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The siloed nature of schooling where each
discipline exists in its own class and teachers
in upper grades are often certified for only

one subject area and in lower grades are not
expected to be content experts, does not foster
meaningful integration of STEM disciplines.

Introduction

Schools across the U.S. report widespread teaching vacancies and
difficult-to-staff positions in mathematics and science (Malkus et

al, 2015). This challenge has impacted already marginalized and
under-resourced schools, particularly rural schools. Monk (2007)
reports that many rural science teachers lack strong coursework in the
sciences when compared to their urban counterparts. In response, we
have developed a program designed to prepare individuals with STEM
degrees, hereinafter referred to as fellows, to become mathematics
and science teachers especially well-positioned to teach in rural dis-
tricts. Because our fellows have strong content knowledge from their
STEM degrees, our program focuses on providing high-quality teacher
preparation that attends to multiple STEM disciplines, develops peda-
gogical content knowledge, and provides cohesive, coherent support
for learning about teaching across the middle/high school and the
university classroom. Here we report on the lessons we learned from
bringing a group of STEM experts together to develop and implement
a summer camp for rural middle school students. Before we share
about this experience, we first describe what we mean by STEM
because the meaning of STEM and the purpose of STEM education
continue to be unclear (Bybee, 2010).

Used as an acronym for the four disciplines, science, technology,
engineering, and mathematics, "STEM education” or “STEM literacy”
are phrases often used by policymakers when discussing shortcom-
ings of U.S. education and areas to which attention, and thus funding,
should be diverted. Before engaging in conversations about develop-
ing students’ STEM literacy, ambiguity about the meaning of the term
STEM should be addressed. Two ways that the term STEM is used are
particularly problematic: 1) STEM is used as a synonym for mathemat-
ics and science and 2) STEM is used to refer to the integration of the
four disciplines. The first definition downplays the importance of the
technology and engineering components of STEM, while the second
assumes that all ways of integrating the disciplines are equal. Technol-
ogy and engineering are of special concern because, as noted, they
are often eclipsed by an overemphasis on math and science. More-
over, often they are not a part of the regular curriculum and viewed as
extra content for students to learn and teachers to plan for.



Efforts to improve STEM education have called for discipline integration
as a way to promote student learning, show practical applications of
math and science concepts, and elevate the position of the underrepre-

across disciplines. We share this conceptualization of STEM because
we believe this approach is pragmatic in that it clearly highlights how
students can engage with STEM and how their engagement with one of

sented T and E in STEM. However, the siloed nature of schooling where

the four disciplines translates to another discipline.

each discipline exists in its own class and teachers in upper grades are

often certified for only one subject area
and in lower grades are not expect-

ed to be content experts, does not
foster meaningful integration of STEM
disciplines. In a survey of the state of
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Our Program

In response to the critical shortage of highly qualified mathematics
and science teachers in rural areas, our institution has partnered

with local school districts and community nonprofit organizations to
offer a teacher preparation program for individuals who have al-
ready earned a degree in a STEM field and want to become certified
teachers. Throughout its activities, our program adopts a STEM focus
as opposed to a mathematics or science focus to deepen teachers’
learning of STEM content and practices and develop their identities
as STEM teachers. We address the crucial need of a well-prepared,
highly qualified STEM teaching force in the rural regions of the United
States because rural students are least likely to experience science
and technology in their schools and daily lives (State of Computer Sci-
ence Education, 2018). By increasing the cadre of effective and highly
qualified mathematics and science teachers in our rural underserved
area, we hope to raise the profile of STEM disciplines in rural commu-
nities, increase access to effective mathematics and science teaching
for middle and high school students, and ultimately improve prepara-
tion in STEM fields for these students and an increased capacity for a
STEM workforce in rural areas.

