Ensuring STEM Literacy: A National Conference on STEM Education and Public Outreach
ASP Conference Series, © 2014
Michael G. Gibbs, James G. Manning, and Joseph B. Jensen, eds.

Science and Science Education Go Hand-in-Hand: The Impact of
the NASA Science Mission Directorate Education and Public
Outreach Program
Denise A. Smith
Space Telescope Science Institute, 3700 San Martin Dr., Baltimore, MD 21218
Laura Peticolas
Space Sciences Laboratory, University of California, Berkeley, 7 Gauss Way,
Berkeley, CA 94720
Theresa Schwerin
Institute for Global Environmental Strategies, 1600 Wilson Blvd., Suite 600, Arlington, VA 22209
Stephanie Shipp
Lunar and Planetary Institute, 3600 Bay Area Boulevard, Houston, TX 77038
James G. Manning
Astronomical Society of the Pacific, 390 Aston Avenue, San Francisco, CA 94112
Abstract. For nearly two decades, NASA has embedded education and public outreach (EPO) in its Earth and space science missions and research programs on the
principle that science education is most effective when educators and scientists work
hand-in-hand. Four Science EPO Forums organize the respective NASA Science Mission Directorate (SMD) Astrophysics, Earth Science, Heliophysics, and Planetary Science EPO programs into a coordinated, efficient, and effective nationwide effort. The
result is significant, evaluated EPO impacts that support NASA’s policy of providing a
direct return-on-investment for the American public, advance STEM education and literacy, and enable students and educators to participate in the practice of science as
embodied in the 2013 Next Generation Science Standards. Leads of the four NASA
SMD Science EPO Forums provide big-picture perspectives on NASA’s effort to incorporate authentic science into the nation’s STEM education and scientific literacy,
highlighting examples of program effectiveness and impact. Attendees will increase
awareness of the depth and breadth of NASA SMD’s EPO programs and achievements, the magnitude of its impacts through representative examples, and how current
and future EPO programs can build upon the work being done.
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Introduction: Today’s NASA and STEM Education

NASA aims “to reach for new heights and reveal the unknown so that what we do
and learn will benefit all humankind.” Today’s NASA implements its vision through
four Mission Directorates (Aeronautics, Human Exploration and Operations, Science,
and Space Technology); Administrator staff offices (e.g. the Office of Communications and the Office of Education); and ten field centers (e.g. Ames Research Center,
Goddard Space Flight Center, Jet Propulsion Laboratory). In addition, NASA advances its goals through a wide range of industry, university, college, laboratory, science, engineering, and education partners.
Within NASA, the Science Mission Directorate (SMD) seeks to answer fundamental questions through a wide range of missions and research programs that explore our home planet Earth, the Sun, our solar system, and the universe beyond.
Through four Science Divisions (http://nasascience.nasa.gov), NASA SMD endeavors to: advance Earth system science and applications to meet the challenges of climate and environmental change (Earth Science Division); understand the Sun and its
interactions with the Earth and solar system (Heliophysics Division); ascertain the
content, origins, and evolution of the solar system and the potential for life elsewhere
(Planetary Science Division); and, discover how the universe works, explore how the
universe began and evolved, and search for Earth-sized planets (Astrophysics Division). SMD missions span the full spectrum of space-based platforms, including
Earth-observing satellites, balloon and rocket payloads, solar system probes and
landers, and space-based telescopes.
At the same time NASA SMD communicates to and educates students, teachers
and the public about its investigations, discoveries, and their significance by embedding educational efforts and programs directly into its missions and programs, leveraging NASA scientists, facilities, and mission results to provide unique and authentic
Science, Technology, Engineering and Mathematics (STEM) experiences in support
of national education goals. These efforts are presently coordinated by four Science
Education and Public Outreach Forums, one for each of the SMD divisions, to ensure
coherence, efficiency, effectiveness and impact for a distributed set of programs employing the best of NASA in concert with a host of public and private partners.
This paper provides an overview of NASA SMD contributions to STEM education, as summarized in an invited plenary presentation at the 2013 Astronomical Society of the Pacific (ASP) Annual Meeting “Ensuring STEM Literacy.”
2. The Science Mission Directorate’s Approach to Education and Public Outreach: Providing a Return on Public Investment
The NASA SMD Education and Public Outreach program plays an integral role in
advancing NASA’s vision, providing a direct return on the public’s investment in
NASA’s science missions and research program with a minimum of 1% of each
flight mission’s budget dedicated to education and public outreach (EPO). NASA
SMD’s approach is to embed the EPO within each flight mission, as well as in research programs and program offices such as the NASA Astrobiology Institute,
NASA Lunar Science Institute, and Exoplanet Exploration Program (NASA, 1995).
The resulting partnering of scientific and educational expertise creates relevant, en-

