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Abstract

U.S. science education policy and practices are under review, with the release of the Next Generation of Science
Standards (NGSS) and the emergence of Science, Technology, Engineering, and Mathematics (STEM) education.
Policy makers, including those from the White House, the National Academy of Sciences (NAS), and the National
Science Foundation (NSF), are producing studies, guidance, and recommendations that target, and therefore will
impact, course content, curriculum design, and instructional pedagogy practiced in these subject areas through-
out the country. Though computer and space-borne technological advancements in the U.S. have provided un-
precedented opportunities in education for over four decades, our nation now faces a serious shortage of students
prepared for the twenty-first century workforce in STEM-related fields. In addition, the Geosciences have been
historically underrepresented in the U.S. precollege community (Kindergarten through 12™ grade, or K-12).

This paper seeks to make the case for the inclusion of such disciplines, and suggests that satellites and the data
and/or imagery produced have a critical role to play in preparing the twenty-first century workforce. While a
robust set of resources exists, it remains difficult, if not impossible, to find programs or instruction in K-12 class-
rooms across the U.S. that utilize products derived from space-borne platforms, or provide guidance related to
careers in the space industry. The role of small satellites and the introduction of a GeoSTEM Education approach
are a pathway towards Integrating Small Satellites into the United States’ K-12 STEM Education Discussion.

1. Introduction

On April 1, 1960, TIROS-1 was launched, provid-
ing more than 22,000 pictures of the Earth from its orbit
(see Figure 1). This new way of looking at Earth revo-
lutionized the science of storm prediction. In the mid-
1980s, high school students (ages 14-18) began build-
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ing satellite tracking devices that gained access to polar
orbiting satellite imagery known as Direct Read-Out
Data. In the United States, the introduction of Remote
Sensing and the use of satellite imagery, real time data,
and computer visualizations in the K-12 classroom co-
evolved alongside the development and use of comput-
ers in the classroom, the Internet, and emerging Earth
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Observing Satellites. In recent times, the envelope has
been pushed one step further. Precollege students are
engaged in collaborations that are directed at construc-
tion and launch of remote sensing platforms that in-
clude High Altitude Balloons (HABs) and CubeSats,
and the remotely sensed data that are produced.

As policy makers continue to discuss and develop
an agenda for STEM Education in the U.S., the small
satellite community has a significant opportunity to
be a part of those discussions, and perhaps lead those
discussions into previously relatively unexplored ter-
ritories for precollege education that lie outside the
traditional physics, chemistry, and biology high school
curricula paradigm currently embraced in this country.

Figure 1. First Image from TIROS-1 (1960).
2. Making the Case

Policy-makers in this country have been engaged
in critical STEM education discussions that will impact
the citizens of the U.S. because they are linked to the
future economy, national security, and the twenty-first
century workforce. Consequently, the White House,
the National Academy of Sciences (NAS), the National
Science Foundation (NSF), and the Department of Ed-
ucation, among others, are all actively engaged in this
discussion. A brief introduction and review of three
key studies and documents follow, to provide some
background information and indicate the importance
of K-12 STEM education discussions.

First, the President’s Council of Advisors on Sci-
ence and Technology (PCAST) published a 2010 report
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prepared for the White House entitled Prepare and In-
spire: K-12 Science, Technology, Engineering, and Math
(STEM) Education for America’s Future (PCAST, 2010).
This report states “we must prepare students so they
have a strong foundation in STEM subjects and are able
to use this knowledge in their personal and professional
lives. And we must inspire students so that all are mo-
tivated to study STEM subjects in school and many are
excited about the prospect of having careers in STEM
fields” (PCAST, 2010: p. iii). One of the five national
priorities identified in this report is to create STEM-
related experiences that excite and interest students of
all backgrounds. Within the report was a recommen-
dation that “STEM education is most successful when
students develop personal connections with the ideas
and excitement of STEM fields. This can occur not only
in the classroom but also through individualized and
group experiences outside the classroom and through
advanced courses” (PCAST, 2010: p. ix).

