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INTRODUCTION TO DAWN EDUCATION AND PUBLIC OUTREACH INITIATIVE

As part of its Discovery Program, the National Aeronautic and Space Administration (NASA) awarded
funding for the Dawn mission in December 2001. Dawn, the first mission to the Main Asteroid Belt,
investigates Ceres and Vesta, two of the largest protoplanets remaining intact since their formation. The
mission addresses the role of size and water in determining the evolution of the planets by measuring
their mass, shape, volume, and spin rate with imagery and gravitational analysis of the spacecraft motion.
Through this investigation, scientists aim to characterize the conditions and processes of the solar
system’s earliest epoch. As noted on its website, the Dawn mission offers a variety of information and
data for the informal and formal educators as well as the public:

It [Dawn] brings images of varied landscapes on previously unseen worlds to the public
including mountains, canyons, craters, lava flows, polar caps, and, possibly, ancient
lakebeds, streambeds, and gullies. Students can follow the mission over an entire K-12
experience as the mission is built, cruises to Vesta and Ceres, and returns data (“Dawn:
A Journey,” 2003)

Dawn began its trek with a successful launch on September 27, 2007. The craft will have traveled four
years before it reaches Vesta and another four years before reaching Ceres and completing its mission in
2015.

The Dawn E/PO team consists of specialists from the New Roads School (Santa Monica, CA), and Mid-
continent Research for Education and Learning (McREL) who work to develop and disseminate high
quality educational resources and materials in support of NASA’s Dawn mission. Through emerging
technologies, the team delivers scientific knowledge to classroom teachers and students, informal
educators and learners, and the general public. The Dawn E/PO website (http://dawn.jpl.nasa.gov) offers
age-appropriate, mission-related activities that enable users to, for example, analyze images for cratering,
perform photometry on images to produce light curves, and discuss with mission scientists the
significance of Vesta and Ceres to understanding solar system origins. Dawn E/PO educational tools are
designed to encourage student collaboration, visualization, and peer review in ways that conform to and
further define the national standards in math and science education.

Target Audiences

Dawn'’s target audiences include (a) kindergarten through postsecondary teachers and students; (b) the
general public (business people, parents, policymakers adult learners, and retirees); (c) members of the
media® (national and local broadcast, print, trade, and Internet journalists; and producers of instructional
TV, radio, and public service announcement); (d) informal educators associated with science centers and
museums, arts organizations, speakers bureaus, youth programs, and service clubs; and (e)
disadvantaged and underserved populations.

E/PO Approach and Intended Outcomes

The E/PO effort aims to enhance educator, student, and public engagement in space science through the
following overarching efforts.

» Developing products and activities that reflect "best practices" in education (i.e., they are
standards-driven, pedagogically appropriate, and designed to meet the needs of all students,
including the disadvantaged and underserved).

! Excerpt from the Dawn mission E/PO final proposal, July 21, 2000.
’ Media requests are deferred to Jet Propulsion Laboratory (JPL) media relations; however, Dawn E/PO provides press packets and resources for
media professionals via the Dawn mission website.
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« Developing and enhancing practical and technologically efficient systems for reaching,
communicating with, and disseminating products and services to educators and the public.

* Leveraging resources and maximizing reach by establishing a broad range of working
partnerships between related projects and groups.

The Dawn E/PO outreach strategy supports NASA's vision and seeks to achieve eight long-term
outcomes in four component areas: delivery, communication, education, and evaluation.

Delivery and Communication Outcomes

1. E/PO efforts reach broad target audiences through high quality products and dissemination
mechanisms. Primary contacts share what they learn about the Dawn mission and associated
science with their colleagues.

Education Outcomes

2. As aresult of the knowledge and skills obtained from Dawn E/PO products and activities,
participants have a better understanding of the formation of the solar system.

3. As aresult of using Dawn E/PO products and activities, participants are interested in solar system
science.

4. Students will conduct science within a real-life context leading to increased academic
achievement.

5. Educators have a better understanding of how to implement inquiry processes, leading to
improved practices.

Evaluation Outcomes

6. Dawn E/PO products and services are of high quality and utility because they reflect audience
needs.

7. Dawn E/PO can demonstrate the effectiveness of its outreach as evidenced by the impacts of its
high quality products and activities.

8. Future mission E/PO efforts will have a blueprint from which to make informed decisions based
on extensive documentation of lessons learned from Dawn E/PO.

These long-term outcomes are supported by 17 intermediate outcomes. Logic models were created to
illustrate the activities, intermediate outcomes, data collection methods, and ultimate outcomes for each
component (see Appendix A).

SUMMATIVE EVALUATION DESIGN

To date, five annual evaluation reports have presented formative and summative information on the Dawn
E/PO delivery, communication, and education components described in Outcomes 1 - 5. Evaluation
Outcomes 6 and 7 were also represented in these reports to the extent that information was obtained on
the quality, utility, and impacts of E/PO products. Specifically, the evaluation reports have included results
from pilot- and field-testing of education materials, professional development workshops and conference
presentations, and visibility and dissemination efforts. Evaluators provided E/PO team members with
specific recommendations based on the findings of each report, and E/PO team members made some
program modifications based on those recommendations.
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RESEARCH QUESTIONS

During the sixth year of project evaluation, Magnolia Consulting, LLC added a more comprehensive
summative evaluation component focused on Outcome 8. Outcome 8 purports to document lessons
learned so that future E/PO providers will have a model for developing and implementing mission
outreach. Thus, evaluation efforts focused on the effectiveness of the E/PO process in developing and
delivering outreach to target audiences. The following overarching questions guided the summative
evaluation efforts.

1. What are the contextual factors specific to the Dawn mission that influenced the design,
implementation, and impacts of the Dawn E/PO project?

2. What are the strategies that promote effective development and implementation of Dawn
E/PO activities?

3. What are the components that promote the effectiveness of Dawn E/PO?

Evaluators identified subquestions for each overarching question. Appendix B presents the evaluation
matrix including questions, subquestions, and the data sources and methods that guided the evaluation
design and implementation.

DATA COLLECTION AND ANALYSIS

Evaluators used a qualitative approach designed to capture lessons learned and identify key strategies
and components of the Dawn E/PO process and model. Evaluators collected data from E/PO team
members, key stakeholders and partners, project documentation, and current science, technology,
engineering, and mathematics (STEM) education literature. Data collection methods included (a) an in-
depth focus group interview with E/PO project team members, (b) focus group interviews with
representative stakeholders, partners, collaborators, and other outreach providers; (c) a review of project
documents; and (d) a comparative analysis of best practices as evidenced in the STEM education
literature. Data collection activities included the following.

E/PO team in-depth interview. Evaluators conducted a group interview by telephone with four members of
the Dawn E/PO team on August 3, 2010. Interviewees included team members from McREL and New
Roads School. Questions focused on (a) contextual factors influencing Dawn E/PO efforts; (b)
perceptions of the effectiveness of E/PO efforts in maximizing mission events and science; (c) leveraging
of resources to enhance E/PO efforts; (d) the nature and extent of partnerships and collaborations, (e) the
innovativeness of Dawn E/PO efforts; and (f) the role of evaluation in guiding E/PO efforts. The telephone
interview lasted approximately 90 minutes.

Stakeholder focus group interviews. Evaluators conducted four focus group interviews with NASA Dawn
mission personnel, key stakeholders, partners, and other outreach providers to gain an understanding the
effectiveness of E/PO efforts in maximizing mission events and science, and to understand how Dawn
E/PO might best move forward to prepare for future mission events. Three of the interviews took place
during the Dawn E/PO Planning Team meeting August 19 - 20, 2010. Interviewees were separated into
groups: formal educators, informal educators and mission representatives. NASA outreach providers
joined formal and informal educators during those focus groups. Evaluators conducted a fourth interview
by telephone with NASA headquarters personnel on November 1, 2010.

Stakeholder interview questions focused on (a) perceptions of the effectiveness of Dawn E/PO efforts in
maximizing mission events and science; (b) understanding effective platforms for dissemination of
outreach information and materials; (c) educator and outreach personnel needs related to future Dawn
E/PO efforts; (d) best practices in STEM education and public outreach; and (e) feedback on the Dawn
Mission E/PO Guide (Dawn E/PO Team, 2010). Focus groups included four or five individuals per group
and lasted approximately one hour each.
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Document review. Evaluators examined Dawn E/PO documents including past evaluation reports,
monthly team project reports, and the Dawn E/PO Guide. Document review complemented interview
findings in illuminating Dawn E/PO efforts and effectiveness.

Review of STEM education literature. To conduct a comparative analysis of Dawn E/PO against best
practices identified in the literature, evaluators drew upon a previous literature review on best practices in
STEM professional development. Evaluators reviewed additional literature on STEM curriculum
development, effective outreach, and literature on dissemination platforms to supplement the existing
literature review.

A process of analytic induction was used to analyze qualitative data from interviews, project document
reviews, and comparative analyses. Analytic induction is a process whereby evaluators read and re-read
the data corpus in order to generate analytic assertions (Erickson, 1986). Data are coded and assertions
are refined and supported with excerpts from the data and other data sources. The excerpts are linked to
the assertions, themes, and findings in a manner to support analytic generalization (Glaser, 1978).
Evaluators imported interview data into HyperResearch, a qualitative data analysis software program, to
assist in retrieval, coding, and management of the data corpus.