The Impact of the NASA SMD EPO Program

3

gaging, scientifically accurate, and pedagogically sound STEM EPO (see Section
2.2). In addition, SMD sponsors competitive EPO grants through an annual “Opportunities in Education and Public Outreach for Earth and Space Science” (EPOESS)
solicitation.
Today’s SMD EPO program builds upon efforts initiated within the former
NASA Office of Earth Science and Office of Space Science, and has grown from a
handful of organizations carrying out Earth and space science EPO activities in Fiscal
Year (FY) 1990 to an infrastructure with national reach in FY2001 (Rosendhal et al.
2004) to a nationwide community of SMD-funded EPO professionals hosting more
than 1300 activities and 200 virtual events in all 50 states during FY12 for students,
educators, and the public (Figure 1). This nationwide community of SMD-funded
EPO professionals includes scientists, educators, and communication specialists. This
community works within and beyond NASA’s field centers; a significant fraction of
SMD-funded EPO programs are headquartered at science and operations centers,
universities and colleges, research institutions, museums/science centers, and a variety of non-profit education organizations.
The fundamental principles of SMD’s approach to EPO are summarized in the
“Explanatory Guide to the NASA Science Mission Directorate Education & Public
Outreach Evaluation Factors,” (NASA, 2010). Strengths highlighted in this paper
include SMD’s authentic coupling of scientific and educational expertise; attention to
audience needs and application of best practices; focus on partnerships and leveraging; active commitment to diversity; and emphasis on program effectiveness and
evaluation.

Figure 1. Distribution of SMD-funded education events held across the continental U.S. in FY2012, as reported into the NASA Office of Education Performance
Measurement System. Outreach events and virtual events are not included in this pictorial representation.
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2.1. Forums Ensure a Coordinated, Effective, Efficient Nationwide Program
Four competitively awarded SMD Science Education and Public Outreach Forums (SEPOFs) organize individual SMD-funded EPO programs into a coordinated,
effective, efficient, nationwide effort. One Forum exists for each of SMD’s Science
Divisions: Astrophysics, Earth Science, Heliophysics, and Planetary Science. Each
Forum consists of a team of scientists and educators that work closely with SMD and
each other to support and coordinate SMD’s EPO community. SMD’s charge to the
Forums, and the work of the Forums themselves, builds upon best practices and lessons learned from the prior OSS Education Support Network of Education Forums
and Broker/Facilitators (Rosendhal et al. 2004) and over 15 years of SMD EPO activity.
The current Forums maximize the efficiency, effectiveness, and cohesion of
the SMD EPO program – and minimize duplication of effort and fragmentation – by
providing resources and services that streamline communication and facilitate collaboration among SMD’s nationwide community of EPO professionals (e.g. Mendez et
al., 2010; Smith et al. 2012). Collaborations organized and coordinated by the Forums enable community members to learn about each other’s products/programs,
share best practices, foster innovation, and carry out their EPO programs in a way
that makes more efficient use of their collective resources. External evaluation shows
evidence of how the development and evolution of the approaches to collaboration
are working to meet the goals of the Forums, and the outputs of collaborations are
found in documentation of Forum activities (e.g. http://smdepo.org).	
  	
  
The Forums also organize professional development offerings and Working
Groups to support the SMD EPO community in incorporating best practices, audience needs, and educational research into their work and provide resources and strategies to support scientists in reaching EPO audiences in meaningful ways (e.g. Bartolone et al. 2013, Buxner et al. 2012, see also Section 2.3). External evaluation confirms that the Forums take an active role in conducting conference sessions and publishing associated articles, using these opportunities to share lessons learned from
community collaborations, best practices in diversity, results of product inventories,
pilot studies for engaging girls in science and working with public libraries as a venue to do so, and encouraging scientist engagement in education.	
  	
  
A comprehensive Forum-led inventory and analysis of SMD-funded education
materials (see also Section 2.4), together with the development of a single online entry point to SMD-funded education products (NASA Wavelength digital library
http://nasawavelength.org, Figure 2), also foster efficient and effective use of NASA
content (Schwerin et al., 2012).