The following year, the National Academy of Sci-
ences (NAS) published a report entitled Successful K-12
STEM.: Identifying Effective Approaches in Science, Tech-
nology, Engineering, and Mathematics (NAS, 2011).
This report identified three goals: “(1) Expand the
number of students who ultimately pursue advanced
degrees and careers in STEM fields and broaden the
participation of women and minorities in those fields,
(2) Expand the STEM capable workforce and broad-
en the participation of women and minorities in that
workforce, and (3) Increase STEM literacy for all stu-
dents, including those who do not pursue STEM-relat-
ed careers or additional study in the STEM disciplines”
(NAS, 2011: pp. 3-4).

The third report of relevance is that of the National
Science Board (NSB): Preparing the Next Generation
of STEM Innovators (NSB, 2010). This study identifies
three keystone recommendations: “(1) Provide oppor-
tunities for excellence, (2) Cast a wide net, and (3) Fos-
ter a supportive ecosystem” (NSB, 2010: pp. 2-3). Its
Executive Summary states “the United States is faced
with a clear and profound choice between action and
complacency. The Board firmly believes that a coher-
ent, proactive, and sustained effort to identify and de-
velop our Nation’s STEM innovators will help drive fu-
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ture economic prosperity and improve the quality of
life for all” (NSB, 2010: p. 4). The introduction of this
report begins with the acknowledgement of the 1957
launch of Sputnik and the resulting impact on science
education, and once again made the link between our
national economy and security. “In 1957, under the
shadow cast by the Soviet Union’s successful launch of
Sputnik, the United States embarked on a coordinated,
decade-long effort to recruit and educate the ‘best and
brightest’ who subsequently would form a new genera-
tion of leaders and innovators in science and engineer-
ing (S&E). This endeavor ushered in a new era of un-
precedented scientific and technological advancement
in the Nation, leading to the creation of new industries
and job opportunities, improvements in national se-
curity, and enhancements in our quality of life. At the
root of this progress was a nationwide focus on excel-
lence in science, technology, engineering, and math-
ematics (STEM) education and talent development”
(NSB, 2010: p. 4).

The United States is in the midst of yet another
transforming technological moment, with the devel-
opment of CubeSats. These small satellites, with their
innovative and revolutionary departure from the satel-
lite paradigm, have opened up unprecedented oppor-
tunities for STEM-related fields, enabling the creation
of a STEM pipeline that meets the recommendations
and findings of these and other studies and reports. A
successful STEM education program developing as an
outgrowth of the new paradigm will be able to demon-
strate a collaborative effort between Industry, Govern-
ment, and Education.

3. GeoSTEM: The Role of the Geosciences in STEM
Education

Considering the interdisciplinary nature of the
Geosciences, the research agenda, and the resulting
infrastructure investments, it seems logical that within
the context of a national STEM initiative, the geosci-
ences community would be acknowledged as a primary
stakeholder, with the bio-medical-technology field be-
ing the closest contender. With such a robust history of
an integrated Earth System sensor infrastructure that
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ranges from underneath our oceans to orbiting satel-
lites in space, Planet Earth is measured, tested, and
observed constantly monitored, yet STEM education
discussions often continue to focus only on the tradi-
tional roles that physics, chemistry, and biology play
in precollege education. The Earth sciences are too
often omitted from the discussion, and are frequently
the first to be eliminated from high school (9th-12th
grade) courses when economic stress factors require
budget cuts.

Twenty-six years ago, the first Satellites and Edu-
cation Conference was held at West Chester Univer-
sity in West Chester, Pennsylvania, The conference was
supported in part by the National Oceanic and Atmo-
spheric Administration (NOAA) as a direct result of a
local teacher and a group of precollege students build-
ing a satellite receiver in an effort to gain direct-readout
data from a NOAA Polar Orbiting Satellite. It was in
this small gathering that the National Aeronautics and
Space Administration (NASA), NOAA, universities,
precollege teachers, and their students began to explore
new ways of securing data and imagery for the precol-
lege classroom, and how to incorporate these resources
and data into their curriculum. The Satellite Educators
Association (SEA) was formed, and is now an interna-
tional network of scientists, engineers, university and
precollege faculty, collaborating with industry and
government in the exchange of ideas, resources and
opportunities. An annual conference has convened
at California State University-LA with support from
NASA (JPL), NOAA, and others. As part of the Multi-
national Youth Studying Practical Applications of Cli-
matic Events (M.Y.S.P.A.C.E.), precollege teachers and
students continue to gather, to learn new skills, partici-
pate in a mini-research project, and develop goals for
continued research and studies throughout the year.
The conference concludes each year with the students’
presentation to the conference attendees, giving stu-
dents firsthand experience in presenting findings to an
audience of professionals.