As part of the partnership program, we co-hosted a one-week STEM
Summer camp for students 11 to 14 years old in a high-need school in
rural Appalachia. The camp ran for one week in July 2019, as part of
students’ regular summer school programming. Our fellows, preser-
vice teachers who were just beginning their masters*-level teacher
preparation program, and faculty served as co-instructors. The
school in which we hosted our STEM camp is one of the university's
high-need local education agency partners. The school also served
as a site for some of our fellows' year-long clinical placements, which
began the subsequent fall. We use the term high need as it is defined
in section 201 of the Higher Education Act of 1965 (20 U.S.C. 1021). The
camp was a part of our fellows' introductory field experience for our
program, which involved designing, implementing, and reflecting on
the week-long STEM camp.

We designed the introductory field experience with three tenets in
mind. First, interventions should “model how to teach in ways that
recognize and adjust to the cultural differences of school children” and
preservice teachers need to explore and reflect on how knowledge is
culturally bound (Terrill & Mark, 2000, p. 154). One way we designed
our introductory field experience to address the first tenet is by meet-
ing for several hours each day after the STEM camp. This supported
fellows in recognizing and reflecting on their practice, attending
specifically to cultural strengths of the students and community. It also
gave them the opportunity to discuss and modify their plans based

on what they were learning about this specific group of students. We
also chose topics for investigation that related to students’ experiences
in their communities. In our rural context a focus on agriculture and a
history of mining meant that our students were connected to the land
and geography of our region, so several of our activities focused on
the geology of our area.
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Second, teacher education programs should increase preservice
teachers’ experiences with diverse youth by providing diverse field
experiences (Baldwin et al, 2007; Whitaker & Valtierra, 2018), One
way this introductory field experience addressed the second tenet
was by differentiating it from all other field experiences provided in
our program. Most field experiences are traditional in that they occur
in a classroom setting. However, we have incorporated community
events and this camp in order to give our fellows diverse experiences.
Fellows facilitated informal learning opportunities with students and
their families at events held at a local community center. In this camp
fellows were not restricted by the sometimes rigid classroom schedule
that necessitates covering particular standards or particular sections
of a textbook. They were also afforded the flexibility to experiment with
different modes of instruction. We also purposefully chose to involve
students who have struggled with the traditional structures of school,
so fellows had the opportunity to think about how to motivate learners
to engage meaningfully in content. The third tenet guiding our design
was the use of cross-cutting STEM practices: constructing argu-
ments and identifying and solving problems, and modeling to unify
our diverse topics. Each activity, regardless of which discipline took a
central focus, drew on one or more of these practices. Throughout the
camp we also provided multiple opportunities to use discipline-spe-
cific technology (e.g, mathematical software for modeling geometric
and algebraic objects, spreadsheets for data analysis, and various
measurement tools to capture geological and environmental data).

STEM Camp

During the first four days of camp, our fellows and project faculty
designed, implemented, and reflected on STEM lessons, which
addressed topics such as weathering, erosion, forces, and motion,
classifying rocks, density, and slope. On the final day we focused
primarily on programming robots. One goal in planning the activities
was to engage students in STEM practices and encourage them to
explore STEM careers (e.g, geologists, engineers). Students spent four
of the five days investigating common phenomenon from a math-
ematical perspective, justifying their reasoning by computing and
testing formulas, and a science perspective, justifying their conjectures
using data from their experiments. Students rotated through these two
sessions each day. In the science session, students had to justify the
conjectures using data from their experiments, whereas in the math
session they justified their reasoning by computing and testing formu-
las. For example, in a science session students explored landslides, a
common phenomenon for our region’s geology, through an experi-
ment that led students to make a hypothesis about which conditions
caused landslides (e.g, type of soil, how and how much water is add-
ed) and what angle of elevation is needed for different types of soil to
fall down a slope. When students explained and justified their process,
they showed that they are able to defend findings related to a design
problem, which is a benchmark from the new ITEEA 2020 Tech-
nological and Engineering Literacy (STEL) standards and provided
them an opportunity to engage in argumentation. This benchmark is
listed as benchmark S under Standard 2. In that day’s corresponding
mathematics session, students used technology to explore different
slopes, develop a formula for measuring slope, and compare angles of



elevation to slopes calculated using their formulas. Hereinaf-
ter, when we include STEL followed by a number and letter,
we are indicating the standard number and the letter of the
benchmark. For instance, the aforementioned benchmark
was STEL 2S.