The Impact of the NASA SMD EPO Program

5

Figure 2. The NASAWavelength digital library (http://nasawavelength.org/) provides a single point of access to SMD education materials, which are peer reviewed
and aligned with AAAS Benchmarks. Its design and philosophy emphasizes best
practices, simple re-useable data and open source services that facilitate the flow of
information across systems.
2.2. Scientist-Educator Partnerships are the Cornerstone of SMD EPO
The NASA SMD EPO program emphasizes authentic partnerships between scientists
and educators, recognizing the respective responsibilities and roles that the science
and education communities bear in cultivating scientific literacy and the next generation of STEM professionals (NASA, 1995; NASA, 1996; NRC, 2008). Scientists and
engineers working with NASA’s Earth and space science missions and research programs provide access to unique data, research, and technology that captivate the imagination and inspire learners of all ages to deepen their understanding of STEM
fields. Scientists and engineers also provide critical insights into the practice of science and engineering, the significance of Earth and space science discoveries, and
STEM career paths. Educators hold equally critical knowledge of research into how
people learn and expertise in applying educational research to a range of learning
environments. They hold the key to understanding student capabilities and learning
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styles, knowledge of classroom and informal learning environments, and insight into
national education standards and reform efforts (e.g. Rosendhal, 1996).
By embedding EPO in its missions and research programs, SMD enables scientists, engineers, and educators to work side-by-side in identifying the aspects of cutting-edge SMD science and engineering that are most relevant to student learning and
public understanding of science and technology. A Forum survey of SMD-funded
EPO teams shows that the SMD EPO program leverages a highly skilled community
with significant, deep experience in NASA-related STEM. Of responding program
leads, 71% cite more than 6 years of experience with SMD-funded EPO programs,
with 41% citing more than 10 years of experience. Program teams hold experience in
a variety of areas (see Table 1). The EPO resources and opportunities resulting from
the partnering of scientific and education expertise reflect current science/technology
and are accurate both in science and pedagogy. They are enlivened by real stories of
scientific exploration and discovery, providing the context and framework for learning that are referenced in findings of education research on how people learn and develop.
Table 1.

Areas of Expertise Held by SMD-Funded EPO Teams

Area of Expertise
Informal Education
Scientific Research
K-12 Teaching
Higher Education
Electronic Media Development / Information
Technologies
Private Sector STEM
Pre-K Teaching