FINDINGS

The findings section of this report begins by examining contextual factors affecting Dawn Education and
Public Outreach (E/PO). This section is followed by a section on strategies for promoting outreach and
concludes with a section on Dawn E/PO components that promote effective outreach and education.

CONTEXTUAL FACTORS INFLUENCING DAWN E/PO

The Dawn E/PO team planned, developed, and implemented their project in a context that required them
to identify key stakeholders and to respond to factors beyond their control. These contextual factors have
influenced the way in which E/PO has been actualized, and lessons learned have served to move Dawn
E/PO forward over the course of the mission.

Identifying Key Stakeholders

At the outset, Dawn E/PO members were cognizant of the importance of conveying the science of the
mission and the excitement of discovery to all key stakeholders. Identifying those stakeholders was the
first step in designing effective outreach for a mission. First and foremost, the team identified educators
and members of the general public as key stakeholders. Reaching educators meant reaching their
students, whether in a formal or an informal educational setting. With respect to educators, one team
member stated,

| think about how to hook those folks, how to give the teachers taking the story back to
the classroom enough to use — and giving them a place they can return to over and over
again to enable them to transfer the message on to the kids. That's who I'm always
thinking about. I'm investing in these teachers now. They’re working with these younger
kids and they move through fast, we need to get it [space science education] in there
early.

Another team member pointed out that because of the length of the mission, some students who were in
middle school at the start of the mission will be in college when the mission reaches Ceres. This provides
the possibility for sustaining engagement across many years, something unique to a mission of long
duration.
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Team members agreed on the need for E/PO efforts to reach the general public as key stakeholders.
They noted that parents need to be educated so as to better understand their world and to support their
students in learning. Team members felt that missions have a responsibility to show the public how
government funds are being spent, and E/PO becomes an important vehicle for conveying this
information. Mission E/PO can also bolster public support for future scientific endeavors.

The Dawn E/PO team also identified other E/PO providers as key stakeholders separate from the public
and the education community. A distinctive characteristic of the Dawn E/PO team and their efforts is the
goal of leaving behind a legacy for other mission E/PO teams. Their intention is to do this by creating a
model for effective E/PO based on the Dawn mission. One team member stated,

We have kept in mind those who will follow us. It's our legacy that the work we do should
live on—not necessarily the Dawn materials—but what we've done will move through the
other missions in terms of E/PO. What we do with Dawn needs to live on in living
missions.

The Dawn E/PO team noted that identifying stakeholder needs is foremost in their minds when designing
and developing E/PO resources. The key, as one team member stated it, is “finding a marriage of what
they need and what we can provide.” The E/PO team cited the Core Planning Team as vital to the
process of getting input from stakeholders to aid in the development process. Collaborating with
colleagues in formal and informal education who review educational materials before pilot-testing is part
of the process of ensuring stakeholder representation. The process of piloting and field-testing materials
to receive early formative feedback during development is another unique way to engage stakeholders in
creating quality materials that will be of use to a varied group of educators.

Influences on Dawn E/PO Development and Implementation

The in-depth interview with the Dawn E/PO team illuminated key factors that influenced the design,
development, and implementation of Dawn E/PO efforts. These factors included changes in mission
status, delays in funding, and the way in which E/PO is funded for the mission.

Early on, the mission was cancelled and then subsequently re-instated. Prior to cancellation, there were
times when the E/PO team had a number of “stop work” situations due to delays in funding of one to two
months. E/PO team members reflected that at the time the changes were happening, they had a
significant effect on E/PO planning. Had the mission cancellation been permanent, it would have had
repercussions for staffing within the McREL organization as well as for staffing in partner organizations.
Stop work situations and changes in mission status meant stop-and-go work on the Dawn website, the
overarching method of delivery and dissemination of E/PO efforts.

In reflecting on the change in mission status and delays in funding, E/PO team members noted that these
events had an impact on the E/PO project timeline and priorities, but that due to the overall length of the
mission, the impacts were not as devastating as they would have been had the mission been of shorter
duration. Team members noted that the “silver lining” to the cancellation was that once the mission (and
hence E/PO) were reinstated, it made the E/PO team “think more strategically” about how to make Dawn
E/PO efforts “live beyond the mission.” The E/PO team considered how best to achieve the goal of
developing Dawn E/PO as a model for E/PO efforts for future NASA missions.

More significant to the development and design of Dawn E/PO was the somewhat unusual way in which
E/PO was funded for the project. Typically, funding for E/PO is high for launch and for encounter, but
there is little money available between major mission events. Following the initial funding delays, the
Dawn mission obtained long-term funding that would remain fairly level across the years, allowing them to
design and develop E/PO in a more “rational way,” as a team member put it, rather than being limited by
events that happened in the mission. One team member noted,

Previously E/PO funding was given at launch and encounter, but there was no money to
develop efforts in anticipation of encounter. Dawn has provided an opportunity for other
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missions to look at what we’ve done in anticipation of encounter. We could create
materials that were used and are now available for arrival—the materials are already in
place. Because of the level funding, we've been able to create a storyline that is bigger
than the Dawn mission [extending to] research in the solar system.

Because of the mission length and level funding, the E/PO team is able to develop materials that will
engage educators and the public throughout the mission, including the arrival at Vesta. One team
member noted that this differs from other missions “where arrival happens and the money is already
spent and you have data that you can’t do anything with” beyond arrival. Funding for E/PO continues after
Vesta arrival and will allow the team to use real data in continued development of its educational
materials. This is a significant element in achieving the longterm goal of ensuring that Dawn E/PO leaves
a legacy both in relation to the mission itself and to future mission E/PO efforts. Because funding remains
consistent, the EP/O team can remain intact over the years of the mission. This allows for a continuous
effort, coherence in the design, and the ability to plan E/PO resource development into the future.

STRATEGIES FOR PROMOTING EFFECTIVE E/PO

The Dawn E/PO team has developed multiple strategies to promote effective development and
implementation of Dawn E/PO efforts. Included among these are the leveraging of resources,
partnerships, and collaborations to extend reach, leveraging E/PO across missions, and maximizing
mission events for effective communication of mission science to the public and to educators.

Leveraging Resources, Partnerships, and Collaborations

To maximize the reach of Dawn E/PO, the team has leveraged resources through partnerships with
formal and informal education venues and networks, institutions, professional organizations, and other
NASA missions. One team member noted, “We’ve done a good job from the beginning at looking at any
possible opportunity to leverage.”

Dawn E/PO team members have seized on opportunities to link Dawn to other NASA mission outreach
programs in addition to creating outreach events and resources specifically for the Dawn mission.
Educational materials are designed to work thematically across other missions and contribute to the work
of other E/PO teams. As an example, the E/PO team cited its series of interactives around the
instrumentation used in the Dawn mission. The interactive demonstrating the use of a spectrometer, for
instance, could be easily adapted for any mission that uses a spectrometer.

The Dawn E/PO team has sought to maximize its reach by taking advantage of existing networks among
informal and formal educators. Team members have introduced Dawn mission information and E/PO
resources to programs such as NASA’s Aerospace Education Services Project, the Museum Alliance,
NASA'’s Solar System Ambassadors program and other networks that exist through NASA’s Jet
Propulsion Laboratory (JPL) .

The Dawn E/PO team also noted that MCREL has received a NASA-funded ROSES grant focused on
“small bodies, big concepts” that will allow them to spend extended time working with a group of
educators on Dawn mission science and data. The team offered this example as another way they have
worked to leverage resources to support Dawn E/PO efforts.

To further leverage Dawn E/PO, the team is currently examining ways in which it can support NASA’s
upcoming Year of the Solar System (YSS) through Dawn materials and resources. YSS involves 23
months (a Martian year) of unmanned exploration of the solar system
(http://solarsystem.nasa.gov/yss/about.cfm). NASA personnel suggested ways to tie in Dawn mission and
science to YSS themes through E/PO activities, videos and resources that could “plug in” to the YSS
website. One interviewee noted that some of these efforts are underway with the Dawn E/PO team and
that the team has a “blank canvas” for pulling Dawn materials into the YSS. Specifically, NASA personnel
mentioned the relevance of Dawn to the upcoming July theme of “Rocks from Space.” Team members
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note that while supporting YSS, this collaboration will also serve to raise awareness of Dawn E/PO
activities.

Leveraging Across Missions

A mission focus group participant noted that E/PO projects have a unigue opportunity to leverage across
missions. This individual noted that missions such as EPOXI and Stardust, and Dawn fit together
thematically, stating, “We should be advertising and paying it forward to the next mission.” Others
suggested that mission E/PO providers should work together to share outreach materials across missions
so that when the an E/PO team is unable to attend outreach events, their its materials will still be
distributed. Related to this, the Dawn E/PO team noted that they it looks at what other projects NASA is
funding, to determine whether those projects tie to E/PO for Dawn, and in turn, how Dawn can leverage
those opportunities to work across projects to raise visibility of the Dawn materials.