The Global Learning and Observations to Benefit
the Environment (GLOBE) Program was introduced
in 1995, and is supported by NASA, NOAA, the NSF,
and the U.S. Department of State. GLOBE has grown

JoSS, Vol. 2, No. 2, p. 203



Moore, J.

into an international program, conducted in 112 coun-
tries with more than 59,000 teachers trained in 25,000
schools; more than 1.5 million students have contrib-
uted over 23 million observations to the GLOBE da-
tabase. Following established scientific protocols, stu-
dents set up study sites at their schools and collaborate
on international studies related to Earth observation
and research (GLOBE, 2012). GLOBE’s strategic pri-
orities are to “improve student understanding of envi-
ronmental and Earth system science across the curric-
ulum; contribute to scientific understanding of Earth
as a system; build and sustain a global community of
students, teachers, scientists, and citizens; and engage
the next generation of scientists and global citizens in
activities to benefit the environment” (GLOBE, 2012:

p- 2).

Figure 2. GLOBE, an international Environmental/Science Education
Program.

In 2010, the NSF Directorate for Geosciences un-
veiled its Earth Cube Initiative, the Geoscience proto-
type for NSF’s Cyberinfrastructure Framework for the
21st Century (CIF21), created in an effort to build a
unified cyberinfrastructure framework for the geosci-
ences. CIF21 is NSF’s flagship effort for Big Data for the
following reasons: (1) Cyberinfrastructure (CI) is part
of the research fabric of Geosciences; (2) Geoscientists
are sophisticated CI users and creators; (3) NSF and
other agencies support substantial infrastructure and
research that will form the foundation of Earth Cube;
and (4) the Community is connected by the science as
well as collegial relationships.
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Figure 3. NSF Earth Cube Initiative.

From Big Data to GeoSTEM, a vision of a new
STEM laboratory emerges: “The Geoscience and Re-
mote Sensing Laboratory — Monitoring the Earth as a
System” (Moore, et al., 2013a). Within this vision, the
Geosciences community explores the interdisciplinary
sciences while studying the interactions of Oceans-
Earth-Atmosphere-Space, thus meeting one of the
criteria of STEM, and clearly justifying the creation
of GeoSTEM. Students now have the opportunity to
make observations and measurements of Planet Earth
and to enhance their data sets through the use of space-
borne imagery. They can begin to observe Earth from
both outside and inside the classroom, from the Earth
(ground) and from a space perspective. An educa-
tional model can therefore be incorporated into the in-
structional design: namely, SPACE to EARTH: EARTH
to SPACE (SEES) Model (Moore et al., 2012). Build-
ing on the existing knowledge base and skill sets, and
sometimes comprising very detailed field observations,
remotely sensed data and imagery can be incorporated
into students’ studies. One advantage of using remotely
sensed data and imagery is that much can be learned
about geographic locations, many of which cannot be
easily accessed.
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Figure 5. Super Storm Sandy struck New Jersey Beaches in 2012, causing
massive loss of dunes, in addition to catastrophic property damage.

Figure 4. High school students engage in geospatial intelligence activities.

The entire surface of Planet Earth can be viewed,
analyzed, and interpreted. Consequently, scientists, ed-
ucators, and students have the capability of looking at
the planet as a total global system, a sum of integrated
systems, physically interacting in a constantly chang-
ing fluid and dynamic state. Furthermore, using a geo-
spatial reference point, ground and space observations
and measurements can be aligned through the use of a
Global Positioning System (GPS) and then applied to a
Geographic Information System (GIS), which in turn,
becomes the language and basis for geospatial think-
ing.