Programming Activities

As noted, the final day of the camp focused on programming
activities that built on technology used earlier in the week.
Coding requires students to not only develop a solution to

a problem but communicate that solution in a specific way
such that it can be carried out by a computer. To engage
students in computational thinking, we used cognitively
demanding problems (Smith & Stein, 2011), those in which a
solution or a solution strategy is not immediately obvious, and
strategies are developed and implemented by the students.
Small robots provided students with immediate feedback and
a richly engaging experience, since they could immediately
test their code and see real results. We used a "use-modi-
fy-create” progression (Lee et al, 2011) through the coding
activities, which has been shown to foster students’ compu-
tational thinking. We also observed that through students'
engagement with this progression, they demonstrate that
they met several of the 2020 STEL standards' benchmarks.
For example, in the progression, students first interact with a
computer to learn how it is coded. Next, they develop com-
putational thinking by modifying and revising instructions that
have been written for a computer. Finally, students develop

a project of their own in the create stage. The progression
approach supported students' learning but also gave teacher
candidates a structure for scaffolding student problem solv-
ing. Through this process students demonstrated meeting the
ITEEA (2020) benchmarks for STEL, "apply the technology
and engineering design process” (7Q) and “refine design
solutions to address criteria and constraints” (7R).

In the programming activity, students were given Ozobots,
small robots, or bots, that can be programmed two ways,
either by color coding a surface that the robot can scan and
read or by using a block-style coding software (called Ozo-
Blockly). The code is entered in a web-based platform, then
downloaded to the Ozobot using a system of colored LED
flashes called flash loading. The bots can be coded to travel a
set path, change direction or speed depending on conditions,
change the light colors that flash on the bot, and play sounds.
At more advanced levels of coding, variables and functions
can be defined and complex logical statements and loops
can be used. To begin, we encouraged students to tinker

with drawing tracks and using different colors to program
paths for the bots (see Figure 2). The bot is able to drive on a
“track” drawn by the students and, depending on addition of
sequences of dots of different colors, the bots will do different
actions (e.g, change speed, change path, etc.). In this use
stage, as students explored with bots and began to notice the

effects of different dot sequences, we began to form a code glossary on
the whiteboard (see Figure 3). In developing a code glossary, students
were learning to “predict outcomes of a future product or system” prior
to beginning their own designs (ITEEA, 2020). As students tinkered
with the Ozobots, our fellows moved between groups of students and
supported them in exploring the different abilities of these robots and
proposing “what if" questions such as "What will happen if you change
the order of these color codes?” and “What if the bot reads the dots
backwards?” As students were prompted to address these questions,
they "differentiated between inputs, processes, outputs and feedback in
technological systems” (ITEEA, 2020).

Once students learned what the dot sequences did through their
exploration, the activity moved to the modify phase, where fellows
shared additional codes the students may have missed and also created

Figure 2.

Example track to explore effects of colored dot codes on bots.

Figure 3.
Glossary of codes developed by students after exploring bots on different racks.
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simple tracks for students to revise (e.g, make the bot go left here instead
of right, make the bot drive this track backwards, or change speeds).
Finally, students were given the opportunity to create their own tracks

to navigate obstacles, make decisions on which tracks to follow, and

use a preset time or number of moves (see Figure 4). In accounting for
these constraints students meet the STEL standard benchmark: “create

a closed-loop system that has a feedback path and requires no human
interaction” (2P). Moreover, in this create stage, fellows were able to
assess student understanding and observe STEM practices in action. For
example, the students who created the track shown in Figure 4 wanted
to create a ramp for their bot to traverse. They had to experiment to
determine what level of incline was shallow enough for the bots to go up,
what moves it could execute at the top of the ramp before going down
the other side, what speed codes were needed to get up and down the
ramp, and how tight a turn it could make and how to use line jump codes

Figure 4.
Student-created track with obstacles.

to randomize the bot's path. In doing so, they questioned, proposed,
designed, and built and then explored and challenged their solutions.

