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Abstract
Since the late 1950’s the industries supporting the exploration and utilization of space have become well
known. Humans have walked on the moon, distant worlds have been explored by orbiting spacecraft and rovers, and
above Earth satellites connect people globally as never before. Today as the US and the world are looking with
renewed interest to explore, colonize, and eventually capitalize space, the educational pipeline must be reinforced in
order to meet the ever-growing demand. In the United States, young students may have a spark of interest to pursue
a career in aerospace; however, that interest often fades due to the lack of hands-on STEM education exposure as
they enter high school. Additionally, the increased exposure to other subjects encourages students with highly prized
STEM skills to pursue careers in other fields. Through the Wolverine CubeSat Development Team (WCDT),
students have a strong STEM education program and a hands-on, real-world exposure to aerospace science. As part
of their contribution to the growth of the space industry, WCDT students work towards preparing themselves for
STEM careers. The WCDT began in August of 2015 as an after-school club and activity with the ultimate aim of
deploying a CubeSat into space within three years. In December of 2018, the WCDT successfully launched
WeissSat-1, a 1U CubeSat selected in the 24th round of NASA’s ELaNa Program and the CubeSat Launch Initiative
(CSLI). WeissSat-1 made history as the first CubeSat to be built, tested, and launched by middle school students.
Students of the WCDT are also active members of the Aerospace Public Policy Institute (APPI) where they
work to expand hands-on STEM education with a focus on aerospace policy in the United States. In the U.S.
Congress, House Resolution 85 (H.Con.Res.85), or Wolverine CubeSats in Education, was originally developed by
the students in conjunction with Congressman Brian Mast. It was introduced with the aim to increase public
awareness of the educational benefits of the CSLI and to prioritize its funding in the annual budget. This initiative is
currently in progress and is in the process of gaining bipartisan support from states who have experience with
CubeSats in educational settings. This legislation is an extension of H. Con. Res 109, the “WeissSat-1 Resolution,”
introduced in 2018. In addition to advocating for national aerospace policy, students continue to work at the state
level to increase the available funding for experiential Title 1 teacher STEM training in Florida. Through this
integrated partnership with Title 1 public schools, and through attending legislative blitzes, students raise awareness
and propose solutions for the aforementioned weakening STEM pipeline with the goal of producing a more inspired
and supported workforce for the future of the aerospace industry, particularly in these students’ home state.
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1.

Introduction

The STEM pipeline is the process in which
students are exposed to hands-on STEM education
from the early years, in order to be inspired and
eventually become professionals in STEM fields. This
multi-step pipeline includes everything from learning

about aerospace science in elementary school, to
working on hands-on projects such as building and
launching satellites in middle and high schools, to
eventually pursuing a STEM degree and a career in the
STEM workforce. There is, however, a gap in the
STEM education pipeline due to the lack of hands-on
education in early years, which is necessary to inspire
students in their future STEM pursuits. Wharton Public
Policy Initiative of University of Pennsylvania points
out that due to the lack of academic preparedness in
early years, students often end up leaving STEM fields
in which they originally expressed interest [1]. For
example, as noted by the United States President’s
Council of Advisors on Science and Technology, only

IAC-20-E1.5.6.
Page 1 of 6

71st International Astronautical Congress (IAC) – The CyberSpace Edition, 12-14 October 2020.
Copyright ©2020 by the International Astronautical Federation (IAF). All rights reserved.

40% of US students who enter university with an
interest in STEM, and just 20% of STEM-interested
under-represented minority students, finish with a
STEM degree [2]. In another study, Sithole, Chiyaka,
& McCarthy et al found that 45% of incoming college
freshmen had significant mathematics deficiencies.
They found that the lack of preparedness negatively
impacts a student’s ability to succeed in early STEM
courses. As a result, many STEM entrants end up
switching their majors to non-STEM fields, perform
poorly relative to their peers in other programs, and/or
drop out of college without earning an academic
qualification [3].
Students’ deficient STEM fundamentals are a
result of instructional quality. As noted by Sass in
Understanding the STEM Pipeline, having a middle or
high school teacher who specializes in the STEM
subject they teach increases a student’s probability of
pursuing STEM courses in college [4]. Therefore, to
ensure a properly functioning STEM pipeline, it is
important for policymakers to consider availability of
qualified teachers and high quality and hands-on
instruction in STEM fields across the nation.
In order to ensure students’ preparedness for
higher education in STEM and subsequently STEM
related careers, hands-on learning techniques should be
applied from early on. As noted by Okwueme et al in a
higher education study, children can learn mathematics
and sciences effectively even before being exposed to
formal school curriculum if basic mathematics and
sciences concepts are communicated to them early
using activity oriented methods of teaching.
Furthermore, since mathematics and sciences are
practical and activity orientated, the best methods of
teaching them come from inquiry and through
intelligent manipulation of objects and symbols. [5]
1.1 The Wolverine CubeSat Development Team
The work of the Wolverine CubeSat Development
Team would not be possible if not for its focus on
experiential STEM education. The WCDT strives to
design, build, test, launch, and fly CubeSats in space.
Two years after being selected by the 2016 NASA
CSLI, the WCDT has successfully assembled, tested,
certified, and integrated the WeissSat-1. This was their
first CubeSat to launch, which flew on a SpaceX
Falcon 9 rocket from Vandenberg Air Force Base and
is currently still in orbit. In 2018, the WCDT entered
six proposals to NASA’s CSLI, and had their second
CubeSat selected, the CapSat-1, which is a 1U CubeSat
that will test the efficiency of capacitors as an
alternative to lithium-ion polymer batteries. From 2016
to 2020, numerous students have presented and
exhibited at various conferences and banquets,
including The American Institute of Aeronautics and
Astronautics (AIAA) Missile, Space and Range
Pioneers, NASA Headquarters and The White House.
Additionally, WCDT students have attended and