The need for information and data in the Geosci-
ences has never been as evident as in the recent past,
with earthquakes, tsunamis, volcanic ash, wildfires,
hurricanes, tornadoes, drought, flash floods, and the
Gulf of Mexico oil spill, not to mention ongoing issues
such as climate change, and land-use that will require
great efforts to be made in sustainability. These “Earth-
related” issues present serious challenges and impacts
on the U.S. economy and national security, and broad-
en the scope of environmental interpretation to now
include remote sensing and satellite imagery. As we
face future natural and human-generated hazards and
disasters, the Geosciences have a critical role to play in
public awareness and safety (Moore et al., 2013b).
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4. National Science Foundation (NSF) CubeSat
Program

The NSF Directorate for Geosciences has devel-
oped a CubeSat research program. The CubeSat-based
Science Missions for Geospace and Atmospheric Re-
search. “The overarching goal of the program is to sup-
port the development, construction, launch, operation,
and data analysis of small satellite science missions to
advance Geospace and Atmospheric Research. Equally
important, it will provide essential opportunities to
train the next generation of experimental space scien-
tists and aerospace engineers” (see www.nsf.gov/fund-
ing).

The NSE which offers funding opportunities for
the research community, requires two Review Crite-
ria with which Principle Investigators (PIs) who have
submitted NSF proposals in response to a solicitation
are all too familiar: Intellectual Merit and Broader Im-
pacts. As one might expect, scientists who are focused
on their work generally can quite adequately present
the Intellectual Merit of their research and proposal,
but sometimes (or often), not surprisingly, the Broad-
er Impact Review Criterion presents a challenge, as it
seeks to address issues outside the realm of the authors’
expertise. In addition, many PIs interpret Broader Im-
pacts as a secondary, less significant part of the review
process — which is an erroneous assumption. The NSF
Strategic Plan emphasizes “the value of broader impacts
of scientific research, beyond the intrinsic importance
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of advancing scientific knowledge. These outcomes in-
clude (but are not limited to) increased participation
of women, persons with disabilities, and underrepre-
sented minorities in science, technology, engineering,
and mathematics (STEM); improved STEM education
at all levels; increased public scientific literacy and pub-
lic engagement with science and technology; improved
well-being of individuals in society; development of a
globally competitive STEM workforce; increased part-
nerships between academia, industry, and others; in-
creased national security; increased economic compet-
itiveness of the U.S.; and enhanced infrastructure for
research and education” (NSE, Grant Proposal Guide,
at www.nsf.gov). Therefore, it would logical, should a
PI wish to focus on education as the Broader Impact, to
engage Master STEM Teachers as part of their proposal
team. There is a need to establish a mechanism where-
by PIs can quickly identify and contact these Master
Teachers for the proposal preparation. It is important
to note that the “STEM Pipeline” begins in the early
elementary grades, not graduate school. Yet in the U.S,,
there is little coordination of science education in pri-
mary grade levels, where the focus is on Reading and
Mathematics.

5. Build, Launch, Utilize and Educate Using Cube-
Sats: BLUECUBE Project

The CubeSat and Small Satellite Community can
provide opportunities for the precollege participation
in the design, development, and use of data derived
from satellites. The Build, Launch, Utilize, and Educate
Using CubeSats (BLUECUBE) Project (Moore et al.,
2012) is an education and workforce development ef-
fort to use real-world CubeSat missions to engage the
pre-college community, community college, and uni-
versity students.

BLUECUBE’s goal is to promote increased pre-col-
lege student interest in Science, Technology, Engineer-
ing, and Math (STEM) careers via direct student in-
volvement in every phase of a CubeSat space mission:
Mission Management and Operations, Spacecraft Con-
struction and Testing, and Spaceflight Data Utilization.
In addition, BLUECUBE seeks to create an organiza-
tion that will hold/conduct/manage local, regional, and
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national competitions around the concept of engag-
ing in the production of flight-ready spacecraft, with
the ultimate goal of the launch of said spacecraft, and
follow-up of data use, that can be incorporated into a
common body of study (produced by the payload/in-
strumentation). It can also act as a clearinghouse for
funding opportunities, resources, and supplies, and
manage or facilitate the creation and operation of nodes
where collaborative pre-post flight activities can be de-
veloped and carried out. BLUECUBE seeks to create
pathways for Teacher Professional Development with
the goal of developing Master STEM Teacher Leader-
ship in the United States, and authentic STEM learning
experiences for students in the classroom.