Percentage of Reporting
EPO Program Teams
86%
85%
78%
77%
77%
42%
12%

2.3. SMD EPO is Grounded in Audience Needs and Best Practices
SMD ensures that its EPO program is grounded in best practices and the needs of
students, educators, and the public by partnering with the communities it serves, by
charging its Forums with organizing audience-focused Working Groups to gather
findings on audience needs and best practices, and by providing professional development for its EPO community through its Forums.
Forum-organized Working Group activities build upon a rich heritage of work
carried out by the former Office of Space Science Education Support Network, which
examined a range of audience needs, including those of the pre-service education
community, community-based organizations and out-of-school-time programs, and
special needs audiences (Shipp et al., 2007; Ruberg et al., 2008; Lutz et al., 2004;
Gibbons, Bergsman, & Smith, 2008; Runyon et al. 2004). The current generation of
Forums created by SMD is charged with convening Working Groups in Higher Education, K-12 Formal Education, and Informal Education. Each Working Group contains a representative from each Forum team and members of the higher education,
K-12 formal education, and informal science education communities, respectively.
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Work to date includes science education literature reviews in each audience topic to
ascertain best practices for working with these audiences. In addition, each Working
Group has done the following:
Higher Education: The Higher Education Working Group has carried out a literature
review and a survey of community college STEM faculty to better understand faculty
demographics and views, resources needed and barriers faced, and helpful NASA
STEM education resources (Low et al., 2013).
K-12 Formal Education: The K-12 Formal Education Working Group conducted a
national survey that was completed by over 1,000 educators to assess which educators were using NASA resources, what educators were looking for when using NASA
resources, and what attracted them to NASA workshops and other educational opportunities. Among the survey findings are the five highest rated reasons educators attend a NASA professional development experience: 1) Learning ways to use NASA
resources with students, 2) Accessing NASA’s imagery and science, 3) Discovering
the cutting edge scientific work being done by NASA, 4) Receiving science content
from NASA scientists, and 5) Acquiring NASA resources (print/electronic) (SMD K12 Formal Education Working Group, 2013).
Informal Education: Recognizing the body of work carried out by the NASA Office
of Education Explorer Institutes, the previous Office of Space Science Education
Support Network, the National Research Council, the Center for Advancement of
Informal Science Education (CAISE) and others, the Informal Education Working
Group has focused on compiling key resources and references regarding best practices in informal science education (SMD Informal Education Working Group, 2012). A
survey of informal educators to identify current professional development needs related to NASA Earth and space science content is in progress.
In addition to Working Group activities, the four Forums also work together to
provide resources and opportunities that support SMD EPO community members in
sharing best practices relevant to SMD EPO. Forum team members work with the
SMD EPO community to identify professional development needs and to raise
awareness of best practices, educational research, and Working Group findings.
Based on community needs, the Forums organize a variety of distance learning and
face-to-face professional development opportunities for NASA science EPO professionals. Topics explored to date include best practices in navigating NASA EPO program requirements, social media, engaging girls in STEM, student misconceptions
and reasoning difficulties, and evaluation (Bartolone et al. 2013).
2.4. Rigorous Reviews, Evaluation, and Data-Driven Decisions
In addition to efforts carried out by the Forums and within individual SMD-funded
EPO programs, NASA SMD takes a number of steps to ensure the quality and effectiveness of its EPO program at the Headquarters level. NASA SMD convenes external review panels to assess SMD EPO programs according to rigorous criteria, with
mission EPO plans undergoing rigorous review at mission key decision points
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(NASA, 2010). Proposals for new and continuing SMD mission and grant-funded
EPO programs must demonstrate evidence that products and activities address audience needs.
All SMD-funded EPO programs are expected to include evaluation plans appropriate to the scope of the program and to provide evaluation findings prior to renewal.
SMD missions must have an EPO program whose quality has been demonstrated
through independent, external review and assessment (NASA, 2010). In a survey
carried out by the Forums, 83% of responding SMD-funded EPO programs report
utilizing an external evaluator; 41% report utilizing both external and internal evaluators. Evaluation plans, reports, and results are well documented and available, as
demonstrated through the Forum survey and responses to NASA requests for evaluation data.
In addition, all SMD-funded education products are reviewed and aligned with
national education standards. (Individual product developers often align products
with state standards, as educators express a need for such alignment.) A peer review
by an independent panel of scientists and educators, organized for SMD by the Institute for Global Environmental Strategies, assesses materials according to a number of
criteria, including scientific accuracy, use of effective instructional strategies, and
support of national education standards. Materials must pass the review prior to dissemination by NASA. Furthermore, expert educator teams correlate products with
key educational practices prior to cataloging each resource in NASA Wavelength
(SMD’s comprehensive, online digital library of educational products). Forum educators, trained by leading education organizations (e.g. Mid-continent Research for Education and Learning (McREL); American Association for Advancement of Science
(AAAS)), align each product with AAAS Benchmarks (AAAS, 1994, 2001, 2007,
2009) and identify a number of key education parameters, including instructional
strategies and assessments.
3.

The Impact of Science Mission Directorate Education and Public Outreach

When science and science education go hand-in-hand, as in the approach taken by
NASA’s Science Mission Directorate, cutting-edge science and technology are accurately and effectively carried into schools and public programming. Furthermore,
students, educators, and the public are able to participate in the practice of science
and engineering as called for by the National Research Council (2012) and embodied
in the Next Generation Science Standards (2013).
SMD-funded education programs are required to report annual metrics to NASA
via the NASA Office of Education Performance Measurement (OEPM) system. To
provide additional insight into the effectiveness, outcomes, and impacts of the SMD
EPO program, the Forums implemented a survey of current SMD-funded EPO projects in the spring of 2013. At the time of the ASP Annual Meeting, 103 EPO projects had responded to this survey with information on program goals and objectives,
audience(s), team expertise, scientist involvement, program partnerships, use of internal/external evaluators, evaluation plans and findings, metrics and impacts. Leaders of SMD EPO programs were also asked to relate EPO program impacts to the
impact categories outlined in the NSF Framework for Evaluating Impacts of Informal
Science Education Projects (Friedman, 2008).
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Results of program evaluations highlighted in the remainder of this paper are
drawn from the Forum survey of SMD-funded EPO programs and reflect a snapshot
of the achievements of the SMD EPO community. Additional metrics and impacts
may be found on the SMD EPO Community Workspace hosted by the Forum teams
(http://www.smdepo.org/page/5324). Information is disseminated via the SMD E/PO
Community Workspace with the goal of providing information about what EPO efforts are being carried out, audiences reached, program effectiveness, and ways in
which programs are benefiting students, educators, and the public.
3.1. SMD EPO Programs Achieve Broad, National Reach
In FY12, the SMD EPO community reported working with over 34,000 K-12 educators and more than 680,000 K-12 students, as measured through the NASA OEPM
system. The total impact of the collective SMD EPO effort, however, extends far beyond the reported numbers.
SMD EPO activities are designed with leveraging of resources in mind
(NASA, 1995; 1996; 2010). For example, professional development efforts such as
the multi-mission Heliophysics Educator Ambassadors (HEA) program focus on
training master teachers who go on to train other classroom educators. Between 2009
and 2012, the HEA team has trained 84 educators, who have gone on to work with
3,954 “tier 2” educators from 2009-2013. Together, the original HEAs and the Tier 2
educator participants are responsible for impacting 408,800 students, significantly
greater than the 13,400 students impacted by the original HEAs.