Leveraging E/PO across missions is consistent with the philosophy of the Dawn E/PO team to use E/PO
materials and resources to go beyond promoting the Dawn story to promoting the larger story of
discovery associated with all NASA missions. One E/PO team member stated, “What Dawn E/PO has
done is stayed true to presenting the mission but also remained true to a bigger NASA picture of how
Dawn fits into the larger NASA mission of trying to understand the solar system.” E/PO team members
identified this approach as a strength of Dawn E/PO.

Maximizing Mission Events

Prior to the time of this evaluation, Dawn E/PO team members had conducted education and outreach
activities around two major mission events: the mission launch and the Mars flyby. A pre-launch Dawn
Mission Educators Conference drew educators from more than 20 states to Florida for a 3-day
conference to raise excitement for the Dawn mission and to provide educators with information and
activities to bring back to their classrooms. Participants interacted with scientists and mission personnel,
toured Kennedy Space Center and attended breakout sessions tailored to their grade levels. Educators
had the opportunity to provide feedback on materials and on the conference itself as well as to share
ideas for new materials and resources. An E/PO team member commented, “Educators could see the
scientists and vice versa. Participants were able to feel like they were part of the education plan.” This
was possible because the educator conference was held in conjunction with the science symposium at
the same facilities.

The Dawn Mars Flyby Educator Workshop was a unique offering where workshops were held
simultaneously in four locations around the country on March 7, 2009. Workshop locations included
NASA Jet Propulsion Laboratory (Pasadena, California), the Oregon Museum of Science and Industry
(Portland, Oregon), Denver Public Schools Career Education Center (Denver, Colorado), and the NASA
Independent Verification and Validation Facility Educator Resource Center (Fairmont, West Virginia).
Facilitators included members of the Dawn E/PO team from McREL, New Roads School and University of
Maryland, as well as NASA personnel. Mission scientists and engineers shared key updates with the
participants through NASA'’s Distance Learning Network in a live webcast. Educators at each site
participated in hands-on activities developed by the E/PO team for use in their classrooms. Team
members observed that these events were well received by participants and provided a means for
increasing visibility and dissemination of Dawn materials, resources and mission science. One mission
representative noted that effective outreach “seizes the opportunity to keep the mission in the news and
on people’s minds.” NASA and mission stakeholders felt that the pre-launch conference and the Mars
flyby workshops were effective in this respect, and that excitement and education should be sustained
through capitalizing on future mission events. This approach to professional development is a model for
other NASA professional development efforts including a thematic professional development opportunity
for the Discovery program called “Thrill of Discovery” in March of 2011.

At the time of this evaluation, the Dawn E/PO team was looking toward the next major mission event, the
spacecraft’s arrival at the protoplanet Vesta in July of 2011. Because the craft will remain in Vesta orbit
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for a year, there is an opportunity to leverage an unusually long mission event. The mission principal
investigator stated,

Arrival is the period of time when we will have discoveries. Now, the discovery can be as
mundane as “We've never seen this before—it looks just like the moon but these are new
terrains that we've never seen before,” or, they may end up being really exciting things
that are clearly paradigm-changing. | think we should be keying off the newness—that
we’'ve never gotten to an asteroid before; we've never looked asteroids of these sizes
before. We've certainly seen lots of asteroids, so that's an issue. But, to see more
planetary processes like we expect to see here; these will be new and not seen before.

Thus, E/PO can emphasize the newness of discoveries to engage the public in the excitement of Vesta
encounter and as an opportunity to educate the public on mission science. The mission principal
investigator talked about how media events and E/PO can mirror the stages of exploration at Vesta,
beginning with viewing Vesta from a distance then moving closer and closer to the surface, emphasizing
what is learned at each stage.

In anticipation of Vesta arrival, the Dawn E/PO team continues to develop materials and resources for
educators, students and the public. Other ongoing E/PO efforts include revamping the continuously
updated Dawn website to provide mission updates and images, new interviews and podcasts with
scientists and engineers, links to E/PO presentations at conferences, links to activities and resources for
the public and educators, and social networking tools to disseminate mission outreach.

Key stakeholders including mission personnel, NASA headquarters personnel, and other NASA E/PO
providers offered ideas for maximizing the encounter with Vesta. Stakeholders suggested the use of
educator webinars in the vein of what was done for the Mars flyby, where educators could interact with
scientists and engineers and have an opportunity to explore educational materials and resources related
to Vesta arrival. A NASA outreach coordinator commented that the use of webinars would provide a
means to maximize reach beyond those attending an event to “engage them in anticipation of the year-
long orbiting.” Other suggestions included linking to outreach events such as a “Friends and Family
Event,” and JPL open house prior to arrival at Vesta to build excitement and anticipation for encounter.
One interviewee likened this to “sneak previews” for movie events to get educators and the public
interested and provide a “hook” to engage them in what is coming up with the mission. Stakeholders also
suggested working with NASA mission media personnel to provide an “image of the day” through social
networking venues.

NASA personnel suggested that the Dawn E/PO team capitalize on the duration of the Vesta encounter
by providing not only images of the day or week, but “data sets of the day” as well. They emphasized that
providing authentic data is a way of engaging educators and their students as well as the general public
by allowing “audiences to get involved with the data and to understand the data” related to the event.
Suggestions also included ways to involve the general public in activities such as target selection for
camera views of Vesta similar to what has been done in the Mars Reconnaissance Orbiter mission.

NASA personnel emphasized the need to maintain communication between the E/PO team, mission
media personnel, the science team, and public service staff to ensure clearly defined goals and objectives
for Vesta arrival. Goals and objectives for arrival can then be examined for feasibility given funding levels
and constraints. Interviewees suggested leveraging science team meetings in the coming year as a place
for the E/PO team to interview scientists and engage them in new ideas for outreach. One interview
participant noted that often mission scientists and engineers are not aware of the outreach that has been
done on missions, and that greater communication between teams could broaden awareness and
visibility of outreach efforts.

COMPONENTS FOR PROMOTING EFFECTIVE E/PO

Several facets of Dawn E/PO are designed to promote effectiveness in addressing outreach goals. They
include (a) platforms for disseminating mission science and materials; (b) professional development,
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including workshops using Dawn materials and resources; (c) the development of high quality educational
materials; (d) the development of the Dawn E/PO Guide to document lessons learned for future missions;
and (e) the role of continuous program evaluation. This section of the report examines program
components to identify the ways in which they support the effectiveness of Dawn E/PO in meeting
program goals, and the ways in which they align to best practices in curriculum development and
professional development.

Visibility and Dissemination

The Dawn website is the main dissemination platform for Dawn education and public outreach. Visitors to
the site can view the mission timeline, check mission updates, hear scientists’ podcasts and read their
journals and profiles, watch videos, and access other resources for educators and the public.

Professional conferences and workshop are also vehicles for disseminating Dawn E/PO resources and
materials. E/PO team members routinely distribute bookmarks, fact sheets, and information about
upcoming educator events, and present workshops to demonstrate use of Dawn materials.

Dawn E/PO has had a continued presence at conferences and workshops of the National Science
Teachers Association, state level science teacher’s associations, the National Afterschool Association,
the National Middle School Association, the Lunar and Planetary Institute, and NASA Earth and Space
Science Education. In addition to conference presentations and workshops, the EP/O team recruits
classroom teachers to pilot- and field-test Dawn curricular materials, raising awareness not only among
the teachers, but promoting dissemination to others within their professional relationships and networks.

Informal and formal educators noted that professional conferences are a source for accessing information
about resources, materials and professional development related to space science education. All
participants indicated participation in professional organizations closely aligned with their work and with
their goals and objectives for student education. This indicates that Dawn E/PO outreach through these
venues is an effective strategy for dissemination.

One interviewee noted that although conference presentations and workshops are effective, they are not
sufficient to reach the wide audience targeted by E/PO goals. In addition to conferences, workshops, and
the website, the Dawn team produces an e-newsletter that is updated regularly with mission events and
links to resources.

Despite the multiple and varied efforts to raise the visibility of Dawn E/PO efforts, the need to expand
educator and public awareness of Dawn E/PO website, materials, and resources emerged as a theme of
several focus group interviews. The Dawn E/PO team noted that the key to dissemination is to match the
target audience with what it needs. They felt that there is room for improvement in marketing Dawn
resources so they are more visible to their audiences. A team member said, “We have great stuff, but we
need to do a better job of getting it into the right hands.”

In a separate interview, a mission representative echoed this sentiment, stating, “I think we have a lot
more to do. | think it would be nice to leverage much more than we are. We’ve got the materials, but
they’re not getting out into the hands of everybody we think we could use them.” Another interviewee
commented, “Maybe it's not just Dawn, but the place where a lot of NASA products get stopped in their
shoes is teachers not being aware that they're there.”

Interviews with educators corroborated these assertions. Evaluators asked formal and informal educators
where they go to find resources for their students. Informal educators said that they were most likely to go
to the Google Internet search engine when looking for science education materials and activities related
to a particular topic, rather than going directly to NASA websites. They noted that search engines have
become so refined that they can narrow down a search quickly. One said,

I know | want to do an activity about stars, my thought process is, ‘yeah, you could go to
NASA and it would probably pull up something,” or | could type it into Google, and within
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the first three results, I'll get an activity about stars. I'll read through it and it will
accomplish the goal of being educational in some way, and entertaining.

