a knowledge base.

Even though we asked teachers about 21st century skills and STEM careers in the
context of integrated STEM education, their responses could have easily been with re-
spect to teaching science more broadly. In this sense, these teachers better verbalized the
pedagogical components of integrated STEM education than the integration of content.
Focusing on pedagogy first may be a way to “ease” into shifting from science to integrated
STEM teaching. Having a clear framework related to the integration of mathematics and
technology beyond their supportive, tool-like and practice-based role that seems to occur
in teachers’ conceptions of STEM education may help to improve their integrated STEM in-
struction, but this is still an area in need of more attention. There is still a significant amount
of work to do with respect to content integration, but studies such as the one presented
here provide a clear access point to create teacher buy-in to integrated STEM education.

We make several recommendations for those working as teacher educators wishing to
support science teachers as they expand their teaching to include integrated STEM. First,
including teachers from multiple STEM disciplines, such as mathematics and computer
science teachers, may help to further illuminate the role of mathematics and technology,
as they likely have alternative understandings of integrated STEM given their teaching
contexts. This may help to emphasize the different types of disciplinary integration that
can happen so that mathematics and technology are not always relegated to a support
role. Second, for professional development opportunities, there is a need for clearer and
more explicit connections to 21st century skills and STEM careers within integrated STEM
frameworks. This could come in the form of some supplemental PD to enhance one focused
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on the nature of STEM integration. In particular, an emphasis should be placed on the
diversity of STEM professionals, not just focusing on those who are most often cited in
school textbooks (e.g., Albert Einstein) that ignore historically underrepresented groups.
Further, this PD could promote diversity through an empathic lens by helping teachers
understand the barriers and struggles that these marginalized groups overcome before and
after becoming STEM professionals. Third, teachers should also be regularly faced with
articulating their STEM conception model and challenged to describe the intricacies. The
disconnection between the promotion of STEM career awareness and integrated STEM
curricula suggests that the integrated STEM education PD should empower teachers with
the ideas and practical capability to promote students’ STEM career awareness through
integrated STEM lessons, especially as related to diversity within STEM careers. Further,
these attempts should motivate students to pursue more STEM-related courses and seri-
ously consider STEM careers. Finally, outside of professional development, there is a need
to continue to support teachers during the implementation phases and allow them frequent
opportunities to reflect on their practice. Simultaneously, as researchers, we need to closely
examine how integrated STEM education plays out in classrooms and examine how these
aspects are implemented.
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