As individual students developed different levels of expertise around
color code programming the robots, we encouraged them to explore
more sophisticated programming with the OzoBlockly software, which
was another opportunity to create a closed-loop system. We started
this by turning on a program that we had pre-loaded on the bots. The
bots would execute the program given the correct inputs and no longer
needed a track to follow to know what to do. In the use phase, students
were given a sheet of paper with large colored dots and told to get the
bot on one of the dots (if they did the bot would say the color of the

dot and keep a running tally of the dots it touched). Typically, as they
reached out to touch the bots, the bots moved. Through exploration,
students then learned the bots had motion sensors and depending on
where they placed their hands near the bots, the bots moved in partic-
ular (not always intuitive) directions. For example, students learned they
could make the bot move forward by keeping their hand behind the bot
a specific distance. However, placing their hand to the right made the
bot turn left. We then facilitated a whole class discussion about what
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instructions the program must be giving to the bots. Next, we shared the
actual block code with the class and asked them to map their descrip-
tions to the line of code. In doing so we supported their technological
literacy to translate between the programming language and everyday
descriptions. After brief instructions on how to drag and drop different
codes, in the modify phase we gave students time to tinker with the
software and see how changing the code changed the robot's actions
and in doing so engaged students in “predicting outcomes of a future
product or system at the beginning of the design process” (ITEEA,
2020). We noticed that students struggled to create a code for the bot
that did anything more than what they had already observed, so to keep
students engaged the team made the decision to stay at the modify
stage for this portion of the activity, as students were able to modify and
share many complex revised programs.

Lessons Learned

As novices, most of our project team experienced learning about bots
and programming in the same way that the summer school students
would—as new content. This experience gave team members insight
as to how students would think about the activities, the kinds of ques-
tions they would ask, and the issues that might arise. We felt this was
a unique scenario because it allowed for authentic problem solving,
whereas when project team members and preservice teachers are
teaching content they have mastered, they often have to pretend to
not understand in order to encourage students in engaging in au-
thentic problem solving. That was rarely the case with this activity.

Much like classroom teachers, our schedule was determined by our
school partner and one issue we encountered with all lab compo-
nents and the programming activities, was that students ran out

of time. Our students needed ample time to explore, tinker, and
eventually delve into the content to begin creating or producing on
their own. In our "use-modify-create” progression (Lee et al, 2011),
typically, students had time for the exploratory phase in which they
were using and modifying, but too often they ran out of time as soon
as they seemed to start creating and producing on their own. One way
we would mitigate this tension in the future is to spread the activities in
smaller chunks across multiple days.

One beneficial aspect of our schedule was that it allowed us time to
debrief and revise our plans for the next day based on the outcomes
of the preceding day. In short, the structure of the program allowed our
team to implement plan-teach-debrief cycles. Our Fellows had the op-
portunity to analyze their teaching, discuss how they might revise their
instruction moving forward, and then put those ideas into practice the
following day. We suggest moving forward to allow students more time
to work, with a gap between the end of camp and the debrief session,
so students who were interested in dedicating additional time to these
tasks could.

We understand that lessons vary across contexts but hope that by shar-
ing observations about our experience we support other teachers and
teacher educators who are planning similar activities to better prepare
and implement.



Conclusion

Our project was intended to serve as an opportunity for students to de-
velop an interest in STEM topics using our local environment and tech-
nology and prospective teachers. We did so by introducing them to an
array of topics and content areas and engaging them in STEM Practic-
es, mathematical problem solving. Through their interaction with these
topics and content areas we observed students continuously engaging
in the Common Core Mathematical Practices of problems, the NGSS
science practices, the STEM practices outlined by Lowrie et al,, (2018)
and demonstrating the ability to meet STEL standard benchmarks. We
feel the activities we have described address the goals of today's teach-
ers while introducing students to new and relevant content.
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