Informal educators also mentioned going to YouTube for videos related to science. However, they raised
the issue that when using search engines and sites such as YouTube, the next step is wading through a
lot of useless or low quality sites and materials to find things that are worth implementing with their
students. Formal educators also said they use the Internet to find resources, citing not only similar
searches but the use of Wikipedia to find background information on science topics.

A NASA E/PO representative who was part of the informal science focus group interview queried
educators on their awareness of the searchable page on the NASA website where educators can look for
materials based on topic, grade level, and type of materials. Educators were unaware that this page
existed but felt it would be useful to them in the future. Others noted that for a searchable page to be
useful, it should incorporate science standards as a searchable criterion. This again, raised the issue of a
lack of connection between the development of high quality materials and accessibility and awareness of
their existence by the target audiences. These findings suggest that, if not already done, the Dawn E/PO
website should be tagged so as to appear high on the list of search results under relevant topics.

A NASA staff member who conducts professional development workshops at professional conferences
noted that she begins many workshops with training in how to use the NASA website. She suggested that
Dawn E/PO providers do the same with the Dawn website when presenting activities and materials at
professional conferences. This would couple the already effective use of professional conferences as a
dissemination venue with a way to raise the visibility and awareness of the Dawn E/PO online resources.

With respect to raising visibility and dissemination, one NASA interviewee stated,

| feel that Dawn and any other missions need to utilize networks that are available to
them, like NEON, like Solar System Ambassadors, like the Museum Alliance. Because
what I'm finding working the way | do, is that people gather information in many different
ways. You have to be everywhere, even though you can't.

This participant referred to the listserv NEON developed through the Aerospace Educator’s Specialists
Program as a place where participating educators can share information about their programs and
strategies with other educators on the listserv. She recommended Dawn E/PO find a way to link to this or
similar resources to provide a platform for sharing Dawn E/PO resources with educators.

The Dawn E/PO team is exploring ways to incorporate social networks like Facebook and Twitter into
education and public outreach efforts. The potential of social networks to engage and excite the public in
science is increasing rapidly. This can facilitate increased visibility not only of mission science, but of
E/PO materials and resources as well. Lohwater (2010) noted that social media “opens up a whole new
world for educators and scientists to communicate directly to individuals and groups.” She writes that in
this context, the use of social media can increase public engagement with science to achieve goals that
might include “mutual learning for the public and scientists, empowerment and development of skills to
participate in civic activities, increased awareness of the cultural relevance of science, and/or the
recognition of the importance of multiple perspectives and domains of knowledge to understanding and
decision making related to science-based societal issues” (p.320). Other authors note that social
networking can effectively allow educators a means to connect with one another to share resources,
participate in ongoing educational discussions, and to connect to “real science and scientists” (Brunsell &
Horejsi, 2010).

One interviewee noted that social networking provides “an interesting intersection of media and public
outreach.” Formal educators felt that Facebook and Twitter are “good tools” that more and more
educators are subscribing to as a means of increasing their awareness of science resources and
materials. As the Dawn E/PO team moves forward in developing these strategies, a NASA representative
noted that use of social networking tools can be effective, but must be targeted to specific goals and
outcomes. This individual stated,
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| think that the important thing now is that they need to decide what it is that they want to
accomplish with social networking and develop a plan based on what tools to use and
what approach is best based on their goals. That's an important piece of it. It shouldn’t be
random. You should consider your target audiences. You should consider your goals and
objectives. You should consider ‘Is it all aspects of my E/PO plan that | want to target or
are there special audiences | want to target?’ Look at it that way.

Targeting social networking to specific goals and objectives may mean developing separate Twitter or
Facebook sites for educators and for the general public. As an example, this is currently being done
through Goddard Space Flight Center’s Solar Dynamics Observatory. E/PO efforts there involve one
Twitter site specifically to raise awareness of mission resources and materials for educators and a
separate Twitter site for sharing mission updates and mission-related science with the general public.
Social networking sites also could enable educators who have used the Dawn materials to share their
experiences, successes, and challenges.

Across several focus groups, interviewees felt that the E/PO team should study uses of social networks
by other missions and science programs to identify effective strategies. Participants mentioned the
Asteroid Watch Twitter site through NASA Jet Propulsion Laboratory. This site has attracted a large
number of followers by capitalizing on public fascination with near-Earth objects. The Dawn E/PO team is
currently working through NASA channels to explore the idea of creating a unique Twitter site or linking
Dawn-related imagery to existing sites such as Asteroid Watch. NASA representatives noted that the
timing for Twitter feeds and Facebook updates is critical to maximize on public interest and engagement.
Keeping broadcasts close to the time of key mission events will generate excitement for being “in the
moment.”

Interview participants noted that NASA headquarters prioritizes getting mission information to the public
quickly and regularly. Participants discussed continuing the use of blogs and scientist podcasts as media
tools for disseminating mission science in addition to using social networks particularly in anticipation of
Vesta arrival.

Educator Professional Development

Dawn E/PO team members view professional development workshops as an important vehicle for raising
awareness and interest in effective science materials and increasing the likelihood that educators will use
those materials in the classroom. Through venues such as the previously mentioned Dawn Mission
Educator Conference and Mars flyby workshops, the team offers educators the opportunity to learn about
and explore Dawn materials specific to their grade levels, teaching specialties, and content standards.
Workshops involve the presentation of the materials as well as the opportunity for “hands-on” exploration
of the activities.

In recent years, the science education community has built consensus on what constitutes effective
professional development (PD) for educators. The National Science Education Standards include
standards for professional development for teachers of science. Several books have been written devoted
solely to designing and providing quality professional development to teachers of science and
mathematics (Loucks-Horsley, Love, Stiles, Mundry & Hewson, 2003: National Science Teachers
Association, 2001, 2005). Although many articles and reports on professional development programs
tend to be descriptive in nature or to employ less than rigorous research designs to evaluate program
effectiveness, a number of studies do add to the knowledge of what constitutes effective professional
development in STEM education (Banilower, Boyd, Pasley & Weiss, 2006; Garet, Porter, Desimone,
Birman, & Yoon, 2001; Kennedy, 1998).

Many of the characteristics of effective professional development in science are associated with long-term

efforts to reform science education, but others can be applied to shorter duration efforts such as the
educator workshops facilitated by Dawn E/PO. Effective professional development provides opportunities
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for teachers to gain not only content-specific knowledge but also the knowledge of the best methods for
structuring learning to engage students optimally in learning (Loucks-Horsley et al., 2003). There has
been a considerable focus in recent years on providing professional development that is based on both
how adults (the teacher-learners) and children (the student-learners) come to construct meaning
(Bransford, 2000; Donovan & Bransford, 2005; National Research Council, 2007). Quality professional
development is grounded in a research-based understanding of how people learn (National Staff
Development Council, 2001b). Effective professional development embodies an understanding of how
students learn and how their thinking surrounding a discipline develops, as well as how adult learners
who are recipients of the professional development construct meaning around their experiences.
Professional development opportunities should be framed from the perspective of teachers’ needs
(learner-centered) and include a focus not only on content knowledge, but the pedagogical content
knowledge necessary for a deeper understanding of how to successfully apply learning in the classroom
(Bransford, 2000; Guskey, 2003).

Garet et al. (2001) found that active learning is one of the three core features of professional development
that can lead to change in practice in the classroom. For teachers and their students, active learning
involves the use of learner-centered rather than teacher-centered strategies. It involves interaction with
content, materials, questions, and unstructured problems, and it forms the heart of the inquiry-based
approach to science education advocated by the National Science Education Standards (National
Research Council, 1995). For teachers to understand and apply inquiry-based, student-centered
approaches to learning, including those represented in the Dawn materials, they must have the
opportunity to experience this type of learning themselves in professional development experiences. A
formal educator familiar with the Dawn E/PO workshops noted that Dawn workshops were highly effective
from this perspective by allowing teachers the opportunity to experience the activities as their students
would. He noted,

| think the Dawn group has done a great job with teacher trainings. The teacher
workshops where you take an activity, you run people through the activity [are most
effective]. To take an activity out of a book and actually use it effectively—it's a huge
effort to get that to a usable state.

This individual discussed how the Dawn E/PO team approach to workshops allows teachers to
ask questions and clarify their understanding of the activities. He stated,

| think that the support of professional development workshops for teachers is one of the
most highly effective tools for disseminating science knowledge—it's extremely important
to give them the background, give them the activities, answer their questions and catch
the misunderstandings. When you talk to them and work with them, many problems get
answered!

For professional development to be effective, it must link to other parts of the educational system
(Loucks-Horsley et al., 2003). For teachers, this means the professional development experience must be
applicable to classroom goals for student learning. These goals, in turn, are influenced by state and
national standards as well as district and state student assessments. Penuel, Fishman, Yamaguchi, and
Gallagher (2007) found that teacher perception of the alignment of curricular materials with district and
teacher goals for student learning was a strong predictor of whether or not they implemented the program
in their classrooms. In their research involving a national random sample of more than 1,000 mathematics
and science teachers who participated in Eisenhower Mathematics and Science professional
development efforts, Garet et al. (2001) found coherence with other learning activities, and with district
and school goals, to be a core feature of effective professional development. Dawn educational materials
clearly delineate the standards addressed through the activities, and connections to standards are made
apparent during workshops.