presented at the podium for a STEM Future panel at
the 2017, 2018, and 2019 Humans to Mars Summits in
Washington, D.C. as well as the SmallSat Workshop
and Conference in Logan, Utah. Many of these
students are chosen based on their merit to present their
work at prestigious conferences such as the
aforementioned SmallSat Conference, and the
International Astronautical Congress.
In addition to speaking at conferences, students
also participate in competitions. In 2019, several
former WCDT students entered the Future Space
Scholars Meet held in Beijing, China, after being
chosen as the US champions. This past year, WCDT
entered their submission in NASA Ames Space
Settlement Competition, where they developed a plan
for a permanent residence in space, outlining the
structural design and construction plans, as well as how
7,500 humans would live in a lunar-orbital
environment. In this worldwide competition involving
14,359 students, WCDT students won 1st place in the
8th grade team category. WCDT students are exposed
to a wide range of hands-on activities and visual
learning as part of their STEM middle school
curriculum.

Fig. 1. WCDT students integrating WeissSat-1.
Images courtesy of Kevin Simmons
Being able to physically connect with the subject
matter, helped solidify students learning and fostered
further interest in ways that could not have been
accomplished by simply reading about the satellites
from a textbook. Furthermore, the ignited interest and
expertise which were obtained during this hands-on
learning, inspired and prompted younger students to
develop and submit their own proposals to NASA’s
CLSI in the following year. As a result, one year after
WeissSat-1 was launched, a second proposal from a
WCDT student for CapSat-1 was accepted by NASA
and is currently in the building stages.
To further enhance hands-on learning, WCDT
middle school students have toured aerospace
laboratories and facilities at universities such as
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Massachusetts Institute of Technology, The United
States Naval Academy and Florida Institute of
Technology. These types of experiences provided
students with a unique perspective on what it is really
like to build and launch satellites, as well as how to
utilize information from the satellites in orbit. As a
result, WCDT students were inspired to develop ideas
for future science experiments and competitions. This
was evident through WCDT students’ consistent
success during regional and state science fair
competitions over the last few years. Being able to
attend industry conferences and educational workshops
has allowed WCDT students to network and
collaborate with the leaders in aerospace and
engineering industry, which in turn provided them with
the level of knowledge that could not have been
achieved through standard class lectures alone.
Students who are exposed to hands-on training
will be more equipped to conduct important work and
scientific research that can eventually contribute to
NASA’s missions and the betterment of the country’s
academic future. Ultimately, hands-on aerospace
education that is offered in elementary and middle
schools, will not only inspire the youth, but play an
important role in producing a more educated workforce
for the future of the aerospace industry.
1.2 Aerospace Public Policy Institute
Students who participate in WCDT recognize that
what they are doing is very special and it is their goal
to advocate on behalf of STEM education in order to
provide similar opportunities to less fortunate students.
This goal is being achieved through their public policy
team which is closely tied to their efforts in WCDT. By
utilizing public policy, students aim to improve the
STEM pipeline through the increase of hands-on
STEM education in the early years, thus achieving
adequate preparedness for higher education and careers
in the fields of STEM.
Aerospace Public Policy Institute is organized and
run by Ms. Shawna Christenson, who has recently been
recognized as the Middle School Coach of the Year by
the National Speech and Debate Association. Through
her passion for public policy, Ms. Christenson seeks to
create public speaking opportunities outside the
classroom and into the real world by participating in
legislative blitzes and working with students on
resolutions at the state and national level. From this
beginning, APPI was developed in order to help other
students, and educators teachers, and to, educate,
communicate, advocate and legislate on behalf of space
policy and hands-on aerospace education.
2. Methods for Enhancing the STEM Pipeline
As part of their involvement in APPI, WCDT
students regularly attend legislative blitzes to advocate
to the United States Congress on importance of STEM
education. Through their legislative initiatives, WCDT

