The Future of
Engineering Education

2024 Annual Conference & Exposition MAGIgY-f iR EHeTNZTol4eXs MO R{-V¢ SASEE
= ey Pordland, OR . Junc 23 - 26 2024 g eWWYpER

Board 169: Purposefully Designing Integrated STEM Learning Experiences
within Elementary Teacher Education (Work in Progress)

Dr. Ursula Nguyen, University of Nebraska, Lincoln

Dr. Ursula Nguyen is an Assistant Professor in Elementary Mathematics Education in the Department of
Teaching, Learning & Teacher Education (TLTE) at the University of Nebraska-Lincoln. Dr. Nguyen’s
research broadly focuses on issues of equity in STEM education at the intersection of race/ethnicity and
gender, which stems from her experiences as both an educator of STEM subjects and as a past engineering
student.

Deepika Menon, University of Nebraska, Lincoln
Dr. Minji Jeon, University of Nebraska, Lincoln

Dr. Minji Jeon is an Assistant Professor in the Department of Teaching, Learning and Teacher Education
at the University of Nebraska-Lincoln.

Amanda Thomas, University of Nebraska, Lincoln

©American Society for Engineering Education, 2024



Purposefully Designing Integrated STEM Learning Experiences
within Elementary Teacher Education (Work in Progress)

Introduction

Over a decade and since the publication of the Next Generation Science Standards
(NGSS) document [1], the incorporation of engineering and engineering design in elementary
grades has been fairly visible [2], [3]. Yet despite this adoption of engineering in elementary
grades, many elementary teachers report a lack of time, teaching self-efficacy, and disciplinary
knowledge for planning and enacting engineering learning experiences in their classrooms [4].
To address these challenges, professional development workshops and graduate courses have
been developed to support elementary teachers’ pedagogical content knowledge and teaching
engineering self-efficacy. Indeed, recent studies have shown that these standalone professional
development experiences can result in significant gains for in-service elementary teachers’
teaching self-efficacy and reduce their perceived barriers to teaching engineering in their
classrooms [5], [6]. However, this raises the question about how elementary preservice teachers
(PSTs), those who are preparing to teach in elementary grades, are supported in planning and
teaching engineering learning experiences prior to entering the teaching profession.

Engineering design in preservice elementary teacher education

The experiences offered in elementary teacher education programs can inform how
elementary PSTs are equipped to implement engineering and engineering design-based lessons.
For the most part, the emerging research on engineering education in preservice elementary
teacher education is situated in elementary science teaching methods courses [7]-[9]. Perhaps
due to the emphasis of engineering concepts and engineering design in the NGSS framework [1],
the integration of engineering design activities may be more seamless and appropriate in these
science methods courses. Other studies have examined teacher education programs with a
different approach, whereby a separate course, usually focused solely on engineering design, is
offered to elementary PSTs in addition to their core subject methods courses [10], [11]. These
experiences during their undertaking of pedagogical coursework can provide elementary PSTs
with the opportunity to engage in exemplary engineering design activities as learners, as well as
reflect on them as future teachers.

Still, there are some studies that have focused on implementing engineering design
experiences later in the teacher education program. These experiences occur during elementary
PSTs’ student teaching semester [12]-[14]. This body of work intentionally focuses on the
student teaching semester as elementary PSTs can readily enact their engineering design-based
lessons in an elementary classroom and reflect on these teaching experiences. Indeed, the
enactment of engineering design learning opportunities in field-based experiences is also evident
in some studies where engineering is emphasized in specific methods courses [7], [9]. These
field-based experiences, whether they occur during student teaching or in conjunction with
methods coursework, provide future elementary teachers with the opportunity to plan, teach, and
reflect on their implementation of engineering design lessons.