Loucks-Horsley et al. (2003) identified features of effective workshops and other forms of professional
development for teachers, including (a) making participants aware of the goals and purposes of the
session; (b) appealing to different learning styles; (c) providing time for interaction; and (d) providing
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access to further resources. If not already present in Dawn educator workshops, these elements should
be included in the future. Workshop facilitators can encourage educators to discuss how they might
incorporate Dawn materials into their curricula to address standards and learner needs. Orienting
participants to the Dawn website and outlining other places they might go to find additional resources
could further the goal of extending learning beyond the workshop itself.

Educators need professional development opportunities that are flexible, convenient, cost effective, and
that take advantage of schools’ technological infrastructures (National Staff Development Council,
2001a). Many focus group participants stated that time and access to funds to attend professional
development sessions were the greatest barriers to accessing workshops and other offerings. They noted
that in-person professional development is always preferred, but it is not always feasible. All of the
educators who participated in focus group interviews reported that they attend conferences in their field (a
main venue for Dawn workshops), but they noted that there is a time and monetary commitment involved
in attending even local offerings. In a time of increasing economic pressures on school districts and
informal education programs, funds are often not available for professional development. Educators noted
that if professional development could be brought to them, it would increase the reach and accessibility
for themselves and their colleagues. Formal educators noted the need to access professional
development around the Dawn materials that is targeted and practical for implementation. They noted
that web-based approaches could be particularly effective in increasing usability of the materials. One
individual stated,

| think with the K-12 teachers, you hit the nail on the head, that PD is number one. But
that's not going to happen with everybody. So, | think using our multimedia resources just
along with a teacher guide, and it has to be short, it can't be long—a little five-minute
video: ‘Here’s how you set it up, here’s the main objectives, this is what it looks like'—
quick little things like that. ‘Here’s the finished product. Here's what we're trying to do'—
just so that a teacher can click on that, review it.

The Dawn E/PO team may consider using more online strategies such as webinars, podcasts, and videos
to provide professional development around the Dawn materials and to increase access and usability.
These strategies could also serve to increase the visibility and dissemination of Dawn materials. Web-
based professional development could provide educators with a means of accessing Dawn workshop
offerings in a way that offers flexibility in the time and place for learning. Educators in focus groups
suggested the Dawn website provide “PD on demand” by including links to videos of teachers
demonstrating the use and implementation of Dawn activities. The E/PO team could consider filming
some of the in-person workshop offerings for inclusion with the materials on the Dawn website.

In addition to providing professional development specifically on the Dawn materials, webinars and other
online strategies could become a useful way of integrating mission outreach with professional
development while raising the visibility of Dawn materials for educators. Online professional development
efforts capitalize on the “just-in-time” assistance that educators require, provide access to experts and
resources that would otherwise be inaccessible, and can reach a larger audience than face-to-face
offerings (Henke, 2007). Dawn E/PO team members could consider the development of a series of
webinars that use inquiry-based activities to teach space science concepts and effective pedagogy.
Webinars could be archived and linked to the Dawn website. To increase the visibility of these offerings
(and in turn of the Dawn materials) the E/PO team may consider ways to locate and allocate funds for
access to databases of individuals such as district science curriculum coordinators or informal science
educators. They could then develop listservs for email blasts that highlight professional development
efforts around the Dawn materials.

Workshops and extended professional development offerings differ in their intended objectives.
Workshops such as those previously conducted for Dawn E/PO are useful for raising awareness of Dawn
materials and for increasing the likelihood that they will be implemented effectively. In the words of one
E/PO member, short duration professional development around the Dawn materials can serve to
“highlight Dawn, are motivating and highlight some tenets of best practice but have a different end in mind
[than longer duration professional development].” To affect deeper change, the Dawn E/PO team is
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looking toward future efforts involving professional development that is longer in duration. These efforts
would serve a different purpose: using the Dawn mission science and materials as a means to “engage
educators with real data” involving “tools and methodology” over a longer period of time to encourage
changes in practice. Such longer duration efforts will be aligned with best practice for professional
development intended to affect deeper change than that associated with single activities or resources
(Garet et al., 2001).

In summary, Dawn E/PO professional development for educators features several characteristics of best
practices, including providing opportunities for active learning with the Dawn materials and with other
participants, focusing on key content and pedagogy, and alignment to instructional goals and objectives.
Table 1 summarizes areas of Dawn E/PO alignment with key features of best practices in professional
development.

Table 1
Dawn and Best Practices in Professional Development
Best Practices in PD Dawn E/PO
Provides opportunities for developing content Centers on key content present in the
and pedagogical knowledge (Bransford, 2000; materials; focuses on effective pedagogy
Guskey, 2003; Loucks-Horsley et al., 2003). for implementing materials.
Provides opportunities for participant Allows for interactions with providers and
interaction (Loucks-Horsley et al., 2003) other educators around adapting
materials to the classroom.
Utilizes active learning for participants (Garet Allows educators to experience the
et al., 2001) Dawn materials through hands-on
learning opportunities
Aligned to instructional goals for student Standards are addressed through PD
learning Loucks-Horsley et al., 2003, National and use of materials.
Research Council, 1995).
Appeals to different learning styles (Bransford, Combines hands-on learning, content
2000; Donovan & Bransford, 2005; National delivery and interactions with scientists.
Research Council, 2007)

Dawn Educational Materials

Dawn educational materials include learning activities and content modules for educators, their students,
and the general public that teach key science content while promoting the excitement of the Dawn
mission. The development of high quality science education materials is essential to communicating
science clearly, accurately, and in a way that motivates students and the public to engage in learning.
Stocklymayer, Rennie, and Gilbert (2010) contended that curriculum reform to promote scientific literacy
involves increasing student engagement, finding ways to clearly demonstrate the relevance of the
content, promoting inquiry-based learning, and providing for transdisciplinary contexts and for cultural and
social differences. It is also important to reflect the nature of science in a modern context as well as
promote understanding of its historical context and development. The Dawn E/PO team members
identified several ways in which Dawn materials were designed to reflect these and other best practices in
curriculum development, including (a) alignment of materials to science education standards, (b) attention
to different learning styles, (c) inclusion of inquiry-based approaches, and (d) incorporation of effective
strategies for diverse learners.

The National Science Education Standards (National Research Council, 1995) include among the goals
for school science that of educating students who can (a) “experience the richness and excitement” of
learning about the natural world, (b) understand the scientific process for personal decision-making, (c)
engage in discourse about scientific matters, and (d) benefit personally from the skills of scientific literacy.
High quality educational materials exemplify best instructional practices in support of these goals.
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With the science testing requirements for upper elementary, middle, and high schools put into place with
the No Child Left Behind Act of 2001, districts have been revising science instruction to better meet the
needs of their students. Access to and availability of high quality materials support teachers and their
students in improving teaching and learning in science classrooms. High quality materials are based on
the constructs that define good science instruction. The National Science Teachers Association’s position
statement on elementary science education states that elementary students learn science best when (a)
exploration and inquiry skills are nurtured, (b) instruction builds on the student’s conceptual framework,
(c) content is organized around conceptual themes, and (d) mathematics and communications skills are
an integral part of instruction (National Science Teachers Association, 2002). Allen (2007) noted that
research on effective science curriculum indicates that effective materials and instruction provide
opportunities for student discourse around their learning; provide adequate time and opportunities to
conduct investigations and raise questions; allow for writing opportunities before, during, and after the
investigation; and focus on the underlying key science concepts targeted by the learning. Dawn materials
are developed with these key characteristics in mind, providing opportunities for student writing in module
activities, taking an investigative approach to learning in modules and activities, and encouraging student
discussion of questions and findings.

Effective science instruction takes into account research on how students learn and how students learn
science (Bransford, 2000; Donovan & Bransford, 2005), including the need for attention to student
preconceptions and misconceptions, understanding how instruction supports the development of scientific
thinking, and creating opportunities for the development of classroom communities of practice where
students share responsibility for their learning. Dawn educational materials for the classroom are
developed around these constructs by organizing learning around themes related to the Dawn mission,
incorporating inquiry-based approaches to student instruction, emphasizing key mathematics skills, and
providing opportunities for students to communicate the results of their investigations.

NASA has embraced the use of inquiry-based methods in the classroom as a means of improving
students’ attitudes toward science and increasing scientific literacy (Loston, Steffen & McGee, 2005).
The National Science Education Standards (National Research Council, 1995) define student objectives
to support the use of scientific inquiry in the classroom. For students to effectively learn science, they
need to design and conduct investigations to answer scientific questions, use tools and techniques to
facilitate data collection and analysis, make predictions, explain and justify results using evidence, and
communicate the results of their investigations. Jorgenson, Cleveland, and Vanosdall (2004) noted that
not only does inquiry-based instruction facilitate the goals for student learning set forth in the National
Science Education Standards, it also “keeps young students engaged in science by cultivating the
excitement of discovery.” Dawn educational materials are designed to increase engagement in science
through inquiry-based activities that incorporate the standards and objectives for inquiry set forth in the
National Science Education Standards.