Figure 3. NASA SMD-funded education materials such as the Space Telescope
Science Institute (STScI) Hubble Deep Field Academy are designed to support educators in bringing current NASA science into the classroom in a way that reinforces
the teaching of fundamental STEM concepts (http://amazing-space.stsci.edu/).
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The Space Telescope Science Institute (STScI) Education Program utilizes strategic partnerships, professional development focused on master teachers, and online
access to education materials to achieve national reach (Flanagan et al. 2013; Eisenhamer et al., 2013; Smith et al., 2013). As a result, education materials based on
Hubble Space Telescope science are used by an estimated half million teachers and
six million students nationally each year. Materials are used in all 50 states, and incorporated into more than half of the U.S. state departments of education
(http://outreachoffice.stsci.edu).
Extensive networks and national events established by SMD-funded programs
also enable broad public reach. The Solar System Ambassadors network consists of
more than 500 volunteers who hold over 25,000 events reaching more than 8.3 million people in a year. Earth Science Week achieved broad national reach in 2012 with
16,000 distributed packets, a social media campaign, and English and Spanish web
sites employed. Earth Science Week social media efforts alone reached 3.8 million
people resulting in more than 30 million impressions. Likewise, in 2012, Sun-Earth
Day programming achieved national and international impact as shown in Table 2.
Table 2.

Examples of Broad, National Reach: Sun-Earth Day

Metric
Web Hits
Web Streams
TV Viewership
Participating Countries
Global Events
Mission Packets Distributed
Educator Participants
Student Participants
Scientist Participants
Museum Participants
Amateur Astronomer Participants

2012 Total
614 million
7.7 million
7.7 million
157
> 1 million
42%
13,038
1.5 million
2,823
4,328
10,174

3.2. SMD EPO Programs Have Built a Range of High Impact Partnerships
The strategic and highly-leveraged partnerships that SMD EPO programs have established with a wide range of organizations in order to achieve local, regional, and national impact are in themselves a significant outcome of SMD’s approach to EPO.
These include partnerships with school districts (e.g. Interstellar Boundary Explorer
(IBEX) partnership with the Chicago Public Schools), leading K-12 textbook publishers and curriculum developers (e.g. Kepler partnership with the Lawrence Hall of
Science Full Option Science System program, which is adopted in 50 of the 100 largest urban school districts), and educator professional organizations (e.g. National
Council of Teachers of Mathematics, National Science Teachers Association).
SMD-funded EPO programs partner with organizations such as the National Endowment of the Arts in creating interdisciplinary projects for students (e.g. Imagine
Mars; Mars Public Engagement) and engage a range of museum/science center and
non-profit organizations, and other national networks (e.g. Syracuse Museum of Sci-
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ence, Techbridge, YMCA, Indigenous Education Institute, Girl Scouts of the USA,
Girls Inc., Centers for Ocean Science Educational Excellence (COSEE)).

Figure 4. Participants in the “Earth to Sky” program (http://earthtosky.org) develop interpretive and educational products and programs for use in refuges, parks,
and other sites of informal learning. The photo above shows exhibits at Apostle Islands National Lakeshore, Wisconsin, created by an Earth to Sky participant (photo
courtesy of Apostle Islands National Lakeshore).
“Earth to Sky” is an example of a high impact, established interagency partnership. This ongoing and expanding partnership between NASA, the National Park
Service (NPS), and the US Fish and Wildlife Service (USFWS) leverages the unique
strengths of each agency to provide professional development for informal educators
at National Parks and Wildlife Refuges. Based on these professional development
experiences, interpreters develop action plans and resources that incorporate relevant
NASA science, data, and EPO products in their work.
Since its inception in 2004, 75 NASA scientists have presented over 100 sessions in face-to-face workshops engaging 170 participants. Earth to Sky has also
trained over 535 educators via distance learning and sessions at conferences. Topics
include climate science, best practices in science communication, as well as sharing
the Earth to Sky training model so others can replicate similar efforts. Participants
have created brochures; Jr. Ranger booklets and programs; teacher training; curriculum-based programming; indoor, outdoor and traveling exhibits; podcasts; websites;
news articles; internal newsletters; peer training; and on-site ranger programs of varying lengths. With NPS leadership and NASA scientist vetting, a small group codeveloped a series of three online WebRanger activities on climate change reaching
over 19,000 children (http://www.webrangers.us/activities/global_connect/). One
ranger developed a NPS brochure on climate change (over 400,000 distributed) and
two traveling exhibits.