With the exception of a few studies [15], [16], elementary PSTs overwhelmingly
experience engineering design in a singular methods course. Moreover, they may do so devoid of
a field-based experience, which may not be optimal, as these provide an opportunity for
elementary PSTs to enact lessons purposefully designed for elementary classrooms. In this work
in progress, we describe the integrated STEM approach we undertake as instructors of a STEM
semester as part of a larger elementary teacher education program. Specifically, we analyze
preliminary data collected in fall 2023 from elementary PSTs’ integrated STEM lesson projects
to investigate the following research questions: (1) How does a focus on sustainability provide
elementary PSTs the opportunity to implement an engineering challenge or design in their
integrated STEM lesson project? (2) What features are present in their engineering design
activities?

About the STEM semester

The STEM semester that is the context for this work in progress is characterized by the
five courses in which elementary PSTs are enrolled, including a mathematics content course, a
mathematics methods course, a science methods course, an innovative learning technologies
(ILT) course, and a course tied to a field-based experience in a rural educational setting. During
the field-based experience, elementary PSTs are expected to be in their practicum classrooms
two days of the week, over the span of 12 weeks of the STEM semester. While elementary PSTs
in the STEM semester have already had a semester-long field-based experience (i.e., practicum)
in the previous semester, the field-based experience in the STEM semester is the first that is
directly tied with the methods courses they are enrolled in as students are expected to enact
lessons they plan for these courses. Importantly, the STEM semester was designed to address the
challenges of providing elementary PSTs with authentic integrated STEM learning and teaching
experiences [17]. Therefore, the integrated approach of the STEM semester includes three cross-
cutting themes: Coding & Robotics, STEAM & Creativity, and Engineering Design &
Sustainability. Moreover, a core feature of the STEM semester is a collection of integrated
STEM assignments that are shared among the three methods courses (mathematics, science, and
ILT). The two shared assignments are an integrated STEM project and a STEM growth
reflection.

As described earlier, learning experiences with engineering design tend to be
concentrated within a single course of teacher education programs aimed at preparing future
elementary teachers [7], [9], [11]. In contrast, the STEM semester features and elevates
engineering design across each of the methods courses as part of our integrated STEM approach.
Specifically, engineering design and sustainability is an overarching cross-cutting theme of the
STEM semester. In Fall 2023, this theme spanned across four instructional weeks during the
STEM semester. As engineering design is prominently featured in NGSS, the science methods
course utilized the engineering design process [18] that involved elementary PSTs working
collaboratively in problem-solving, formulating questions (NGSS Practice 1: Asking questions
and defining problems), and designing, testing, and improving solutions (NGSS Practice 6:
Designing solutions). For example, elementary PSTs constructed a device with dixie cups,
paperclips, and straws to transport a ping-pong ball down the zipline (fishing line) and learned
about the forces involved in a zipline. For the mathematics methods course, elementary PSTs
utilized the engineering design process to plan cost-effective solutions to challenges tied to



sustainability while engaging with elementary mathematics topics (e.g., money, addition,
subtraction, multiplication). For example, given a budget, elementary PSTs designed spaghetti
towers that could withstand hurricane wind speeds, which were simulated by a table fan. In the
ILT course, elementary PSTs worked collaboratively to find the most efficient path using
programming block-based languages and robotics. When they encountered issues, elementary
PSTs engaged in debugging as part of testing and improving their path solutions with the help of
the instructors and their peers.

Methods

This work in progress is from a larger study that utilizes a design-based research
approach [19]. Design-based research is still a relevant approach in educational research (see
[20]) as it allows for iterative cycles of (re)design, implementation, and analysis to better employ
research-based pedagogy into practice, which in turn can inform research. For this larger study,
the STEM methods instructional team has utilized design-based research to employ several
iterations of the integrated STEM unit, each time refining the assignments to better engage
elementary PSTs in creating and teaching authentic integrated STEM lessons to elementary
students.