Nelson (2004) noted that for NASA-related educational materials to be effective and useful for teachers,
they must be aligned to science education standards and target the key concepts and skills teachers are
responsible for teaching in the science classroom. Formal educators corroborated this assertion in focus
group interviews. They noted that their approach to selecting materials for the classroom involves
identifying the standards they need to address and finding materials aligned to those standards that will
engage students and promote learning. Formal educators noted that standards-based materials tied to
current science events (such as the Dawn mission) help to supplement the often-outdated science
textbooks that are available to teachers in many schools.

One educator noted the limited amount of time available to teachers at the elementary level for science
instruction. She emphasized that science instructional materials were particularly useful for elementary
teachers when they tied to standards across disciplines such as those related to mathematics and writing.
She commented,

The amount of time given over to a science lesson is relatively small—one or two hours

maybe a week, if you're lucky. But, if you can make sure that you offer a writing exercise,
then we can spill over into English and | can justify it to my principal and say, ‘Here is the
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writing portion that we did that covered my writing standards.” We've talked about a
hands-on activity...but can you take that and look at in terms of math or English, or even
a little bit of history—try to stretch it out so you can take the time to do some of these
lessons correctly.

Another interviewee commented,

It's only useful, these materials, increasingly, as the pressure comes to fit to a particular
set of standards or curriculum. If you're going to use something, you can only really use
it if you really check off the boxes of what you’re going to do—better than some other
topic.

The Dawn E/PO team develops educational materials in alignment with key standards for science
including standards for physical and space science, history of science, and scientific inquiry. One
interviewee commented on the importance of not only developing materials aligned to standards, but also
making sure those standards are clearly presented to potential users of the curriculum. She said, “[The
E/PO team] needs to make sure that [materials] are not only aligned to a standard that’s necessary, but
also that it's advertised that way. It's not just a mission to an asteroid...it's building a tool.” Standards are
clearly identified in the teacher’s guides that accompany the Dawn modules and activities so that
teachers may assess the degree to which the materials align with their instructional goals.

High quality science lessons allow students of varying backgrounds and learning styles to effectively
engage with content that supports important and developmentally appropriate science learning goals
(Weiss, Pasley, Smith, Banilower & Heck, 2003). Instruction and instructional materials need to be
designed to address differences in learning styles and strategies so that curricular materials and
instruction will be suitably matched to students’ needs to maximize learning (Committee on Programs for
Advanced Study of Mathematics and Science, 2002). Utilizing learner-centered approaches and attending
to students’ backgrounds in what they think and know, while focusing on what is to be taught and why
increases the likelihood that learning objectives will be accomplished (Donovan & Bransford, 2005). To
attend to differences in learning styles, Dawn E/PO members work to develop materials that all learners
can access through multiple modalities including tactile, visual, and auditory modes. One team member
noted that these strategies reach diverse learners including English Language Learners and younger
students. She noted, “When you (are) trying to differentiate instruction, you want to offer a variety of ways
for students to glean understanding.”

Dawn E/PO team members are cognizant of incorporating best instructional practices into materials to
ensure that they maximize student learning. They incorporate research-based features of effective
classroom instruction including use of graphic organizers, modeling activities, kinesthetic learning and
opportunities to generate and test hypotheses (Marzano, Pickering & Pollock, 2004). In reflecting on how
their materials evidence best practices in curriculum development, Dawn E/PO team members
commented on the incorporation of strategies such as direct vocabulary instruction to connect students to
vocabulary using multiple experiences. They discussed the use of graphic organizers to help students
construct meaning that connects Dawn-related concepts (for example, instrumentation) to key scientific
concepts (the electromagnetic spectrum). Team members have developed interactives that promote
learning for kinesthetic learners to maximize engagement and understanding. They have incorporated the
use of modeling as an opportunity to understand abstract ideas, and provide questions for understanding
throughout the materials. Table 2 presents key features of Dawn curriculum aligned to best practices.
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Table 2
Dawn and Best Practices in Materials Development

Best Practices Dawn E/PO

Aligned to the National Science Education Key standards are identified and addressed in
Standards (National Research Council, 1995; materials development and made explicit in
Nelson, 2004) teacher materials.

Attend to differing learning styles and the Educational materials include text-based

needs of diverse learners (Weiss et. al, 2003; information, hands-on opportunities for learning,
CPASMS, 2002). interactives, and modeling exercises.

Promote student engagement in science Materials capitalize on the excitement of discovery
(National Research Council, 1995; of the Dawn mission as a vehicle for delivering
Stocklmayer, 2010). standards-based science instruction.

Utilize inquiry approach to learning (Loston et Materials provide opportunities for student

al., 2005; National Research Council, 1995; investigations and sense-making around the
Stocklmayer, 2010. scientific inquiry process.

Across interviews, NASA personnel and educators perceived the Dawn materials to be “robust,” of
considerable depth and of high quality and utility to educators. They noted that materials target varying
grade levels and reach a wide audience including students in formal and informal learning environments
as well as members of the public. One educator noted that providing materials that span grade levels
takes advantage of the duration of the mission to expose students multiple times over their educational
careers to Dawn mission science and content.

NASA personnel and educators offered suggestions for future Dawn E/PO materials. One NASA
representative noted that from her experience, “educators want data-rich exercises, laboratory activities,
and authentic data that the students can do something with.” Opportunities for working with real data can
be incorporated into key mission events such as Vesta arrival. A formal educator echoed this sentiment in
a separate interview, noting that materials need to “reflect the type of science that is actually planned to
be done” by incorporating not only real data, but the process of discovery into educational aspects of the
mission. He stated,

This is a big science mission—what exactly are they going to be looking for? How are
you going to know if the mantle is exposed on Vesta? How are you going to tell if it's
been differentiated or not—at what level? Which instrument do you use? What are the
limitations of the instruments and why, for addressing these issues? This comes down to
the nitty-gritty of the mission. They make a discovery and they say, ‘We discovered this.’
But, how did they do that? What data was used? What analysis, how did it come
together?

Others offered suggestions such as increasing the visibility and understanding of the engineering
aspects of the mission, and emphasizing the contributions of women and other underrepresented
scientists and engineers to the Dawn mission. Formal educators noted that for Dawn materials to
be used they must be easy to access and implement, and they must offer educators ways to see
how they are used in the classroom. Informal educators noted that information on the Dawn
website needs to be at an “accessible level” when communicating the purpose of the Dawn
mission and communicating the science of the mission to younger students and members of the
public. Including fun facts about the mission and describing the mission in a way that young
children and the general public can understand it were among suggestions these stakeholders
had for increasing the effectiveness of E/PO efforts.

Evaluation as an E/PO Program Component
Dawn E/PO team members engaged with evaluators from program inception to ensure that the design

and development of outreach materials were targeted to clearly defined program goals and objectives.
This process supports a utilization-focused approach to evaluation that presumes evaluation results will
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be used in program improvement and decision-making as well as for understanding the impact of the
program on all who receive its services (Patton, 1997). Evaluation of NASA education programs and
services is increasingly seen as necessary not only for purposes of accountability but also for continuous
program improvement.

Evaluators collect and analyze data on Dawn E/PO products and services and produce yearly reports to
present findings and offer recommendations for improvement. Team members noted that for many E/PO
programs evaluation is an afterthought, whereas for Dawn it is considered a key program component.
One team member commented,

The Dawn E/PO evaluation reports challenge us as a team through [evaluators’]
recommendations and our response to those recommendations. It helps us to make
improvements to our efforts. Evaluation is a dynamic piece rather than just reporting.
Other missions use it more as summative piece and don'’t spend the time or resources to
act on the recommendations. We feel that the Dawn mission is an exemplar to using
evaluation formatively to improve practice.

A NASA education representative noted that the Dawn E/PO team’s approach to incorporating evaluation
is unigue and valuable to making E/PO efforts meaningful and is something not always demonstrated in
mission E/PO. This individual said,

One of the things that struck me when thinking about what other missions are doing is
that the Dawn E/PO team seems to take very seriously updating their E/PO by using the
early evaluation results to make course changes and to bring in a large, strong evaluation
team. There are a number of our missions who probably haven’t updated their E/PO
since their implementation plan. | know that part of this is because Dawn has a sort of
long pathway but so do some of our other missions. That approach is one | think is
valuable to our program.

Another NASA representative commented that Dawn E/PO has “exemplified leadership” with respect to
evaluation structure. This individual identified feedback from stakeholders as key to ensuring quality of
E/PO materials. Dawn E/PO team members recognize this and believe that evaluation provides them a
way to stay in touch with the needs of stakeholders. This is especially important for a mission of long
duration. A Dawn E/PO team member stated,

It's how we stay in touch with our stakeholders. If we don’t get feedback we don’t know
how things are changing—and things are changing fast when you have a mission that
lasts over a decade. We can get carried away without feedback.