Figure 6: BLUECUBE provides new directions in STEM Education.

In 2012, the NSF Directorate for the Geosciences
CubeSat Program, the Directorate for Engineering Di-
vision of Industrial Innovation Partnerships, recently
hosted a “Workshop to Explore the Utility of CubeSat
Projects for Scientific Research and Technology Ad-
vances and STEM Education and Workforce Develop-
ment,” in which scientists, engineers, and educators
showcased their current NSF-funded CubeSat science
and engineering projects. The presentations explored
the potential for CubeSat projects to play a major role
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in solving critical societal problems and enabling sci-
entific discoveries and engineering innovation. The
BLUECUBE Project participated as an invited educa-
tional project of the event.

While NSF solicitations call for unique “innovative
and transformative” proposals, the review criterion of
Broader Impacts does not fall into that level of review.
However, the Broader Impact portion of the proposal
can help with identification and selection of established
or ongoing programs and/or projects, allowing the PI
to incorporate a collaboration into the proposal that
tulfills the Broader Impact review criteria. There have
been over 60 CubeSat projects by the NSF; therefore,
the BLUECUBE Project proposes that it become the
“default” Broader Impact portion of all CubeSat pro-
posals submitted to the NSE. This decision, however,
falls upon the CubeSat (PI) community. As such, the
BLUECUBE Project proposes developing a national
network of “nodes” geographically associated with
funded CubeSat projects, thus developing a network
of teachers who have engaged in professional develop-
ment in CubeSat initiatives, and developing classroom
activities that in turn, highlight the importance of the
CubeSat research and deployment to our nation.

This concept has been successfully piloted in two
locations conducting Teacher Professional Develop-
ment programs, Student Camps for students, a Zero-G
flight collaborating with the University of Florida and
a High Altitude Balloon (HAB) and CubeSat launch
event with Drexel University. Furthermore, a pre-
launch educator’s conference is under development to

V
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Figure 7. Kevin Simmons and Florida students develop experiments to
fly aboard Zero-G aircraft.
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coincide with NASA-funded Drexel University’s Cube-
Sat launch. The Small Satellite Community could po-
tentially be a source of funding for these types of edu-
cational event.

Based on the creation of a CubeSat educational
community consisting of the NSF and other funded
CubeSat projects, BLUECUBE seeks to establish the
objective of educating and positioning STEM practi-
tioners on providing maximal educational impact and
to provide them with effective resources suitable for a
range of age groups.

BLUECUBE proposes altering current educational
practices by using CubeSats as a disruptive technol-
ogy. Consider a network of precollege educators and
students associated with funded CubeSat missions,
collaborating with PIs in creating hands-on, authentic
science experiences from the construction to launch
experience of a CubeSat. Just as current scientific re-
search reflects a new era of multidisciplinary studies, so
should the preparation of students reflect crosscutting
experiences and knowledge. CubeSats allow educators
and students to experience authentic science, conduct
relevant research, and acquire marketable skills for the
twenty-first century workforce.

Today, students are better engaged through authen-
tic instruction, and learn through these experiences. A
textbook-based curriculum is obsolete; project-based
learning and systems engineering allow students to ap-
ply Scientific and Engineering Methods to real-world
problem-solving.

Figure 8. Teachers fly CubeSat experiments aboard Zero-G Aircraft.
Picture here are John Moore, Einstein Fellow Team.
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Through an interactive pipeline consisting of pre-
college, college, and graduate students, opportunities
will models, mentoring, and application of skills sets.
The ultimate goal for BLUECUBE is to use CubeSat
form factors as a framework for the pre-college com-
munity student-designed payloads and the creation of
a national competition. Consider the success of First
Robotics in K-12 education, and imagine that instead
of building robotic vehicles for the purpose of a “simu-
lated” competition, students are engaged with flight—
ready spacecraft and launch into space and obtaining
real data for further research and other applications.