students aim to increase awareness of the educational
benefits of the CSLI and to increase the available
funding for experiential public school teacher STEM
training in the State of Florida.
2.1. House Resolution
The first legislative initiative that WCDT students
worked on as part of their efforts was H. Con. Res.109.
In March 2018, this resolution was introduced to
Congress in order to increase public awareness of the
educational benefits of the CLSI and prioritize its
funding in the annual budget.
To re-introduce their resolution, students
continued working with the U.S. Congressman Brian
Mast in order to update the legislation to reflect how
CubeSats are an important educational tool and gain
more support at the national level. With his assistance
and sponsorship, on January 24, 2020 the bipartisan
Wolverine CubeSats in Education was re-introduced to
Congress as H. Con. Res.85.
Fig, 2, H.Con.Res.85. Image courtesy

Shawna Christenson
During the course of the year, students continue
their outreach to Representatives from various states
and regions where CubeSats have been launched or
where Aerospace policy interests have been expressed.
As demonstrated through the responses received from
Representatives, the House Resolution 85 has been
gaining support on the national level.
2.2. State Level Initiative
As part of the state initiative, WCDT students have
been working on legislation to increase funding
available for experiential public school teacher STEM
training in the state of Florida. As part of these efforts,
Ms. Christenson has received a grant from Florida
Space Grant Consortium, which enabled her to provide

IAC-20-E1.5.6.
Page 3 of 6

71st International Astronautical Congress (IAC) – The CyberSpace Edition, 12-14 October 2020.
Copyright ©2020 by the International Astronautical Federation (IAF). All rights reserved.

hands-on experiential STEM training opportunities to
teachers in public schools. Teachers were trained on
the importance of connecting industry to academia, to
form professional contacts, and to see themselves not
just as teachers of content, but rather as professionals
within their content area fields. Participants received a
stipend, and those who continued the program after the
school year was finished, received a follow up stipend,
with the goal of helping them to either form or improve
a STEM related club at their school.

2.3.2 AIAA Congressional Visits Day and Space
Exploration Alliance Legislative Blitz

Fig. 4. WCDT students visiting NASA HQ
Image courtesy Shawna Christenson

Figure 3, Teacher Training. Image courtesy
Shawna Christenson

Each year, several select WCDT students call on
Congress in support of the Space Exploration
Alliance’s Legislative Blitz and the AIAA’s
Congressional Visit Day. During this two-day event,
students visit the NASA headquarters for the annual
briefing, network with Planetary Society and other
aerospace advocacy group members and conduct
scheduled meetings with legislators. The purpose of
these events is to gain support of increasing funding for
NASA and expanding STEM education in order to
expedite our nation’s return to the Moon, while
reinforcing the STEM pipeline.

The grant further allowed the teachers to bring ten
of their own Title I students to attend the concurrent
student camp held by WeissSat-1 Principal
Investigator, Mr. Kevin Simmons. This camp,
consisting of several week-long sessions, provided
students with educational opportunities in the fields of
aerospace, calculus, communications, engineering and
science.
2.3 Legislative Blitzes
On an on-going basis during the school year,
students correspond with representatives and senators
via email, asking for support on their resolutions and to
advocate for better STEM education. WCDT students
also call on all 29 Florida Congressional offices in
order to gain support for their resolution on both the
state and national level.
2.3.1 Florida Space Day
Florida Space Day in Tallahassee is an annual
event providing an opportunity for aerospace
companies across the state to share important
developments in the field. Students attend Florida
Space Day to network, advocate and meet with
legislators in order to discuss the value of the space
industry in Florida. Students set up their own
appointments with Florida legislators who work on
committees related to aerospace, appropriations, or
education interests, in hopes of promoting the state
initiatives.

Figure 5, WCDT Students conducting meetings
on Capitol Hill. Image courtesy Shawna Christenson
3. Theory
The value of experiential learning has deep roots
to the progressive education theory, which was
developed by the most significant educational
philosopher of his era, John Dewey. Springing from the
educational philosophy of Pragmatism, which is based
on the belief that reality must be experienced, Dewey’s
progressive education theory emphasizes the need to
learn by doing. Dewey’s theory asserts that students
must interact with their environment in order to adapt
and learn, and that learning by doing and development
of practical life skills is crucial to children’s education
[6].
Experiential learning techniques can improve the
fractured STEM pipeline, by helping students grasp
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what they are taught and improving long-term retention
of information. In a key scientific study, Louis
Deslauriers, Director of Science Teaching and Senior
Physics preceptor at Harvard University, noted that
students learn more through active participation and
hands-on engagement in the classroom than they do in
a passive lecture environment [7].
This study
identified a direct correlation between active learning
and students’ long-term retention of the knowledge and
its application to problem solving.
The assertion that active learning increases
students’ performance in STEM was also recently
noted by Freeman, Eddy, & McDonough et al through
meta-analysis of 225 studies in published and
unpublished literature. They found that students who
did not engage in hand-on learning were 1.5 times
more likely to fail a course than students who did [8].
These findings are summarized in Figure 5 below.