The Dawn E/PO team recognizes the importance of piloting and field-testing educational materials to
ensure quality and utility. They commented that not only does the process improve materials but also
serves as a means to engage educators and students in the material development process. This is very
different from the approach of developing materials without stakeholder input and releasing them to
intended audiences with the hope that they will be used.

Dawn E/PO team members view continuous program evaluation as a means not only to improve their
efforts and understand impacts on stakeholders, but also to document “what has worked well and not
well” for other mission E/PO providers. Corroborating this view in a separate interview, a NASA
representative discussed how the Dawn E/PO team’s approach to evaluation provides the opportunity for
learning within the E/PO community. She emphasized that as new strategies for outreach (such as social
networking) are explored, teams like Dawn can provide leadership in developing ways to measure and
document the effectiveness of such approaches. This individual commented, “That is something that we
as an E/PO community and the mission director can begin to learn from. It's opportunities like this with
well-organized teams that, if they take advantage of it, we can all learn from it.”
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Although annual evaluation reports are read and considered by the E/PO team and mission principal
investigator, it is unclear whether other stakeholders read them. The E/PO team noted that it would be
helpful to have evaluation findings presented in other formats so as to increase the likelihood of
stakeholders accessing and considering the findings. Team members suggested the possibility of
developing journal articles around findings to reach other E/PO providers, or making available an
executive summary with key findings and recommendations highlighted for easy review.

The Dawn E/PO Guide

Evaluation efforts are coupled with E/PO efforts to achieve Outcome 8: guiding future mission efforts by
developing a blueprint for making informed decisions based on extensive documentation of lessons
learned. The Dawn E/PO team sees the documentation of lessons learned not only as a way to improve
future Dawn E/PO efforts, but also to provide guidance for E/PO teams on other NASA missions. Thus,
the team developed the Dawn E/PO Guide: Vesta Arrival for the purpose of documenting progress toward
outcomes. Team members noted that the process of developing the guide was a useful tool to examine
past efforts while planning for subsequent development and modifications to E/PO products and services.
Team members explained that as they were conceptualizing Dawn E/PO design and development, it
became apparent that other missions had not been effective at “leaving a trail” for other E/PO teams to
follow. Documenting Dawn E/PO efforts for the purpose of providing information to other teams became a
guiding principle woven throughout the actual work of design, development, and implementation of E/PO
activities.

Evaluators sought feedback on the Dawn E/PO Guide from NASA personnel in one focus group
interview. These individuals appreciated the forethought on the part of the E/PO team to put together the
guide. One individual noted that the section on E/PO deliverables was particularly useful for updating the
reader as to which products and services had been developed, which were ongoing, and which had not
been successful. NASA representatives expressed some confusion as to the purpose of the Dawn E/PO
Guide. They noted that it seemed in some ways “disorganized” and unclear in its purpose. As to clarifying
the purpose of the guide, one individual stated,

If it's a report on things that have been done and/or are ongoing, then that's okay. Let's
pull that out and make it a report. If it's meant to talk about who the team is and how we
got to where we are, that's less of a report—that’s more of a guide.

NASA personnel commented that the guide in its present form appears to be more of a report on what
had been done and what is ongoing. They noted that if the purpose is to serve as a report, the guide is
adequate for that purpose. They noted that it would be useful to see more detail on the timeline and E/PO
plans related to Vesta arrival as indicated in the subtitle of the document.

Alternately, group members indicated that if the purpose is to provide guidance to other E/PO providers,
and to leave a trail for others to follow, the Dawn E/PO Guide could incorporate additional elements to
make it more useful. The guide could “tell the story of Dawn E/PQ” in more detail. The guide could
document and describe the way in which E/PO was envisioned, and “how things went as the Dawn E/PO
came together and started working with the science team.” It could address such questions as “What
expertise did they draw on both on the science side and the E/PO side? What compromises were made?
What was the process of initiation and development of the E/PO plan? What role did the evaluator play in
the process?”

The guide could become more of a reflective document to help others understand the choices made by
the team as to which audiences to focus on and which strategies would best meet the needs of those
audiences. In other words, it could illuminate the “whys” and “hows” of the Dawn E/PO process and
provide “tips” for other E/PO providers. Group members also suggested the guide include an appendix
summarizing key evaluation findings. This would help “to answer the question for others about whether
the team is achieving its goals.” Group members understood that the guide is a “living document” that has
been through previous iterations and will be revised to incorporate future efforts.
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SUMMARY AND RECOMMENDATIONS

The summative evaluation of Dawn E/PO sought to examine the journey of Dawn E/PO thus far and to
illuminate lessons learned so that future E/PO efforts might be improved. Summative evaluation findings
revealed key features of Dawn E/PO that support the E/PO team'’s efforts to produce quality materials,
and it revealed issues for consideration in further development.

The Dawn E/PO team has taken a systematic and well-conceptualized approach to the design and
implementation of outreach efforts associated with the Dawn mission. The team clearly identified key
stakeholders including the public, educators, and their students and designed materials with targeted
outcomes for each group in mind. Additionally, Dawn E/PO is unique and innovative in identifying other
E/PO providers as key stakeholders, seeking to leave a “legacy” behind not only through the creation of
an exemplary website and materials, but also by documenting the process and products of E/PO efforts
for others to learn from.

The Dawn E/PO team faced early challenges with respect to mission cancellation and changes in
funding, but saw those as lessons learned to help them plan more strategically for future efforts. Dawn
E/PO providers have a somewhat unique opportunity due to level funding across years and the long
duration of the mission to make lasting contributions to the field of E/PO through the development of
exemplary materials and resources for space science education. The Dawn E/PO team actively seeks
opportunities to leverage the excitement of discovery of the Dawn mission through successful
partnerships and collaborations with informal and formal educators, presentations at conferences,
stakeholder involvement in E/PO planning and materials development, opportunities to leverage E/PO
across missions, and by maximizing key Dawn mission events.

Although current strategies for visibility and dissemination have proven effective, stakeholders and the
Dawn E/PO team agreed that more could be done to maximize the reach of Dawn mission E/PO. The
Dawn website is exemplary in its multiple modes of communicating mission science and events to the
public. Raising the visibility of the website to educators should be a key strategy for future E/PO efforts.
Educators noted that Dawn materials are of high quality, but many of their colleagues are unaware of
them. E/PO team members are currently exploring new venues to disseminate Dawn E/PO efforts and
are actively seeking ways to be innovative in this respect.

The Dawn E/PO team has produced materials that are viewed as exemplary and are grounded in best
practices in science education. The process of developing Dawn materials is unique in that it involves key
stakeholder input from the start, and materials are revised and improved based on evaluation through
pilot- and field-testing. Professional development efforts associated with the materials are effective in
helping to ensure that participating educators have the opportunity to understand the materials on a
deeper level before implementing them in the classroom. Ensuring that educators who cannot access in-
person professional development associated with the Dawn materials have alternate means to learn
about and experience the materials could serve not only to extend the reach of the materials, but also to
ensure that the materials are used more effectively.

In sum, Dawn E/PO demonstrates the following characteristics of best practices in education and public
outreach.

> ldentification of key stakeholders for targeted outreach efforts.
» Leveraging resources and partnerships within and across missions to maximize outreach efforts.

» Maximizing mission events to capitalize on the excitement of Dawn.
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> Implementing effective strategies for dissemination of Dawn materials including the Dawn
website, and networking with formal educators, informal educators, and other NASA E/PO
providers.

» Implementing effective strategies for professional development around the Dawn materials.
» Creating curricular materials that incorporate best practices in science education.

» Engaging in collaborative evaluation of Dawn materials and resources to ensure quality and utility
to key stakeholders.

» Documenting lessons learned in the development and implementation of E/PO.

RECOMMENDATIONS

Based on the evaluation findings from the summative evaluation, the following recommendations are
provided for consideration by the Dawn E/PO team. These suggestions are intended to facilitate
continued project success in project implementation and assure accountability with regard to project
outcomes.

With respect to visibility and dissemination the following recommendations are made.

» Continue to incorporate the use of scientists’ podcasts, journals, and such “in time” strategies as
images of the day and data sets of the day to keep the mission alive in the eyes of the public and
educators. Consider adding additional features with women and racial or ethnic minority scientists
and engineers to inspire underrepresented students and members of the public.

» Continue to engage educators, students, and the public in the excitement of the Dawn mission by
emphasizing the “newness” of the Dawn discoveries. Vesta arrival will offer a unique yearlong
opportunity for continuous communication of mission information to the public.

» Consider the development of conferences and webinars that maximize Vesta arrival along the
lines of the Dawn Mission Educator Conference Workshop and Mars Flyby Educator Workshop.

» To broaden the visibility of the Dawn mission and expand dissemination and use of E/PO
resources, consider building a database of individuals who could get materials into the hands of
informal and formal educators, including perhaps district science curriculum coordinators and
parallel individuals in informal science networks.

» Because educators use Internet search engines to find space science materials for their students,
ensure that the Dawn website is tagged to appear at the top of search results on relevant space
science topics.

» Explore new ways to link Dawn E/PO to existing listservs within NASA and in the broader
education and public outreach communities.