Each BLUECUBE student project will include any
of three phases. In all phases, the students will receive
applicable, age-appropriate instruction and mentor-
ship from graduate students, engineering profession-
als, geoscientists, and Master STEM Educators.

)

Figure 9. Creating the STEM Career Pipeline begins with student expo-
sure to Aerospace and Geoscience content in the K-12 school community.

5.1 Spacecraft Construction and Testing

Following age-appropriate instruction on the en-
gineering and technical aspects of spacecraft design
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and under the guidance of graduate students from a
local university, the students will design a payload for
flight aboard a CubeSat. They will consider scientific
objectives, power limitations, and mass constraints, as
they develop their own spacecraft for eventual orbital
flight. After designing their CubeSat, the students will
purchase, assemble, and fabricate their own spacecraft.
They will test and evaluate their design, learning about
the iterative nature of engineering projects.

Once a BLUECUBE CubeSat is constructed, it will
be manifested for orbital flight at the earliest opportu-
nity. Once the CubeSat is launched, the students will
move into the next phase of the project: Mission Man-
agement and Operations.

5.2 Mission Management and Operations

The Mission Management and Operations Phase
may occur in parallel with the Spacecraft Design and
Construction Phase. In this phase, the students will
receive instruction on the complexities of operating a
satellite in orbit, including communications, command
and control, resource management and data gathering.
They will formulate plans for monitoring and control-
ling their CubeSat once it is launched into orbit. Once
the CubeSat is launched, the students will use their
pre-developed plans to operate their spacecraft in or-
bit. They will modity their plans as-needed for flight,
taking unexpected factors such as failures into account.
As in the Design and Construction Phase, the students
will be mentored by graduate students with experience
in spacecraft operations.

5.3 Spacecraft Data Utilization

Once their spacecraft is in orbit, the students will
gather data from their experiment and utilize it in real
scientific studies. They may provide the data to scien-
tists, as well as studying it in their own classrooms. The
engineering and technical aspects of operations will be
coupled with the scientific CubeSat construction, and
testing, and operations will be coupled with the scien-
tific process to provide a multi-faceted STEM experi-
ence for the students involved.

BLUECUBE satellites, however, will also be avail-
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able to share data with classrooms around the world.
Groups of students may participate in only Phase 3 of
the BLUECUBE model and still gain a valuable STEM
education. The use of data, real time or otherwise, has
been established as a contributing factor to student
success, both in science and math.

Figure 10. Teachers build payloads for tethered balloon activity.

5.4 BalloonSats: High Altitude Balloons (HABs)

An intermediate step is creating BalloonSat proj-
ects. Students and teachers are able to engage in many
of the same activities in the design and construction
of payloads. Participants can experience the planning
of the launch event, atmospheric conditions, calculate
flight paths, and track balloons in flight.

Once the payload is retrieved, data from onboard
sensors can be downloaded. Video- and other cam-
eras can capture unique pictures of Earth, thus open-
ing the door to image interpretation and analysis skills,
which in turn, open the doors to new potential career
pathways. BalloonSat (HAB) events can help develop
hands-on skills, but are also cost effective educational
exercises that fill the time gap of the construction and
launch of CubeSats. It is because of these times and cost
factors that BalloonSat events are excellent opportuni-
ties for professors, graduate and undergraduate stu-
dents, and pre-college teachers and students to work
together on a project, learning skills that can be directly
applied to a CubeSat project.
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Figure 11. Students obtain “Earth Imagery” from HAB Project, Drexel
University.

5.5 RockOn! Building Intermediate Skills

Students and teachers have opportunities to par-
ticipate in established programs supported by NASA
and the Space Grant Consortiums. During the RockOn
workshop, teams learn through hands-on activities
how to build a sounding rocket payload or RocketSat.
Teams of three will build their RocketSat from a kit
in four days, and launch it on sounding rocket to ~73
miles on the sixth day. The hardware in the kit could be
used on future RocketSat and possibly CubeSat flights.
NASA Wallops Island Launch facilities provide the
rocket and launch operations for the workshop.