Figure 6, Changes in failure rate. Image
courtesy Freeman, Eddy, McDonough et al [8]
(A) Data is plotted as percent change in failure rate
in the same course, under active learning versus
lecturing. The mean change (12%) is indicated by the
dashed vertical line. (B) Kernel density plots of failure
rates under active learning and under lecturing. The
mean failure rates under each classroom type (21.8%
and 33.8%) are shown by dashed vertical lines.
4. Discussion
The importance of improving the STEM
framework has been recognized for decades, yet the
U.S. Aerospace industry continues to stand at a critical
juncture today. In the 2006 report, America’s
Aerospace Workforce at a Crossroads, David Logsdon,
the Executive Director of Space Enterprise Council in
the U.S. Chamber of Commerce, made a critical
assessment on the importance of the United States
confronting its future in STEM. The report warned
that NASA had an aging workforce and serious doubts
about its ability to fulfill its space exploration agenda
[9]. The report further urged the United States to reflect
upon how the perceived downturn in the U.S. hightechnology workforce will affect the nation’s plans for
both public and private space exploration in the
twenty-first century. This issue was also highlighted
by the United States Commission on National Security
in the 21st Century, which stated that the U.S. need for

the highest quality capital in STEM is not being met,
and compared the threat of the nation’s failure to
manage STEM properly as “second only to a weapon
of mass destruction detonating in an American city”
[10].
Now is the time to ensure that a new generation of
aerospace workforce is being prepared in order to
fulfill the industry’s long-term goals of space
exploration. Successful planning is more important
now than ever before due to the fact that many
employees in the aerospace sector are approaching
retirement. This “greying of the workforce” could have
unprecedented impacts on the United States economy.
In the 2018 fiscal year, the aerospace sector generated
over 928 billion dollars of economic output, reduced
the U.S trade deficit by over 10%, and supported over
20% of the nation's manufacturing workforce [11].
However, over the past decade, there has been
significant concern regarding the STEM workforce and
the STEM pipeline. In the coming years the workforce
and innovation in this field could significantly decline
if the US does not properly invest in and enhance the
STEM pipeline now.
It is important to reignite the dream of space and
inspire new generations with early hands-on aerospace
educational applications. This will enhance the STEM
pipeline in accordance with NASA’s Strategic
Objective 3.3, which states that its education and
outreach functions aim to inspire and engage the public
and students in order to increase public knowledge of
NASA’s work and foster an understanding and
appreciation of the value of STEM [12].
WCDT students are currently the only middle
school students in the nation to have ever built and
launched a satellite through NASA’s CSLI. This shows
the lack of hands-on aerospace education in the United
States at a middle school level. Therefore, through the
use of public policy, WCDT students advocate and
seek support for better education for other students in
their state and across the nation. By advocating on
behalf of STEM education and increasing the public
awareness about CSLI, WCDT students not only try to
help other students get similar opportunities, but also
enhance their own learning through ownership and
self-advocacy.
Policy and advocacy work are
important at even an early age, because it empowers
students to identify the areas where change is needed
and voice concerns on behalf of their own education
and education of others.
5. Conclusion
The fractured STEM pipeline is putting the future
of the aerospace industry at stake. In order to combat
this problem, it needs to be addressed at its core.
Students have to be exposed to experiential STEM
education from the early years, in order to foster their
ability to retain and apply their knowledge in the
future. However, making experiential learning
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opportunities available at a middle school level
requires a shift in early education that must come with
the policymaker’s support. For the change to be
effective, new laws and increased funding would have
to be applied to the education sector.
When policy makers hear concerns from
students directly, they are more likely to act on it.
Legislators work hard to stay informed about how
people think and feel about the issues of the day.
When an issue emerges on the floor of the House of
Representatives, policymakers hear from aides,
lobbyists, media and even the president, but seldom do
they get an adequate amount of communications from
the constituents directly affected by the issue [13].
Therefore, WCDT students aim to make a difference
by advocating on behalf of their own learning and on
behalf of others, to ensure the availability of great
education across their nation.
Through legislative initiatives, WCDT students
advocate to increase access of hands-on STEM
education across the state of Florida and nationwide, as
well we as raise awareness and prioritize continuation
of the CubeSat Launch Initiative. As a result, they can
continue to have, and ensure that others will have,
access to the invaluable STEM, and more specifically
aerospace related hands-on education. Through these
efforts, WCDT students hope to achieve the long-term
goal of improving the STEM education pipeline and
providing the aerospace industry with a highly
qualified future workforce.
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