With respect to new platforms for outreach, the following recommendations are made.

» When considering the development of social networking platforms for Dawn E/PO, carefully
consider goals and intended outcomes during development.

» Look across NASA missions that are using social networking to see how it is being used and to
identify seemingly effective strategies for such dissemination efforts.
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> Incorporate evaluation into the use of social networking not only to ensure that targeted outcomes
are met, but also to help inform the broader field of E/PO about this new strategy for outreach.

With respect to professional development, the following recommendations are made.

» Continue to provide opportunities for professional development around the Dawn educational
materials. Consider creating professional development webinars that can go deeper into the
science behind the materials and can be archived on the Dawn website. Also consider short
video clips, including video of classroom teachers using Dawn materials, to maximize the
effective implementation of the materials.

» If not already doing so, spend time at in-person workshops showing participants how to use the
Dawn website to access mission updates, science, and materials.

» Continue to offer professional development that focuses on active learning and an understanding
of how people learn.

» Continue with plans for longer duration professional development efforts that will allow educators
to go deeper into Dawn science and focus on effective science instruction. Consider ways in
which evaluation will be incorporated into these efforts to ensure that targeted outcomes will be
achieved.

With respect to future educational materials development, the following recommendations are made.

» Continue current strategies in materials development that will ensure that Dawn educational
materials continue to be of high quality and utility to educators, including aligning materials to
science education standards, incorporating scientific inquiry into activities, and creating materials
that are effective with diverse learners that attend to differences in learning styles.

» Educators want data-rich exercises for their students. Consider developing activities and
materials that maximize Vesta arrival and the duration of the encounter by taking advantage of
the continuous data collection efforts of the mission.

» Continue to involve evaluation as a key program component through continued pilot- and field-
testing of newly created materials.

Dawn has a unique and valuable philosophy toward education and public outreach. The Dawn team
seeks to “leave a legacy” for other E/PO providers so that Dawn E/PO efforts will live beyond the mission.
With respect to leaving a legacy for other E/PO providers, the following is recommended.

» Consider “telling the story” of Dawn E/PO from inception through implementation in a way that will
be accessible to other outreach providers. This could be done through the Dawn E/PO Guide or
through other vehicles such as a book or a series of journal articles. Focus such an effort on the
decision-making process, the development process, successes and challenges, lessons learned,
and key findings from evaluation.
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APPENDIX A

Logic Models for Dawn Education and Public Outreach
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E/PO E/PO

COMPONENT ACTIVITY/
PRODUCT

==  Website

INTERMEDIATE
OUTCOMES

DATA
COLLECTION

Mission Patch

Target audiences have access to current mission
information, curricular materials, e-newsletter, and contact
with Dawn. The Web site promotes accessibility for
disabled audiences. T he mission is communicated to the
general public.

MEASURE: Quality and utility
METHOD: Reviewer fedback and web
based surveys

™1 Contest

The Dawn mission receives press coverage and general
public awareness.

Communications
Component

Media

MEASURE: Number of students
participating and the amount of press
coverage

METHOD: Project documentation

—™= Publications

Contrences &

The Dawn mission is promoted through print, radio,
television, and video publications that enhance target
audiences' awareness of the mission.

Public Events

Business Card

Target audiences receive materials and information about
the Dawn mission.

MEASURE: Number of subscribers
METHOD: Project documentation

MEASURE: Number of materials
disseminated; number of attendees; participant
feedback

METHOD: Project documentation;
participant survey

—

Delivery
Component

Electronic

Target audiences have useful information about asteroids
and are drawn to the Web site.

MEASURE: Number of cards handed out;
Number of hits on Web site Bllowing
conkrence

METHOD: Project documentation; Web data

News|etter

Development

Subscribers receive current information on mission and E/
PO adtivities and are drawn to the Web site.

MEASURE: Number of subscribers
METHOD: Project documentation

Networks

KEY:

Development network participants share and promote
Dawn mission materials and resources.

MEASURE: Number participants and level of
participation
METHOD: Project documentation

Current Future
work work
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OUTCOMES




E/PO

INTERMEDIATE
OUTCOMES

Participants understand the processes
of observation, classification, analysis,
and synthesis and are able to apply
them to hands-on activities and other
science processes.

DATA
COLLECTION

Participants know how to identify,
mark, and count craters; recognize the
resources needed to do so; and use this
information to infer about the history of
the object.

Participants know about light curves,
characteristics of Vesta, and how to
locate and leam about objects in the
night sky.

Participants understand that the Dawn
mission depends on the work of
previous scientists and developments in
technology.

Participants are engaged and interested
in the science associated with the Dawn
mission.

MEASURE: Participants'
interests, knowledge, and
skills

METHOD:

1) Pilot test materials 2003-
2004

1.) Web format: Web survey
2.) Classroom format:
Participant pre/post
knowledge and skills
assessment with comparison
groups; include sites with
underserved populations;
teacher perceptions/
implementation; classroom
observations; student work
samples

ULTIMATE
OUTCOMES

E/PO
COMPONENT ACTIVITY/
PRODUCT
Web-based
format
Find a Museum
Meteorite format
CD-ROM
format
Clickworkers
Education
Development —
Component*
* E/PO education -
materials are digned Telescopes in
to standards, #  Educaion
culturally sensitive, (TIE)
and appropriate for
disadvantaged and
Classroom
underserved .
lations | LY
pop ‘ Materials
Content |
o fodiles Independent
== Leaming
Materias
Community
™ Leaming
KEY: Materials
Current Future
work work
Instructional
— Materials

Educators have standards-based
materias that enhance the formal
education experience for participating
students.
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E/PO EPO

COMPONENT ACTIVITY/
PRODUCT

= Core Planning

INTERMEDIATE
OUTCOMES

Team

Evaluation Plan,

Team members provide formative
fedback regarding audience needs that
guides product development.

DATA ULTIMATE
COLLECTION OUTCOMES

N
MEASURE: Meeting frequency &
quality ofcontact and composition
of team.

METHOD: Project documentation

| Data Collection
& Reporting

Evaluation
Component

Quality

Evaluation activities inform planning
and development, document project
implementation, and assess project
outcomes.

MEASURE: Comprehensive
evaluation design and successful
implementation.

METHOD: Production of report

- Assurance
Process

Dawn E/PO

E/PO products and activities are of high
quality and utility a a result of
undergoing a rigorous review process.
Review emphasizes addressing needs of
disadvantaged and underserved
populations.

MEASURE: Number and quality
of reviewers for each product/
adtivity

METHOD: Project documentation

Planning Guid]

E/PO project management and
implementation is organized and timely
because its outreach components are
guided by an evolving, informative
document.

MEASURE: Utility of the
planning guide
METHOD: Project
documentation
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APPENDIX B
Evaluation Matrix

EVALUATION QUESTIONS

DATA SOURCES

DATA METHODS

Key Question #1: What are the contextual factors specific to the Dawn mission that influenced the design, implementation,

and impacts of the Dawn E/PO project?

a. How did changes in the mission status affect the E/PO timeline?

b. How did the level funding affect E/PO tasks, direction, and
potential to reach target audiences and project outcomes?

c. How has the project team maximized mission events and science
to promote outreach?

E/PO team members

E/PO team members

E/PO team members
Mission PI

Focus group interview
Focus group interview

Focus group interview
In-depth interviews

Key Question #2: What are the strategies that promote effective development and implementation

of Dawn E/PO activities?

a. Who are the key E/PO stakeholders? What are the role and
contributions of stakeholder representatives in the planning,
development, and implementation process?

b. How has Dawn E/PO leveraged resources to enhance reach,
visibility, and offerings?

c. What partnerships and collaborations have E/PO team members
formed during the project period? What is the nature of these
partnerships and collaborations? What are the characteristics of
effective and ineffective partnerships and collaborations?

d. How has Dawn E/PO contributed to moving the field of E/PO
forward through innovative practices?

E/PO team members
Stakeholder
representatives

E/PO team members
Project documentation

E/PO team members
Project
partners/collaborators

E/PO team members
NASA project partners

Focus group interview
Focus group interviews

Focus group interview
Document review

Focus group interview
Focus group interviews

Focus group interview
Focus group interviews

Key Question #3: What are the components that promote the effectiveness of Dawn E/PO?

a. What role has the Dawn E/PO Guide had in the project over time?
Is this appropriate? How could it be more useful?

b. What role did evaluation have in the project? How could it be more
useful? How do other missions use evaluation?

c. What makes the visibility and dissemination platforms for outreach
effective? How can these platforms be improved?

d. In what ways does Dawn outreach to educators reflect best
practices in STEM professional development?

e. How do the Dawn education materials reflect best practices in
curriculum development?

E/PO team members

E/PO team members
Other E/PO providers

E/PO team members
Other E/PO providers
Project partners

Best practice literature

E/PO team members
Other E/PO providers
Best practice literature
Project documentation

E/PO team members
Best practice literature
Project documentation

Focus group interview

Focus group interview
In-depth interviews

Focus group interview
In-depth interviews
Comparative analysis

Focus group interview
In-depth interviews
Comparative analysis
Document review

Focus group interview
Comparative analysis
Document review
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