12

Smith, Peticolas, Schwerin, Shipp, & Manning

Evaluation efforts focused on following 85 participants from a total of three
courses. These professional educators have in turn reached over 4 million National
Park and Wildlife Refuge visitors with content derived from their Earth to Sky experiences and provided training to over 2,000 other educators. Through approved visitor
surveys, evaluation also examined the efforts of a subset of participants, concluding
that the quality of the work was quite high.
3.3. SMD Partnerships and Programs Reflect the Diversity of the Nation
Engaging and partnering with communities traditionally underserved and underrepresented in STEM fields has been a central tenet of the SMD EPO program since its
inception (e.g. NASA, 1995). Initial efforts included the NASA Minority University
and College Education and Research Partnership Initiative (MUCERPI), partnerships
with professional societies of minority scientists, and efforts supporting audiences
with special needs. Initiated by the NASA Office of Space Science (OSS) and implemented in collaboration with the NASA Office of Education, MUCERPI empowered minority institutions to establish academic, research, and EPO programs in astronomy and space science. Outcomes included minority university research collaborations with space sciences missions; space science faculty positions, degree programs, and courses; teacher training and community outreach programs (Sakimoto,
2004). MUCERPI participants continue to serve their own communities, with evaluation findings indicating that their community members’ enthusiasm for science increases. Likewise, authentic partnerships built over a decade between SMD-funded
educators and holders of cultural knowledge have resulted in programs whose initial
evaluation findings seem to indicate that students have a renewed interest in both
their own culture and science (e.g. Calendar in the Sky, Navajo Sky, Navajo Nation
Summer Camp).
SMD EPO programs also have a long history of partnering with organizations
such as the American Library Association, Girl Scouts of the USA (GSUSA), National Federation of the Blind, and the Society for Advancements of Chicanos and
Native Americans in Science (SACNAS) to engage audiences of all backgrounds in
discovering the universe for themselves. NASA imagery and scientific discoveries
are now accessible to audiences with a range of special needs, including dyslexia,
sight impairments, and hearing impairments (e.g. IBEX resource materials for teachers of middle school students with dyslexia; Spitzer-Chandra-Hubble Touch the Invisible Sky Braille book; Hubble Tactile Astronomy resources; Chandra Braille exhibits). Through its partnership with the GSUSA, the James Webb Space Telescope
Near-Infrared Camera (NIRCam) team has directly trained 225 GSUSA adult leaders
from 71 U.S. Councils and two foreign countries, supported the GSUSA in revising
its Sky Search badge for Junior Girls to address misconceptions and oversights, and
indirectly reached thousands of students, Girl Scouts, and their families through
newsletters and Astronomy Camp programming (http://smdepo.org/page/5404).
To bring NASA discoveries and role models to small towns and rural areas with
limited access to NASA resources, STScI partnered with the American Library Association and Smithsonian Astrophysical Observatory to create the Visions of the Universe: Four Centuries of Discovery traveling exhibit and speaker’s bureau (Summers,
Smith, & Eisenhamer, 2009). Preliminary evaluation findings measure an appoxi-
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mately 30% increase in astronomy book check-out rates as a result of this program
(http://outreachoffice.stsci.edu/epo-metrics-summary).
Based on the success of this program and related NSF-funded efforts such as the
Lunar and Planetary Institute Explore! program (e.g. Smith et al. 2012), the Forums
have organized a collaboration across the SMD EPO community to engage girls in
STEM via activities organized in partnership with public libraries in conjunction with
Women’s History Month (Sharma et al, 2013; Meinke et al., 2013). Community
feedback reflects the trends seen with Visions of the Universe: “The librarian has indicated that there has never been community support for anything at the library like
there was for this event.” The NASAScience4Girls initiative has also resulted in
NASA’s first Google+ Hangout in Spanish, with evaluation findings indicating inspiration for opportunities to learn about NASA within their culture: “Awesome
hangout…I hope there will be many more like these and more frequent! Congratulations to these women that have gotten to NASA – and especially being Spanish and
Panamanian. Yes, we can! Yes, we can!” Ensuing best practices for Latino engagement drawn from the literature and NASA SMD Earth science activities are being
documented (Delgado-López, 2013).
3.4. Participating in the Practice of Science – Contributing to STEM Education
By partnering mission scientists with professional educators, SMD’s approach to
EPO has resulted in a wide range of resources and opportunities that enable students,
educators, and the public to effectively participate in the practice of science as called
for in the Next Generation Science Standards (NRC, 2013). For example, the Mars
Student Imaging Project (MSIP, Figure 5) has enabled more than 35,000 students to
create and investigate their own research questions using actual Mars spacecraft data
since 2002 (http://marsed.mars.asu.edu/msip). Within the Heliophysics community,
the THEMIS mission EPO program has operated the Geomagnetic Event Observation Network by Students (GEONS) project since 2004. The GEONS project installed ground-based magnetometers in rural schools in traditionally underserved,
underrepresented communities and provided training for teachers on how to use the
magnetometer data with their students. As a result, a GEONS student in Michigan
wrote and published an article that was based on his work with THEMIS magnetometer data in the peer-reviewed journal, The National High School Journal of Science
(Peticolas et al., 2008).
Educator resources and opportunities include curriculum support materials and
authentic research experiences. Annually, MY NASA DATA provides between
65,000-80,000 unique visitors access to classroom-friendly Earth science datasets and
tools, together with more than 100 peer reviewed lesson plans. The Stratospheric
Observatory for Infrared Astronomy (SOFIA) Airborne Astronomy Ambassador program partners formal and informal educators with SOFIA science teams and offers
educators a unique opportunity to fly side-by-side with the science team on research
flights. Educators are trained in the science of the research projects, develop a better
understanding of the scientific research process, and bring their knowledge and experiences back to their local communities and classrooms. The outcomes of engaging
educators in authentic scientific research are illustrated in the evaluation of a complementary program, the NASA/IPAC Teacher Archive Research Program
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(NITARP): “My NITARP experience has made me rethink my entire approach to
science education” (http://smdepo.org/page/5402).
This partnership approach has also enabled scientists to participate in education
and the communication of science in meaningful ways, as envisioned by NASA
(1995) and Morrow (2000) and outlined in the President’s charge to members of the
science community attending the 2009 National Academy of Sciences Annual Meeting. Leaders of SMD-funded EPO efforts report that scientists participate in a wide
range of activities in mission EPO programs and EPOESS projects, including review
of science content for products/resources, giving presentations to the public, interpreting or clarifying data and results for the EPO team, writing science content for
products/resources, providing website content, participating in electronic media efforts (podcasts, vodcasts, videos, etc.) or social media efforts, and creating educational activities and/or resources.