As mentioned earlier, the integrated STEM learning experience is one of the two
assignments shared among three of the methods courses during the STEM semester. The
assignment asked students to work as a grade-level team to create an integrated STEM learning
experience that centers an authentic local science phenomena/topic that relates to the overarching
theme of sustainability (e.g., crop residue burning and air quality) while also addressing science,
mathematics, and technology content standards. Another unique aspect of the shared assignment
is that elementary PSTs enact and teach their integrated STEM lesson to elementary students at
their practicum placement.

During Fall 2023, 78 elementary PSTs (across three sections) were enrolled in the STEM
semester. This STEM semester is the first professional phase of an elementary education
program at a large, land-grant research university located in the midwestern region of the U.S.
For this work in progress, we focused on the engineering design or challenge that was embedded
in the integrated STEM learning experiences developed by elementary PSTs. As elementary
PSTs worked in grade-level groups of 4 or 5, there were 18 grade-level projects in all, spanning
grades K through 5.

Specifically, for this work in progress, we utilized a content analysis approach [21], [22]
to examine how an engineering challenge or design was implemented in the integrated STEM
lesson projects developed by elementary PSTs as well as explore what engineering education
features are present in their engineering design activities. A content analysis approach was
employed because this work in progress focuses on the written products from the integrated
STEM projects, such as lesson plan slides [21]. In particular, to explore the engineering
education features of the engineering design activities, the content analysis was guided by Moore
and colleagues’ [23] Framework for Quality K-12 Engineering Education (FQEE), which has
been used to evaluate the quality of engineering education curricular materials, including lesson
plans and experiences such as ours [14], [24].



Preliminary findings

RQ1: How does a focus on sustainability provide elementary PSTs the opportunity to implement
an engineering challenge or design in their integrated STEM lesson project?

To answer the first research question, we analyzed the portion of the integrated STEM
projects where elementary PSTs articulated engineering design connections. Overall, only 7 of
the 18 (39%) groups incorporated a clear engineering challenge or design into their integrated
STEM projects. Of those, five had aligned their engineering design challenges to a sustainability
topic. In this preliminary work, we differentiate an integrated STEM activity from a design
challenge on the topic of sustainability by the explicit inclusion of and attention to science,
mathematics, and technology concepts. Put differently, an engineering design challenge would
not necessarily need to attend to science, mathematics, and/or technology standards or concepts
(e.g., design a solution or model to address water pollution). For example, one group developed
an integrated STEM activity in which they asked students to “minimize the amount of pepper
flakes (used to represent pollutant fertilizer) in a cup of water while maximizing the amount of
water remaining.” They incorporated science (learning about the composition of fertilizer),
mathematics (representing remaining water as a fraction or percentage and in a graphical
display), and technology (using a simulation to teach about fertilizer pollutants).

Other integrated STEM projects that included engineering design challenges focusing on
sustainability were related to crop irrigation systems, wind energy, water pollution, and light
pollution. These experiences targeted a broad range of elementary grades (second to fifth). From
the lesson materials (e.g., presentation slides) submitted, we observed that groups that motivated
their engineering design challenges with a clear linkage to sustainability provided elementary
students with the opportunity to engage with STEM integration more authentically. Indeed, a
focus on sustainability can provide a realistic context for elementary students to engage with
engineering design and bridge connections to concepts learned across STEM disciplines [25].

Table 1. Engineering design connections of integrated STEM projects

Integrated STEM Engineering Design Connections
Project

Crop Irrigation “We will incorporate engineering by having students create a simple

Systems (Grade 2) model of an irrigation system.”

Harness the Wind “Students will be constructing their own version of a Wind turbine

(Grade 4) with only 4 materials out of the total materials. ”

Fighting Fertilized “To incorporate engineering, students are given a design project

Water! (Grade 5) where they try to minimize the amount of pepper flakes (used to
represent pollutant fertilizer) in a cup of water while maximizing the
amount of water remaining through the use of planning,
collaboration, and two tools.”




Build the Best Bridge | “We are having students design and build a bridge and having them
(Grade 2) look at the problem of building a structure strong enough to hold
many pennies.”’