Figure 12. The launch of teacher-student payloads at NASA Wallops
Island, Virginia (20 June 2013).
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6. Developing A National Dissemination Plan:
Leveraging Master Teacher Networks

As previously mentioned, the Satellite Educators
Association has a 26-year history of collaboration
among industry, government, and education commu-
nities. This organization has a rich history of devel-
oping innovative applications for the classroom, and
through their annual conference, providing a place
where dialog can occur among these parties.

The GLOBE Program has an international in-
frastructure of over 54,000 teachers who have been
trained and certified by the program as part of the re-
quirements for participation. This program provides
opportunities for teachers to work together and share
information and data.

Albert Einstein

Distinguished Educator Fellowship Program

Figure 13. Albert Einstein Distinguished Educator Fellowship Program
logo.

The Albert Einstein Distinguished Educator Fel-
lowship Program “brings to Congress and appropri-
ate branches of the federal government the extensive
knowledge and experience of classroom teachers. They
provide practical insights and real world perspectives
to policy makers and program managers developing
or managing educational programs” (see www.trian-
glecoalition.org/einstein-fellows). (The “appropriate
branches” include NASA, NOAA, and the NSE) With
a twenty-year history, and over 200 Emeritus Fellows
with a national geographic representation, these Mas-
ter STEM Educators are resources that can be used in
local regions either leading Node efforts or identifying
Master Teachers.

The American Council of STEM Educators (ACSE)
is comprised of Albert Einstein Distinguished Educa-
tor Fellows and Presidential Awards of Excellence in
Mathematics and Science Teaching and other Teacher-
Leaders. The idea of developing Teacher Leadership
and facilitating professional development for the “pro-
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fessional teacher” are core principles to this organiza-
tion.

The National Earth Science Teachers Association
(NESTA) is developing and supporting the creation
of a GeoSTEM Master Teacher Corps. NESTA is rep-
resented at conferences such as the National Science
Teachers Association and the American Geophysical
Union reaching thousands of teachers on an annual
basis.

The American Meteorological Society has had
thousands of K-12 teachers participate in the DataS-
treme Program, whose primary purpose is to incorpo-
rate the use of real time data into the classroom. Teach-
ers receive graduate credit from SUNY Brockport in
the areas of Meteorology, Climate, and Physical Ocean-
ography. Through such mechanisms, a quality large-
scale national dissemination plan can be leveraged and
quickly be coordinated and put into place.

R i American
s = & Council of
. — LS STEM

Lt .Edumtors

Figure 14: Logos for the American Meteorological Society, American
Council of STEM Educators, and the Satellite Educators Association.

7. Summary

The Institute for Earth Observations, American
Council of STEM Educators, BLUECUBE Project, and
the National Earth Science Teachers Association have
introduced the concept of GeoSTEM to the Geosci-
ence and Earth/Space Science precollege community.
The three major science education policy makers in
the United States — the Office of Science and Technol-
ogy Policy (OSTP), the National Academy of Sciences
(NAS) and the National Science Foundation (NSF)
- have all published research and guidance for the
emerging STEM Education Community. The BLUE-
CUBE Project calls for the development of a coordinat-
ed education and outreach effort and national, or inter-
national, agenda for the CubeSat Community that has
the potential for capturing the imagination of STEM
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policy-makers. While supporting existing research
and flight opportunities, this effort has the potential of
reaching students of all ages.

There is a co-evolution taking place among the en-
gineering, science research, and applications aspects to
incorporate the educational community as well; it can
truly be a place, as the National Science Foundation
says, “where discoveries begin” (www.nsf.gov).

The integration of small satellites in the United
States’ K-12 STEM Education discussion brings a new
dimension to the table, which is project-based, authen-
tic science with real life applications, where students
acquire skill sets that are marketable in the twenty-first
century workforce and that will comply with the Next
Generation Science Standards. Creating projects that
are truly inter- and intra-disciplinary is a key principle
that policy-makers look for in STEM education initia-
tives.

This initiative transfers the value of critical think-
ing, problem solving, collaboration skills and “team-
work” experiences learned from NASA, NOAA, and
the NSF to precollege education. Now is the time for
the small satellite community to develop and support
an inclusive and diverse workforce pipeline through
educational opportunities to be introduced into the
research community’s paradigm - not as a second

thought, but by design.
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