Figure 5. Science magazine has selected the Mars Student Imaging Project
(http://marsed.mars.asu.edu/content/about-msip) as one of the top inquiry-based education modules in the U.S.
3.5. Gains in Awareness, Knowledge, Understanding, and Skills
SMD-funded EPO programs employ a variety of evaluation strategies and instruments appropriate to program goals and scope in measuring program outcomes and
impacts (e.g. Bartolone et al., this volume). Evaluation findings shared by SMD EPO
community members include examples of measurable demonstration of awareness,
knowledge, or understanding of STEM topics and/or development/reinforcement of
STEM skills. For example, high school teachers participating in the week-long
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NASA Lunar Science Institute (NLSI) Unknown Moon Institute demonstrated significant gains in content knowledge. Programs have also carried out quasiexperimental learning outcomes studies, as described below.
The Global Precipitation Measurement (GPM) mission’s EPO program includes
a partnership with the Global Learning and Observations to Benefit the Environment
(GLOBE) school-based science and education program (http://www.globe.gov) and
the Outdoor Environmental Education Program in Montgomery County, MD, to develop curriculum support modules that use environmentally-focused tasks to teach
middle school students about how to measure environmental variables (precipitation,
temperature, soil moisture, etc.). A quasi-experimental study showed that GPMenhanced STEM increased students’ understanding of core curriculum concepts
(e.g., water cycle, global energy budget, and hurricanes) equally or better than students in comparison classes. Six months later, students who had the GPM-enhanced
lessons had statistically significant higher scores on knowledge items, indicating better retention than the comparison group. Likewise, a second intervention using GPM
“Survivor” Outdoor Education Module showed statistically significant increases in
understanding, with facilitators reporting that students were “highly engaged”
(http://smdepo.org/page/5430).
The Space Telescope Science Institute’s Education Program uses a robust development and evaluation process to ensure that all curriculum support products are
standards-based, field-tested, and evaluated for impact (Flanagan et al. 2013). Examples of evaluation findings include a study of the effects of the Amazing Space
Planet Impact online interactive on student learning, carried out by Mid-Content Research for Learning and Evaluation (McREL). The evaluation used a quasiexperimental design with randomly assigned treatment and control groups to determine the effectiveness of the Planet Impact materials in eighth grade. During the project period, students using the Hubble-based Planet Impact materials demonstrated
significant learning gains from pre-test to post-test in comparison to the control
group (http://outreachoffice.stsci.edu/evaluation).
3.6. SMD EPO Programs Impact STEM Interest, Engagement, and Attitudes
External evaluations of SMD-funded EPO programs also provide evidence of positive impact on interest, engagement, and attitudes towards STEM subjects. For example, the Landsat Program is a series of Earth-observing satellite missions jointly
managed by NASA and the U.S. Geological Survey. Landsat’s collaboration with the
NSF-funded Integrated Geospatial Education and Technology Training (iGETT) project enables two-year colleges to meet needs for geospatial skills. External evaluation of student performance in classes taught with learning units focused predominantly on Landsat data and science show that almost 70% report increased student
interest. The evaluation also showed that students have demonstrated increased interest in enrolling in more geospatial technology courses, and have an increased understanding of career opportunities. Furthermore, 90% of faculty remained fully engaged
over the three-year project. According to one participant, “At the end of every single
day, I felt stronger not only about RS (remote sensing), but also how to TEACH RS”
(http://smdepo.org/page/5359).
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As part of its EPO program, the Chandra X-ray Observatory partnered with
Rutgers University to provide an intensive summer program that uses Chandra data
and tools to introduce high school students and educators to data analysis and reinforce understanding of the process of science. External evaluation utilizing a longterm follow-up survey asked program alumnae from a six-year time period about the
impact of the program on their continued participation in STEM degrees and careers,
and on their attitudes toward learning. Results included 65% indicated that the program made them “somewhat” or “much more” inclined to pursue education in
STEM; 83% of participants enrolled in or completing a degree program reported majoring or minoring in a STEM subject. In addition to astronomy and physics, concentrations included information systems, computer engineering, bio-medical/biological
sciences,
microbiology,
immunology,
and
medical
school
(http://chandra.si.edu/impact/impact.html). Participant comments provide additional
insight into the program’s impact, for example: “Reinvented my understanding of
science. The program has given me the confidence to pursue a career in science.”
4.