RQ2: What features are present in their engineering design activities?

We utilized Moore et al.’s (2014) FQEE to address the second research question. In
particular, we focused only on the Processes of Design (POD) and Issues, Solutions, and Impacts
(1S1) indicators. This is because the integrated STEM lesson assignment included the following
question prompts: (a) Where are you going to encourage innovation and creativity?; b) How
does this topic/project impact diverse populations of people locally, regionally, and/or globally?
Referring to Moore et al.’s FQEE [23], question (a) about innovation and creativity best aligns
with the POD indicator whereas question (b) about the impact to diverse populations connects
with ISl indicator. Future iterations of this assignment will include questions that ask elementary
PSTs to plan for the inclusion of other engineering features into their projects.

For this portion, we selected four of the seven groups that incorporated engineering
design to their integrated STEM lessons, as shown in Table 1, and analyzed their responses to the
two questions prompts. Responses to question (a) about innovation and creativity included “[w]e
have an activity where students engineer their own way to remove fertilizer from water to
analyze how to clean pollution” (Crop Irrigation Systems), and “[w]e will encourage innovation
and creativity through the building bridge activity. Students will have to be creative and budget
friendly” (Build the Best Bridge). These responses demonstrate that elementary PSTs’
perceptions of innovation and creativity were closely connected to providing students with the
opportunity to engage in designing a model or solution to a problem, and then testing the design
based on a set of criteria. These views on innovation and creativity are linked to engineering
design, which in turn, indicate that these groups had an adequate knowledge of the engineering
design process, as outlined by the POD indicator in the FQEE [23].

The results from the content analysis to question (b) about impact to diverse populations
revealed that, for the most part, these selected groups had a deep understanding of the impact
related to their integrated STEM project topic. One such response that highlights this deep
understanding was “[t]his topic impacts diverse populations of people because people with less
access to water need to develop efficient irrigation systems. If they don’t, they won’t be able to
grow enough crops. Additionally, it’s a global issue because everyone needs crops to survive,
and almost all things come from at least one form of crop. Nearly 70% of freshwater in the world
is used for irrigation and agriculture. This affects all populations” (Crop Irrigation Systems).
Another indicated that their integrated STEM lesson project topic directly impacts students as the
water pollution due to fertilizer “is a global issue, but this lesson provides a local example”
(Fighting Fertilized Water!). In all, the PSTs in these groups developed integrated STEM lessons
that not only addressed several STEM domains, including engineering design, but also attended
to local sustainability issues that were relevant to their students’ lives.



Conclusion and next steps

While the findings presented here are limited and preliminary, we found that the STEM
semester provided elementary PSTs with the opportunity to develop rich integrated STEM
learning experiences. We do note that more than half of these projects did not incorporate
authentic engineering design challenges. However, the projects that did include and centered
their lesson around an engineering design challenge had knowledge of the various steps of the
engineering design process and a robust understanding of the impact of their topic locally as well
as globally. A future iteration of the STEM semester with this shared assignment would include a
microteaching session, where elementary PSTs could receive specific feedback from peers and
instructors about the engineering design connections of their lesson. Additionally, we will also
modify the assignment, so that all projects include an engineering design challenge and question
prompts that ask elementary PSTs to plan for engineering features beyond innovation, creativity,
and impact to diverse populations (e.g., design thinking, conceptions of engineers).

Our next steps include analyzing elementary PSTs’ reflections about the enactment of
their integrated STEM lesson as well as their views of how the STEM semester supported their
knowledge of integrated STEM. For this work in progress, we only captured elementary PSTs’
lesson plans for the integrated STEM learning experience. In contrast, the reflections include
their post-lesson perceptions of how the lesson went. These reflections were submitted as final
projects, and at the time of writing, have not yet been analyzed. We anticipate these reflections
will also help inform the design of future iterations of the shared STEM assignments to better
support elementary PSTSs.
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