A Path Towards the Future

As summarized by McCarthy and Lockwood (2013), in the late 1980’s, “the public
did not participate in science…Research facilities were restricted…Contact with scientists was rare.” The approach that NASA’s Science Mission Directorate has taken
to EPO since that time – embedding EPO in its missions and research programs; emphasizing partnerships, leveraging of resources, and utilization of best practices; and
fostering diversity in STEM – all with attention to evaluation, audience needs, and
coordination of programs, has contributed to transforming this landscape.
Today, SMD-supported scientists and educators work together to create scientifically and pedagogically accurate educational resources and opportunities that reflect
cutting-edge science and technology, and partner with a wide array of organizations
to empower educators to effectively incorporate NASA science discoveries, technology, and education resources into their curricula and programs in support of STEM
learning. As a result, students, educators, and members of the public across the country and the globe have access to an extensive suite of high impact, effective EPO resources and opportunities that enable them to directly experience the science, the story, and the adventure of NASA’s scientific explorations of our Earth and universe as
never before. Mission data are accessible in ways that meet audience needs, with
avenues for the public to connect with scientists, technology, and data in meaningful
ways. The unique EPO resources, opportunities, and community of experts stemming
from the NASA SMD approach thus provide an important return on the public’s investment in NASA science at the local, regional, and national level.
Recognizing that national STEM education priorities include an increasing emphasis on demonstrating the effectiveness of our work and to broadly disseminating
models of success (e.g. NSTC, 2013), this plenary session was followed by a workshop on “Reflecting and Strategizing about Measuring EPO Impact.” Results of this
workshop are summarized in Bartolone et al. (2013) and addressed the questions:
What have we learned from our work? How can we measure program impacts? How
can we collaborate to determine next steps for collectively measuring program impact? How can our individual programs and projects contribute to a better under-
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standing of our collective impact as a community? Members of the Forums and the
SMD EPO community are also actively engaged in identifying the steps needed to
bridge current EPO programs to the short-term and long-term needs of our increasingly global, mobile, and individualized society, where innovation, adaptability, and
accountability will be significant factors in meeting audience needs for customized
personal experiences, incorporation of rapid technological advances, and evidence of
effectiveness – so that science and science education may continue to go hand-inhand into the future.
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